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CROSS-REFERENCE TO RELATED APPLICATIONS 5 [01] This
application claims the benefit of priority to U.S. Provisional Application

w9 RRR1P, 169 entitled POLYMER DERIVATIVES which is, inGoeRalgis s
by reference herein in its entirety. BACKGROUND OF THE INVENTION
Field of the Invention 10 [021 This invention relates to derivatives of
hydrophilic compounds and polymers that contain azide or alkyne
moieties, methods for their synthesis, and methods for their use in
modifying the characteristics and properties of molecules. Background
[03] Covalent attachment of the hydrophilic polymer poly(ethylene glycol),
15 abbreviated PEG, is a method of increasing water solubility and
bioavailability and extendirquﬂe(migﬂlﬁﬁﬁ 1 gany biologically
active molecules, including proteins, peptides, and particularly
hydrophobic molecules. PEG has been used extensively in
pharmaceuticalC Ry S+REHRRENEINTG Bl kmabex piplcatoosisvhere
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importance. In order to maximize the 20 desired properties of PEG, the
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pokfiarers: Attethadtiettietbiologically active molecule must be sufficiently
high to impart the advantageous characteristics typically associated with

PEG polymer attachmgatcieasuanin¢seases naiengalyRility and
circulating half life, while not adversely impacting the bioactivity of the

pM&ﬁMHﬁEﬁE&[OM PEG derivatives are frequently linked to
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such as lysine, cysteine and histidine residues, thé N-terminus and
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nuhebesofreadilyasiteskraiaiddctonpelypeaicatashnaants. Often, the sites
most suitable for 1 WO 2005/035727 PCT/US2004/033271 modification
vidaskgramidttachment play a significant role in receptor binding, and are

[03] Covalent attachment of the hydrophilic polymer poly(ethylene glycol),
15 abbreviated PEG, is a method of increasing water solubility and bioavailability and
extending the circulation time of many biologically active molecules, including proteins,
peptides, and particularly hydrophobic molecules. PEG has been used extensively in
pharmaceuticals, on artificial implants, and in other applications where biocompatibility,
lack of toxicity, and lack of immunopenicity are of importance. In order to maximize the

20 desired properties of PEG, the total molecular weight and hydration state of the PEG

polymer or polymers attached to the biologically active molecule must be sufficiently high to

impart the advantageous characteristics typically associated with PEG polymer attachment,

such as increased water solubility and circulating half life, while not adversely impacting the

bioactivity of the parent molecule.

25 [04] PEG derivatives are frequently linked to biologically active molecules
through reactive chemical functionalities, such as lysine, cysteine and histidine residues, the
N-terminus and carboliydrate moieties. Proteins and other molecules often have a limited

number of reactive sites available for polymer attachment. Often, the sites most suitable for



necessary for retention of the biological activity of the molecule. As a
result, indiscriminate attachment of polymer chains to such reactive sites
on a biologically active molecule often leads to a significant reduction or
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Clark et al., (1996), J. Biol. Chem. 271:21969-21977. To form conjugates
having sufficient polymer molecular weight for imparting the desired
advantages to a target molecule, prior art approaches have typically
involved random attachment of numerous_polymer arms to the molecule,
B R SARRY REVIARBIR Rt ASE S Rl araeReriRbTB stk
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structure. Proteins, including enzymes, are buift of Various sequences of
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of PEG derjvatives. [061 For example, in"the case of the amino aci

I SHAEOTHE RIS A s hRAlss™S-the epsilon position as well as in
tHeéshlpha positidkeatiie: ejpsilibn feih 2hisifie EcfarttaOmeaciirEGN e atives to
condit i , in,the.field of protein derivatizatio
Wg%wég(%% h%{% i)féz’%fe(%?p |?eBc{]%g to ggg\%ﬁg%i%éo ek gqulk\%}%/%nszbfmmesdt e %‘é‘ﬁr}t
YR HSHERFs NEPhHaRIRe ot ilsMdirbdiat b preaspt simesrorihd-CHR~
"eogethylengkalysalaneiddeivativestion AdvaneedBEGyatenbogidelety (-

lar Engineering Catalpg,.2003 . 1-17. These PEG derivatives
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where a lysine residue.is important to protein activity, existing in an
eHAHRS éﬁ\%@l TSHER&mple, or in cases where a lysine residue plays
al®6]e in mediatiRgr thenipteractionast htpratdin witlh piher hivtogicalan ~-NH,
MRURGH R R b B SRS AGCRIOLP GG RS 30dBhdhon 29887 Akor
equally important complication of existing' methods for

reaction under conditions of basic pH. Much of the art in the field of protein derivatization

with PEG has been directed to developing PEG derivatives for attachment to the epsilon ~
NH, moiety of lysine residues present in proteins. “Polyethylene Glycol and Derivatives for
Advanced PEGylation”, Nektar Molecular Engineering Catalog, 2003, pp. 1-17. These PEG
derivatives all have the common limitation, however, that they cannot be installed
selectively among the often numerous lysine residues present on the surfaces of proteins.
This can be a significant limitation in instances where a lysine residue is important fo protein
activity, existing in an enzyme active site for example, or in cases where a Iysine residue
plays a role in mediating the interaction of the protein with other biological molecules, as in
the case of receptor binding sites.

[67] A second and equally important complication of existing methods for

protein PEGylation is that the PEG derivatives can undergo undesired side reactions with
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protein PEGylation is that the PEG derivatives can undergo undesired
side reactions with 2 WO 2005/035727 PCT/US2004/033271 residues
other than those desired. Histidine contains a reactive imino moiety,

weepreasated structurally as --N(H)--, but many derivatives thetigaghini 71

epsilon --NH2 can also react with --N(H)--. Similarly, the side chain of the

amino acid cysteine bears a free sulfhydryl group, represented
structurally as -SH__ In some instances, the PEG derivatives directed at 5

thesiapsiloner N2t R RLdY SR eact with cystejne, histidine or
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SRRSO leYe 3t 1W0@9§¥ém@w€§@c@eaawtfecmme% well-defined and
siatishldetively into the structure of proteins using site-directed

foyfagenesis aqq other tec ues known in the art, and the resulting free
sulthydryl moiety catri:?b %OIP Wi f?uﬁ’gE@Iﬁ islstable 6an i throak has been

ere dWI

firettrd s tomdersioamsrs eﬁ@fméb@mgemmmahgateﬂiemﬂd' Rde
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{Jc} r]%n%t}gles%ablllty of the resultin proteL 5 uld be
desw Ve & meanesetrsdtibens ¥htiquih i Metaaplanto

B‘i’@ﬁ&?ﬁve&ﬁmél@aléﬁ% apehibleSytheiseieitiveceryp hﬁ%@&&a%:{ersm&'iﬁ/el

lﬂfé@m}ym%s) I while simulta egrtljes compatible W|th
not.eng Fr%bgrjiH ﬁ%%ﬁ%}rgd%i@gjactlo% S %?{/Eﬁ@ﬁ e 'pree in
cﬁemucaﬁ ?[’1 rfc?g‘&}H&% HFSéb@WéMl%%\hﬂﬁmmmeth§m&hm«barﬂlb€

E@gﬁﬂbmalsampﬂt@wﬁth@ﬁrmﬁam3§@oq{?ﬂ¥\é§tw%m% a\{ﬁaa%) e
leuslogebfor AIAENDEYI 9,02 S5, Sauns, of proteins, in particular, The -
of the resulting protein. Thus, it would be desirable to have a means to introduce a chemical
functional group into bioactive molecules that enables the selective coupling of one or more
PEG polymers to the protein while simuItaneously being compatible with (i.e., not engaging
in undesired side reactions with) sulfhydryls and other chemical functional groups typically
found in proteins.

{09} As can be seen from a sampling of the art, many of these derivatives that
have been developed for attachment to the side chains of proteins, in particular, the - NH,
moiety on the lysine amino acid side chain and the ~SH moiety on the cysteine side chain,
have proven problematic in their synthesis and use. Some form unstable linkages with the
protein that are subject to hydrolysis and therefore do not ast very long in aqueous

environments, such as in the blood strearn. Some form more stable linkages, but are subject
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moiety on the lysine amino acid side chain and the -SH moiety on the
cysteine side chain, have proven problematic in their synthesis and use.
Some form unstable linkages with the 30 protein that are subject to

whyohrohssia-and therefore do not last very long in aqueous eviresmRNES2 7

such as in the blood stream. Some form more stable linkages, but are
subject 3 WO 2005/035727 PCT/US2004/033271 to hydrolysis before the
linkage is formed, which means that the reactive group on the PEG

der v%tlve m %/ % e}cnii(vated efor q] Eroteln n be attached. Some
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Some are not ?Eecmc in the sites to which they will attach, w |ch n also
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pr It en vatives have been
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reac? Sk S et iﬁ°%¥3§f Bﬁwﬂclaf’t%}ﬁagn PpPes cBAAY ages o8, Us.
ePricaly.n é&;ﬁ@éhh’ﬁhﬂwquhaﬁg @rmedlmswb&s PEGS m@mwepmmmle viitftally
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15 modifications of proteins. Specifically, nhew components have
G bf?ﬂélsproteln biosynthetic machinery of the prokaryote Escherlchia

cmi](E cola) (e. gx;dent‘i@v’aﬂ@nﬁfea& ne(&@&]:)xoﬁ@ﬁﬁﬁﬁ&&&é%cﬁg@éﬁeﬁm
cehromyces cerevisiae (S.cer

S R SR SRR B Roulstei e
g@%ﬁ&%@@ﬁ%ﬂ@@mmEe@&y,t@emmnw&ﬂwwmm:wedmmewotem
TIRBGIT U39 w@m@m@mﬁyﬁ% CEPIRIQQIBALRIOPORIRS, et al.,
%H%nsgcphotgggf éyb els hotoisgmerizable amino aC|ds keto
B R e s e
dffizidnPpinnthlvifeibigh3fitiEity-20pBoteitdicinhis calbledthéringensicition of non-
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W. Chin et al., (2002), Journa of the American Chemical Society

ﬁﬁ%ﬁ%@@lzg vl Oﬁm}p@cpi REPPEiHigEipcluding photoaffinity labels and

photoisomerizable amino acids, keto amino acids, and glycosylated amino acids have been
incorporated efficiently and with high fidelity into proteins in E. coli and in yeast in response
to the amber codon, TAG, using this methodology. See, e.g., J. W. Chin et al., (2002),
Journal of the American Chemical Society 124:9026-9027; J. W. Chin, & P. G. Schultz,
(2002), ChemBioChem 11:1135-1137; J. W. Chin, et al., (2002), PNAS United States of
America 99:11020-11024: and, L.. Wang, & P. G. Schuitz, (2002), Chem. Comm., 1-10.

These studies have demonstrated that it is possible to selectively and routinely introduce

chemical functional groups, such as alkyne groups and azide moieties, that are not found in
proteins, that are chemically inert to all of the functional groups found in the 20 common,
genetically-encoded amino acids and that react efficiently and selectively to form stable

covalent linkages.
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25 (2002), ChemBioChem 11:1135-1137; J. W. Chin, et al., (2002), PNAS
United States of America 99:11020-11024: and, L. Wang, & P. G.
Schultz, (2002), Chem. Comm., 1-10. These studies have demonstrated

wthabidsspossible to selectively and routinely introduce cheppiggkbdnptinna

groups, such as alkyne groups and azide moieties, that are not found in
proteins, that are chemically inert to all of the functional groups found in

the 20 common, 30 genetically-encoded amino acids and that react

effi iently and s %‘é% tto form stable covalent linkages. 4 WO =
200%/035727 P 0%/ B3RP PO sRREME Sorfded ATyRgracids into
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group that is chemically inert to amines, squPlydr S, ca oxy_lllc amds,
HYABRSFGH TSy ﬁﬂﬁlﬂxﬁ'r‘ﬁﬁé?i%g Brdret @l%‘&i’sré&ﬂf'sl%ﬁﬁ%wﬁybah@a’f also
efficie sttt i eftieidanein aie s karemaisyalo aseli i RRIRIRII: product.
I WY 10, L ence of the acetylene moiety, the azide remains -
R TR e P i e e
CHARASHEA i disdursphsrsed ribse piogeinditflsebaifs andwidite rthysialediea conditions.

digglosed com pwmmﬁeaﬂd@&m%é%m&éM&AQ wedigfaRls for the introduction
noq,r;l-o%(_aréetlcal! enc%g d aminqg acids into protein structures, there has
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provide the benefits associated with PEG polymers (i.e., increase .
Sttty e RS thy heteiifersaneairdinidn REGrrhunes Srficiyyr praedtsalubility,
prahililp grebtdseladtivalyished immunogenicity) but that provide greater selectively

and versatility for use in the modification of proteins with poly(ethylene glycol) derivatives.

The present invention fulfils this and other needs.

J13] SUMMARY OF THE INVENION

{14] The invention provides, in some embodiments, a water-soluble compound
that includes a polymer and at least one terminal azide moiety. The compound or polymer
may be selected from a wide range of suitable water soluble compounds or polymers. In one
embodiment the compounds or polymers include but are not limited to nucleic acid
molecules, polypeptides, charged compounds or polymers, and linear, branched or multi-

armed compounds or polymers. In another embodiment the polymer includes but is not
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and versatility for use in the modification of proteins with poly(ethylene
glycol) derivatives. The present invention fulfils this and other needs. 25
[13] SUMMARY OF THE INVENION [141 The invention provides, in some

wembedsrents, a water-soluble compound that includes a palyrogtoanossir

least one terminal azide moiety. The compound or polymer may be
selected from a wide range of suitable water soluble compounds or
polymers. In one embodiment the compounds or polymers include but are

nﬂﬁ%@&%%&i}@&%@h‘é AL 39, MOl EIg: Sria‘?eéé%?gﬁfr‘ir i&fgo?%?g%d%rgﬁ%%%&% In

compoun sorp n%mers and linear, branc
of PR e B RebERBETHAER b poljimisedrieibnesthyitis BytoD,

wayw&aégt@zos%ﬂ;é&a@ﬁ%@c%&%%em'tﬁa@gﬁeb@&w engiRydes),

S olet|ni¢ alconols). In some

e ol Sl B R ool ol Gatpranes o
giwvowrywsmm@mewmwmeihvpaatemgeyae@lwmmde in which the
%M%Yé%@ﬁqlWPM%&Q@%@Qﬁy?&W}L@ eglblg 9(%8);& am 810 Y\gégn )dxe azide

alcqhol). The water-soluble compounds of tge 5 invention can

e’%gﬁ:%l%m pEVHRISALIrEE 5o fﬁ?&f@ﬁ@%@%@é‘ﬁ%ﬁkwmﬂa azide
naolstyiisoeyhientiynatt achedighiecthidpdyarlyme ﬁmﬁkkgfaﬁ@d Aleraativalea
R R G R B R e

a linker, In some embodiments, the polymer is a straig {4 B5w faolymer
dn rﬂ?@%ﬁﬁﬁ%ﬁiﬁd‘%&”ﬁ@%@b?ﬁ?ﬁ@@%th reactive functional groups

biggpnd the azidm 6@@1@%8&93&@[3%5@@@%%%&5@@&%Xig}esfoﬂagikscﬁmpounds

r rbI opolymer or ter mer. [15 ] In some embodiments, the
w@e{jﬁﬁ%ﬁ prowde?s @%lateé{"re?cl) it ghgioﬁ% ORISR A & LiavhiGeN end of a

Stlicngrdaridonsciud &3 a@yaahaamdmdrfgwtgomi ablgast asticst@ad 6f fue polymer
Rl baGdRaR; mm%@%@; E%E%Qme&um&@a@legr% AT

end of e polymer backbon d functional group can

érﬁo'ﬂ%er 2108 cfy“i? e sebodimsnisdspotrrs Gecuiteazide
fumitiondlhgrowpition somidee bostina emﬂmama&ma@mwmo%g&nds that

a [ Q r|Er110 Q) eembod| nts water-solubl
'&Qh‘faﬁﬁé thOS: EER &Qﬁp\ﬁl & RS § Bra ﬁxha's olggﬁr ched

compounds that comprise at least one arm o
SRlestire SPGBl ranched molecular structure can be

desdritic. [16] Insame @phamiee)ine thaiazisryneisly femmsainkagsne:
%llgt@g%[g gty which may be on a surface or in a molecule. For example, the reactive
moiety can be an acetylene moiety. The azide moiety can be linked to said polymer by a
linkage that includes a linker moiety. In these embodiments, the polymer can include at least
a second functional group other than the azide moiety for linking to said linker moiety. For
example, the second functional group can be specific for nucleophilic displacement and the
linker moiety can include a nucleophilic moiety capable of reacting with said functional
group. I other embodiments, the second functional group is amine-specific and said linker
moiety includes an active amine moiety, As another example, the second functional group
can be specific for reaction at an electrophilic carbonyl and said linker moiety can include an
electrophilic carbonyl moiety. For example, the second functional group can be specific for
reaction with an activated ester and the linker moicty can include an activated ester. As

another example, the second functional group can be specific for reaction with a ketone and
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20 reactive moiety which may be on a surface or in a molecule. For
example, the reactive moiety can be an acetylene moiety. The azide
moiety can be linked to said polymer by a linkage that includes a linker

woombbsirihese embodiments, the polymer can include at leastua:6ecesh

functional group other than the azide moiety for linking to said linker

moiety. For example, the second functional group can be specific for
nucleophilic displacement and the 25 linker moiety can include a

nucleophilic moiety. capable of reacting, with said functional gr .In .
o R L T LA LA R SCE LR eove i
sapeclifikéor maciietyviith|e tes ancdestihélcandribertioketyndishancthndss extainiple,
EFEHANE HRGHONRA! LRt A3RE SPRSHIAI ChiRARHON:AL A fla6IRAG

carbonyl and said linker moiety can include an electrophilic carbonyl

iSRG EBPRk ARl R RS EEH IR BHRIFRIT IR e BexghrustronBiso
rgamtion with an aciivatethiestanang tivenindeiombietpapsuiBlufiRednvention are
activated ester. As. another ex le..t functional group can be
S S PR PRSER ssr27
PI281/US2004/038gblaiilelinReiefiss ineluilte i et antkirdaé tam-ARbeE--CHe--
emipodinentathecacond, functiogal greup. isngnesifigforagaction with a

thiol nucleophile gnd the linke{ moietdincludesrf tpiol nucl($o§)lhile. The
s&tdnd functional ralEEON A SO ME ETRb SHH ML S FAAIR8Y baasidiat o
witkbl igadirsbtyidmlgisophitd antiiviite! okenars diety tincfudegaa hydroxyl
nucleophile. S[1#lpgor nkadimentsyibg;water-soluble compounds

of the invention are stable in aqueous environments at a pH of about 11

or less. [18] ShitdBiE ARRE O RES HEfide GiRRRE Hothhfatpignal eroup, or a
-Pthing ol M- c B the soE10 or FiEEIAR -G e, aaiild. RQar(Helr G lb2mpl.9]

e e e G S

Ralor Ay derreE oM s ernhemaritinTe Tom Aty Sresysieoningdd R

IScaRRRINGLESM AR RIREIHIMALQ ERLIRI, Qldahyaa e tRUY dhalsCaRrcae thylate,

St Racr F‘tféeéenfa‘iﬁ?{” e azlde. B can be, Jor example, 2, “C“‘ﬁ{‘?'é i

P E G ST AR YT G LS RS BPIAROR Y O St AR E fay s i

1 Brethated by Nraiddy oxgtstied thiwlichprestdic dclenudtimd ohrbestbe, acid, isocyanate,

w&m?%t@ﬁ{mmé@, CRRANAIS, ke BAAiRRO A RIPRRRIG @5E Bmide,

aldehyde, aldehyde hydrates, alkenyl, acrylate,
epoxide, glyoxals, diones, mesylates, tosylates, and tresylate, alkene, and ketone.
[20] The invention also provides a water-soluble compound that includes a
polymer and at least one acetylene moiety, wherein the polymer is selected from the group
consisting of poly(alkylene oxides), poly(oxyethylated polyols), and poly(olefinic alcohols).
The polymer, in some embodiments, is selected from the group consisting of poly(ethylene
glycol), poly(propylene glycol), poly(oxyethylated glycerol), poly(oxyethylated sorbitol),
poly{oxyecthylated ghicose), and poly(vinyl aleohol). For example, the compound can be a
poly(ethylene glycoDacetylene, wherein the acetylene moiety is covalently bound to a
polymer backbone via an ether linkage. In some embodiments, the compound is
poly(ethylene glycolacetylene and the acetylene moiety is covalently attached directly to a
polymer backbone. Alternatively, the acetylene moiety can be covalently attached to the

polymer backbone by a linker. In some embodiments, the polymer is a straight chain



10

15

20

25

30

methacrylate, acrylamide, active sulfone, amine, aminooxy, protected
amine, hydrazide, protected hydrazide, protected thiol, carboxylic acid,
protected carboxylic acid, isocyanate, isothiocyanate, maleimide,

wuinydsudtoee, dithiopyridine, vinylpyridine, iodoacetamide, 29@poxideo33271

glyoxals, diones, mesylates, tosylates, and tresylate, alkene, and ketone.
[20] The invention also provides a water-soluble compound that includes a
polymer and at least one acetylene moiety, wherein the polymer is
selected from the group. consisting of pol lene oxides),
e T b e LR R R oo e st e
sonbeddnehbdilentsnis salesrdanfrontltivk gmlpnsorsistipgyaigpoly (ethylene

2 glycol), poly(pranpiens,ghireh e A xuaibY Bisd |
ptll%&gﬁqoxyethylated sorbitol) pply(gxyethylgﬁgx Iuco%%%ggfr%% 2831?&?8?1" ounds
a

BYF Fimipa Amec it inplstsiaer aben Bfe‘eﬁ%wy(%iﬁw@n@ least a first end of a

alybobadetitene, aulhh)’eimeﬁbﬁaac@ﬁjwl Y mmaﬁetgﬂmgwgﬁd@@&hﬁ@mh tReBolymer

I ne,\a an r linkage. In some odiments, the,
e e MR ong Gyt
VIR BLPHtd S sErelifEati A S0Pl niemb selodireenitermettivetiy ¢thveth
aretylanendeiely RMPEGOY ORI AtAEhAd JaBhBmRRAIY et RAKDRRE N unds

linker. In sotrg%sﬁmbodlmfn S, th%!ool er.is a straight chain 7 WO
TS5 9 b DS TR A2 L B RS e e Sgaaalss frotranched
supstrretradysvdnthedandtiiiene moiety. In other embodiments, the
Rabymer is a rangom I hloGH SRQYIRSLAYISPANIREfladh

: > . 1 i &)fﬁ% a
embodiments, the invention provides water-soluble compourl%g 1 atnlblave

dGtiB B STk PERRen AR ahea cstBletin sty trmeidezgande o
frstene ofcieth Padurerdrcitionerartst jaideasiasepaacLnsiienskthat
Qierq AREGANASTE RLIDEBAMIELRARKRRNE T e, seqand funcliona

%oup can be another acetylene moiety, or a different reactive gré’ﬂ%.selcﬂ%d

R e Ak she cstis e e mejeidifarlinking teoridhekerangiy. For

agea) tEReieHe funbhe i YRRH QP BR IR E:d Tos QUM SRR iR ent and the
Water-soluble compounds, that com r%? at%?f stone arm of a branched
MOleCUIAr StraCIire. Eor MRS MUy SRibioirsasbe ity st foghioal
carrbdethehitebdiientsshrrecomb Sdictiemtbyihe acetjlenparidictydfofhBnker

linkRgaiiee FEREIV S MRIBNAP. a suHiAss asgaaergneé%@yéﬁa %&%ﬁ&%{f&?@p

the reactive moiety can be an acetylene moiety. The acetylene moie
AR Eﬁgq Gdf% rgaciﬁHong glpoﬁspglr#m&g@qwgtand said Hnker moiety can include an

electrophilic carbonyl moiety. For exannple, the second functional group can be specific for
reaction with an activated ester and the linker moiety can include an activated ester. As
another example, the second functional group can be specific for reaction with a ketone and
said linker moiety includes an ketone. In another embodiment, the second functional group is
specific for reaction with a thiol nucleophile and the linker moiety includes a thiol
nucleophile. The second functional group is, in some embodiments, specific for reaction

with a hydroxyl nucleophile and the linker moiety includes 2 hydroxyl nucleophile.

DETAIELED DESCRIPTION
23] This invention provides a highly efficient method for the selective

meodification of proteins with derivatives of water soluble compounds or polymers, including
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includes a linker moiety. In these embodiments, the polymer can include
at least a second 15 functional group other than the acetylene moiety for
linking to said linker moiety. For example, the second functional group

woanasspecific for nucleophilic displacement and the linkepm@ighos@is2zm

include a nucleophilic moiety capable of reacting with said functional
group. In other embodiments, the second functional group is
amine-specific and said linker moiety includes an active amine moiety. As

S B T P SRy G Bpfymers

€8
reaction atan e ctrop \fic carbony an id

efidhophiiiel éxitsonyimapiboadded ampletetneosgrivig fungipenalagr uRtional
CaRse IREEHFINEERRIeNWIR AP A YRR L8I8K s&gp i n%modo f‘yn}{g one or

can include an activated ester. As another example, t

fUREESTARYPED CARe Bl salame %awfé%{eﬁwwnhna%ta@tam lisgeife i Kesr
moisty inclimes-ahokgtonenitngethisie Mbpeliypentishesecond.fngsional

f th I h I d th ker
P e A TR P e e o o

sa?ﬁ@fé%ﬁd&ﬁﬁé‘#ﬁso%mﬂ@%m@a@qopmxmatemydr@wpmmiaemmtmm

trgeoupkmmlmmgﬁue@mmwf%yﬁ)m@mgmﬁdgﬁéﬂn piide
RIPTtkON L2 ;[s smventlon prov es a highly efficien met% for
tive

T3St bRS PR ignstire ﬁf?'ﬂé}’f'\?é"tﬂ'}e@' by hatstesisole
cmﬁw@ of pohgemetisa i hndinlgd 81O 20B54 £ 3Hi6@amino acids containing an
Pl S0 334icd ) QHM‘&%‘&'&IH%‘}Q QoG ?F{ WYRLYE S de rl:\éa:gggrlsgorated

of water so éb|e comp ounds or po ymers of the present |nvent|on ma

28RS &H %?sfé‘mrt%&mﬂpwém&m%ﬁp&mm%ﬁétmwtlmmwweble
a«ppmpmaw fuhctionaltgraupbhayheaddaghiondsa Wﬂ?ﬂx@ﬁi&xﬁ)ﬁxﬂ@%ﬂ@ Hot
oﬁ}ﬁlfga tm%@ agﬁ%%&gldfh%r s%‘ta’aﬁ]eorlga% lle aﬁ'la }%/Iill'%l)té e Uut1 !(Z:ft Ig)r;ﬁ%g%u water

but not limited to the 5 amino-terminus, carbox rminus, or w
PRl SEBE kLR P R 8B m%@mﬁ@nﬁm@mwmym@ﬁwmmgm

Potypieiidedyomastibing eng Qﬂm%’&%ﬁi@ﬂ}@@éﬂ%;&ﬂ%a%éﬁ%% e.g., Padwa,
ngt%r%l (%0(: ugggg@mal&g ci Altg/r ati f)é the appropriate functlonal
grou st g Qggrﬁ%oéfaﬁd%’dpﬂféﬁﬁ?@ap"f"fd
ﬁbllﬁﬁ@p&i@é ayhihdsgsnwith inrhih® ipoidsGya iR09) QEBYPEd. Padwa,
PSSy S FORSE PN J«QH%CQ”%%QH&{% e,f aeigenslicalnencaded

1%20 acids, e.g,, those amino acids containing an azide or acetylene”
ty, into pro ?ﬁ% i ?&B’B’H@%Q%@éﬁﬁ‘%ﬁ&?“@ﬁ& %pw@m&ilhc

substitution reaction, proteins can be modified with extremely high selectivity. The reaction

can be carried out at room temperature in aqueous conditions with excellent regioselectivity
(1,4 > 1,5) by the addition of catalytic amounts of Cu(T) salts to the reaction mixture. See,
e.g., Tornoe, et al., (2002) Org. Chem. 67:3057-3064; and, Rostovtsey, et al,, (2002) Angew,
Chem. Int. Ed, 41:2596-2599. A molecule that can be added to a protein of the invention
through a [3+2] cycloaddition includes virtually any molecule with an azido or acetylene
derivative. These molecules may be added to the appropriate functional group on a modified
naturally occurring amino acid or an unnatural amino acid with an acetylene group, e.g., p-
propargyloxyphenylalanine, or azido group, e.g., p-azido-phenylalanine , respectively.

23] The resulting five-membered ring that results from the Huisgen 3+2]

cycloaddition is not generally reversible in reducing environments and is stable against
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the amino acid side chains can then be modified by any suitably reactive
water soluble compound or polymer. The suitably reactive compounds or
polymers include but are not limited to PEG derivatives. The suitable

Woeaesiorssthat may be utilized to attach the water 15 soluble@cougacawds2or

derivatives to the appropriate functional groups of the polypeptide include
but are not limited to, e.g., a Huisgen [3+2] cycloaddition reaction (see,
e.g., Padwa, A.in Comprehensive Organic Synthesis Vol. 4, (1991) Ed.

T, 0 - - and, Huisgen, R. in .

1S S ORI SRR e
ydfaipl phermehetistiss afg. widsetyriie JisubsaacgerrdiRmedibeberdivalynading
[24deBe cansadhemethosiny elresRexaradditienathentRand. Even more
nucleoepigigc substitutign re, ctionl,eé)rotejnts can be rlzr)éod'fied with extremely
high SERECIRATY: T Re A A ERh B CRITIEY BRI HOO Y (31 pastiaant, do not
alguecuormditiont Witlkidxdeliorfinedioskdeatpsitf afly, 4£ht B) dynthen,
agtqmga@teg@&ab@m%@% BEGHAD SAIER IRMIRLERCHRL MRS 38 sites
e.g., Tornoe, et al., (2002) Org. Chem. 67:3057-3064; and, Rostovtsev, et
Al sE BT AR Gl S BHEm. Int. Ed. 41:2596-2599. A molecule that can

bie@dded to a priieimehthe dvepiofieiiwargbori B Al syaloadritinnable

[ i ecule with, zido or acetylene ivative,
e MDA ATHELS e
rfaRFidE it Bp bewsrrgnaneirfoos slare Aeety lenp ataridamiist cacitha RRG

FORERHUSHAGFORatEhiaR-DEPRHE YHIIRESRIBARI 0. B AR QRIEBHP with

€94 p-az%do-glhetl%l anine, respecti ely. :?0,25}?The resulting

bt G e e TR T
rrotiefe nBiraily be VEGSibity iner deltivitiy s ribitonntentidn chidetitaloke highinstledtive
WSRO R 2y fedd H§2t%@,4t’t9§%N%@M%ﬂb@&&%ﬁ&ﬁ@%&&ﬁ{&%ﬁ in

-in ‘aqueous environments. Consequently, the physical and chemica

CRERERRA L EPLeRAa% variety of substances can be modified under

demhanding aquielsspentlisipasivithithenabiiise Pmersesivaramsfthbazides
RLesent] ' v, . i rtant, a the azide.and acetylene
moietieas%%psgp?g:?#ﬁ%@%ﬁgﬁ gn%‘lfﬁg?{%a%% 8%%%%%53?039&%% %,c Teat 1i‘/%vf'th
tRdstRbtiaRTan dansraIty trsy eteampafieneactdy ip inmaintained. The acetylene

geslefiealnpAsosR MDA acdiphnps QRIS RARVRE JTQUIIePLINIRRE:¥es of the

re specific sites with extremely high selectivity. [26] The invention also
ga:l%{//?laré sa\f\yat%:re%?elﬁ%sl can 1 EHy% o%yetri g%lﬁsug{%}gféxo)foxug al the azide-specific

oluble an ro y

reactivity is maintained.

[28] The invention includes conjugates of substances having azide or acetylenc
moieties with water soluble compounds or polymers, such as but not limited to, PEG
'polymer derivatives having the corresponding acetylene or azide moieties. For example, a
PEG polymer containing an azide moiety can be coupled to a biologically active molecule at
a position in the protein that contains a non-genetically encoded amino acid bearing an
acetylene functionality. The linkage by which the PEG and the biologically active Lno!ecule
are coupled includes the Huisgen [3-+2] cycloaddition product,

[29] It is well established in the art that PEG can be used to modify the
surfaces of biomaterials (see, e.g., U.S. Patent 6,610,281). The invention also includes

biomaterials comprising a surface having one or more reactive azide or acetylene sites and
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: tge Huisgen L3+2 .%Xalo@di i%g)l'

derivatives of compounds and polyrners, including but not limited to PEG
derivatives and 10 related hydrophilic polymers having one or more
acetylene or azide moieties. The PEG polymer derivatives that contain

waealylessemoieties are highly selective for coupling with apicleuspieties271

that have been introduced selectively into proteins in response to a
selector codon. Similarly, PEG polymer derivatives that contain azide
moieties are highly selective for coupling with acetylene moieties that

have been introduced selectively intp proteins in 15.response to a
B A L R R St o o Rl o e

aitfess dryhabidessndatd Heylatdditooflinkse. aBidwstelitle aid iiaxtivebsahthecan
adied and @il a7ifes LRI plER LIRS SHRFIN RIS B0E ARG a tinkage

acetylene-specific reactivity is maintained. The acetylene moieties

cOhHHER SR AFSH Kosrkigs il etiotehes Beesgempriging a carboxylic
defiatives dtdchd A0tadkyl sing an/lkacetyleniis onminthudmoihiebvailable for
s%%@{.g&ﬂgﬁ%l%pg as the azide-specific reactivity is maintained. [281

The invention includes conjugates of substances having azide or

de8lylene moietts WithtivEtECLRsH dedatRfimadsizigfmeriles arehagetylene
bisiBrtlig e et BESSp PIMERES TR HAEHBSNBMIRDCHIS FOREAS RS ning
AceHisns oL apide molclies. For.example, 8 25,85 Rolymer containing

an AZide Morer) Can He CounlBaTES BB ISR LR fRarAtomp oF the
prsditiens. ik iaenasreslei bt doneatrisingrompamdtivaljyerc delidiinmino kacid
heasing: 8) .asshienslunctionalitk FhedinkassRYWhichheREG @nd the

biologically active molecule are coupled includes the Huisgen [3+2]
b '

SPIBAaHOR pYget rebReT rOid i dneastabaRaly s e drd s shitse
Usadinios mmodifpitive dSOalUdaads of homeiterklslshe caxgof sSicBglant

%mgéaﬁglaa ﬂfum@9@%@%&3&9&%%Q@%&%@%ﬁ%%ﬁéé%&@%fslce

having one of more reactive azide or acetylene sites an

FEOASPIF BRPPIRSP0O4ITasively. diteiertyireconiiing Aempesind or polymer
ateiyienecaoh pioiagPRhanehing NeimEnianEauRack @ RgRUHA6S ¥idne

{11U§ 0 @ conye! activare Wka??gé IOI%%%E%EL LS ancﬂ %Qeﬁa acetylene
SUDStANCeS can: 120 b6 Coupled 10 the azider o SeatgRASEL A RY

poheiverigerithetivesctiecughits tarkaes. other than the azide or acetylene
likpge, such asvibroyghadinkapacaniising Atarkaulinsaid samnre.
SO ot polHer Sulh 8 & DG QemivERives & wator Sluble polomel v ans ot fen one
active hydroxyl moiety undergoes a reaction to produce a substituted polymer having a more
reactive moiety, such as a mesylate, tresylate, tosylate or halogen leaving group, thereon.
The preparation and use of PEG or oteher compound or polymer derivatives containing
sulfonyl acid halides, halogen atoms and other leaving groups are well known to the skilled
artisan. The resulting substituted polymer then undergoes a reaction to substitute for the
more reactive moiety an azide moiety at the terminus of the polymer. Alternatively, a water
soluble polymer having at least one active nucleophilic or electrophilic moiety undergoes a
reaction with a linking agent that has an azide at one terminus so that a covalent bond is

formed between the polymer and the linking agent and the azide moiety is positioned at the

terminus of the polymer. Nucleophilic and electrophilic moieties, including amines, thiols,
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subsequent reactions. [301 The invention includes a method of
synthesizing the azide- and acetylene containing compounds or polymers
of the invention. In the case of the azide-containing compound or polymer
waolesdsatigeathe azide can be bonded directly to a carbon atearafsive4si03271
polymer. Alternatively, the azide-containing compound or polymer
derivative can be prepared by attaching a linking agent that has the azide
moiety at one terminus to a conventional activated polymer so that the

%?&JQB&P,WAE%&%@&%%‘QQW%% ?élﬁalggég,‘f;% 1S.Qr ANY QN 1 e like
| the ’

r
desired location In the molecule. In' the case acetylene- containing
cImMpElieP B poliseileiriitate, the acetylene can be bonded directly to

2[4 carbon atomi&é tpecFHITE In AleERAtrelY otls e EHIRRSHOBIRINNAY or
coomﬁougdr.%tgpl)ér&g{e (gefi\{) tive1 can tEe ¥E;)re%zjred by attaching a linking
dgent that has the Sectylene roiet) A BHEE R GReReEVa S dprbmaicty
agtﬂ?sae@f potyetier tgdiﬂ@&t%e rdlopttiry pbiymeiviies theiaretylefonmngietyrsor
Wi gL g RISGIR A AL NIRRT MOIS SRRELIEANILIDR £ 3568 one
the azide-containing water soluble 20 compound or polymier such as a
ﬁﬁt&ed&ﬁ{?gab}@?afﬁﬁféf?%’ambr@%%mé?rﬁ%ﬁ@%ﬁﬂ@%@ﬂ@ﬁélwwem that has
hydratylenaciety: tnaérgoesthataactisBriih o dlkena SuRSIIAER POMMLEnd the
' ' aiet chasa late, tresylate, tosylate qr
A S R S e
CPREPEBRBStFR SH TR ey Bemveitiveydembilinagd slefoeghibiciddietiidas the
haloganRigmsaniethene MENe:BRUDS MEnElrvnoviihesskilled 25

arl iasbqlrgshT eres J%éﬁ@;?ﬂbt?}ét”ted polymer then undergoes a reaction to
substitute ToF the more reactve moiety an azide moiety at the terminus of

tR8lpolymer. AltEhuathrahy eativatprosdis blegiaiiifethaviagied ieatfiamen of
astivamaualeQRbilicionelRHORNC QIS M ANIRIgQe i, r@@magexv‘%%@gxligg an

Iink(;n% a%e@t that has an azide at one terminus so that a covalent

Srivied BEtEEdHE h ol BFARdIASARIRG SyeHtian d FRIspgEvetciepegised

positidifethep:tiver 86 temmifiussofithapealylmerhbtusleaphilicmng, elgstigphilic
ieties, i i ' | 1) 2005/035727 . .

S S AR i MBI s s grayigne

Bty «BRRe! #iceinte et Herivetyea fe muettitibambes ben ditied in

aiiaan. [321 More specifically, in the case of the acetylene-containing

qoapPoUNd OF 1y pitions

[35] The terms “functional group™, “active moiety”, “activating group”,
“leaving group”, “reactive site”, “chemically reactive group” and “chemically reactive
moiety” are used in the art and herein to refer to distinct, definable portions or units of a
molecule. The terms are used herein to indicate the portions of molecules that perform some
function or activity and are reactive with other molecules,

[36] The term “linkage” or “linker” is used herein to refer to groups or bonds
that normally are formed as the result of a chemical reaction and typically are covalent
linkages. Hydrolytically stable linkages means that the linkages are substantially stable in
water and do not react with water at useful pHs, e.g., under physiological conditions for an
extended period of time, perhaps even indefinitely. Hydrolytically unstable or degradable

linkages means that the linkages are degradable in water or in aqueous solutions, including
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polymer derivative, a water soluble polymer having at least one active
hydroxyl moiety 5 undergoes a reaction to displace a halogen or other
activated leaving group from a precursor that contains an acetylene

wonglysAdernatively, a water soluble polymer having at leagt-pg2@aitge:71

nucleophilic or electrophilic moiety undergoes a reaction with a linking
agent that has an acetylene at one terminus so that a covalent bond is
formed between the polymer and the linking agent and the acetylene

b RREdAhGIE O O e Polet e ee Lo el

moieties, activated Iéaving group, nucleo fic and rop tRe
e RosieReest b gamme wprmRETEIaR &W?ﬂ@mmmhwd RSB ol PEGd
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ventlort‘}qg)kﬁ ides 2 ethod or the selective modification of proteins with
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crsieaier iy laen1d. F arzigenpleastty lbniegnofetyed be teitkactanchs PEG carboxylic

: %W@Q&:@QQ@Q@Q&%]E%@Y@WE gl@@hg % o n}% I% G aeba]ctxve agent

properties of surfaces and molecules where b|o mpatibi

%ﬂfﬁ?ﬂ?&*ﬁﬂ@%&%ﬁf%ﬁ%ﬁ&@m&ﬂ%@nﬁfm&memv@@t tﬂ@l@émédmeally
plepvadib anm@mmiﬂeumamanslmgagtasmg}ﬁh@gE’s%@ﬂﬂl@HYl%mlﬁe%é@on of an
Q@%Qﬁé%&&%ﬁ éée%éﬁﬂ%’esk art 0 34 Definitions 351 The

terms “functional group" "active m0|e SRR ETSRRn “irehehgth o
dhospategsenAy ?é”“éﬁé?ﬁ?éa‘i‘f’i}lﬁéamW@WbM sthbydiezily and an

readiie; maehikare u&e&é%@%@&&{l%&ﬁ{& 19¢ L) LRleh R AR A hiconol:

de%t]na?le fg}grtlorﬁ (t)r urhts of a mole The terms are used herein td

S HaRest DAl g é(gh?é’spfﬁg'l‘%é’ﬁﬁf%ﬂﬁ@‘%”fﬁ’ﬁ%npéﬁ’té@tiwges

apieneg &y enetives wiohro ther ariolendl efa [Rb]Htresdatin ?Ma@ﬂ aQarisNs@ Brésip

@ﬁ@éﬂﬁfﬁi%@ SRIERIQBRAE R, Qﬁ)%em APk anSﬁXrt rmed %Sgthz?t the
len

é chemlcal reaction and typically are cov
5’0? My'staBRliMkdged ﬁ;l?é?&ﬂg’?ﬁ‘éf’hﬁéqﬁ?k‘&@ég are substantlally
$¥ble in Water ‘Hrdaia ftoblegaeillyitoivaiasiatiies fipbiscig acdBbicty” or

2 n 30 extended erlo ftlme haps even
.n%‘é%%&’?ﬁ@%%‘%ﬁ%‘?y R R A ke

FRksieRL o Céé@%am@memﬁérwlnw@iwmsemmgmmmmm to
V2004038 FhhiPSlabiy) 9208403340 kans. In particular, as used herein,

biologically active molecules include any substance intended for diagnosis, cure mitigation,
freatment, or prevention of disease in humans or other animals, or to otherwise enhance
physical or mental well-being of humans or animals. Examples of biologically active
molecules include, but are not limited to, peptides, proteins, enzymes, small molecule drugs,
dyes, lipids, nucleosides, oligonucleotides, cells, viruses, liposomes, microparticles and
micelles. Classes of biologically active agents that are suitable for use with the invention
include, but are not limited to, antibiotics, fungicides, anti-viral agents, anti-inflammatory
agents, anti-tumor agents, cardiovascular agents, anti-anxiety agents, hormones, growth
factors, steroidal agents, and the like.

{38] The terms “alkyl,” ““alkene,” and “alkoxy” include straight chain and
branched alkyl, alkene, and alkoxy, respectively. The term “lower alkyl” refers to Ci-Cs
alkyl. The term “alkoxy” refers to oxygen substituted alkyl, for example, of the formuias --
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for example, blood. Enzymatically unstable or degradable linkages means
that the linkage can be degraded by one or more enzymes. As
understood in the art, PEG and related polymers may include degradable

wolBkRARs,HY the polymer backbone or in the linker group bepweeR & m33271
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polymer backbone and one or more of the terminal functional groups of
the 5 polymer molecule. For example, ester linkages formed by the
reaction of PEG carboxylic acids or activated PEG carboxylic acids with

alcohol groups_on a biologically active agent generally hydrolyze under
BETEat WhaIR O R s e A byt o e
dagbaﬁasbueaumrages‘ mbhudmmtmﬂa’teafeakag@; mndnacinkagpsdarsyiied

amSASAT ohed AmNEAnd an Aldeuds: phospliole Soier INAASS ¢,
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a‘«‘b@bj/imed Ma%@mﬂ@hmﬁom&yﬂgr Bupriod, adepiel@idardind bromine.
0[I39P nucleotide l%?ﬁ%e&?ﬂ%ﬁg &Xn%r@ ngrﬂ@sd &%&cg WGr% dal‘baTé%]oms

15 end of a polymer, and a 5' hydroxyl group of an oligonucleotide

ﬂﬁé‘?@ﬁﬁ%féﬂé@f&%%@ﬁ% ﬁ%dwﬁahﬁ Bictagesdipsaiiehagletyylgines may
"bliolbg ositycaotiveaigeirti onb ennitge dyREANIFEABoNARY SHRSL A ERVIGRic
q;ﬂ%saffect any physical or biochemical properties of a biological organism,
including but not limited to viruses, bacteria, fungi, plants, animals, and
HPhans. In particiibititied ged’ Hé@hh%%um@tm@tm@mmps as
iBehuleeany substance intended for diagnosis, cure mitigation, treatment,

g{ ﬂreventlon of s%ase in {Immans ar Q I(l)qer animals, or. to otherwise

ance physicalof menta %L?Fﬁé?lg%”“gﬂﬁ‘r{ugﬁoﬁ"%%%
w@m@aﬁwmrfmemgmmm thos@apeonpt thatitéddeaple pticiesunds.
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oligonucleotides, cells, viruses, liposomes, microparticles and 25 micélles.
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%ﬂtwnﬁ&wg}m@&%g‘am OLaneuS: ﬁg a Cuo'%fa L GG
ﬁ nts anti-anxiety agents. hormon row tors, steroidaf a

K %@]o?ﬁ@lﬁ@}fﬁgylatkgﬂﬂz)alk&é%ﬁu 2Udd xireipiol ude @mr‘gm 8,
chainassu’a mrwbadxﬁémn@kﬁ MRoARAAKOMESSReRINENY stigLiREM
O Y RIS SR AT % NO,, —-CN, —NRC(O)~(Cy-Cro alkyl), ~C(O}—(Cr-Cro
alkyl), Co-Cig alkyl thicalkyl, --C(O)O-( C,-Cyp alkyl), -OH, --803, .dbd.S, --COOH, --
NRy, carbonyl, ~~C(0)--(C1-Ci0 alkyl)-CF3, —C(O)—CF3, --C{O)NR2, —~C;-Cp aryl)-S--
(Cs-Cyp aryl), ~C(O)-~(C1-Cyo aryl), --(CHz)y ~~O--(~~(CHy)pn=-0--(C;-Cyp alkyl) wherein
each m is from 1 to 8, --C(O)NR.sub.2, --C(S)NR;, ~ SO;NRz, ~-NRC(0) NRj, ~-NRC(S)
NRy, salts thereof, and the like. Each R as used herein is H, alkyl or substituted alkyl, aryl or
substituted aryl, aralkyl, or alkaryl.
{42} The inveniion provides azide- and acetylene-containing polymer
derivatives comprising a water soluble polymer backbone having an average molecular

weight from about 800 Da to about 100,000 Da. The polymer backbone of the water-soluble
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alkyl. The term "alkoxy" refers to oxygen substituted alkyl, for example, of
the formulas - 13 WO 2005/035727 PCT/US2004/033271 OR or -ROR1,
Wherein R and R1 are each independently selected alkyl. The terms

oSHbstiteted alkyl" and "substituted alkene" refer to alkyl a%q.%g%mnm
respectlvely, substituted with one or more non-interfering substituents,

such as but not limited to, C3-C6 cycloalkyl, e.g., cyclopropyl, cyclobutyl,
and the like; acetylene; cyano; alkoxy, e.g., 5 methoxy, ethoxy, and the

like; lower alkanoyloxy, e.g., acetoxy; hydroxy; carboxyl; amino; lower
AIRDIBNHIFFE, &8 @“yﬁ‘r'é‘ﬂg%éﬁﬁﬁ%fﬁri’éﬂﬂﬁ%ﬁb vecbldmé%w Broredtophieleid;acid

Sthlfﬂstlﬂlliﬁ (ﬁgpﬁieﬂﬂgﬁﬂhﬁiﬁ@ H&%pﬁbﬁiﬁff@o'ﬂ?ﬂlé}@el R MR RHUR B -armed
chlorine, jodine and bro "Ar n more arQmatic
rlng':,p R o?%yme car &e et[% fmel\ﬁ E?e(a‘ r;\b ﬁﬁz %5 Be HTRRU4 BS in
ﬁ&ﬁ?ﬂﬁ%@ﬂlmﬁ@ewmw@ pmhnyiym;d fingslimabul Goalboitd fuBEG-olated
I QOB RN YRS U RARIN o Dl B M RAIRREACHG: e

IS aryl naving one or more non- -Interf ering

rin 40 "Substltuted a
RIS LR AR oo e B G AP T e it
limiitetddorteriniiteife iminbbestitpaiteipniss idpaintedesngradbsiituaRts”

B asrARs irn siahin.compayn i, Suliapls: ponipiererng.

tuents or radic utare n Su

-erkehPES dinicied REGD mﬁm}“@@(@lﬁﬁ@m?@@mqmmmﬂ@mm

dtabitidnLdréapdpaliparyd theddblie Walabid), GpEd 2 micqaliany Rbeny!,
%ﬁ< stltuted phenyl, toluoyl, xylenyl, biphenyl, CrC12 alkoxyalkyl, C2-C12
oxyaryl C7-C12 aryloxyalkyl, C7-C12 oxyaryl, C1-C6 20 alkylsulfinyl,

&BIC10 alkylsulfiorsaed t@tein) te-LOm((3iate 150 tabky Bolyherd ire finsi® fronpdlyboer

Shaﬁ%elﬁﬁmﬂtﬁﬁ%ﬁ yhiruBstitte @Welﬂw?ﬁgﬁzlEwytgglt?ﬁ?gﬁ%&peutw
fglcal @)ebstltuted heterocyclic radical, nltroalk --NO

Rl ahanes Jeclesings hungs 'g}mtccmﬁssw gL serum
L ONOer (iR leGEDontiyiatd ﬁﬁff@éﬁﬁphﬁﬁ%ﬂ&ttbﬂ?&lﬁaﬂﬂﬁwﬁed form

m%mfeﬁ%n%{?g%ﬂw %F%u&:%%hgﬁﬁéﬁ (%(,C%m : 1 c1o

25 (C6-C10 aryl) okt oi] I L3
@?%éﬁi“@fadamﬂwwh&@?ﬁti@aaﬁ%@%?mbw@gm@tyw sefiopRor

AB(SINRE, wmmtmi\l RE QMR R MR 2r sRlisniiareotisand
BB e RN R BB e 3 B L TG N AT 1o,
polyethylene glycol propionaldehyde, mono C1-C10 alkoxy or aryloxy derivatives thereof
(described in U.8.Patent No. 5,252,714 which is incorporated by reference herein),
monomethoxy-polyethylene glycol, polyvinyl pyrrolidone, polyvinyl alcohol, polyamino
acids, divinylether maleic anhydride, N~(2-Hydroxypropyl)-methacrylamide, dextran,
dextran derivatives i;icluding dextran sulfate, polypropylene glycol, polypropylene
oxide/ethylene oxide copolymer, pelyoxyethylated polyol, heparin, heparin fragments,
polysaccharides, oligosaccharides, glycans, cellulose and cellulose derivatives, including but
not limited to methylcelfulose and carboxymethy! cellulose, starch and starch derivatives,
polypeptides, polyalkylene glycol and derivatives thereof, copolymers of polyalkylenc
glycols and derivatives thereof, polyvinyl ethy! cthers, and alpha-beta-poly[(2-
hydroxyethyl)-DL—aSpartamide, and the like, or mixtures thereof. Examples of such water

soluble polymers inchude but are not limited to polyethylene glycol and serum albumin.
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substituted aryl, aralkyl, or alkaryl. 1421 The invention provides azide- and
acetylene-containing polymer 30 derivatives comprising a water soluble
polymer backbone having an average molecular weight from about 800

w&#i9:@kout 100,000 Da. The polymer backbone of the Wa%ﬁ»@é%ﬂ%ogﬁﬂ

WO 2005/035727 PCT/US2004/033271 polymer can be any suitable
compound or polymer, including but not limited to nucleic acid molecules,
polypeptides, charged compounds or polymers, linear, branched or

i-armed com s or polymers, and poly(ethylene glycol) (i.e.,
QE‘&) However g’lﬁ% %ﬁ&eé?été’fﬂ%fﬂ% 1Bty OrhpEt e s rihylene

pgimepslymgm&wggbrabhmlb{m&ﬁe PEQ; mibitechbivalaeies RS
PalyidaxiAR:RRS: e%b&&gge\@m@%%%)an%; tﬁ%& ogb'e eI EAUNLS

practice of this invention"and that the use of the term

ﬁafglféﬁﬂ*}réﬁéb@wéém%ké%ﬁ}tbl%liﬁelu@pbganmmﬁmﬁmms
rﬁspe,(for'EthniﬁéﬁhBﬁﬁn@&&%?pﬁ@'%@ﬂl&é%%ﬁ%%ﬁgﬁégﬂéé @folﬁhiggﬂ?&
In | 10 larme orke ranche
o B B e T AR BB A A0 10
f&ﬂﬁitlonal groupBEse dameltythizquolylodesh adkdeseyolobe BGyvéihstable to heat,

dﬁ&’ﬁ&gﬁﬂl@' Bﬂ&ﬁ%ﬁ@ﬁ%@%&ﬁ%ﬁ%&iﬁ%b&é&%&@@ g (ﬁenaéggﬁf 8{'}% Io(?{lc
Egg%ge S tq any polymer that is Soluble in agueous solvents

57 Yé??%bﬁﬁﬂre%&%% bipcomeatiileutchisgpeptibe BER iesteble
mfc;hanges:wdlhdmgg bissueobtinniedsing indieasadsaeMEsUAtRE $REUM.lR

hattslife,, 0%in ed sherapeutic h elative to the
unmof&glsfllle& fc{);rgrfrﬁfal rQ‘r%é(j)du ate%‘%n%%nﬂ/r%g%e%ﬁ%u?ﬁ dI> %’?e{ BAYLig] to produce

ACSBERIB Fr e R Ry s\ﬁ@]?‘h%“%@@#é@&ﬂﬁﬁﬁaﬁ@l hqrmumm¢mmm
diterech ﬁeﬁ&ﬂi&lybﬂﬂdiﬂ@ R BYGY et éeﬁmgénﬁ WREFZQHORSAE mask the agent

%qt&gﬁer pe]The aYvater soluble ymer or may, not have its own
biological a ctwﬂy“gnwta%% ‘poNmere nc td nlb% FREABE AR tplgyate the
pEryRERAEHE egriol EEDcprsaatesltsnd wly tuboropiormilceyidcimmoneresponse or

Géusfé&Qtaﬂgqagm&arad@%ﬁ@ré\f?eméeﬁﬁm{ﬁ%g(ﬁ{@?&ﬁ%ﬁj- It erpatent No.
incorporated by reference herein),
O R N A e R ———

@%mlme@vmmmm@mmﬂﬂd @vention. PEG having a molecular
N&%ﬁ%&%@ﬁ‘a{%}r E‘?ﬁ&‘%&ﬂ@fﬁ ne axlg;(a:‘ng )fzgtl;? %llvaasttge polymer

including dextran sulfate, polypropyle
backbone.

[46] The polymer backbone can be linear or branched. Branched polymer
backbones are generally known in the art. Typically, a branched polymer has a central
branch core moiety and a plurality of linear polymer chains linked to the central branch core.
PEG is commonly used in branched forms that can be prepared by addition of ethylene oxide
to various polyols, such as glycerol, glycerol oligomers, pentaerythritol and sorbitol. The
central branch moiety can also be detived from several amino acids, such as lysine. The
branched poly(ethylene glycol) can be represented in general form as R{(-PEG-OH),, in
which R is derived from a core moiety, such as glycerol, glycerol oligomers, or
pentaerythritol, and m represents the number of arms. Multi-armed PEG molecules, such as

those described in U.S. Pat. Nos. 5,932,462 5,643,575; 5,229,490; 4,289,872; U.S. Pat. Appl.
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25 oxide/ethylene oxide copolymer, polyoxyethylated polyol, heparin,
heparin fragments, polysaccharides, oligosaccharides, glycans, cellulose
and cellulose derivatives, including but not limited to methylcellulose and

wg%g%y%thyl cellulose, starch and starch derivatives, p %@933271

polyalkylene glycol and derivatives thereof, copolymers of polyalkylene

glycols and derivatives thereof, polyvinyl ethyl ethers, and
alpha-beta-poly[(2 30 hydroxyethyl)-DL-aspartamide, and the like, or
mixtures thereof. Exa%s of such water soluble polymers include but

arQIAGERREINS pktIR R IO HRd % rehpEmtichiis. intarav@ed by
26004035 %A InRGTE/AAGRO0 440332/ 44 AU $BH Ner sl iBg.term

"pplyalkylene glygol”.r 0 polyethyle lycol, polypropylene glycol
p%il){/butylene glﬁo%cg%??e%\?gﬁ\%g Xé?gg. e %%:’%P%%m nted by
iV EHH ERBénpeBessHativéns savbrait e polyatereandabyeiaginied to

roptesulanaveighisebbetweandlgda and 100 kDa. Other exemplary
Elu%iodiments are 5 listed, for example, in commercial supplier catalogs,
C

as ShearwhTeP BB SrANETE femtaibtpatmettisielns esapve armaps, such as
Beativarivelorfo thB RiGdsiddbAp plibatitns A 2BQh) JABER EGiis. typically clear,

gﬁ-lq rless, OdorIQ§§d§ﬁlHH§tjﬂe¥g %s%??h%ﬁh@%?e}y&g? rgttl%lgg%géﬁpared with

emical agents, does not hydrolyze or deteriorate; and IS géner
BT Sk el ediriinestdnghye bnckbews Srteramnple RS sen epatibiedwiifickster
iﬁxtkagayirtlﬂ&t;i?lliﬁieisb@mablﬁﬂiaﬁ ot cogyists m?aréi\lﬂmsgxé% %H%L?ME this
' ithout, causing harm, More spgcifically, is substantially
BB s St A B D U R
it RNt rd 50l PHREGdel) AhiéhBItEached to a molecule having some

qsgjrable function: ihdbrbodyy el agiRiRlRgicAlARIYE RIS N\ ene
I%Fg%}fon%&o mask the agent and can reduce or eliminate any immune
po

26 50 AT AR ofg cRAn 918318 5 presence of the agent.
BRE conjugatedfendthetolproaivoe asubithitibl MMREHESPORSRO!

SaLER RS L S HRRe AN SRR EERNRNN e o wer
H2CH20-- (CH2CH20)" -- CH2CHZ--, where n Is fror a%%%‘t{‘g“ et
BV Emeeafisarsis abBtiebl kel apesindnls, RiGsenssbilpbigrméein the

préy(tite leddlydnlg sicusPEG (Bryiiena gelerterowelabb OfiRmabayt ..
505l awiA00.000 Da are paricdlady wschl as e polvier 20
backbone. |46] T & polymer badkbone can s RISARL: BFLsriagtures thereof,
e therdidg- MW@I, the molecular weight of each chain of the polymer backbone can
vary, it is typically in the range of from about 800 Da to about 100,000 Da, often from about
6,000 Da to about 80,000 Da.

[52] Those of ordinary skill in the art will recognize that the foregoing list for
substantially water soluble backbones is by no means exhaustive and is merely illustrative,
and that all polymeric materials having the qualities described above are contemplated,

[533] The polymer derivatives of the invention are “multi-functional”, meaning
that the polymer backbone has at least two termini, and possibly as many as about 300
termini, functionalized or activated with a functional group. Multifunctional polymer
derivatives include linear polymers having two termini, each terminus being bonded to a

functional group which may be the same or different,

[54] In one embodiment, the polymer derivative has the structure:
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backbones are generally known in the art. Typically, a branched polymer
has a central branch core moiety and a plurality of linear polymer chains
linked to the central branch core. PEG is commonly used in branched

wipsmsshatean be prepared by addition of ethylene oxide 25‘(‘59/?@5%%33271

polyols, such as glycerol, glycerol oligomers, pentaerythritol and sorbitol.
The central branch moiety can also be derived from several amino acids,
such as lysine. The branched poly(ethylene glycol) can be represented in
general form as R(-PEG-OH). in which R is derived from a core moiety,
such as glycerol, glycerol gligomers, or pentaerythritol, and in represents

the, number of arms. Multi-airiad PE& YrioRetEd lich as 30 those
descricf)e’d in U.S. Pat. Nos. 5,932,462 5,643,575; 5,229,490; 4,289,872;

U.S. Pat. qugzﬁ@g/ysqlg&%/gﬁ%ﬁy PCT/US2004/033271

2003/0143596; WO 96/21469; and” WO 93/21259, each of which is

incorporated Byis tafaitRRGRRES SN S SN PR LR b alaglpe used as the
polymer backbone. [47] Branched PEG can also be in the form of a forked

PEG represefteédiby :PEG{se¥iB AN snuibare Moigneelinking group and Z is
an activated terminal group linked to 5 CH by a chain of atoms of defined

length. [481 Vetsanmities ScaneRetiiaimythe PeRAaNt BER -has KEATIN e the

groups, such as eca?ggéaéfarle%gg the PEG backbone rather than at the en
of PEG chains.ni4§i n-addiion’td these forms of PEG, the polymer can

also be preF’@E‘?Qa"é’éﬁ&nM"ﬁ%i% q\fﬁgr%dable linkages in the backbone. For
example, PEG can be pre ared with ester 10 linkages in the polymer

backbone that afe&ufEof fdiRkine RsistyAer shandBoatbwie this:hipdiyolysis
résulisrislicidaliay eraftberpoiym ebirt0F AGMAntSIAAWE! IRAIEEWAD carbon

iaht: s- - - -+H20 -* PEG-CO2H+HO-PEG.. [50] It.is
e B e MRk sty

dieEc e pledshnn sranehadedarehed s ovettoentanl S ehdampleothierinking
pobjenets ArendBanshitabiediBpEAGURMRMIRARRN B8, RAGKRARE SRR Ry

r- ith from 2 to ahout 300 termini, are particularly useful in
mﬁeﬁi%n%%%%%? %ﬁgap?ﬁ%?é‘s‘;‘% %‘uaﬁqé‘éﬁ%%%&%%‘r%%‘fda ?%BFF%F&%BP% iR garbon

tBOBth BH PRy (iKgtE e Ylfatsynsu et eralypiropideind g MUche(BRRIS Hiclude
abgelyiners Shapeatd@isd sooeymarsef eibylers aolansd PraRYIeNS.:
g%sp QOB‘%WIQH ggg,resact: % %%bmg(tigggispggggﬁ%? reference herein in its entirety, Those
of ordinary skill in the art will recognize that the foregoing list for linking moieties is by no
means exhaustive and merely iflustrative, and that all linking moieties having the qualities
described above are contemplated.

{56} Examples of suitable functional groups for use as X include hydroxyl,
protected hydroxyl, alkoxyl, active ester, such as N-hydroxysuccinimidyl esters and 1-
benzotriazoly! esters, active carbonate, such as N-hydroxysuccinimidyl carbonates and 1-
benzotriazolyl carbonates, acetal, aldeliyde, aldehyde hydrates, alkenyl, acrylate,
methacrylate, acrylamide, active sulfone, amine, aminooxy, protected amine, hydrazide,
protected hydrazide, protected thiol, carboxylic acid, protected carboxylic acid, isocyanate,
isothiocyanate, maleimide, vinylsulfone, dithiopyridine, vinylpyridine, iodoacetamide,
epoxide, glyoxals, diones, mesylates, tosylates, and tresylate, alkkene, ketone, and azide. As

would be understood, the selected X muoiety should be compatible with the azide group so
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20 and the like. Although the molecular weight of each chain of the
polymer backbone can vary, it is typically in the range of from about 800
Da to about 100,000 Da, often from about 6,000 Da to about 80,000 Da.

woPAbhIhase;of ordinary skill in the art will recognize that the fereg@ing list:71

for substantially water soluble backbones is by no means exhaustive and
is merely illustrative, 25 and that all polymeric materials having the
qualities described above are contemplated. [531 The polymer derivatives

Oﬂﬂ%@eﬂﬂﬂﬁﬁm Mz WEDW@WIOWWHQ a%%tct&‘%ap gi)glélmeé 618r1vat1ves

back o s at Iea%j two termjni, and possibly as many as

tél?'ﬁ){inl ﬂg‘ﬁ’&ﬁ% SIaunE Rrtteeordrintricarbrenp (Muliinesorapzide

pml}inmemrd@rwdtlﬁwunma@mnlpm Brenexsidbiingi b enpinia eFhRent
terminaieing, bonded to a 30 functional group which may be the same or
igerent 541 In one embodiment, the polymer derivative has the

thture: 17 WASHRBIPSEnIersiest iy B aralonmny freikiptd fefrs to the
Epikbehe=ifw hetieiringZ e Miscantbaige vaniescBois i HRlNGhRME Nactive
W&Eﬁoﬁh@%r@ﬁp%ﬁ%?@&&ﬁn@@é&% dofolR, O O e ending

polymer 0 A is a linking moiety, w may prese

WRitH FRSPhEhpRicaly Freckereriipg REclen & Forexempladifenctiemidally
grotrelidinhit maimplesiof drinidagnasietedas Arapbh EH‘«JHQ&e@ from the

nin 018, more
p@r}gggggtléﬁbetween 1- 1@ @ ﬁ 5’% gcr%ngp kg%“g énref)t}é OH%%%W&[EW%&@HB
SRYBLHRIBr Eatine sayPde s dindathe wRisesaapp otahe othepatidyldimaiine. If the
rofaeynidlsity b&dﬁi‘@d‘l@h&ﬁhﬁﬁ aheseynaien; LLhas sxamries REAJIRKIAG o

e B e e A TRl e ey
Shistiel W@Hé%ﬁé%ﬂﬁd@%m@mmogwlwwmwmwtm
gsems. Other exsyapiR:ahgEabRIPADGKOURSIBIHAEY the literature include
N-succinimidy! carbonate (see e.g., U.S. Pat. Nos. 3,281,698, 5,468,478), amine (sce, e.g.,
Buckmann et al. Makromol. Chem. 182:1379 ( 1981), Zaplipsky et al. EBur. Polym. J. 19:1177
(1983)), hydrazide (See, ¢.g., Andresz et al. Makromol. Chem. 179:301 (1978)),
succinimidyl propionate and succinimidy! butanoate (see, ¢.g., Olson et al. in Poly(ethylene
glycol) Chemistry & Biological Applications, pp 170-181, Harris & Zaplipsky Eds., ACS,
Washington, D.C., 1997; see also 1J.S. Pat. No. 5,672,662), succinimidyl succinate {See,
e.g., Abuchowski et al. Cancer Biochem. Biophys. 7:175 (1984) and Joppich et al. Macrolol.
Chem. 180:1381 (1979), succinimidyl ester (see, e.g., U.S. Pat. No. 4,670,417,
benzotriazole carbonate (see, e.g., U.S. Pat. No. 5,650,234), glycidyl ether (see, e.g., Pitha ef
al. Eur. J Biochem. 94:11 (1979), Elling et al., Biotech. Appl. Biochem. 13:354 (1991),
oxycarbonylimidazole (see, e.g,, Beauchamp, et al., Anal. Biochem. 131:25 (1983), Tondelli
et al. J. Controlled Release 1:251 (1985)), p-nitropherny] carbonate (see, e.g., Veronese, et
al,, Appl. Biochem. Biotech., 11: 141 (1985); and Sartore et al., Appl. Biochem. Biotech.,
27:45 (1991)), aldehyde (see, e.g., Harris et al, J. Pelym. Sci. Chem. Ed. 22:341 (1984), U.S.
Pat. No. 5,824,784, U.S. Pat. No. 5,252,714), maleimide (see, e.g., Goodson et al.
Bio/Technology 8:343 (1990), Romani et al. in Chemistry of Peptides and Proteins 2:29
(1984}), and Kogan, Synthetic Comm. 22:2417 (1992)), orthopyridyl-disulfide (see, e.g.,
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those linking groups described in U.S. Pat. Nos. 5,932,462 and 5,643,575
and U.S. Pat. Appl. 2003/0143596, each of which is incorporated by
reference herein in its entirety. Those of ordinary skill in the art will

woSsegRiZe that the foregoing list for linking moieties is by nQ 2bgaRgs3271

exhaustive and merely illustrative, and that all linking moieties having the
qualities described above are contemplated. [561 Examples of suitable
functional groups for use as X include hydroxyl, protected hydroxyl,

alOphheRGH YR gﬁxa;nj.s@ﬁt}@ﬁ;ﬂ:{@Y@%ﬁu@g@g@y&g%‘%{\ﬁﬁ%%%a

benzotriazolyl esters, active carbonate, su N-hydroxysuccininiidyl

| :
CHASEBRL A2 3B L TR O T L DB Ra RS, AbStRR PR A A61). All of the
altehydélaydratasinatkenykdderyatey dafethiaerylate, acrylamide, active
sifone, amine, ami ine, hydrazide, ..protected .
hf;gir)azide, prote%?gg ﬁﬁﬁed&%@ﬁ%ﬁ%@ %?%%88 e géhtr B%%(?/?ic %&qﬁ?nﬁon

iSORp LG O heBth Rl arnstevina B HIae Ry Isulfone, dithiopyridine,
vinylpyridine, iodoacetanyid ide di ylates,
tQsylates, and tresylate,rgm%ﬁlgfﬁ?éﬁgﬁg%%z éf%%%eﬁ? Be

understood, the selected X moiety should be compatible with the azide
group so 18 WerStribyrowr pirrysbaob®z32m that reaction with

the azide groups degs TobassuKebie azide-containing polymer derivatives

may be homabifunctional, meaning that the second functional group (i.e.,
cllna cr:};gerf:m odiy % (ﬂ{lme 3 i W]WW@ coippyisg a

X) is also an azide molety, OF Petar SRR ST A i
forlrmsh Bl hevangiffe ssmetighctional group. 5 [571 As would be
understood in the art, the term "protected"” refers to the presence of a

protecting group-BehbfnyGHEtE R nSHeEtioP dCia-c Hehididly

regctive, functional group under certain reaction conditions. The protecting
Wierem: . . . . .
group will vary depending on the type of chemically reactive group being
protected. FoY ésahfibaticraemattchnyersgitiy eqgrputing tetvamihd deagbon
hydrazide, thgda@tecting group can be selected from the 10 group of

tert-butyloxycarbonyl (1-Boc) a §0 -fluorenylmethoxycarbonyl (Fmoc). If
the chemicaﬂ}sr%ggéivetaﬁgé%? a8 tﬁ‘&ﬁi, the protecting group can be

orthopyridyldiSidfidendfieha gohermsideliyribatthergroup is a carboxylic acid,

h as butanoigQr.prpIgnie. aci : the protectin
qgﬂup can be benzyii or an alkyﬂ%gcl)%ﬁp %ﬁ%&ﬁgﬁ%ﬁﬁ%?rp 8al'rnt?e)?t%%ta§ﬁd by
I PR O (RS R L S1e Y Pl pl Bl backbone

ivémgimnaverage molecular weight from about 800 Da to about 100,000 Da, the polymer
backbone having a first terminus bonded to a first functional group and a second terminus
bonded to a suitable leaving group, is reacted with an azide anion {which may be paired with
any of a number of suitable counter-fons, including sodium, potassium, tert-butylammonium
and so forth). The leaving group undergoes a nucleophilic displacement and is replaced by
the azide moiety, affording the desired azide-containing PEG polymer:;

X-PEG-L + N3 2 X-PEG-Nj,

[61] As shown, a suitable polymer backbone for use in the reaction has the
formula X-PEG-L, wherein PEG is poly(ethylene glycol) and X is a functional group which
does not react with azide groups and L is a suitable leaving group. Examples of suitable
fimetional groups include hydroxyl, protected hydroxyl, acetal, alkenyl, amine, aminooxy,

protected amine, protected hydrazide, protected thiol, carboxylic acid, protected carboxylic
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15 1581 Specific examples of terminal functional groups in the literature
include N-succinimidyl carbonate (see e.g., U.S. Pat. Nos. 5,281,698,
5,468,478), amine (see, e.g., Buckmann et al. Makromol. Cheni.

wég’&’oq,%%@l%l) Zaplipsky et al. Eur. Polym. J. 19:1177 @8‘?@5)2034/033271

hydrazide (See, e.g., Andresz et al. Makromol. Chem. 179:301 (1978)),
succinimidyl propionate and succinimidyl butanoate (see, e.g., Olson et al.
in Poly(ethylene 20 glycol) Chemistry & Biological Applications, pp
170d18 Harris SEZ ipsky Eds,, ACS, Washington, D.C., 1997; see
AR N BB ey USRI SLERBIE (Seeivlsg! bl
Abushogrskishelhde eirlosdBlochadn, Bidgysesyldd irédasd) aadodpppich et

ddfacrolol. Charg, ARSI SUeEITId estereee.e 0. .S

Pat. No. 4,670,417), benzotriazo onate (ses, 8.9 @infsg Daymer
s9BBtsvsA P At ERRt {sln gegentbRins RR B e Emct@xalug lieenn@dvith a

(i@FeQ)ipEHlEl go%;rgdréf?ﬁgﬁhhﬁﬁﬂ%ae%% B’%ﬁgé %ﬁ%qt)sﬁl%rg ﬁg?#t 800 Da to
| u

TR e SR Bt aumnt ettt wit s

pi?{ﬁ?%‘fﬁ%wyh@mlEmﬂeﬁ@@@neigy oviehe PSR pelyralr, dIRmBiogheaMontaining

ekiva o Biot ct
g’%“fsﬁ%‘ég e TR TR el A P Bipnp o o

J439 8P8B 1), U.S. 30 Pat. No. 5,824,784, U.S. Pat. No. 5,252,714),
ri@kimide (see, Aexg&eﬁman}se@cebﬂhctﬁm&@amm{@gwﬁﬁm (1990),

B@Fwww 11&9&@@5@_9{,@9@% %u%( ns 2:29 (1984)), and

Kagan, Synthetic Comm. 22:2417 ort opyrldyl -disulfide (see, e.g.,
YRS zg%@/éSBWWﬂerFlaJxSﬂéb@fm&gmpwnmS@haB Biokpni.a

Gherrond: QQM@& %gane&ml@b@%dws aSﬁéﬁd@F{aﬁtM Igl?cﬁg,tg%)d c?ﬁfé?{?&lAgltlﬁ%][ ﬁvﬁfh the
inyls se Q of the

égf(()?ve re grge%r%e% a}he ﬁjnggfe&bgra%f 'ﬁ%ﬁl |ﬂng>§‘?%f8iy§}?’c¥m[‘§§3blr ctional group.

dféterred emboEﬁﬁéﬁbﬁh@‘p@ﬁ?héﬂd&%@m@@fﬂhmmmﬁﬂ@ axarboxylic

compHssRP ehuIRE Rackrang havinadng SEIE WIS on. if
X-CHICH20--(CH2CH20)N --CH2CH2 -N= RN Ketpne JEN i hydrazide or

fincioralgis eH’&s‘f‘cﬁB‘@%ﬁa@B%ﬁ%E HY&CkBBRite20 to about 4000. 10
l¥Hnother embdditfieniorihéthelynnirdetivaixessoiihedavaiaRicarpprise

Precipitation of the product followed by chromatography, if necessary.

[66] A more specific example is shown below in the case of PEG diamine, in
which one of the amines is protected by a protecting group moiety such as tert-butyl-Boc and
the resulting mono-protected PEG diamine is reacted with a linking moiety that bears the
azide functionality: BocHN-PEG-NH, + HOC(CH,);-N=N=N,

[67] In this instance, the amine group can be coupled to the carboxylic acid
group using a variety of activating agents such as thionyl chloride or carbodiimide reagents
and N-hydroxysuceinimide or N-hydroxybenzotriazole to create an amide bond between the
monoantine PEG derivative and the azide-bearing linker moiety, After successful formation
of the amide bond, the resulting N-tert-butyl-Boc-protected azide-containing derivative can
be used directly to modify bioactive molecules or it can be firther elaborated to install other
useful functional groups. For instance, the N-t-Boc group can be hydrolyzed by treatment

with strong acid to generate an omega-amino-PEG-azide. The resulting amine can be used

21



10

15

20

25

30

polymer backbone having the structure: X-CH2CH20-(CH2CH20)n
--CH2CH2 - O-(CH2),,-W-N=N=N 15 wherein: W is an aliphatic or
aromatic linker moiety comprising between 1-10 carbon atoms; n is about

w@ Qb aReut 4000; and X is a functional group as describedploy@.,d k804

The azide-containing PEG derivatives of the invention can be prepared by
at least two methods. In one method, shown below, a water soluble
polymer backbone having an average molecular-weight from about 800

Da j9.ahQH 000.Da, the polymer. backbgne having a first terminus
o e R R b s oMo sctvted
stitabiesetivaed roisp dadeatost fvithameatioeof nidmiwhiebsBaBEonal
pRERdwvith 25 any of a number of suitable counter-ions, including sodium,

ﬂ(r%?essium, tert-butylammonium and so forth). The leaving group
rgoes a nutlESEiE alignakdiari srIs oraismady Ysyfitreharités desired to
midicitylififfonting diwed eatnell @ritiess ORRINIOEY TG RUMREN: %P5k .

A BEG: itaple pol kbone for use |
e S s R e Bt

JileBRPhila s esish ea analdghds faivor atbesiabtstenattivithdzidegiounsso
efdhl tisoacseiteibie dEaIPEGIMD: FIREIRGHASHIARSIJNGHADA! QIoURs
i&%ggslgygr%& protected hydroxyl, acetal, alkenyl, amine, aminooxy,
protected amine, protected hydrazide, protected thiol, carboxylic acid,

dfSlected carbolyiieoteIWH OHOBI0 D6 TR InPGTitd SROPAIDRB A4y AKisthas the
malgirde, dithiopyridine, and vinylpyridine, and ketone. Examples of

suitable leaving groups ingudg. chigfige, promige piodide, mesylate,
%@)@%ﬁe' and tosylate. [621 In a second method for preparation of the
azide-containing polymer derivatives of the invention, a linking agent
bearing an aBieks herrithenHlity ds ebmitadkenkydtkyaxy water Golilepalwper
backbone haying;an average molecular weight from about 800 Da to
about 100,000 Da, wherein the linking agent bears a chemical
functionality tHAR W PP It birR Paiks Bressahercelistmiictionality on the
PEG polymetDidfaravaresitibleantainiignic polymer;

A is a linking moiety, which may be present or absent and which may be the

same as B or different; and

X is a second functional group.
[70] Examples of a linking moiety for A and B include a multiply-
functionalized alkyl group containing up to 18, and more preferably between 1-10 carbon
atoms. A heteroatom such as nitrogen, oxygen or sulfur may be included with the alkyl
chain. The alkyl chain may also be branched at a heteroatom. Other examples of a linking
moiety for A and B include a multiply functionalized aryl group, containing up to 10 and
more preferably 5-6 carbon atoms. The aryl group may be substituted with one more carbon
atoms, nitrogen, oxygen or sulfur atoms. Other examples of suitable linking groups include
those linking groups described in U.S. Pat. Nos. 5,932,462 and 5,643,575 and U.S. Pat.
Appl. 2003/0143596, each of which is incorporated by reference herein in its entirety. Those

of ordinary skill in the art will recognize that the foregoing list for linking moieties is by no
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polymer derivative product wherein the azide is separated from the
polymer backbone by a linking group. 10 [631 An exemplary reaction
scheme is shown below: X-PEG-M + N-linker-N=N=N 4

wé SgeXsRELs-linker-N=N=N wherein: PEG is poly(ethylene glyco)ah 45is:a

capping group such as alkoxy or a functional group as described above;
and M is a functional group that is not reactive with the azide functionality
but that will react efficiently and selectively with the N functional group. 15
[1%1 SEé(ﬁbrg] Sgeg a%fdsuit Ieilfutrrmtional %roups include: M being a carboxylic
acid. carbonate of Achive SHER G ARk BRie s bevdrale murlites
[peiabad eborearnimvotsrylrtelety; M being a leaving group if N is a

leophile. [65¢ Burificaianofib uct.can usuall
ral:‘gl(c:]omplished by aHrﬁécipita\ti(gn of %%E%?o%%ﬁ%gﬁ(t)f%euae@%g(%%%aet%%%,
PR dydrong [’é%m ABre g b hsexs hissinibalplesrthedase
bédREiGastiamisers) hﬁctWh kﬂabamlé;fsﬂas @Nﬂ@&&%ﬁ?&ﬁi&%@ﬁlﬂf%&%ﬁ'@l-
gL ch.as tert-putyl-Bac and. the resulting mono-protecte
e R urd e oS e
fﬁﬁhﬁ%ﬁlémyw&ﬂw,p@@amﬁ@mﬁ@m@m@@mbtm[ﬁﬁmm@azide, V
insianasaybeamipo MR GATRR SRS AR AAIINIGACIH  Z5.0/0UP,
}JS%L% caa\{%{'et agflr%ctlv‘gltln%u ents such as thionyl chloride or _
carbodiimide FAS AT VM B NOmSe PN Y BCiRfmTéRy tepridine, jodoacetamide,
rrhydratytrahz dvissoteddare atednanidebonasd evaeiife, and acetylene.
RoReamipeRER dedyaiyeandthe;agide-hearing linker majety. After
successful formation of thetamidqé%gﬁg,h f {%g%sﬁqﬂlﬁéﬁ%le Wilh the acetylene
R PR BEeh otk de aceigacosrtnidneg s noativa barcchdeas entaining
miiteotly doimodifyreidadivaobinieeitasionthemp e e beLARRNALED Poup
dpég%gggg §9a9é§fé%1' e%ra%’or&alj groups Fc%r in?tance, the N-t-Boc group
can be hydrolyzed by treafriient With sltfruélﬁégg% o5 gedatthe speond
Barbgralirmmolreitiaeny &nptirenadgetting amine can be used 21 WO

[20D5/035727 R diiRe BRAPSIZ b AR RS m@%@an&*éﬁv%%i}ggt L Qther tion
c%%gafgéglén%?ona ty such as maleimide groups, activated disultides,
GtV Ate o S SrarL Bt eRe Y NS RF RS on of valuable heterobifunctional

reagents. [68FHéeRrCHiun(lIdrEHAG-alvesEs e partinyaty:-useful when it
Whdegired to
X is a functional group as described above;
n is about 20 to about 4-000; and

m is between 1 and 10.

Specific examples of each of the heterobifunctional PEG polymers are shown
below.
[73] The acetylene-containing PEG derivatives of the invention can be
prepared by at least two methods, In a first method, a water soluble polymer backbone
having an average molecular weight frrom about 800 Da to about 100,000 Da, the polymer
backbone having a first terminus bonded to a first functional group and a second terminus
bonded to a suitable nucleophilic group, is reacted with a compound that bears both an
acetylene functionality and a leaving group that is suitable for reaction with the nucleophilic

group on the PEG, When the PEG polymer bearing the nucleophilic moiety and the
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5 attach different molecules to each terminus of the polymer. For example,
the omega.-N- amino-N-azido PEG would allow the attachment of a
molecule having an activated electrophilic group, such as an aldehyde,

W %ﬁmgﬁ%ﬁ%ivated ester, activated carbonate and so forth, %gqﬁg@m@%

the and a molecule having an acetylene group to the o
terminus of the PEG. 10 [69] In another embodiment of the invention, the
polymer derivative has the structure: X-A-POLY- B--C-C-R wherein: R
can be either H or an alkyl, alkene, alkyoxy, or aryl or substituted aryl 15
PSS-S ReR R IR TYBRE Wi ATR NS, BreleringrzansamdeR@E Y is a
SEEAA0L O Abat 0l Ahich rady b6 the. Same ae B or AHferin e 0 ded

nt or absen which may be the same as B or ditferent; an

%%%éﬁéeégr%@fﬁ%rr%{éogn&ﬂ%%up. [70] Examples of a linking moiety for A and B

include a multiply- fupgtionalized alkyl group containing up to 18, and
%9%@‘@}{??%% &3 %rﬁﬁsgoﬁ i ‘Etcé%g:[gm such as

mé)‘{e preferably between 1-10 carbon a e ‘
riffogen, oxygert*dF¥ifP RisFHEd Refvaetbantihaprfotiye istbimeartiondikythe

cfwahumyl;ﬁﬁmbmhms Bleg}at @&ﬁm?%f@@y@bﬁmﬁééaﬂ?&%ﬁiﬁc kg and
Pty ude a multi netionalized aryl group,
?Erlmtainin%luril t6 PC? gﬁrﬁig%%%lrlg 6?3%?';!?{)%’-; 85F§%ﬁ°3?’3?ﬂ%g‘f‘ﬁg"5ﬂﬁy‘

Blip may be stanriteatWithisredneminealoxy, atylms;, nitbgén], axjgen
anduliyheions: A enexamplese baitahle Anking drauPsincivgs, fhose
Im@gggjg}r}gu‘géﬁes%lbed E%Jg(g{at. Nos. 5,932,462 and 5,643,575 and
U.S. Pat. Appl. 2003/5TE 5598 APy inatds dherediperiansteny pe farerieald
Rereiprimtiveridramuckivpkiti 6edditndinanoskillinnipRest Wil dgsagnize that
thiolie Badngalsitandinking MOoialies | WQ 2005/035727
PCT/USZOI%Af{)gﬁBZ?l el et)ﬁgﬁg%g\%ﬁ iy ?r%%rae%‘? Ustrative aRestende

ARG SRS R UTE R BT as keiessvipldebaiBesy Ehigpsters, olefins, alpha-
dotatermplatid. carbonyl groups, carbonates and other electrophilic groups expected to
undergo addition by nucleophiles.

{76] In a preferred embodiment, A is an aliphatic linker of between 1-10
carbon atoms or a substituted ary1 ring of between 6-14 carbon atoms. X is a functional
group which does not react with azide groups and L is a suitable leaving group

[77} In a second method for preparation of the acetylene-containing polymer
derivatives of the invention, a PEG polymer having an average molecular weight from about
800 Da to about 100,000 Da, bearing either a protected functional group or a capping agent
at one terminus and a suitable leaving group at the other terminus is contacted by an

acetylene anion.

[78] An exemplary reaction scheme is shown below:

X-PEG-L + -C=CR’ > X-PEG-C=CR’
wherein:

PEG is poly(ethylene glycol) and X is a capping group such as alkoxy or a
functional group as described above; and

R’ is either I, an alkyl, alkoxy, aryl or aryloxy group or a substituted alkyl,
alkoxyl, aryl or aryloxy group.

24



10

15

20

25

[71] Examples of suitable functional groups for use as X include hydroxyl,
protected hydroxyl, alkoxyl, active ester, such as N-hydroxysuccinimidyl
esters and 1 5 benzotriazolyl esters, active carbonate, such as

wolthdrxysuccinimidyl carbonates and 1- benzotriazolyl cagypeRates 033271

acetal, aldehyde, aldehyde hydrates, alkenyl, acrylate, methacrylate,
acrylamide, active sulfone, amine, aminooxy, protected amine, hydrazide,
protected hydrazide, protected thiol, carboxylic acid, protected carboxylic
acid, isocyanate, isothiocyanate, maleimide, vinylsulfone, dithiopyridine,
viiApyridine, iodBAREBRE A9 5 RRY % S3euIR Libatdd beeiigmsly, reactive
tosyteiese aNd-trpsyisib-alkaiteyiatont@arhatelHereicAsoMRUIBRE of the

u;&gsﬁéaquaomemsl%&é&g&m&i&&xsﬁha[ i g compgtible,wi

ith the
acetylene group so that reaction with the acetylend grotip d%sé’ EmaLelr.
THY BRSNS doritasntpipr v ared dmostviashnan: be homobifunctional,

meRning that the seEAREAUTEHOBALE MR Ctidin dMIBARORBARRNERS
moiet or heé%robifgncét' qal, an'ng that the second 15 functional group
i€ rgcgﬁ%}%% unctional é%éﬁ’ﬁe 1°h5 TR EEP Pt e Bfbodiment, the

polymer derivatives of the invention comprise a polymer backbone having
the ptructure: X-gkleh 26 -(CH2CH20)n --CH2CH2 - 04CH2)mC=CH
gerein: 20 X is a functional group as described above; n is about 20 to
\2{' 8t 4000; andfF LTRSS AEIR A% cdpaditnibetivp bt apdadinéiihe
heterabiffunticanal PEG polymers are shown below. 25 [73] The
acetylene-containing PEG derivatives of the invention can be prepared by
at least two methods. In a first methgdngiwater soluble polymer backbone
having an average molecular weight from about 800 Da to about 100,000

Racthepoinen,hackirons baying afirst terpyinus bonded to a first

functional graup and a second tgyminus bonded to a suitable nucleophilic

group, is reagted with, nd that bears hoth an 30.acetylene .
functionality gn a Iea\%ng1 gr&slij%l%;ﬁggﬁ%%és or ?eegsc @nt%?/iﬁ;&{(ffgahde (A)to
dererbpriier Ghodp BritsoPEendy RéhahatPRCipolprrdo bizaring Rhean be a
Ruelgapbilicmpityanddiarddd or unsaturated C1, to €20 alkyl or heteroalky! group.

R’ can also be a C3 to C7 saturated or unsaturated cyclic alkyl or cyclic heteroalkyl, a
substituted or unsubstituted aryl or heteroaryl group, or a substituted or unsubstituted alkaryl
(the alkyl is a C1 to C20 saturated or unsaturated alkyl) or heteroalkaryl group. Typically,
P-OH is polyethylene glycol (PEG) or monomethoxy polyethylene glycol (mPEG) having a
molecular weight of 800 to 40,000 Daltons (Da).

Example 2

mPEG-OH + Br-CH, -C=CH - mPEG-0-CH,-C=CH

[84] mPEG-OH with a molecular weight of 20,000 Da (mPEG-OH 20 kDa;
2.0 g, 0.1 mmol, Sunbio) was treated with NaH (12 mg, 0.5 mmol} in THF (33 mL}. A
solution of propargyl bromide, dissolved as an 80% weight solution in xylene (0.56 mL, 5
mmol, 50 equiv., Aldrich), and a catalytic amount of KI were then added to the solution and

the resulting mixture was heated to reflux for 2 h. Water (1 mL) was then added and the
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WO 2005/035727 PCT/US2004/033271 molecule bearing the leaving
group are combined, the leaving group undergoes a nucleophilic
displacement and is replaced by the nucleophilic moiety, affording the

wdlssikedsAgetylene-containing polymer. 5 X-PEG-NU + L-Aye - ucrnoan33zm

X-PEG-Nu-A-C-CR' [741 As shown, a preferred polymer backbone for use
in the reaction has the formula X-PEG-Nu, wherein PEG is poly(ethylene
glycol), Nu is a nucleophilic moiety and X is a functional group that does
np% react with Noﬁét or. the acetylene functionality. [751 Examples of Nu
iRV 4 T8 OSSR KA S URHRHS I s a4¢pd tinbiky(@feml) and the
hyguaizitie camin copegiold dsidh ?VWG?MMNBEBU@MM\G@ ﬁoﬁnh{@%@%edtlxced to
' iti Nu. gr in those functional |
B R LS Al o
%%W@?gfmﬁ%iﬁ%Wﬁﬁﬁ?&éCtéﬁlmﬁ@ﬁw shielersbplidensdopldtdicthy! ether,
tradyiade i agdanyaie-andather groups expected to undergo nucleophilic
displacement as well as ketones, aldehydes, thioesters, olefins, alpha 15
beta unsaturated carbonyl groups, garbonates and other electrophilic
groups expected to undergo addition by nucleophiles. [761 In a preferred

emBodDHen B AR -alijpatc lipker.of betweenct10 carbon atoms or a
substituted aryl ring of between 6-14 carbon atoms. X is a functional

gsepp which doqamr@a%mm&agr@agﬁt%@9@5&@&%@9@&%@%

roup 20 [771 In a second method for preparation
%c&yf’eh&%x&ﬁﬂh@mm@%@ﬁbg{ﬁ%@%maeoiﬁwmi&)m BHFRES polyriaity

lnavivideats af/érelderonibiratias 61\]!.6 e ?axﬁb,oﬁtdl&ﬁl@ @ d Qe 1AQ.A k1
{ ct unctional group or a cappin nt_ at one
B S B BB o
by ah BeetRredadiend s J9isnnTe xenepksryndsaviomacierthe iesshowns
balewCHEEREGS ity GrlifR: SAdRAG LR bl eIl QG IS0l Evless,

Q%C%Q and X is a capping group such as alkoxy.or a 30 functional group
b et s vebaed e, LR stk iR HEged o
gisay eher Sifsuthiakontikyse. The resulting precipitate was collected, washed with
several portions of cold diethyl ether, and dried to afford the corresponding alkyne.

Eiample 4

(1)  m-HOCH,CsH;0H + NaOH + Br- CH,;-C=CH m-HOCHCsH4O-CH,-C=CH

- (2) m-HOCHCeHO-CHZ-C=CH + MsCl + N(Et) 3 > m-MsOCH;C¢H,0-CH,-C=CH

(3)  m-MsOCHzCH,O-CH;-C=CH + LiBr > m-Br-CH:CgH,0-CH,-C=CH

4 mPEG-OH + m-Br-CH,CeHyO-CH-C=CH > mPEG-0-CHp-CeH,0-CH,-C=CH

[86] To a solution of 3-hydroxybenzylalcohol (2.4 g, 20 mmol) in THF (50
mL}) and water (2.5 mL) was first added powdered sodium hydroxide (1.5 g, 37.5 mmol) and
then a solution of propargyl bromide, dissolved as an 80% weight solution in xylene (3.36
mL, 30 mmol). The reaction mixture was heated at reflux for 6 h. To the mixture was added
10% citric acid (2.5 mL) and the solvent was removed under vacuum. The residue was

extracted with ethyl acetate (3 x 15 mL) and the combined organic layers were washed with
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alkoxyl, aryl or aryloxy group, 24 WO 2005/035727 PCT/US2004/033271
[79] In the example above, the leaving group L should be sufficiently
reactive to undergo SN2-type displacement when contacted with a

Wé%{,igf'@g;zqoncentration of the acetylene anion. The reactigg E}QQJHQ a1

required to accomplish SN2 displacement of leaving groups by acetylene
anions are well known in the art. 5 [80] Purification of the crude product
can usually be accomplished by precipitation of the product followed by

ch¥on%a ?\gréph , If necessary. [81] EXAMPLES [82] The following

exampies are Sé};fg?%(fg bt dist MeSRArnt wreentrisdsoamsitivehtion.
ExearagidokyPEGAQIkoBr-(CH2), C:CR' 3 PEG-O-(CH2)1 C=CR' A B [83]

g polyalkylen )15 reacted with the alkyl halide (A) to 15
fg)ﬁr'?n the ether %&J%%%égg%g‘rﬁiﬁ%ﬂn%g%%qgﬁ fﬁf%%ﬁe?r’ﬁiéﬁ?tm‘s&“i&ﬁfﬁ§ mL,
AR B A dedriagielion el romaduondin?-SaiurabetaLinE T @D CE and

G2 diieyker fetedoatky ke RS 38 RISO Qﬁﬂ%ﬁg&%ﬁﬁ%&g rt%enqe%glats

0 rated cyclic.alkyl or cyclic heteroalkyl, a substitut ’
ﬁnﬁ%{f&ﬁﬁgc‘i’\é’% ?r"f%/é’fg%gt%/lgg%é’ﬂﬁ,cfwasﬁﬁﬁglﬁiﬂé‘aww%uﬂskm@éd& 20
S Imirrd) iy leidded Clte R20isatuiratedvers hasedusateratkyl) 0ind was then
keseroR) kabvh EapRahYPi6We 20825 thyl ol (PEG) or
monomethoxy po%e%feﬁ%l%Iy%%ﬁﬁgégﬁﬁgg%%%ﬁgrﬁoﬁg§%rt\}/l\?e figas
SOt 't‘fé)ﬁ’bvfféfﬂfﬁhs U S5sieap R pactaibwith- ey La@ia (32X 1S n@ladd the

ROPEG O Qe e Cry@ibl 2 B4R Qi a CrBReIRWRIEN AL over
ahORALRUBBE GO RO NP § 082 SRR pio) was treated with
NaH (12 mg, 0.5 mmolsl in TH E%% mIES. Solutioh foropargyl bromide,
Hf8Lolved as an BBES LB KoM Sreif-2 lonwG BinlyS dismwiobdS0 THE (20
edliiang Aldrich)idante GataliliGRROMM R WerE, ﬁl%nﬁﬂ%?%%b%d ith
spltion.and the resultin r}]lxtu re. was he?ted to reflux for 2 h. Water z‘i
ML) was gﬁg gégea cpg?l%gt?] eseveral miutes followed by addition of the bromide
obtained from above (2.55 g, 11.4 mmol) and a catalytic amount of KI. The cooling bath
was removed and the resulting mixture was heated to reflux for 12 h. Water (1.0) was added
to the mixture and the solvent was removed under vacuum, To the residue was added
CH;CIL; (25 mL) and the organic layer was separated, dried over anhydrous Na;SO,, and the
volume was reduced to approximately 2 mL. Dropwise addition to an ether solution (150

mL) resulted in a white precipitate, which was collected to yield the PEG derivative.
Example 5

mPEG-NH + X-C(0)-(CHz),-C=CR’ > mPEG-NH-C(O)-(CH),-C=CR’

[89] The terminal alkyne-containing poly(ethylene glycol) polymers can also
be obtained by coupling a poly(ethylene glycol) polymer containing a terminal functional

group fo a reactive molecule containing the alkyne functionality as shown above.

Example 6
(1) HOC-(CiL),-C=CH + NHS +DCC»> NHSO-C(0)-(CHy),-C=CH

(2)  mPEG-NH;+ NHSO-C(0)-(CHy)-C=CH > mPEG-NH-C(0)-(CH,)-C=CH
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25 WO 2005/035727 PCTIUS2004/033271 solvent was removed under

vacuum. To the residue was added CH2CI2 (25 mL) and the organic

layer was separated, dried over anhydrous Na2S04, and the volume was
whetbgegdie approximately 2 mL. This CH2CI2 solution was,aqdf89tR/433271

diethyl ether (150 mL) drop-wise. The resulting precipitate was collected,

washed with several portions of cold diethyl ether, 5 and dried to afford

propargyl-O-PEG. Example 3 mPEG-OH + Br-(CH2)3-C=CH 3

G-O- (CH2)3 -C=CH 10 [851 mPEG-OH with a molecular weight of
2800 Da (MPEETSEM 8% HA! GHe0 P Ml vesdisie) ki E@&fé@ (RftimL).

m@@{m@cofﬁm 63)301 T BLE (35 irdodl B (246 ydmﬁi‘n@i) were added and the
Ssoliese-RRRRYaE R Mk STl AEROd.a FataE Apount of K]

were then added to the mixture. The resulting mixture T
rapefdrh Rl merresipasvithont ferthea ninidieriéosolvent was removed

usder vacuum. TWMQWM@?M@@&% (gﬁ#ﬁ@r‘lgﬁhhei
[l an. drous Na 4, and the
R B T e I ot 7

volumeé was re Ced to approxim
daBeago° dieampibirsradisd mpdmpe\msb vigheonestitting (Thecigiiate was

cgufmea, wasbes mithiSeyeRal PRTisRSQh Lﬁiusiée‘x% ﬁ%'a?ﬁ[;ggﬁ'ed Bea

affqr corresponding alkyne. Exam Ie 20 (1) m-
% eb r&ﬁﬁsffm?;‘igld eHYﬁ@H’}CpB‘H : pasapfied§HxCla (50 mL) and

HOB 2 GEet AQs Gl 2rdBdClried M@ﬁlﬂkyﬂk@ﬁ&)l@aﬁ%m, and the volume was reduced
T MSRCHACEHO: CHR.CHCH, 28.3) H2GEHAO-CH2.C=CH +
LiBr 3 m-Br-CH2C6H40-CH2- SF?E%% e (150 L drop-wise. The
ﬁﬁ“ﬁ‘?@ﬁ?‘é@ﬁ%@ﬂ%l@%ﬁp@fﬁﬁmamm C6H40-CH2-C=CH

[861 To a solution of 3-hydroxybenzylalcohol (2.4 g, 20 mmol) in THE (50

30 mL) and water (2.5 mL) was firsEagidglt powdered sodium hydroxide

@3 g, 37. 5 mmon]amiaﬁi@e @ﬁ@&ﬂ%@ﬁ:@ﬁ@ﬂ%&%@ﬁ@%%@ SFRIVMAAAS of

%91)8&@ utl : hn XX ene 3.36 mL, 30 mmol). The reaction

MIXLUTE Was ﬁga? S FAHR 50 SHEFEHE e raahatesiousic enmrwitae of
aelu(@)semegbzﬁ@&hf@ms@meqquamgemdmdlmemmuum bE pRpesibesimilar
wiase@rdkacted with ethyl acetate (3 x 15 mL) and the combined organic
layers were washed with

mPEG-OH + CH380,Cl + N(EH 5 - mPEG-0-80,CH; > mPEG-N;

[93] mPEG-OH (MW = 3,400, 25 g, 10 mmo!) in 150 mL of toluene was
azeotropically distilled for 2 hours under nitrogen and the solution was cooled to room
temperature. To the solution was added 40 mI. of dry CH,Cl, and 2.1 mL of dry
triethylamine (15 mmol). The solution was cooled in an ice bath and 1.2 ml, of distilled
methanesul fonyl chloride (15 mmol) was added dropwise. The solution was stirred at room
temperature under nitrogen overnight and the reaction was quenched by adding 2 mL of
absolute ethanol. The mixture was evaporated under vacuum to remove solvents, primarily
those other than toluene, filtered, concentrated again under vacuum, and then precipitated

into 100 mL. of diethyl ether. The filtrate was washed with several portions of cold diethyl

ether and dried in vacuo to afford the mesylate.
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26 WO 2005/035727 PCT/US2004/033271 saturated NaCl solution (10
mL), dried over MgSO4 and concentrated to give the 3-
propargyloxybenzyl alcohol. 187] Methanesulfonyl chloride (2.5 g, 15.7

ngjasggﬁ triethylamine (2.8 mL, 20 mmol) were added t éﬁﬁkﬁﬂ&%%n
I i

10

15

20

25

30

compound 3 (2.0 g, 11.0 mmol) in CH2C12 at 0 C and 5 the reaction was
placed in the refrigerator for 16 h. A usual work-up afforded the mesylate
as a pale yellow oil. This oil (2.4 g, 9.2 mmol) was dissolved in THP (20
mL) and LiBr (2.0 g, 23.0 mmol) was added. The reaction mixture was

hé3thd to reflux fEFAIRESAWAL Snbmmebned d55elue i pelrof TFHEF Tl the
mixtudenvas adtedavater (3 Hanbiland RS AuenweS dEMaYEs HasIer,

v .The residue was extracted with ethyl acetate (3 x 15 mL) and the
e R R e e e e

n&Vﬁpgr?é@i é%@@ﬁ%@@%@wmmmmgwig irefibe Wasiaded
breinisieclLARkimRRECHRHE A8 KRR LR Y1365 M, %@Pa'é’)ak%acgeg o 2 mland

diﬁsolv d in THE (20 mL) and the solution was cooled in an'ice
(GBS RER WAe LR EOHER R AJOBLS ey et a period of
several minutes followed by addition of the bromide 15 obtained from
above (2.55 g, 11.4 mmol) and a cdtamigiad$nount of KI. The cooling bath

was removed a e resulting mixture was heated to reflux for 12 h.
V\(/qa?ter E%%ei/%ése gé}ggé?ﬁ%%g%%{e and the solvent was removed under
vaguumy; T Gltﬂ@ﬁ%ﬁu_gy@é}%g& I\EHZCIZ (25 mL) and the organic

layer was separated, dried over an -ydrous Na2S04, and the volume was

regiucednrEaPPIDXIRately- & minDsoppiseadditionioan ether solution

(150 20 mL) resulted in a white precipitate, which was collected to yield
thesPEG derivatiye,; X -eNHZ + X-%:S.O - CHg C=CR'4 .
rEpEG-NH-cgoﬁé%fz‘*‘?%@%@ Ry Sl ettty o
OIS EASHERE Gy eon) Mekanesrifend dilssidp&siealiddimyoboaglingialamine (2.8
poky(@thyissi wmam@mﬁmﬁam?@a&m&féom@ﬁz@gj z@r%)ms%

r e, ontaining the alkyne functionality as shown above.
A B R e R 618 M vl W
NEgdrthontols 2se eaey iy M Ghl ik (9. NSO S{ONLGIMER) id T
IDPREEN (:0Q) L6Rey Wedddded. The reaction mixture was heated to reflux for

I'h and was then cooled to room temperature, To the mixture was added water (2.5mL) and

the solvent was removed under vacium. The residue was extracted with ethyl acetate (3 x
15 mL) and the combined organic layers were washed with saturated NaCl solution (10 mL),
dried over anhydrous Na,SQys, and concentrated to give the desired bromide.

[96] mPEG-OH 20 kDa (2.0 g, 0.1 mmol, Sunbio) was treated with NaH 2z
mg, 0.5 mmol) in THF (35 mL) and the bromide (3.32 g, 15 mmol) was added to the mixture
along with a catalytic amount of KI. The resulting mixture was heated to reflux for 12 h.
Water (1.0) was added to the mixture and the solvent was removed under vacuum. To the
residue was added CHCl, (25 mL) and the organic layer was separated, dried over
anhydrous NaySOy, and the volume was reduced to approximately 2 mL. Dropwise addition

to an ether solution (150 mL) resuited in a precipitate, which was collected to yield mPEG-
O-CH,-C4H;-Ns.
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27 WO 2005/035727 PCT/US2004/033271 [90] 4-pentynoic acid (2.943
g, 3.0 mmol) was dissolved in CH2CI2 (25 mL). N-hydroxysuccinimide
(3.80 g, 3.3 mmol) and DCC (4.66 g, 3.0 mmol) were added and the

wEAbLigsswas stirred overnight at room temperature. The regpling,664dS271
NHS ester 7 was used in the following reaction without further
purification. 5 [91] mPEG-NH2 with a molecular weight of 5,000 Da
(mMPEG-NH2, 1 g, Sunbio) was dissolved in THE (50 mL) and the mixture
was cooled to 4 C. NHS ester 7 (4Q0mgudg* mmol) was added
portion-wise with vigorous stirring. The mixture was allowed to stir for 3 h
W, WBCYONGHEIATD 8 PR E B H MBITHE Sy, was e asitedranch.-
thét&8ileOvihs removed under vacuum. To the residue was added

S CH2CI2 (50 mL) and 10 the organic layer was separated, dried over

angrgjdrous Na2S @y, ambthecyatme Waieucas e, aRPEPXINAEH R
Thi CﬁgCIZ solution wa %gt ethgréé%% mL{ffdrop-Wlse. The .
e Sadern sl e oL Al ans s pnenas sl 956 -

ThigdEtarhhfdrmapresanindhpropepardticqut vemdiednéisviforyk esignof A fer

13 p&]Vs(%%lEQﬁ ELWQJQS Xﬁﬁé‘a@m&l{ﬁ%&% &%fseg{i?rgdt?oraﬁﬁ}ﬁlitional 45 minutes at
methanesulfonate or mesylate of poly(ethylene glycol). The
10 oo IEIRATAE o syRaerhmas tlunat ded wih ‘bélﬁgép‘é}e@%%cﬁhﬂa?added toa
prooedirein m%ﬁe@hﬁata@ﬁls%éﬂﬁﬁn&ﬁxm%%&tﬁ&%@ﬂ&%ﬁz?z
- 0 REG;OH (MW = 3.400, 10 mmol) in, 150 mL o
to U%Sghvl\%az’s% gé%%%%%i%%% éfrg%l led for t%uét?ﬁ%%g? if?rtcl)oélewtgﬁa?‘i}h%cthyl
sGittfofariedisbreas tollesti brcifparatend driedthrdgotatiom wadedite dme-

Mar6belre£dd 2E(2 &Rdgwk. mL of dry triethylamine (15 mmol). The
solution was cooled in an ice bath and 1.2 mL of distilled 25

15 Mmethanesulfonyl chloride (15 mmoﬁﬂ%@qged dropwise. The solution
was stirred at room temperature under hitrogen overnight and the

reskBOrOVRS-GUesChes mypaddmg:?, ol.of =abgolute ethanol. The mixture
was evaporated under vacuum to remove solvents, primarily those other

thagy toluene, filtefgd, ARG AISH 2gA ' 5?%5 ,
30 nggggiltated into 1OOSmL,,ofdiethylne%ﬁ%e't?.]wi'ahqeg %ﬁﬁaﬁg’%g\%gs e ‘\;/Vv?tﬁl the art
S

1)158 ltﬁ(')ﬂ% (aflbgi%l?d ?éﬂ‘i‘GFd dropwise a solution of mPEG-OMs dissolved in THF
with vigorous stirring. After 3 hours, the reaction is permitted to warm to room temnperature

and quenched with the addition of 1 mL of butanol. 20 mL of H,O is then added and the
mixture was stirred for an additional 45 minutes at room temperature. The pH was adjusted
to 3 with 0.5 N H,SO4 and NaCl was added to a concentration of approximately 15 wi%.
25  The reaction mixture was extracted with CH,Cl, (100 mL x 3), dried over Na,8O, and
concentrated. After precipitation with cold diethyl ether, the product was collected by

filtration and dried under vacuum to yield the omega-carboxy-azide PEG derivative.

Example 11

[99] The azide- and acetylene-containing amino acids were incorporated site-
30 selectively into proteins using the methods described in L. Wang, et al., (2001), Science
292:498-500, J.W. Chin et al., Science 301:964-7 (2003)), . W. Chin et al., (2002), Journal
of the American Chemical Society 124:9026-9027; J. W. Chin, & P. G. Schultz, (2002},
ChemBioChem 11:1135-1137; J. W. Chin, et al., (2002), PNAS United States of America
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30 ether and dried in vacuo to afford the mesylate. 28 WO 2005/035727
PCT/US2004/033271 [94] The mesylate (20 g, 8 mmol) was dissolved in
75 ml of THY and the solution was cooled to 4 C. To the cooled solution

wovagsadged sodium azide (1.56 g, 24 mmol). The reaction yasealeshiorn

10

reflux under nitrogen for 2 h. The solvents were then evaporated and the
residue diluted with CH2CI2 (50 mL). The organic fraction was washed 5
with NaCl solution and dried over anhydrous MgSO4. The volume was

reduced tq | e product was precipitated by addition to 150 ml
P B s S N b R Ceema A GPeghe
(2261 4@l BOHpBrBed ihk2eiddddMBn(Rpankis Gr@dd dut with 0.01 mM protein

SEEHRAE0 AR AMPEG O GHRCALAL NS Rk &7 doBeaILo,

alcohol can be produced using the method In
5998895 Mifhbagreil loride (2.5 g, 15.7 mmol) and triethylamine

(2@omL, 20 mmokhyareassedioacalisioniabiiaridarzybaea ¥l come to

(1.75,9. 11, ol).in CH2CI2 at 0 C and the reaction was placed in the
A O B R o o S e A e R b toachines
yeireniei i His foiktoiRzesuiptivas adibielvedoint B YRR 0rakcfonn it isiBrbe
(&R 3NN\ NRE A0 86: e seacH AR iXiEs NaDORAIGH: RGN ana

fo&lal h and was then cooled tg room temperature. To the mixture was
a

BRI S L e iR BB A B e dneiHerst wiskin i soeme of
reisicippendes elxtractithwigh gttnifiacetater(xphpemhdrandifhe:eomiines
0 | | Clsolution (10 m ried
L L At
2BO8% FRPRASIOMPYORPR 29 Boroin s RSt Sinaeenratemkby sefteenspifer all
Nairp¢da2. mg, 0.5 mmol) in THE (35 mL) and the bromide (3.32 g, 15
mmol) was added to the mixture along with a catalytic amount of KI. The
resulting mixture was heated to reflux for 12 h. Water (1.0) was added to
the mixture and the solvent was removed under vacuum. To the residue
was added CH2C12 (25 mL) and the organic layer was separated, dried
over 30 anhydrous Na2S04, and the volume was reduced to
approximately 2 mL. Dropwise addition
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to an ether solution (150 mL) resulted in a precipitate, which was collected
to yield mPEG- O-CH2-C6H4-N3. 29 WO 2005/035727
PCT/US2004/033271 Example 9 NH2-PEG-O-CH2CH2CO2H +
N3-CH2CH2CO2-NHS -) N3-CH2CH2-C(O)NH-PEG-O- CH2CH2CO2H 5

[94] - :Q:CH2CH2CO2H (MW 3,400 Da, 2.0 g) was dissolved in a
Wﬂ‘g f§ A%&ﬁﬁg' lution of NaHCO3 (10 mL) and the solution was

cooled to 0 C. 3- azido-1-N-hydroxysuccinimdo propionate (5 equiv.) was

addedwith\ViEFEHe Bt REMRRBRITABRFS DB SO b e iR Bia &Y lsad one

ternAg] %@%W@\?eﬁw reddok aR-Additionah 4 4Rk 83kl Q1e0/Y from the group
temperature. The pH was adjusted to 3 with 0.5 N H2504 and NaCl was

con%ﬁmpﬁladmd_emaqwmdwﬁkiﬁih@érzgl,1$W/&stﬁﬁeaﬁéiaétmb@ﬂﬁtmécetah
alde\é@ﬁ,eﬁggi%ﬁg W&Pa%@%ﬂéﬂ{ﬂ%%m#éo%@ﬁg? ﬁgﬁlee L %Qéle ive sulfone,

ncentrated. After precipitation ether; the product was
amimg|keotechby. fitrdtiondmtideisd drdeiey acthantctbyididzide. pmeegraed thiol, protected
carboxy-azide PEG derivative. 15 Example.10 mPEG-OMs + HC=CLi 4
crt IR LS s TR P e
vinyésiridingiepasecasilaowniiitheladk20 dinchegatedyiate?Si6s itk Fresylate,

added dropwise.a solution of MPEG-OMs djssolved in THE with vigorous
ke A SRR S VBT T RT3 BARHAIED Aot et g o
polviarmprialusg dadduett eoR gyt ithedasidition of Acholn Ghlltanplo Mis af

H20 is then added and the mixture was stirred for an additional 45
moi%méﬁé@%miﬁ%mﬁefa@&srﬁﬁa BRI GfREENETB PRAEHPEY Rpd about

80,008 34vand Naslovam added e, srrceniraian ob snoradmeialy 46, v080about
25 The reaction mixture was extracted with CH2CIZ (100 ml, x 3), dried

6,008vapah 28 O anlep St B afechiabrd  Bredifitation with cold diethyl ether,

the product was collected by filtration and dried under vacuum to yield the

omega:carhexy-azideitiscoerpeatidef Examplevhéri0kdine azigder andlected
acetylene-containing amino acids were incorporated site-
from the ‘group consisting of poly{ethylene glycol), poly(propylene glycol),

poly(oxvethylated glveerol), poly(oxyethylated sorbitol), and poly(oxyethylated glucose).

3. The water-soluble compound of claim 1, wherein said polymer comprises

poly(ethylene glycol).

4. The water-soluble compound of claim 3, wherein said compound comprises
poly{ethylene glycol)azide and the azide moiety 1s covalently attached directly to a polymer

backbone.

5. The water-soluble compound of claim 1, wherein said polymer comprises a

straight chain polymer and the compound is not substituted beyond the azide moiety.

6. The water-soluble compound of claim 1, wherein said polymer is a random or

block copolymer or terpolymer.
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30 selectively into proteins using the methods described in L. Wang, et al.,
(2001), Science 292:498-500, J.W. Chin et al., Science 301:964-7
(2003)), J. W. Chin et al., (2002), Journal of the American Chemical
Society 124:9026-9027; J. W. Chin, & P. G. Schultz, (2002),
ChemBioChem 11:1135-1137; J. W. Chin, et al., (2002), PNAS United
States of Ahserier 39 Wide2008/085Y 27 dROT/U STB04/0382 Pompound comprises a
dum%gfﬂ‘)ll%l%t%%?? czélm Hgfnlg': a gaqg’a%cl:l)é 1%01%%‘ ('311";[ 2 é]gng%)P%p gf{a-o?%m&‘ rmer
-10. Once the amino acids were incorporated, the cycloaddition reac

backivasecardde) autoastha Qc@dmh Kiuprotend drophasphstechdfted $GTB)e pidl Smier
f 2 MM PEG derivative, 1 S04, and, -1 Cu-wi
vachE LR R 57 & SOOI WAR) MOl v BIEP SABBHERE of

the invention will come to mind to one skilled in the art to which this
invention pertains having the benefit of teachings presented in the
foregoing descriptions and the associated drawings. Therefore, it is to be
understood that the invention is not to be limited to the specific
embodiments disclosed and that modifications and other embodiments
are intended to be included within the scope of 10 the appended claims.
Although specific terms are employed herein, they are used in a generic
and descriptive sense only and not for purposes of limitation. All
publications, patents, and patent applications cited herein are hereby
incorporated by reference for all purposes. 31 WHAT IS CLAIMED IS: 1.
A water-soluble compound comprising a polymer containing at least one
terminal azide moietyand at least one terminal non-azide moiety selected
from the group consisting of hydroxyl, protected hydroxyl, alkoxyl, active
ester, active carbonate, acetal, aldehyde, aldehyde hydrates, alkenyl,
acrylate, methacrylate, aerylamide, active sulfone, amine, aminooxy,
protected amine, hydrazide, protected hydrazide, protected thiol,
protected carboxylic acid, isocyanate, isothiocyanate, maleimide,
vinylsulfone, dithiopyridine, vinylpyridine, iodoacetamide, epoxide,
glyoxals, diones, mesylates, tosylates, tresylate, alkene, and ketone,
wherein said polymer is selected from the group consisting of
poly(alkylene oxides) and. poly(oxyethylated polyols), wherein said
compound has a .
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molecular weight selected from the group consisting of between about
6000 and about 80,000, between about 6,000 and 20,000, between about
80,000 and about 100,000, about 6,000, about 20,000, about 80,000, and
about 100,000. 2. The water-soluble compound of claim 1, wherein said
polymer is selected from the group consisting of poly(ethylene glycol),

poly(phopylnaveigeet)niolycompatiy it etigly Cevdlyrpolyiokyetydatenttional

g}.ouzjolrsbriltoql aa&%g%&g&%@xﬁg}&%glucosg). 3. The water-soluble compound
f'claim 1, wherein said polymer comprises poly(ethylene glycol). 4. The

water-soluble compound of claim 3, wherein said compound comprises

poly(ethyléhe yhieoiakibls sprinhendodelmpidty Thusimmaitgoatpmmsromprises at
1eas9$%05%%ﬁap&d§4mﬁéd hagkRoRe s, i water-soluble compound of claim
po

1, wherein sal ymer comprises a straight chain polymer and the

compound is not substituted beyond the azide moiety. 6. The

water-Ebiubie veippovinbloteranpurdwhetam Sailssnsiddershebmadpcular
strudQER CORRI¥mer or terpolymer. 32 7. The water-soluble compound of

claim 1, wherein said compound comprises a dumbbell structure

comprisin%: a) said azide moiety on at least a first end of a polymer

backbbhel BadvBieatriukics sapoHadhctiinnl grdtescahaiddedirasigtss linked
0 séﬁp@@%@%y@ﬁﬁ?&ﬁh‘%@ﬁﬁ}i@@ seeeed finctional Grup s A e Rher

from said azide moiety. 32a 8. The water-soluble compound of claim 7,
comptesiedh least ceewmd filnetion 2o ptienSiae setvezidninaste fmdiakiasg to said
linkSr J;I&FH ‘ater-soluble compound of claim 1, wherein said compound

comprises at least one arm of a branched molecular structure. 10. The

water-soluble compound of claim 9, wherein said branched molecular

structdre i$endrticolublr senpadsol st b Fatse bidhrerandviiecdianal
aroiAY Azide Mmgish s lipked drsaidhalymer by adinkage tbatsemael

£S a
linker' moiety and wherein said polymer comprises at least'a second
nuclmbionalgroupaptide tarestik avidesmdiRctormihigingto said
13. The water-soluble compound of ciaim 11, wherein said second functional

group is amine-specific and said linker moiety includes an active amine moiety.

14, The water-soluble compound of claim 11, wherein said second functional
group is specific for reaction at an electrophilic carbonyi and said linker moiety includes an

eiectrophilic carbonyl moiety.

15. The water-soluble compound of claim 11, wherein said second functional
group is specific for reaction with an activated ester and said linker moiety includes an

activated ester.
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linker moiety. 12. The water-soluble compound of claim 11, wherein said
second functional group is specific for nucleophilic displacement and said
linker moiety includes a nucleophilic moiety capable of reacting with said
functional group. 13. The water-soluble compound of claim 11, wherein
said second functional group is amine-specific and said linker moiety

includéé. ahhactivierasninkl ersiagound afdaivatkl. et ceif seesl rnctional
claim L el - ; ™ fon at
gl oug r?ér%‘g%&ﬁéf '??f ?é%cfb?g% ﬁﬁ%ﬁﬂ]ﬁ%@%‘a@fﬁ%&ﬁ%@e@l iﬁéﬁfi{re%aa% i,

electrophlilic ca er moiety inc an electrophilic
carbonyl moiety. 15. The water-soluble compound of claim 11, wherein

said sé¢ondfurrgosalublrotnpapeciicriptddctidieimithsals seerddunctional
gro SIeLANEERaid kel Mgl %HPI%JQ‘C%pﬂﬁg\@t@ga?ﬂﬁ{k%e@rlﬁ?iudes a thiol

ater-soluble compound of claim 11, wherein said second functiona
nuclgepbpds specific for reaction with a ketone and said linker moiety includes
an ketone. 17. The water-soluble compound of claim 11, wherein said

seconggfunglional. AR SSRGAIIGYraaFHan Wit 8 gl nueleePRllR i onat
and said linker moiety includes a thiol nucleophile. 18. The water-soluble

grougoimpraghidcdbe eeatibn wibra iy detd Wevsier Rivlstiisbsaish bulsaspistifiaesides a

tj ' droxyl nucleophile and said linker moiety includes a
hyd &ﬁéﬁ 18%1‘% gdydroxy P y
Y {1y roxyl nucleophile. 19. The water-soluble compound of claim 11

wherein said linker moiety is selected from the group consisting of:

--NH--BoTaHraigrpluble conprpnd ofigaigHi- whesincpig ke meigy is
_ se]eéiQfT@fx‘Ffﬁ@Eﬁﬁg%@n&@ﬁn‘@’%ﬁ?r'smUble compound of claim 1, wherein
. ep [

said compou stable in” aqueous environments at a pH of about 11 or
less. 21. A+hdlerEoitbli&atiiated polymer that is stable against

hydrolysis, 38ifl NH-.CH,--CH,--;
S CHp = CHz--; and
~-O--CH,~CHy--.

20. The water-soluble compound of claim 1, wherein said compound is stable in

agueous environments at a pH of about 11 or less.

21. A water soluble activated polymer that is stable against hydrolysis, said

activated polymer having the formula:

R--CH,CH,--(OCH,; CH,)--N3; wherein

n is from about 5 to 3,000, and R is a capping group, a functional group, or a
leaving group that is different from the azide, wherein R is a functional group selected from
the group consisting of hydroxyl, protected hydroxyl, alkoxyl, N-hydroxysuccinimidyl ester,
1-benzotriazotyl ester, N-hydroxysuccinimidyl carbonate, 1-benzotriazolyl carbonate, acetal,
aldehyde, aldehyde hydrates, alkenyl, acrylate, methacrylate, acrylamide, active sulfone,
amine, aminooxy, protected amine, hydrazide, protected hydrazide, protected thiol,
carboxylic acid, protected carboxylic acid, 1socyanate, 1sothtocyanate, maleinude,
vinylsulfone, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, glyoxals, diones,

mesylates, tosylates, tresvlate, alkene, and ketone.
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?

activated polymer having the formula: R--CH2CH2--(OCH2 CH7)"--N3;
wherein n is from about 5 to 3,000, and R is a capping group, a functional
group, or a leaving group that is different from the azide, wherein R is a
functional group selected from the group consisting of hydroxyl, protected
hydroxyl, alkoxyl, N-hydroxysuccinimidyl ester, I-benzotriazolyl ester,
N-hyd?@xyshrceimienizibrboivatedpbbinratiazblihchrvdwaee; adefapm about 5 to
ldehyde, aldehyde hydrates, alkenyl, acrylate, methacrylate, acrylamide,
active sulfone, amine, aminooxy, protected amine, hydrazi.de, protected
hydrazide, protected thiol, carboxylic acid, protected carboxylic acid,

isocyatiate hispHivcyranbke achamsahien yromyas gione2 biiosyridiierom about 34

to 1\1|@@/Ipyr|d|ne iodoacetamide, epoxide, glyoxals, diones, mesylates,

101

tosylates, tresylate, alkene, and ketone. 34 22. The water soluble

activated polymer of claim 21 wherein n is from about 5 to 2,200. 23. The
water 2blubIE et el bisigeHsrisd aalrmarohMaiain hwdhesin aiofoveheut 45
14100. 24. The water soluble activated polymer of claim 21 wherein n is

from about 45 to 110. 25. The water soluble activated polymer of claim 21
wherein R is carboxylic acid (HO2C--). 26. The water soluble activated

polymé?-of BialAion spBle e R KeaRta e a2 T ndwareResigplaoxylic acid

(H@@Uyﬁted polymer of claim 21 wherein R is malelmlde 28. The water

soluble activated polymer of claim 21 wherein R is reactive with amines.
29. The water soluble activated %glymer of claim 21 wherein R is reactive

with af®elbigrptin e ubbori yHsdmosonehelwhiar sbibrsde i iegine (HoN--).

polymer of claim 21 wherein R is reactive with thiols. 31. The water

solublgactivatestaalyhiele et ghaiteddo whereif RaisnreaciivaMitR is maleimide.
hydroxyls.

28. The water soluble activated polymer of claim 21 wherein R is reactive with

amines.

29. The water soluble activated polymer of claim 21 wherein R is reactive with an

electrophilic carbonyl group.

30. The water soluble activated polymer of claim 21 wherein R is reactive with

thiols.

31. The water soluble activated polymer of claim 21 wherein R is reactive with

hydroxyls.
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35 32. A water-soluble compound comprising a polymer containing at

least one terminal azide moiety and at least one terminal methoxy moiety,
wherein said polymer is selected from the group consisting of

poly(alkylene oxides), poly(oxyethylated polyols), and poly(olefinic
alcohols), and wherein said polymer has a molecular weight between

about 3% ADwend@bblgtcromPkBad S3nPhaNga@ekoRib| e empograd lesdst one

el i
termq}%ygg%{?igr?&@ﬁg %{g?géﬁg}% l%%y%%f)}fl ﬁb{%&jpt%a%ﬂg%ﬁg oq mer 18
Selea@ﬂffw«veﬁwéaw@ sonblwbgpﬁlvcdxmwam@asbw)yandemmwiV015)= and
ol ieP mg a éloh-g Orlu?ll(saagg oundof clay égc% E\{/}/f\l}% l% %ajtween about 20
P 3’2 mer comprl es péYy e ylene gﬁ 5%55?5112\ water So!
kDacomhpboundl 00prsing a polymer and at least one terminal azide moiety
and at least one terminal methoxy moiety, wherein said polymer has a

mOleCE’JlJa rﬂelgﬁ. eqfs%?%qc%égflﬁgsa?ﬂ%Ofpéﬂ% ?SaZI Il'gig%gig)})ar?ana{ S 8¢ ecteci

comprising a polymer an one termi e moie eas

fronotie @mmﬁbmmmlﬂt&hmhﬂﬁ&iwwm palyipephEsagmaécular

poly e ool e R R R B P e Rgse). anc

polsienmihalazieinoxy moiety, wherein said polymer is selected from the group
consisting of poly(alkylene oxides), poly(oxyethylated polyols), and
poly(olgfinic alcohols d whereln ol as a molecu ar weight
ettt e BT SOt s P e T SO BT eP Blprises
pelygetipenadioéalnim 37, wherein said polymer is selected from the group
consisting of poly(ethylene glycol), polypropylene glycol),
poly(oxyethylated glycerol), poly(oxyethylated sorbitol), poly(oxyethylated
glucose), and poly(vinyl alcohol). 39. The water-soluble compound of
claim 37, wherein said polymer comprises poly(ethylene glycol).
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40. A water soluble compound comprising a polymer and at least one
terminal. azide moiety and at least one terminal methoxy moiety, wherein
said polymer has a molecular weight of about 6 kDa. 41. A water soluble
compound comprising a polymer containing at least one terminal azide
moiety and at least one terminal methoxy moiety, wherein said polymer

has a ¥holecvdtar welighlt sbahyoun8@uDprisiag A parenscioble bowipogridminal

iSRS APRUMEL coniaining apleastone Jerminalazide Tolely and.
at least one terminal methoxy moiety, wherein said polymer‘is “selecte
moléamathegioup songidiridat poly(alkylene oxides), poly(oxyethylated

polyols), and poly(olefinic alcohols), and wherein said polymer has a
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vinyl alcohol). 44. The water-soluble compound of
claim 42, wherein said polymer comprises poly(ethylene glycol). 45. A
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poly(vinyl alcohol).

39, The water-soluble compound of claim 37, wherein said polymer comprises

poly(ethylene glycol).

40. A water soluble compound comprising a polymer and at least one terminal
azide moiety and at least one terminal methoxy moiety, wherein said polymer has a

molecular weight of about 6 kDa.

41. A water soluble compound comprising a polymer containing at least one
terminal azide moiety and at least one terminal methoxy moiety, wherein said polymer has a

molecular weight of about 80 kDa.

42, A water soluble compound comprising a polymer containing at least one
terminal azide moiety and at least one terminal methoxy moiety, wherein said polymer is
selected from the group consisting of poly(alkylene oxides), poly(oxyethylated polvols), and
poly(olefinic alcohols), and wherein said polymer has a molecular weight between about 6

kDa and about 20 kDa.
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non-azide moiety is a N-hydroxysuccinimidyl ester. 49. The water-soluble
compound of claim 1, wherein said at least one terminal non-azide moiety

is a 1-benzotriazolyl ester. 50. The water-soluble compound of claim 1,
wherein said at least one terminal non-azide moiety is a
N-hydroxysuccinimidyl carbonate. 51. The water-soluble compound. of

claim #3whéeeirisaicohtisastropeustwinkdimearidecmaoigty pslamer is selected

fI‘Ol’I:ll' }B% %%&tlrl:i)%zo%lyilsﬁ%éb&n p%t)ey'(gtﬁylene glycol), poly(propylene glycol),
poly(oxyethylated glycerol), poly(oxyethylated sorbitol), poly(oxyethylated glucose), and
poly(vinyl alcohol).

44. The water-soluble compound of claim 42, wherein said polymer comprises

poly{ethylene glycol).

45. A water soluble compound comprising a polymer containing at least one
terminal azide moiety and at least one terminal methoxy moiety, wherein said polymer is
selected from the group consisting of poly(alkylene oxides), poly(oxyvethylated polvols), and
poly(olefinic alcohols), and wherein said polymer has a molecular weight between about 80

kDa and about 100 kDa.

46. The water-soluble compound of claim 45, wherein said polymer is selected
from the group consisting of poly{ethylene gl'ycol), poly(propylene glycol).
poly(oxyethylated glycerol), poly{oxvethylated sorbitol}, poly{oxyethylated glucose), and
poly(vinyl alcohol).

47. The water-soluble compound of claim 45, wherein said polymer comprises

poly(ethylene glycol).

48. The water-soluble compound of claim 1, wherein said at least one terminal

non-azide moiety is a N-hydroxysuccinimidyl ester,

49, The water-soluble compound of claim 1, wherein said at least one terminal

non-azide moiety is a 1-benzotriazolyl ester.

5@¢. The water-soluble compound of claim 1, wherein said at ieast one terminal

non-azide moiety is a N-hydroxysuccinimidyl carbonate.

51. The water-soluble compound of claim 1, wherein said at least one terminal

non-azide moiety is a 1-benzotriazolyl carbonate.
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