POLYMER DERI VATI VES CROSS- REFERENCE TO RELATED APPLI CATI ONS 5[ 01] Thi s
application clains the benefit of priority to U S. Provisional Application
No. 60/510, 169 entitled POLYMER DERI VATI VES whi ch i s incorporated by
reference herein in its entirety. BACKGROUND OF THE | NVENTI ON Field of the
I nvention 10[ 021This invention relates to derivatives of hydrophilic
conpounds and polyners that contain azide or allcyne noieties, nethods for
their synthesis, and nethods for their use in nodifying the characteristics
and properties of nolecules. Background [03]Coval ent attachnent of the
hydr ophi I i ¢ pol ymer pol y(ethylene glycol), 15abbreviated PEG is a nethod
of increasing water solubility and bioavailability and extendi ng the
circulation tine of many biologically active nol ecul es, including proteins,

Gt ensively. i n phar maceut | cal ECDRMEE HERRATRESSnts. “and in of her
applicatip%; mhgre bioponpatibility, | ack of toxipipy,,and | ack of
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associ at od aPPRepet poRpiar e b n R SRS TR, el e @ietil o111y
and ci r cul atéfagndeakiinl ih fieentidty.l € not adversely inpacting the bioactivity,
of the parent nolecule. 25[04] PEG derivatives are frequently linked to

bi ol ogi cally active nol ecul ?gggal i i.cal functionalities,
such as |ysine, cysteine aﬁ%§%?§ i |nebgggﬁ%gigﬁﬁ?ﬂ%&hkterninus and
carbohydrat%ﬁgpgﬁ&ggﬁFﬂgmpteins and other nol ecules often have a linmted

nunber of réactive Si avai l abl e for polymer attachnment. Oten, the sites
nost suil@ablie2lf or This mvention relaies to derivatives of hydrophilic compounds and

polymers that contain azide or alkyne moieties,. metheds for their synthesis, and methods for

their use in modifying the characteristics and properties of molecules.

Backeround

03] Covalent attachment of the hydrophilic polymer poly(ethylene glycol),

15 abbreviated PEG, is 2 method of increasing water solubility and bioavailability and
extending the circulation time of manty 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,
tack of toxicity, and lack of immunogenicity are of umportance. In order to maximize the

20  desired properties of PEG, the total molecular weight and hydration state of the PEG
polymer or polymers aitached 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.

25 104} PEG derivatives are frequently linked to biclogically active molecules
through reactive chemical functionalities, such as lysine, cysteine and histidine residues, the
N-terminus and carbohydrate moieties. Proteins and other molecules often have a limited

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



nodi fication via polyner attachnent play a significant role in receptor
bi ndi ng, and are necessary for retention of the biological activity of the
nol ecule. As a result, indiscrimnate attachnent of polymer chains to such
reactive sites ona biologically active nolecule often leads to a
significant reduction or even total |oss of biological activity of the
pol ynmer- 5nodified nolecule. R Cark et al., (1996), J. Biol. Chem,
271: 21969-21977. To form conj ugates havi ng sufficient polyner nolecul ar
wei ght for i rting the desired advantages to.a target .nplecule, prior art
appr oaches ﬁ%@ga%ﬁﬁggngﬁmfﬁ@nggﬁﬁpa%ﬂ 1%?%%%Hﬁ§ﬁﬁ£@ﬁ”%@ﬁ%?%ﬂ§spoIyner
arns to thens®seeiresteriibesbybiblogite asing driie mdledale0fasa réREUSLicamIRfe even

of the parent nolecuyle. 10[05] Reactive sites that

total loss in gioaﬁékvitﬁ .
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vari ous sequences of al pha-am no acids, which have the ?eneral structure
H2N- CHRCDOHMOF e plpde- -1 P60 HRRiOL. Giremo RE1 - 3HIShE 186 dojfems to t he
car boxyl noigt g Brad) arad; A Wa NP oIt 198 l.Lhkages,
whi ch can bgﬁﬁégézgzn e&ﬁﬁ%ﬁ?_y%%?%ﬂ?%ﬂR_oé ?Pﬁ%%gﬁﬁ ééi&gk%ﬂ%gg%%%?pt "n"
can equal himvderelsnareniemyies athepproatiise bhveciypiesly inobred sedomditshmBitoéin cont ai n
reactive si I ' ' .ea A RAYA r.attachment of PEG
Gor vat 1 ves i g El EhEy b Rl S Bk il RS BB ARSI P e
exi sts an - idtfsypibetkstivitn of the pps iMomzulgosi ti on as well as in the al pha

position, The.epsilon --Nl1-12 is free far .20reaction er .caonditions of
basi ¢ plllg l\/%}g of the gfe?cjf;iv?lsj‘%eﬁ%atff:é%?& eg?m ?"of’ﬁé‘i%ﬁ‘cate‘%f?@gft‘%%?li"%ﬁom th PEG
has been di pecimdrddrotdeMs! ixpiroginPEGdae] Patdivehckhoihe aidaed)aRnlildE t he
epsilon NH) noiety of |ysine residues senf in oteins, "Polyethylene
d ycol and &?ﬁuﬁsﬁﬁ?@‘éeéﬂ’ °¥§PhaAWﬁ?1?f’é *?”E@gﬁ‘ﬁ %@E{m‘}é&?f‘ﬁ}m%Né“ ar

Engi neer i ng CC&RITog alpROHEno PPiety (HIT-) dhes amblbGeresihya i@l modave. t he

common limtation, haowever, that they cannot be instal]ed 25sel ectively
anong t he 09%8%8 REFreAIBED P Aeid foderna gmidte dinkagshi™hinh cphee SPETeaEa &5 of

proteings TINE--CAR--08),2, &haBie!sCRbtipt l“hMbdnlghfl huhddeds BB IBIGRES. Wher e a | ysine
residue is inmportant to groteln activity, existing in an enzyne active site
for exanpl e Fagpenf Brewaed byRepecatdngpeitye pises ferpsotpindintosical estielty andiferdi at i ng
the interactkQp.of ot ie; QLR W th other biological nolecules, as in the
case of recegtor bi ndi ng sites.

[06] For example, in the case of the amino acid lysine, there exists an —~NH,

moiety m the epsilon position as well as in the aipha position. The epsilon ~-NH; is free for

20 reaction under conditions of basic pH. Much of the art in the field of protein derivatization
with PEG bas been directed to developing PEG derivatives for attachment to the epsilon -
N, moiety of lysine residues present in proteins. “Polyethylene Giycol and Derjvatives 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

25 seiectively among the often numerous lysine residues present on the surfaces of proteins.
This can be a significant limitation in instances where 2 lysine residue is important to protein
activity, existing in an enzyme active site for example, or in cases where a lysine residue
plays a role in mediating the interaction of the protein with other biological molecules, as in
the case of receptor binding sites.

30 97 A second and equally important complication of exisiing methods for

protein PEGylation is that the PEG derivatives can undergo undesired side reactions with
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30[07] A second and equal Iy inportant conplication of existing nmethods for
protein PEGylation is that the PEG derivatives can undergo undesired side
reactions with residues other than those desired. Hi stidine contains a
reactive imno noiety, represented structurally as -N(H)--, but nmany
derivatives that react with epsilon -NT-i2 can also react with --N(H)--.
Simlarly, the side chain of the am no acid cysteine bears a free

sul fnyciryl group, represented structurally as a In sone instances, the PEG
deri vati vesrsii Lb.on --NH2 group of lysine also react
with cysteine, eﬁ?%?ﬁgﬁfgosgﬁésgﬁgﬁﬁgéég? FaRds arpcEvEiRARGPRiaY gererTle X

m xtures of SPEGalesd ViafH)zdut binyaet i adembheest: 5 gﬁyﬁoﬁ Lk F%‘eﬁ%‘é’@‘gﬂé@ inchaL lh: o

activity of enhhoacti.ve nol ecul e being targeted. It wou
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sel ecti we Ct%é‘?'g{}é‘ng Ogi one Ewm)re PEG p.olzymercgs’ %hg%sfg}tﬁgv%f%?a@ﬁtﬁﬂg&ml ecul e
at specific IFa% on %ﬂ%“%}g BF AsstReriart: dvnaine drisidbebhomelrtsidles imgd and
predi ct abl ecwn pR8E bammeithtduan of SEd-MSHRE; idues. considerable effort in the
art has been directed t_owardot he deyfel éz)%)aarr%!r)\%ldg?m%%f‘fq?faﬁ“gas%é@t"ﬁ’@é%ents t hat
target ot hef & Ro°T4R Bossitgaraasdlp hsingitmpdtetli Ingowy 8¢ @istshic Biasédisli pig; and t he
N-t er mi nus. detdvafBvesPad: periBba Berk . " Pol yet.hyl ene, A ycol and Derivatives
for Advanced PEGyI at Pon” “ Neek'%%rﬂg‘%f]%%gﬁog i%ﬁg‘f’%‘&@??dr?éa@%l%ﬁ@gﬁ’ﬁh%oa pp.
1-17. Cyst eimEOFEdhaaue 15z pabdle esetatedonplr-of ehestmnotebya bakﬁexrsﬁ)e

struct ue ake RERERI HSedisi N Ete-directed .nut agenesi s_and ot her techni ques
known in the art and the giﬁﬁ{ Fhg” reéjé‘g?ﬁls‘fr%ﬁﬂwafﬁﬁ?téwll‘éﬁmeéen& eact ed
w th PEG dé’l""‘ld\‘Féﬁbieves that bear thiol-reactive functional groups. This
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t he seégctige coupl Thg ordhadge Nelergrigsy. B Rat. Np. 6.KE0.2810t ei n whi | e
si mul t aheoliBiyetindinn Gheonmd Detdaavapich A G e PERR s iGN yndesired side
reactions \ﬁiéig%en’ ubg‘ﬁnl dr, 4&2 and_ot her caﬁe[ri cal afngﬁgggona Oiﬁ?@%ps typically
25f ound i n proteins a¥%§¥ PR Ar Thle vsielna rsidyrra mampidueg sbf-sdidegvay t, nany  of
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l ong i A aq giifction of a free sulthydryl group can complicate the expression, folding and stability

of the resulting

protein. Thus, it would be desirable to have a means to infroduce a chemical
functional group into bicactive molecuies that enables the selective coupling of one or more
PEG polymers to the protein while simutaneously being compatible with (i.e., not engaging

in undesired side reactions with) suithydryls and other chemical functional groups typically
25 found in proteins,

[09] As can be seen from & sampling of the art, many of these derivatives that

have been developed for attachment to e side chaing of proteins, in particular, the - NH,

motety on the lysine amino acid side chain and the —SH moiety on the cysteine side chain
£l

have proven problematic in their synthesis and use. Some form unstable linkages with the
30 protein that are subject to hydrolysis and therefore do not Jast very long in agueous

environments, s i i : .
» such as in the blood strearm. Some form more stable linkages, but are subject
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environments, such as in the blood stream Sone form nore stable |inkages,
but are subject to hydrolysis before the |Iinkage is fornmed, which neans
that the reactive group on the PEG derivative may be inactivated before the
protein can be attached. Sone are sonewhat toxic and are therefore |ess
suitable for use in vivo. Some are too slowto react to be practically
useful. Sone result in a loss of protein activity by attaching to sites
responsi ble for the Gprotein's activity. Some are not specific in the sites
to which the iJl. attach, which, can alsp result in a.loss of desirable
hotivi by antPwirole B BE e Sobny PhED i b el S s B ver come
t he chal | engeraBe s0¢ benedivitkd e roRdid prbiel cak b SiaBifedVidnit POththene
glycol) noieties, PEG derivatives have been devel oped that are npre stable
(e.g., US a‘lﬂéfeéh?ref@eé@%%%‘) fop psg IR &EVor RABE 418 EOSERY Patagt iRive BraefalY noi et es
on ol ecul eg.ANAoRLFEACES 1dsCofProteld aorivid AR @MinSo @i%éé’@é%%%nsibﬂ‘ﬁ%f @eis clearly
a need in the art for PEG derivatives that are chemcally inert in

physi ol oYi cBloteERGFFERBvmegredpt SHecifa i &g sitgsdhwhish Peawtll bl pthiobepyalico f or m
stabl e chemdeal in RS aclihil BREADLRY in ARCHLEEHKBIRN A ELANOMARK: Lo Lhe
protein sciences has been reported, I ch prom ses to overcone nmany of the
| i mitati onsoeswoeiiatichdlendcs brswidted wileioflificng Sretrdis it ablytatiyylat ghedd ei ns.
Specifically,., t t el iosynt hetic
machi nery of RS B FERNGR BulBKE REANAR eyl QPLY T8 ALREY IO ¢
al ., (2001) 5.58c4%neehap 82ct 4984 5L pvithrithol heicBeskeamyadtceleSaciclriany Gas, U.S.

cere-vi siae,(S. {si,ae). (e.g., J..Chin_ et .. .Scie  301: 964: 7
(2003)) 0 nrti ARG ER s d@ePitnsPa st P 8PS o eab adihomeboded

am no aci ds ided ipgtoiigivgisal nvirvinvents vt datlee upod tonewt @icmehasifds swiblh 20novel
chem cal , ph%si.cgl %ra bi ol ogi cal properties, including photoaffinity |abels
and phot oi sGTEFY am no acids, keto am no acids, and gl ycosyl ated am no

aci ds have lmen i ncor pReahed aebhirelyeBivlychamdeintie fRotgh séibkled fak pedant 0
proteins in E coil, and in yeast in respaonse to the anpber codon, TAG using
this net hodéﬁp_ﬁfﬁiﬁe W@@é?ro’@%sﬁ‘. fo avpreqpye e Pidge z&ﬁ‘?aﬁ(’m%"f‘,ateﬁd‘ﬁﬁhﬁﬁq'sﬂﬁﬁ‘ﬁf he
Aner i cans CherhigedtoR0f pRidins] gﬁécﬁ@e%ﬁ%%%%bn%?ne\%_h% Hben $icBd tdhe ORI 1 Z,
25(2002), ChernBi oChem 11:11.35-1137; J. Chin. et al., (2002), PNAS
Uni t ed St at &igsysghetic machinery of the prokaryote Escherichia coli (E. coli) (e.g., L. Wang, et al,,

(2001}, Science 292:498-500) and the eukaryote Sacchromyces cerevisiae (S. cerevisiae)

{e.g., J. Chin et al., Science 301:964-7 (2003}), which has enabied the incorporation of non-

genetically encoded amino acids to proteins in vivo. A number of new amino acids with

20 novel chemical, physical or biological properties, including 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. cofi and in yeast in response
to the amber codon, TAG, using this methodology. See, e.g., §. W, Chin et al,, (2002),
Journal of the American Chemical Societv 124:9026-9027; 1. W. Chin, & P. G. Schultz,

25 (2002}, ChemBioChem 11:1135-1137; J. W. Chin, et al., {2002), PXAS United States of
America 99:11020-11024: and, .. Wang, & P. G. Schultz, (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,
30 genetically-encoded amino acids and that react efficiently and selectively to form stable

covalent linkages.



America 99:11020-11024: and, L. Wang, & P. G Schultz, (2002), Chem Conmm
1-10. These studies have denonstrated that it is possible to selectively
and rouiithel Thd abitigd te enaieriteatorf genstitalyatnagded psiing welds sigtaapiadgine gr oups
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hi sti d'n[g %gycl? oadiflohdk usﬂglma@?éoué ug@m&&% {6 %%Qélc@%?alﬁﬁﬂ%cta%&ﬁt inert to

the fu roups_toun C netica encoded am no
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acet yl eng (000U psigel oCha@x ap| K. 4Ar28961269% Bp ittheluain dncazidedeoigly iatoHui sgen

[ 3+2] o8 e?@q%tﬁthl%“ fsre@fa%ﬁg bﬁ‘e Mﬁ%ﬁ%&goﬁt&@sﬁ#%@ (%gggfgm of a

cataly Chem
67: 3057@@976@?‘ Yalfgrt ‘Ro%lflﬁl\?ﬁssﬂ} Yéfyl%l carbquatip 2eidan JEdoxth &FAUPF Pundsdn
41: 2596pr8§9& bidythhtilsoodueh Bigoathlyaaiddgfiolhtt withnhacatylneneiietyss faratare, for
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inert to® am nes, oxyl1c¢c acids ound in
pr ot ei ﬁmamtch@maﬂalnw preheRTgacdiys o Hleypfﬁmc‘éf)f p@%m@nw igh éﬂﬁs gkt yl ene

noi ety mefpﬁyﬁ@ogayglc@@@dbﬁg on product I nportant ly, in the absence of the
acetyl e@ag%% Ijh Zdl 2@5& 3518(pnesm ﬁ?‘ne odsﬁrﬁleipgodﬂ %ag‘ftﬁo e in the

presenc I ns a condi ti ons.
[12] Whidnetiealey qrqodﬂhgnmcs@mdseawcmglmgtﬁ@a r@nér@ﬁév@@ﬂ fn@refqﬂe to

introd U@évb% FEG ﬂe@vaﬁg@mfat gal dapatge epmdmagr@meleaﬁy dsd b}iﬁcﬂioﬁﬂﬁh&ﬂhﬂhe
structur es %f’f ag q@@ no, eo(ﬁrt1 t geve o (FfEG IV%’[I ves ﬁg@t are
capabl "Bf BgeBPPECE ¢ 1 5FOK Bgé’p ¥t e ‘Helr Eheén cal
functi oqiﬂiwath@s‘ihaA@:@ridhf b )ben@fﬁ@raém%a‘f@d n’ééd P tplflb’l%ﬁfﬁ (for InERSPEG
derivat é.o\lﬁﬁhiyh&hmﬂfyoz\ﬁddﬁaﬁtm e @ﬂﬁinﬁﬁleaﬁﬁﬁ%@ge%bn% bix tﬁ’ﬁ%r@@ihé( BRAter (i .

i ncreas .0

i rmunog?ﬂ‘? %V?W)%Yééﬁﬂiltty B.I?%W%én % gfoéii‘ﬁcfhfnééﬁ 378% SaWHﬁ\Pé’?%(gW ey for
use in glyeoliddnfatives Toapukerintesting fulfitskhipenyg pdehydedne gl ycol ) deri vati ves.
The present invention fulfils this and other needs. [13] SUMVARY OF THE

| NVENTI [ 13a] o the invention, there is provided
a wat er%&l ubl e c@ﬁﬁ@\ﬁgggngﬁﬁ W]@&E&IIB} r having at |east one term nal
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provi degolyionyvsthpiatednpagolsentis] pelwakeénics elculbdle), cadpohingin aid pnkthdes a

pol yner ﬁ@%’ The conpound or pol yner
may be se te%ﬂ}?ﬁ%’lﬁ% ggg?%&gédmggﬁrgg}ug%% soI ubl e co%&.{nds or

pol ymer B4l n Th epatanb aflisgAture hB v HiFpoURdEOBF BB 855 b | e Gre not
l'i m t edcdmpsund|tritdnduded arl@oerd aad at abtyme peridesd azcdhargead. Tiong@oupdsd or

I , I
pol yner s, %@8%@ M6 sc soRLRAGRSH O %v,gﬁ% ﬁjﬁ@%l%ﬁ%%%l@%gﬂ LRS- In

anot her e pol yrner |nc imte
pol y( al RYVERE. dsa.oa@gn offiEHdpt BieycemPRaTY RobYyEs dcludedyt ge 3t st o
al cohol sycleit Nacsd meolesddad i pubyieptiddsh ehped nemponadw de spdivtheris S andtlidebyi ted to

pol y(et I Y/ ycerol),
Dol y( xRt B i e R S pRLAR B b kol AR e R
alcoholywiﬁﬁ% Wds 89L sol ubl e conpounds of the present disclosure can be, for
exanpl e, a polyner such as pol y(ethyl®ne glycol)azide in which the azide
noiety is covalently attached directly to a pol yner backbone.
Alternatively, the azide noiety can be covalently attached to the pol yner
backbone by a linker. In some enbodinents, the polyner is a straight chain
pol ymer and the conpound is not substituted with reactive functional groups
beyond the azide noiety. In other enbodi nents, the polymer is a random or
bl ock copolynmer or terpolynmer. [15] In sonme enbodi nents, the present

di scl osure provi des water-sol ubl e conpounds that have a dunbbell structure
that includes: a) an azide noiety on at least a first end of a pol yner
backbone; and b) at |east a second functional group on a second end of the
pol ymer backbone. The second functional group can be another azi de noiety,
or a different reactive group. The second functional group, in sone




said linker noiety includes an ketone. In another enbodi ment, the second
functional group is specific for reaction with a thiol nucleophile and the

Ilnkerlﬂﬁﬁgigumﬂﬂhm@&ﬁe@xk?@pbd@&ﬂbﬂﬁph&ﬁqxﬂﬁﬁﬁ &ﬁtpﬂ@ﬁﬂﬂhﬂta@d&ﬂgﬂrﬁup |3
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t abl t t | 1 8 i tabl
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dISC|OSU e al.so rOV|des wat er sol ubl e I vat pol yners t hat re stabl e
agai nst VHyBr gﬁy@ ide RACEh 15c19ve ey ﬁBF@ﬁtF@f éntﬁeqﬁﬁFﬁﬁhgl kbiore
? 6(()];2 Q{Qcmét%t‘? thdide m%y wvﬁﬂﬁe%d’vfaiently _attachled to the pcﬁytfléﬂﬁﬁlcab@wtbﬁa to

a is a cap gr.ou a functio ro eavin roup
Chat  calNSe TPHETE SHROBIM S He B i T RETBS e bO Rinel e Bhtoodadpl B, a
functi ot@atotwhesmue@he@tt eéhcfive Mntdiiongr Spp< BBEins!t ihlagaz@de hyedetoxIH other ot ect ed

hydr oxyl , oxy N—h dr oxysucci ni ter nzotriazol yl ester,
N- hydr 0% t 5driat In?r%%gg8t %V?i@?gyﬁﬁﬁate aceta

al dehydﬁsl al ﬁ%ﬁﬁeexﬂyaﬁﬁeles th&h)k&@lw dzsca@shyé ploideswiadnacoiibdd eompainyh ami de,
f one, ooxy cted nlne hydrazj d cted

active pr

Pyl 1 B8, PA3F GG P (oA ORI © SRGHE T Gt ol e BESITY B Bt d,

| socyangdifmert BakBbAS VAR A )eat 188 @ §Hcd@d fuﬁcﬂyhaa Wrbenen adsécbh@wm(mtae

vi nyl pyri di ne doacet am de, oxid yoxak dj. ones, | at es,

t osyl ate%mambat@egiu ﬁlﬁf’e SeCQPQefﬁE"t ﬁgR?g‘ﬁ’o i(??@]heﬁ'ﬁ‘éldﬁr@g At i dcl osure

al SO pr @vief@s rénchiod ehogP| Tl eac@mmdntth@bup NGl wies embpaliydrey, iandtat | east

one acetyl ene i et wherei the r is selected from g roup

cons | St IO BRI RpeGre The Hes ST pER PR Kt et o T Rne ey

Fﬁl y(ol @tteﬂs&uabtceﬂ%oﬁ%lds Tilit@(&{hlrt]pi'l[@rat le{astS@ﬁ@ aﬁﬂb@[dlaﬁ&ﬁh&lledl ﬁlo&fbhﬁﬁ]ﬂ )ed from
e group consisting of poly(ethylene glyco r.opyl ene gl yco

pol y( oxSFercHye: dtoéﬁxﬂtllg)éé%b'}am}t%ilW?%@%WF%%%F“@’&%&E%1 . pol y(oxyet hyl at ed

gl ucos 9%6} ang Rehy tMbb¥incalsC todide Fiet foni € linkhig GaRpaidr Gantbe a

pol y(et ene_ gl ycol)acetyl wherejn th acety {e e noiety i.s covalently

bound teowp‘a’ Wd}b‘%fc%%ﬁe?warwep plet Fenetgmiple Redshivemigy f8ht s, the

conmpoungk ks aRkeN¥{ahbytye mae akine tlol@s eky bensi<ind stlhq)o@eeérwy%mmge ey is
covalently att'ached directly to_a polyner b ckbonelﬁ%?@%gqatlvely t he

acet yl effeludss @lpke arpigfy- I@db%ﬁeemwnet%&fe@ YBet K8 cISLERBOAL by a

Li nker . fuhnBtiSRMErSuP 0tHcFRRMS thel BRIP FUBH for Jirkirkt t@lsgﬁt ligiaifoie@olRoeer and
t he conpound |s not substltqted beyond the acetyl en |et1>é‘E I n other

enbodi nEFERple.(the sereng Awictipaa agrta%%mwp@st cher 86‘66‘1’ SR e

[21] | nggonmkenhodty et Sacthdte apﬁ@ﬁ@ptmw H01 @ WaBatlE O fasiateth- sl ubl e
conmpounds that have a dunbngﬁélstructure that includes: a) an acegglene

moi ety BERCRINY &P 4P P nyntsy thy pSrRRY R%reou%emme nezpetidhst a

second finghd QR n%@tgﬂn&ﬁde% HORAVE af0id rﬁtzetwe.sraebm@?éxamﬁ&Qﬁaeeco}me second
functional group can be anaqther acetyl ene nnlgB%Hror adiffere ﬂ reactive
F

group. FHENEE GHIPT AL BRe(C QdigRCtInAL $8 RS radery! and st iksct i ve

wi th acgbydeps meiuak 'aﬁ%lect'fb;ﬁuﬂé @%Bﬁyl%&ﬁﬂyoﬁw EaRipRY it Socond) fifiRABNal

enbodi nents, water-sol ubl e conpounds that conprise_at | east one armof a
branche@ﬂﬁﬁﬂéédﬁhFW%%Fhﬁﬁdﬁ@ﬁmpdwﬁﬁiﬁnﬁmeamgHﬁ&bﬁéﬁéheamﬁﬁqéEhﬁéﬁﬁgtructure
can be gdengici dd Getivaled2dstdrn ASOMRIRIDOG PR tRe séélﬁdaﬁlﬂl:ﬁ’drﬁﬂ @tqa ghy bkol ins a
linkage With a reactive noiety on a surface or in a nol ecu For exanpl e,

t he reatecife ﬁbﬁ@ﬁ?ﬂb%ﬁhbeﬂﬁﬁeQBEtylene noi ety. The acetylene noi ety can be
| inked to said polymer by a linkage that includes a linker noiety. In these
enbodi ments, the polyner can include at |east a second functional group

ot her than the acetylene noiety for linking to said |linker noiety. For
exanpl e, the second functional group gan be specific for nucleophilic

di spl acenent and the |inker nmoiety can include a nucl eophilic noiety
capabl e of reacting with said functional group. In other enbodinents, the
second functional group is am ne-specific and said |inker noiety includes
an active amne noiety. As another exanple, the second functional group can
be specific for reaction at an el ectrophilic carbonyl and said |inker

noi ety can include an el ectrophilic carbonyl noiety. For exanple, the
second functional group can be specific for reaction with an activated
ester and the linker noiety can include an activated ester. As another
exanpl e, the second functional group can be specific for reaction with a
ketone and said linker noiety includes an ketone. In another enbodi nent,

t he second functional group is specific for reaction with a thiol



but not limted to PEG derivatives. The derivatives of water soluble
conpounds or polyners of the present invention nmay be added to any protein
conpri sdahghﬁlfterapp;reqprﬂchides fau rietdnen b agmé’xeupcm?ﬁbémpprtb@rsbm funciegnabnal

group be add: f o o, aci ds of
t he rmlgég'ﬂ? & %’tecgdsﬂtﬂf f?fﬁ 6@ h&ﬁ li‘%g:ﬁioﬁgl %éﬂ lnn 7 N é&am%&t e

S5am no-thii mualasiahlmamhewbeﬂdeﬁmbmm gosupMist Hik momhe:npm)ldymap$ i gecifbdon. The
approprlatefu t|o roup,may..be dedt pept eb ylng one
or P or degiige S Aoharot ot BIREHE Hl s ied BT REAS £ ARGy

Al ter na{ud@byﬂethe appropriate functional groups may be incorporated into a
pol ypep, Si n st.anda hem ca y t d Y theS| h am no acids
havi ng ltlhﬁ fIlL‘j‘rFE’{ni i bﬁl?}g%%ber gg@’hfc’ie&ﬁ Cg?PPHIé zftg%P]ieq%l |Cr'13 orporation of
non- gengible il dgyc@ncadienmstitna A dsabout ¢1 or idkase ami no acids containing an
azide o cet vl noi et i nt roteins. in el egt or codon.
Once i nlégf oé‘%?ggell"g(ﬁ’émgl?%hﬁ%mﬁ dg’ 0t s %%W@ig macﬁboﬁfg}? 8d by any
sui t ablgor @aptdjmg W3- e;rw$qmpl(ﬁ{§qmd)w®-@ﬁg pailyner. The suitably reactive

| ude but t d.to PEG d t Th
Cui bl 09) cabhs BiFES R B B ioohoen uibhci et mararers B T

CoNpoundshiheAedt hydbiyaswhizhtabey aapsapniatavé thedbimadal groups of the

pol ypepti de |ncI t ed to .89, a Hui sgen [ 3+2]

cycl oaddi tion reglgt ng&({ @é}gz hZ)“ i n Conprehensive Organic

Synt hesis. Vol . 4n1s(fﬂ<919&1)01£:dtoTI(lDSIandBild\AcapBﬁfg@@i‘ip‘)af@«ftmhﬁi,grmp,bﬂ69 1109;
and, Hui

, ol a i 1984), Ed. Padwa,

A, WI %fﬁgv}{%\ﬁr@?"é’rtgat Cﬁn%’fql (q\{'ﬁve 'géj éﬁ%@%eé%e r%a q(r éarﬂélrel Yati ves,
respect fu‘tﬁ@tlldhal pl 2Adctdde Gahs thet @euﬁ%hﬁ@m@wb hy@sxd, pyabaead ditioarl, r at her
e SUbet T HeL 0, et R LSS b e L
&egeg%ﬁ&at&ddﬁgmwsmfhafﬁc?% \iicktal, e&da}cydamaldeﬁgiﬁ)t&@ﬁl?%;t \ail eyt y1( 1'& 4>

y e addition of catalytic_ ano S 0 s to e reaction
mi xt ur e3°r8aE; né"'ﬂij‘cryq Snﬁ‘éy Ia"tw? ?‘g‘g% (ﬁ%ﬂ?o’%ﬁ pﬁ‘ﬁ%‘;fe‘gﬁ%w *and,
Rost ovt pRitazi€d, @btected 1&nq%vecte<25§i|@ﬁn&aﬁbdﬁyhc E@id %0%5&6 %5 S4E ATITAY
R KA TR AT AR
cycl oaddtii ’ I yl ene
deri vat joMBacctin€8e oppkiae UieskatRyidaes, aseethidsotdshiated ppidadsiate alkuns tathénal
group on a nodifi ‘ed naturall y occurring amno acid or an unnatural am no

aci d wi KHO%n acetyl ene group, e.g., p- propargyl oxyphenyl al ani ne, or azido
group, R20]  TRe pZsaa-phenyitahiad iph@vides £5R0EIsoUBlY 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(oxyethylated glucose), and poly(vinyl alcohol). For
example, the compound can be a poly(ethylene glycol)acetylene, wherein the acetylene
moiety is covalently bound to a polymer backbone via an ether linkage. In some
embodiments, the compound is poly(ethylene glycol)acetylene 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



30[ 25] The resulting five-nenbered ring that results fromthe Hui sgen [ 3+2]
cycloaddition is not generally reversible in reducing environnents and is
st abl e mdanersend hedewhysing karot exbgitated hepond dse iawt)dqnﬁeomet:enm pthenent s.

Consequ?nrg d¥me&tp?h££éﬁ§%7§ﬁsia§§g 0%181%1% ﬁ)(g)l &to? ‘?: of a wide variety

of substances can nder ng aque condl tions with the
active [PEHG dersowatdmwleslinénts,hbe pr@&ﬁrmsqlwwmwpuomﬁes Eatar-sobée compmrindnt |

oo au® ki BE R PO ARSI ENT RIS LS AERISRIEGLL bl Rl SNE ARGALOM (and

do not . ST eact ain onar groups of any of
t he 20 afmmmeiglmmkbmmlah@fb)aatdeﬁhed %ammdduamcehab gropp oh i seso@aandtmf thedi fi ed
in one QO nor.e ecific sit vmth xtrerrel sel ect i Vlt 26] The
| vent G TRRC et b€ Sl e R R P B bidire SR vat ves
of conpbffactst mdﬁp@lgyw Shei mbmﬁ[fun@ubml grotip,| mrrsdmd etrxbo@ﬁ@nthens vat i ves and

10r el at ed hyd Jd

o ot | e uThay BEReiFiRb R TPIvRE ARt PR IE P SR CRE o are
hi ghl y wateatlible domponodplthaigeontirtse azti thestmonetaiesof Iaaibramimd heb&rulant r oduced
sel ect Is}ﬁe:g‘?{lﬁ;?tof \,%rgl?ﬁl%& Ell’?ﬁfhra?‘%ﬁ‘r‘)&%@“ o S%_ua,mseeclm%cbt odren%odon Simlarly, PEG

pol ymer i e ol et &8 e |gﬁ1ly sel ective for
coupl i n@g2wm tI]n ﬂm&t )@hﬁnémmtsettheac:&tp}ahe haoietybfeems | niinkahgecetth sebrectivwel y i nto
proteins i nsetoaseﬂ codon, re s? C|f|cball , the

azi de rfBP‘SE” Y al(:8 1°s¥ &l I%y‘i‘m&%‘i‘ 8es"’r S’r‘m?pl%zuhc‘felea"th"c? FErTvafrt ves®f t hese
azi des.ac?&lwendemm@t iMue scaflchd eoddtik whn hadinhedlto aid pelymeahy aralkage that her
substi t.uents s% {r?) as fﬁg ace Ien%tss Clofl cerrceact |1 4] %lé S mal nt(gl ned.
The acelfl@flgﬁe BT BT S& PW y W @8‘3%% 8 "ARd derTVati ves
of eac hﬁma"th:ﬁlaﬂgfdupaithataﬁamthd frety2fwl xhyiet}afml lankyl g a)cmd/hain@snmaw iFocl ude

ot her substituents s(g ng as t he azgedse Sl%el.ﬁBfI C LS % CI ) mal%t ai ned_
(28] TreamRentd shorndriaand am pi s TR s pit R Sntocrl g

acet yl efhe linkicetrh@stywedrh inehlder asm:lctdmbhﬂmompmuyldﬁpﬂﬂe pnfl eawing, witticénids but
not |i ed t mer ,deriv tlves ha corres ondi n cetyl ene
o azt cun el - B P Bibp Sl et GRERORE EaHh R B BE T ety
can be a&ﬂmfaideldmeﬁ nebiddly Ghadgdes ahlaytiacimine mukec Ws@naﬂleﬁemﬁﬂé |tbensaclnd he
protein.that contains.a non net i II en i d

eetyl b ERuRsRT £5 PRETRP TagRnis) oReairoohE el dreRaRidRo gt cat 1y
acti ve moicectineinédiée anelkecbhine tarb@s] dethiuF srgsamipletr He sbym{cbﬁﬂdmnabn

pr OdUCtgroup 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 a hydroxyl nucleophile.

DETAILED DESCRIPTION
[23] This invention provides a highly efficient method for the selective modification of

proteins with derivatives of water soluble compounds or polymers, including



[29] It is well established in the art that PEG can be used to nodify the
30surfaces of biomaterials (see, e.g., U S Patent 6,610,281). The

i nvention also includes biomaterials conprising a surface having one or
nore reactive azide or acetylene sites and one or nore of the azide- or
acetyl ene-contai ning polyners of the invention coupled to the surface via
t he Hui sgen [3+42] cycloaddition |inkage. Biomaterials and other substances
can al so be coupled to the azi de- or acetyl ene-activated pol yner

derivatives,through, ,a 1inkage other than the nide or acetyl ene |inkage,
such as t hr BEght Buief EEGRieBRtpes s irpiea veienebiyatsrsolghle icompnisme polaiemhol  or
thi ol noi et yfind fed-RINRERSR LRI ¢ ¥l ble for
subsequent reac ans rl[ E@The |nv8%§f%‘n e?%@gggé%ﬁx%éﬁh% lpcm }the5| zing
the azi de- 9P a@@@!}ﬂr@ﬁ@w igha isryp copndo adds tor ptpmepmt& nafdifying ochaweent i on.
In the caseypf ﬁgnlc}g] r derivative, the

azi de can be be on e %gﬁ?‘,‘% @E%Qgﬂ%gﬁ%gﬁgﬁ?grﬁ%g é”t‘i 681n§?1detf’m

Al t er nat # veFspinotdmmings Pﬁb@xcbimramm, Iﬂgwﬁhlnﬁwm@/peﬂitidth@iﬂEThdi@ﬁmyr@ﬁé ve can be

prepared by. has.the azi de iety at one
t erm nus ton%&%o%%l&x &%e ?(\’/%1 B%??ﬁ’e‘? @%m@ﬁ’&‘f Ot R FESEIAT0G pol yrmer
has the azi d@mc&irytuﬁilymt&rr&gmzm&mr Addashadidhg thed@slop@de up@RLAiON in the
nol ecule. In_the ¢ acet%l ene cont ai ni ng conpound or pol yner

derivative, *the agg? Wc%rﬁ%rat@‘gwt%@p BEF Wimetpisrd Copmycad BolgeePidn at om of t he

pol yner . Al switeds witelyino idie haeRk yﬂeamnmp @a:luﬁ Eﬂﬁen@ . QIBOHR Q% vpOl yTer
derivatiye can be tg)?) gﬁared by attaching a agent that has the
acetyl edd nBreEpg ‘ﬁeﬁ?‘ﬁﬁm?cP@J’daﬁWﬁﬁ -BrigpscapEioestde gonitigner so

that the restdedr a@tymhmfy,ﬂ@@pﬁo%sa&?ewdn@% a@ﬂe&&yco%ﬁ h'c{ﬁhé ia@o Lgeul e or

at its term_nus, Nore specifically, in the case of a|n|ng
wat er sol ubf& 238 6% ﬁ%ﬁ‘a@ﬁ cHoigRe madie asany SPE@yde@hvtawtveoluhiewat er

sol ubl e pol yemouly bgmat m@aﬁ%abgr}sacag Yyﬁ;ﬁw& 95&%@%% e Hdergoes a

‘reaction to_produce a substitute avi ng reactive noiety,
such as a ni&{iddp BEG derigijyeat Ehe smlylmaem@s ﬁham@gbmutiieaimmacgmmwmtert her eon.

15 soluble compounds or derivatives to the appropriate functional groups of the polypeptide

include but are not limited io, e.g., a Huisgen [3+2] evcloaddition reaction {see, e.g., Padwa,

A.in Comprehensive Orpanic Synthesis. Vol. 4, (1991) Ed. Trost, B. M., Pergamon, Oxford,
p. 1069-1109; and, Huisgen, R. in 1.3-Dipolar Cveloaddition Chemistry, {1984} Ed. Padwa,

A., Wiley, New York, p. 1-176) with, e.g., acetylene or azide derivatives, respectively,

20 241 Because the method involves a cycioadditicn rather than a nucleophilic
substitution reaction, proteins can be modified with extremely high selectivity. The reaction
can be carried out at room temperature in aguecus conditions with excellent regioselectivity
(1.4 > 1,5) by the addition of catalytic amounts of Cufl) salts to the reaction mixture. See,
e.g., Tornoe, et al,, (2002) Org, Chem, 67:3057-3064; and, Rostovisey, et al., (2002 Angew,

25 Chem. Int. Ed, 41:2596-2599. A molecule that can be added to a protein of the invention
through a [3-+2] oycloaddition includes virtually any molecule with an azido or acetylene
derivative. These molecules may be added to the appropriate functional group on a modified
naturaily ocourring amino acid or an unnatural amino acid with an acetylene group, e.4., p-
propargyloxyphenylalanine, or azido group, e.g., p-azido-phenylalanine , respeciively.

30 [25] The resulting five-membered ring that results from the Huisgen [3+2]

cycloaddition is not generally reversible in reducing environments and is stable against



The preparation and use of PEG or oteher conpound or polyner derivatives
contai ning sulfonyl acid halides, hal ogen atons and ot her | eaving groups
are well known to the skilled 25artisan. The resulting substituted pol yner
t hen undergoes a reaction to substitute for the nore reactive noiety an
azide noiety at the termnus of the polymer. Alternatively, a water soluble
pol ymer having at | east one active nucleophilic or electrophilic noiety
undergoes a reaction with a linking agent that has an azide at one term nus
so that a covalent bond is fornmed between the polyner and the |inking agent
and the azi teirqivisdbyexiondgsigetiedsanegieats wivgoBingy Ghmogueotly, tHeehpuddal/mar .

Nucl eophi |'i n I . 14 ieti i.hcl udi anm.nes,. thiols,

hydr azi des, &ﬁg‘ gggﬁa%g%lﬁ&%égoah‘%?%a%%f %(S)g’}%}‘fﬁt%{‘tc%ssc,an gﬁgﬁgff\l{}gg‘é‘?de‘k‘gﬁf“&ﬁ 2

t hi oest er s andowskendiddeewifarhe avivk PHO Gativad s bhige glebdnt @derdibh.| @A .mord 32] More
speci ficall i,h .the case of the acetyl ene-contaiping conpound or pol yner
derivati ve, yng’o ST %%F% 5ot @1@:}%9?1%:%{{3 PEL ﬁ%gb?ltt’ée BepeniEdfpdrioxy |

noi ety 5 undefpResractenchd MR chandinspbas erdp\eH896nNn080 Qihgdn, act i vat ed

| eavi ng grou f,rﬁma recyrsor that contains an acetylene noiety.

Al ternat | vesg’,e“ WERGPSSGI DIl BT SFFRY CBR &G Mirgilistl 1) @4 9 merresperdic sites

nucl eophi | i @iRexRhREHONBIekiivgym0i ety undergoes a reaction with a Iinking
agent that has an acet)%(!ﬁgne at one termnus so that a coval ent bond is

formed bet w&€h the pol ViR ERVEHES tle Provifier Figteasdite anddyinbrtiedvsipblene noi ety
IS positiongdiat j : %@; . : _

noi eti es, agﬁv\g/{g\{e}égpﬁog%\é‘imﬁg%dr%%é&ﬁﬁcl eop ﬁt?%mgnﬁ%égci%%??%g%‘%?%{&mi eties
in the ébnt eaeddydgpyiewdymyntdive ereanviordrscipienparatis onictnd Ths8E6f PEG
derivatives,] : i A ot rs.in.the art. ..[33] Thus the
i nvention pr %@?‘ egﬁgﬁﬁe%gﬁ%a&?%fac%ﬁyé%y%%Eals\%%%ﬁ%‘é‘f FlEar 1%’%{““’8?““%9"8 eins with
wat er sol ubkzideguergize thdshage bepo inpdresd sslactvelsSntPRGteiokan raspdrisy 8% selegitai ni ng an
15azi de or yk.er et The azi.de-. and acet.yl ene- cont.ai.ni ng PEG
derivatives gz(%%%ﬁ %&%si%n%tﬁo% WaE “éesﬁ?agﬁ%l}t’f‘? %@Xeo’fmgtﬁﬁsiaﬁeé’é%h}%ﬁ’?%c%l ecul es
wher e bi ocofipatupbing witly acestienbinbietias thsiHaubbden tytrodtetd kelekivel, Hiteprregeni city
are i npek t ant \é%' | e 1at th@D sane tinme providing a nore sel ective neans of
attachi ny t R BEREFFYYPY®s to proteins than has been known in the art.
20[ 34] Def i nja7k ons [ 35]vdkhepebifibdis, iHewniak idifks GROMRS alky! aGHéVAyIRIGRL V",
"activating %{fgﬁ? "l eaving group’, "reactive site", “"chemcally reactive
group” and ? FXP §f tegsagdey el i csiv gaven piethe alikyd apdaphezidgs eanderdpdierein t o
refer to di shiMGbsind@l sBRE & RSPt Vel Bivhf is aRiRGUHGe ackh@pl €r M8 are
used herein to indicate the portions of nolecul es that perform sone

25f unct i on BPCHSIPEPTS adpbiasras! pestriensy andiieriyaidien of cagl| Breudedatives of the

20 alkyl and aryl acetylenes can include other substituents so long as the azide-specific

reactivity 15 maintained.
28 The invention inclhudes conjugates of substances having azide or acetylene
moieties with water soluble compornds or polymers, such as but not Timited to, PEG
polymer derivatives having the corresponding acetylene or azide moieties. For example, a
25 PEG polymer containing an azide moiety can be coupled to 2 biologicaliv 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 énolecul.e
are coupled includes the Huisgen {3-+2] evcleaddition product.
[29] Itis well establishied in the art that PEG can be used to modify the
30 surfaces of biomaterials (see, e.g., U.S. Patent 6,610,281). The invention also includes

biomaterials comprising a surface having one or mors reactive azide or acetylene sites and

10



[36] The term"linkage" or "linker" is used herein to refer to groups or
bonds that normally are formed as the result of a chem cal reaction and
typically are coval ent |inkages. Hydrolytically stable |inkages nmeans that
the |inkages are substantially stable in water and do not react with water
at useful pHs, e.g., under physiological conditions for an 30extended
period of time, perhaps even indefinitely. Hydrolytically unstable or
degradabl e |inkages nmeans that the |inkages are degradable in water -or in
aqueous solutions, including for exanple, blood. Enzymatically unstable or
degr adabl e PiaTR ages! heande-tohatetylpre-topiingaobarerbe thitegyeatiaocobyledwahor nor e
enzynes. As : | . related pol rs i ncl ude
degr adabl e ullllh :‘éi%g%m%%ég%‘glcgﬁ%arddtgg&%g%g' g!rm}aﬁemfﬂ%%n ?qﬁrg?bg%ﬁ%eﬁﬁmbet ween
t he pol ymer albaizkdouried iafid acide carceiplese-afivithepdianaridodlatifa detignahicgeoups of

t he 5pol yner | ecul e., For exanple, ester linkages fornmed.by the reaction
o PRG car bURGTIE SRS oG T JHiEn T CAPHOG N dePaL 4 fRrBno
groups oh aadid,@ndg] dahdiyr Sl interage RhveRe 85iad dracdtyitHeQhd@e atHIERE for

physi ol ogi cal. conditions to rel ease the agent O her hydrolytically

degr adabl e F‘fbﬁ?gﬁﬁg?a?“ﬁﬁ*’rude carbonate |inkages; imine |inkages resulted
fromreacti g of an anihgndddodihdldenyeBod PhYsRbalie: €5iAd.- hidkages for med
by reacting an al cohol with a 10phosphate group; hydrazone |inkages which
are react i ofPBHCTPBINdR O1RPHT AT aEha geaiendh dutrpiref hreaidarontiinikages t hat
are the reagliRinddQdymt: &hivAR ahd ey a8 30 LodRa A GOPH 4 ¢ omﬁ'aﬁiscgtgi{a | i nkages
that are the reaction product of a formate and an al cohol; peptide |inkages
formed By apclamsnéligneivgly, be gride-gentziping panpsfand oypolyyree derbadte casbPEG, and a
car boxyl gr , i,d€5 i | i | 1.nk . formed by a
phosphor am glfé?aé%?ﬁ“ﬁ%g’tgé‘ ,ﬁbggggﬁgwfgg%g%o%%"%g%%??%ﬁf gmg' hydr oxyl
group of ancwiverjoraettevaied pdymer @ That Tiegesutingpblynet logiteakily maety arés nol ecul e,

"bi ol ogi cal i i " Lar. - hi.ol.ogi cal active ent" .when used
her ei n mang%g}%%%\é%é%ﬁgge%&%?oc t‘%na'% Birpdde ul%r%?%peﬁffg it"’ggf3 S Bocheni cal
properties ontanitg @hpgigial pdygandsivativentt uckiyignelid batohddd difettBdo k0 Vi r uses,

bact eri fungi, plants, . ani S, .an umans. I n particular, as used

or et n. hobt BB Ao R iGina i PPRET e R e P ae PR ded f or
di agi osi s, astfvetivickd Biripared bl BeadhilRN inkdk ARER ek G 10ftyidheBase al dhe hUMANS
or other animals, or to otherw se enhance ph%si cal. or nental well-being of
humans or alfPHEFS ¢ ERYRHIC8Y agF vasdOIobgreE & 1t He i vdienobas padhs wevlsre, but
are not |i nmdoRel Within PEPhicOOSer ALOERIAS. enzymes, snall nol ecul e drugs,
dyes, |ipids, nucleosides, oligonucleotides, cells, viruses, |iposones,
rnicroparti B%s and 23195 werifically. o the sz obbe BiigTwEiaEie Wattselible agent s
that argo Subd@RhRd &rbiyHeLsut & PBE dbMAERL laQhdr BALMIEBory R ha R0 E 27k dnb M  €d

1y
to, antibiotics, fungicides, anti-viral agents, anti-inflammatory agents,
anti-tunor BGERREIOYEIePY RdEEReS - TeRghon 1§ Progyed 2 hstted paigemibeyingwitpones

growt h fact Ahsive Sloh0 biliths 208NN Se, B8Tat 16vhdd S natogen tcaving group, thereor,

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
25  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 moisty undergoes n
reaction with & 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

30 terminus of the polymer. Nucleophilic and electrophilic moieties, including amines, thiols,

11



[38] The terns "al kyl," "al kene,"” and "al koxy" include straight chain and
30branched al kyl, al kene, and al koxy, respectively. The term "Lower al kyl
refers to Cl1-C6 al kyl. The term "al koxy" refers to oxygen substituted
al kyl, for exanple, of the fornulas -- OR or -RORl, wherein R and Rl are
each independently selected alkyl. The ternms "substituted al kyl" and
"substituted al kene" refer to al kyl and al kene, respectively, substituted
wi th one or nore non- interfering substituents, such as but nEt Iinite? to,
C3-C6 cycl oal k- I e , opropyl, cyclobutyl and the |ike; acetyl ene;
cyano; )a/u k ok ey hydei r@éﬁ%ﬂs yiateq pldeliies. fpipuss, thigesters aatiitedioy | oxy,
e.g., aceto&gﬁ@n%g{ %me%éﬂgﬂéﬁk an1no | ower al kyl am no, e.g.,
met hyl am no; ket one; attﬁloro or brono; phenyl; substit ut ed
phenyl, and{3he |ike. $ﬁ%3%@nﬁﬁﬂbahv@@ﬂﬁe¢ﬁm¢MMHEM@mmmmﬁgxmnwnm&@neh -
I odi ne and 91" : r r.oma n each o
or 6 car bon A B T 1 s ulTE PR e R e R i Ay
unf used, 5 asunderdoeshreanyidn o Aisylice hgsgammy othéledcﬁmtetmeemwggcbup Ifrotiﬂf;h‘&&dexw t h one
or nore cycl c hydrocarbon, heterpar terocyclicr
[ 40] " Subs%/l th %?Fﬁrl‘a'c tfy% %\‘W‘Iﬁ a@%ﬁ%ﬂ%ﬂ% ‘V&%??S?l@&%Bﬂ}’ﬁ“ﬁ‘t}@V‘ﬁ%Fﬁ Y Yf oups as
substi t uent Sctw&ﬁﬁc]eﬁﬁﬁhd @eleci@pilisd hbiegNindergded 6 kdates vathla linging @genlt ited to
non-interferin 5substinments. " Non- |nterfer|ﬂ}gﬁ bstituents™ are those

Y { e

groups t hat /4% n%?&ﬁ“@“@@ﬁﬁB&Wﬁ?°W§WWf§H@éS P B PRl s e et uent s
or radi cal siihiisd 4p8€ andHit acdts@nB Ghoibtl 1 doSlord @ at M tPminks Sk p:'eiymer. The use

10 ofhalogen moieties, activated leaving group, nucleophilic and electrophilic moieties in the

context of organic synthesis and the preparation and use of PEG derivatives is well

established to practitioners in the art.

(331 Thus the invention provides a method for the selective modification of

proteins with water soluble compounds or polymers, such as PEG, derivatives containing an
15 azide or acetyiene moiety. The azide- and acetylene-containing PEG derivatives can be used

to modify the properties of surfaces and molecules where biocompatibility, stability,

solubility and lack of immunogenicity are important, while at the same time providing 2

miore selective means of attaching the PE(G derivatives to proteins than has been known in

the art.
20 1341 ‘ Definitions
{35] The terms “functional group”, “active moiety”, “activating group”,

Al

“leaving group”, “reactive site™, “chemically reactive group” and “chemically reactive
moiety” are used in the art and herein to refer to distinet, definable portions or wnits of 2
molecnle. The terms are used herein io indicate the pottions of molecules that perform some

25 function or activity and are reactive with other molecules.

136} 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 stabe in
water and do not react with water at useful pHs, e.g., under physiological conditions for an

3¢ extended period of time, perhaps even indefinitely. Hydrolytically unstable or degradable

linkages means that the linkages are degradable in water or in aqueous solutions, inchuding

12
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-C.sub. 10 al kyl, C2-C10 al kenyl, 02-010 al kynyl, CrCl10O al koxy, C1-C12
arallcyl, Cl1-C12 al karyl, C3-Cl2 cycloal kyl, C3-Cl12 cycloall cenyl, phenyl,
substituted phenyl, toluoyl, xylenyl, biphenyl, C2-Cl12 al koxyal kyl, C2-C12
al koxyaryl, C7-Cl12 aryloxyallcyl, C7-Cl2 oxyaryl, C-Cs 20al kyl sul finyl,
Cl- C10 al kyl sul fonyl, al kyl) wherein mis fromlto 8, aryl, substituted
aryl, substituted al koxy, fluoroal kyl, heterocyclic radical, substituted
het erocyclic radical, nitroal k- yI --NQ2, --CN, --NRC(O)--(Cl-ClO al kyl ),
-C(0)--(C1-Co aIkyI) C2-Cdo a t hi oal k 0)0--( G-GCo alkyl),
~-OH, - - 502fr exgEglelood. Erappatically Wﬁiwﬁs@ﬁgﬂ\ble mﬂcae@;m diat 1Bp Bnligk y | ) - CF3,
--0(0) CF3, N2 | 0)--(01-C10
aryl()) iy df_la%)gé Ba e O?anég;mg%gnﬂ&%és A nde%ﬁg%t%vﬁ%%gﬁna}%g% e%(m s from 1
to 8, --C( Q)Mﬂsmayznclude@egym InBagniRothe Pglm@@):kblﬂmqr in &Nﬁﬂ(esgro{hﬁf tsgl ts
t hereof, a rel or _su itute
al kyl , aryP&tMégﬁL tlgll%%nﬁt egﬁary ﬁc’%’?%ﬁ% O%Q{%t a @Inm ¥ B }I)tEVent! on
provi des azwcdbenermw&magé?wdmmgiemmankach}pﬁédydy&he Bfdien bVRRG M@SoxgRAPri Sing a

t | ub] verage nm ecul ht from about
800 Dn to aBSir IO R g B B AL BORE bt P RECRREFSFtb| o
pol ymer cangdnaa%myyumlyzh aﬂaiee;}}gzl@;ﬂmimdco&ﬁm@ﬁh% maée ho edadl Ug&r E&l&oiﬂ‘lﬁ.‘am‘ imted
to nucleic acigd cul es 0 charged conpounds or pol yners,

li near, bra @Wéﬁi%ll’“i 1“5%?\5%%"3% g’i‘ﬁ"fﬁémg‘re ligsgtispudied Gam reselisyEeny | ene
gl ycol ) (i .®uine zE’E@)Laidb‘ﬂﬁr\d@‘y.‘:ﬁd}’sphdtées@é}%k%e@ﬁnﬂmfﬁﬁc%ﬁgaﬁ:h&ﬁmlq{rrhxea[ conpounds
and pol iqneaﬁbo ncl udi ng but not limted to PEGrel atéed 5nol ecul es such as

pol y(de ROA BPEPy Bresy esgesgriigh iy reagiion pipduist ofgibydiptide #odenuse in t he
practice of addibge; himeniagn ﬁﬁﬂgeﬁx@%a&ﬂ? ﬂc&aﬁct of M&ﬂ%@% ERFdRbL

poly(ethyl ene glycol) is intended t e I ncl usive and not exc u5|ve in this
respect. Th¥theetshiipaees that pgdes eaﬁtwy Példhfgﬁ o éorghiy and 9n dlashelnyertde lirksgek ei nt s,

i ncl udi ng bfoﬁh@@l%'a@ BRlne BE:@? B 35 éngﬁ/zﬁrrgr 5@1%){:; QLKSOHREG, ; DL2 oﬁlﬁ%ot@?%n al

pendent PEG (Le. "PEG or Ving one Gr nore
groups pend¥ritpetisiernd Ob&ﬂﬁmld@adwam‘femeddzy aREGphbeividie graaplaly. et thenkages

thereins eigorg polymer, and a 5’ hydroxy! group of an oligonucleotide.

{37 The term “biologically active molecule”, “biologically active moiety™ or
“biologically active agent” when used herein means any substance which can affect any
physical or biochemical properties of a biological organism, including but not limited to
viruses, bacteria, fungi, plants, animals, and humans. In particular, as used herein,

20 biologically active molecules include any substance intended for diagnosis, cure mitigation,
treatment, or prevention of disease in humans or other animals, or to otherwise enhance
physical or mental well-being of humans or animals. Bxamples of biologically active
molecules include, but are not limited to, peptides, proteins, enzymes, small molecule drugs,
dyes, iipids, nucleosides, oligonucleotides, cels, virnses, liposomes, microparticles and

25 micelles. Classes of biologically active agents that are suitable for use with the invention
inciude, but are not limited 1o, 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™ mclude straight chain and

30 branched alkyl, alkene, and alkoxy, respectively. The term “lower alkyl” refers to C;-Cy

atkyl The term “alkoxy” refers to oxy gen substituted alkyl, for example, of the formulas --

i3



[ 431As used herein, the term"water soluble polymer"” refers to any pol yner
that is soluble in aqueous sol vents. Linkage of water sol uble polyners to a
t herapeutic pol ypeptide can result in changes including, but not limted
to, increased or nodul ated serum 15half-life, or increased or nodul ated

t herapeutic half-life relative to the unnodified form nodul ated

i munogeni city, nodul ated physical association characteristics such as
aggregation and nultiner formation, altered receptor binding and altered
receptor dinerization or nulthnerization. The water sol uble polyner may or

may not havERiof sRGGwn wBereh Eging & acpsh/ipdspendspily %@Eﬁc&edp&w@p@rmcl ude, but

are not |im 1 yet ol

pr opi onai deh{‘/laﬁ%f‘Irt rmnkgpéinggwé%ﬁgigk%l% %?er%ga%%’gn vat é)%t%('%g’f eof

(descri bed msmt&%mtcr ore i ABeriating svhfﬁtmnﬁssucmdmpm ameetl hyC:r@&f er ence
herein), mno?eﬁhpééb roa;{/\yc 88'#1%38&5 hEaOlaX iﬁ%//dﬁf% '0!,{}9!0”6 pol yvi nyl

al cohol , poF§ HRler&van
K- (2- Hyds oxyqaﬂmgyat)xexyeiddaimrmtbamwdmﬂ{aiewbxxala,g d&xdmyaliycﬁedyj Mﬁ‘fokjﬁﬁﬁmhdad udi ng

dextran sul fate, pol. .op L ypro Ien 250X hyl ene oxi de
copol yner, _6%69%1@5@_?1%& é’ﬁ%ﬁﬁ“ﬁ%‘%’% ‘éepﬁi%l 'Pg ﬁg%ﬁlr‘?r TS 4?1% teuted
pol ysacchar pikas, anali0s AT i UeBperg ik aABS fukBk] il opse, i@k aebloiese
derivatives ncluding _but not limted to nmethylcellul ose and carboxynet hyl

cel | ul ose, ?tggr ch and st&f chea PRYTPFREOBEE Yiptaes> onssrpar RgPene” gl ycol
and derivat m@wmrr@ﬁimam@@dew@r@n%mmmhm %@ﬁzt@é&%&;@'&yﬁi}%q givatives

t hereof, polyvin et hers, and al pha- bet a- po

30hydr ox§et AP he eﬂa&wﬁmﬂémt@@ﬂe efrfeore ﬁﬁéchp|hkfém<=%bonnhf;%qreﬁx@smtnﬁ%mémhc Exanpl es
of such wat gpgsol ubl e polyners include but are not Iim ted to pol yet hyl ene
gl ycol and ser um al bum n. [44] As used herein, the term "pol yal kyl ene

glycol" ref#% to pol yébuiypiiane agilyisety] h@@mg/%}e@pmomngﬂltyé%inggwgp%utyl ene

glycol, and.de %%@l ves thereof. The term "pol yal kyl ene glycol" enconpasses
bot h Ilnear an ranched pol ymers and average nol ecul ar wei ghts of between
| kDa and 108]kDa. O hélite exe ipibatityersyibodidee bttgs miémmeétoem;z-nfta&negarrpl e, in

I Uk
bl yot ol enapy o SEh A8 e AtFdty SR B R AR PSR g R (200

[45] PEGis Stuthiecmh-hrycrﬁhegmqu@ém drescﬁgalsodcindieew areSiok Lifalial o halbaCeth.1 St abl e

and i o genorarty SaBnL Lasriepel G BrmT BReC B YAOR & Celerder ot o b
bi oconpat i blaiarylMi-ch cbr&od}i@lsﬁécé badloaBE6Y1] ShefAPaBlRuddSenBOBNLH] SMGHL, W t h
living tis S %env{ c?-f::%?ﬂmsa%yi 62-8 g%ﬁxg%%rs}gi d ~~f_t31;22rymioxxl\z/abﬁrcve} CS7E)€?£ Livl cald yds
20 alkylsulfinyl, Ci-Cyp alkylsulfonyl, —(CHy)y ~-O--{C;-C;p alkyl) wherein m is from 1 to &,
aryl, substituted aryl, substituted alkoxy, fluoroalkyl, heterocyclic radical, substituted
heterocychic radical, nitroalkyl, --NOg, --CN, --NRC(O)--{(C,-Cyg alkyl), ~C(OQ)={C:-Cyq
aliyly, Co-Cho alicyl thicalkyl, —-C(Q)O-( C;-Cyo alicyl), --OH, —~80, .dbd S, ~-COOH, -
NRz, carbomyl, ~-C(O}~(Cy~Cyo alkyl)-CF3, ~-C(O—CF3, —-C(OINR2, ~-{C-C;g aryD-S--
25 (CeCyp aryl), ~C(ON~Cy-Cop aryl), ~(CHajp -~ Onn((CHy)y=-0-~(C1-Cip alkyl) wherein
each m is from I 1o &, —~C{OWNR.sub.2, ~C(SINRy, ~ SONR,, --NRC(0) NRy, ~NRC(S)
NRy, salts thereof, and the like. Each R as used herein is H, alkyl or substituted alkyl, arvl or
substituted arvl, aralkyl, or alkaryl.
[42} The invention provides azide- and acetylene-containing polymer

3¢ 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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PEG i s substantially non-inmnogenic, which is to say that PEG does not

tend to produce an i nmune response in the body. Wen attached to a nol ecul e
havi ng sonme desirable function in the body, such as a biologically active
agent, the PEG tends to nmask the agent and can reduce or elimnm nate any

i mmune response so that an organismcan tolerate the presence of the agent.
PEG conjugates tend not to produce a substantial imune response or cause
clotting or other undesirable effects. PEG having the fiat'Hula CH2CH20-
(CH2CH20) " - CH2CH2-, where n is fromabout 3 to about 4000, pically from
about 20 t oPABBICADETOY Spigbls pemneskst o PPBPGEEunG Preobliaidte éu%qzc adfre

i nvention. I ﬂ@hﬁg out
100, 000 Da ‘55?“‘%%&‘{5%3 T OEaﬁésgg% as th%ggiy%,g%emp@,ggg%l ot Por - 9‘{”%@] The
pol yrer bac%h@mmWEanP@Eﬂﬁmﬁeaﬂﬁéﬁmbk%m@M@ﬂ)ﬁB;Eﬁ@hé@ﬁpﬁmyhﬁpmbhckbones are
general ly )i : ntra
branch corle{gn %D%tg%) @mE ?‘e%%ql??r{%{t‘fgiaﬁglg%}fxqelghlgla%g% %dt TPQ z%ﬂ%rm Bﬁ?‘”ﬁﬁﬁ% to the
central br amcllacmsrsech a@ﬁ@v{dsxmmmpbyy{pmpﬁmergimamhﬁeb fuitebis ok hatin han be

prepared by a d|t on of eth ne oxid uch as

gl ycerol, df r§° &F 8# ‘(ﬁl“?vﬁ%tfﬁgr%& g‘ﬁ@ht?&%#ﬁ 02’6?‘8?%‘661 gw?ﬁés central
branch noi emyenéaino b Bx@luh&b adﬁlhbt\&dusfiﬁé)ﬁiltﬁk@‘t‘&p&lt "&Eﬂt&@nm gsiud&uch as | ysine.
The branched et hyl can be re resented in_general form as
R(- PEG OH), P ,lﬁﬁ%%\%ﬁﬁ 3% %n%d% 49%@1 SApiig bgmeionsl S mulieReHEG yeer ol

gl ycerol ol igeaers, bx@ﬁcheﬁpm%fﬁeﬁtmﬁ@ live. BRG NIRRT Shaie oRIERSe Of
anus. Miulti-arnmed PEG nol ecul es, such as 30t hose escrlbed in U'S. Pat.

Nos. 5, §%2, fgsiagelgueypspendent iothepoigaer pckipyeRopPEG witkdegrged ie ipigiecs
2003/014359§ﬂemp 96/ 21469; and WO 93/ 21259, each of which is incorporated
by reference herein in its entirety, can also be used as the pol yner
backbone. [4¥] Branche'd wEberintha e teateriouhs pplymer oler 1 arvicetrPEG
represent edghy R Y e Yol an
activated ter n11S 0%1@3 7 1 n}éé toﬁ%ﬁ g%“%tééhﬂﬁgr%g %g%g%s&g%a:;g ?Sn d

| engt h. [48?%#@t&ﬁﬁ@ﬂﬁ@¥mbﬁaewheﬁuﬁogﬂvmmhémpmﬁdan&mﬁﬁéﬁrMQeﬂmehBvae

gr oups, ;suc C o A er t t he end of
PEG ohat . PR, Balld i AR AR U Rl

be preparednmﬁﬁhw&mamﬁmgmdﬁgnadmmbe;myﬁ&ﬁgesmmmmm%eahaﬁﬁhnmaaaFor exanpl e,
PEG- can be pre ago%dangnmugg 061\%%1 ﬁg%ﬁﬁ%ﬁ@@ bgn%a%g%gcll Xltez‘ed r?caegtlélb one that are

subject to

dimerization or multimerization. The water soluble polvmer may or may not have its own
biological activity. Suitable polymers inciude, but are not limited to, polyethylene glycol,

20 polyethylene glycol propionaldehyde, mono C1-C10 alkoxy or aryioxy derivatives thereof
(described in U.S.Patent No. 5,252,714 which is incorporated by reference herein),
monomethoxy-polyethylene glveol, polyvinyl pyrrolidone, polyvinyl alcohol, polyamine
acids, divinylether maleic anhydride, N-(2-Hydroxypropyl)y-methacrylamide, dextran,
dextran derivatives including dextran sualfate, polypropylene glycol, polypropylens

25  oxide/ethylene axid.el copolymer, polyoxcyethyiated poivol, beparin, heparin fragments,
polysaccharides, oligosaccharides, glycans, celluiose and cellulose dertvatives, including but
not limited to methylceliuiose and carboxymethyl cellulose, starch and starch derivatives,
polypeptides, polyalkylene glycol and derivatives thereof, copolymers of polyalkylens
glycols and derivatives thereof, polyvinyl ethy! ethers, and alpha-beta-poly[(2-

30 hydroxyethyl)-DL-aspartamide, and the like, or mixmreé thereof. Examples of such water

soluble polymers inclade but are not limited to polyethylene giveol and serum albumin.

is



hydrol ysis results in cleavage of the polyner into fragnents of | ower

nol ecul ar wei ght: -PEG 0Q2- PEG +1-120 -> PEG CO2H+HO PEG [50] It is
understood by those skilled in the art that the term poly(ethylene glycol)
or PEG represents or includes all the above fornms. 15[511Many ot her
polyners are also suitable for the invention. Polynmer backbones that are
wat er-soluble, with from2 to about 300 termni, are particularly useful in
the invention. Exanples of suitable polyners include, but are not limted
to, other poI (all cyl ene glycols such as pol y(propyl ene glycol) ("PPG"),
copol yners H gr eof (e.§& SUﬁ?é%@i@@#@f“?@b’h&k%ﬁgﬂoyceﬂmmpblxﬁﬁuﬁayxhene

glycol), te , r th i Al t hough
t he nol eculéalrp V\éggﬁllt%p%%ﬁegggﬁ Q{igél n (%{esgti%&? aﬁ?&er;v%%?%x‘% oﬁej‘lhcéeﬁmvary, it is
typi cal | y i fpotslabyiesrgieroBfendonpassabboth hﬂ@@a.@abramhaﬁmmmelwd%@a@a, often from
about 6, 000, t 0 se of. ordin skill in the
art will recc%ﬂ%lagéh%%ﬁ& pf %Weag(?}(?aoﬁnﬁd{)t{)?é% %@F T S HBRIR ! 8?‘?7%}{“%’[3& sol ubl e
backbones i Estdly fonexampknia cexinauml sml:&%al@s,mmwhéwﬁa{@@i&dm@nS 25and t hat
all pol yrrer rials t ual it s ri bed above are
cont enpl at et alog[ %@i]y e ﬂ'%‘rd ]S%FF“ |fo 0‘8?‘%”%6‘?’?}%@&5 BRhr e

“nul ti-funcispnal ", TTEHBGrEQyﬁIE@ty die, PRAYAREdoBaGKBARE ATt ktabiE Slead WO
termni, and rEOSSI bI as mn%s about 300 tern ni, functionalized or

act i vat ed wWrEh@Am 4 et"i“&?l‘lﬁﬁen &5 Dot ohRe AEdataivats, prst iy senerelis pprviaKiov es

i ncl ude |i NEay(cBOkWEBYS]) RAhddrdNg He® r ed to a
3()fun m{sﬂnonal j}(erg}u V\/(?I ch may Ee t he gdgbn%b%%bﬁgﬁ%fcﬁrﬁéﬂ%a@%tbg?qsgcagw

enmbodi neht Ot%%?ﬁ%ﬁw@r Ity fisues o erganisms wethett pansing herm. mmspmwy, B- NEN=N
wher ei n: SNeh ﬁ@raﬁﬂal@%ﬁu&rﬁmﬁ%?%%’w u%é t@sag i bRE dg&'n% t%m? ”gy be

present or absent IS a water-so e non-antigenic
an immune response in the body, When attached to a molecule having some des1rab1e

function in the body, such as a biologically active agent, the PEG tends to mask the agent
and can reduce or eliminate any Imymune response so that an organism can tolerate the

15 presence of the agent. PEG conjugates tend not to produce a substantial inmune TESpONse or
cause clotting or other undesirable effects. PEG having the formula - CHyCHoO--
{CHCHLO), — CHCHg--, where 1 is from about 3 to about 4000, typically from about 20 to
about 2000, is one useful polymer in the practice of the invention. PEG having a molecular
weight of from about 800 Da to about 100,000 Da are particularly useful as the polymer

26 backbone.
[46] The polymer backbone can be linear or branched. Branched polymer
backbones are generally kmown in the art, Typically, a branched polymer has a central
branch core moiety and a plurality of linear polymer chains finked to the central branch core.
PEG is commonly used in branched forms that can be prepared by addition of ethyiene oxide

25 tovarious 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)y in
which R is derived from a core moiety, such as giycerol, glycerol oligomers, or
pentaerythritol, and m represents the number of arms. Multi-armed PEG molecules, such as

30 those described in ULS. Pat. Nos. 5,932,462 5,643,575; 5,229,490; 4,289,872; U.S. Pat. Appl.
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Ais a linking noiety, which may be present or absent and which may be the
sane as B or different; and X is a second functional aroup. 15[55] Exanpl es
of alinking noiety for A and B include a multiply- functionalized al kyl
group containing up to 18, and nore preferably between 1-10 carbon atons. A
het er oat om such as nitrogen, oxygen or sulfur may be included with the

al kyl chain. The al kyl chain may al so be branched at a heteroatom O her
exanples of a linking noiety for A and B include a multiply functionalized
aryl group, containing up to 10 and 20nore preferably 5-6 carbon atons. The
aryl group ReAP/BE8EDEDISEHEES: whd W2 1309, eadhanf vdurhat mempormted 5ogen, oxygen

or sulfur a .examml es. _of_suitable |inkin oups include those
| i nking gr oﬁ%@é‘é&”&%&%@é@@ %ﬂaﬁggﬁeu%\%sa? ,pé’gvffeﬁng%g‘w& 5,643,575 and U.S.
Pat. App!. BOD3/014359@arelaalPd} cavhilotveiitstbi fimprqfefakerbityrcpei@ranee herein

inits enti i e of ardi.nary skill .in the art will recognize that the
f or egoi ng | ?g{}%i’f%%%ﬁh‘ﬁ?e egg%ﬁlgg?%gsgrf“épaﬁ’)‘}%ﬁ%%ﬁﬁ%w@&%ﬁw%@‘%ﬁﬁ nerel y
i1l ustrafiveH gndhiihaf atahd of ldefieidngng@i et i es having the qualities described

above are c enpl at ed. FS:¥561Exarrpl es of suitable functional groups for use
as X incl ud&Shydroxyl , Y5t BLEEt FEHrE fg%ythe PedREHRAC, haraesciies ewsrsucisasch as

N- hydr oxysuegbdiyiThighyd theBEE backBaltk raReNEA! 4 uazak ¥F pRSLELS, active carbonate,
such as N hydroxysuccini m dyl carbonates and 1- 30benzotri azol yl

carbonat es, ket al , al detifdion atlgenipaes HydCatiesovalekenyls bapreydretwifn
et hacryl at @eai@s aydr2bid Snic-86dih Y6 SRLEQDN Gor @)ﬁ}r@%’, Pﬁ@]cwapa%&%ifg%gtgd am ne,
thiol . 0X id,

hydr azi de, protected hydrazi de, protecte car I'C ac pr ot ect ed
car boxyl¥ ¢ Hefages it Seeglumetteckbpsothal ve yuirat © hydmlyeisrdobpwy by shik f one,

di t i opyY i dhffonil AYRPHALDE o LRYBAGEE A Hm BROXIAR L BlY X S 01 ONES,

mesyi ates, tosylates, an esy ene, ONE,
-PEG-CO2PEG-+H,0 2 PEG-COB+HO-PEG-
[50] It is understood by those skilled in the art that the term poly(ethylene

glycol) or PEG represents or includes all the above forms.

13 {81} Many other polymers are also suitable for the invention. Polymer
backbanes that are water-soluble, with from 2 to about 300 termini, are particularly useful in
the invention. Examples of suitable polymers include, but are not limited to, other
polyfalkylene glycols), such as poly(propylene glycol) (“PPG”), copolymers thereaf {e.q.
copolymers of ethylene glycol and propylene glycol), terpolymers thereof, mixtures thereot,

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 Dz, often from about
6,000 Da to about 80,000 Da. _

{521 Those of ordinary skill in the art will recégniza that the foregoing List for
substantially water soluble backbones is by no means exhaustive and is merely illusirative,
25 and that all polymeric materials having the qualities described above are contemplated.
{53] 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 2 functional group. Multifimctional polymer
derivatives include linear polymers having two termini, each terminus being bonded to a

30 functional group which may be the same or different.

[54] in one embodiment, the polymer derivative has the structure;
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35woul d be understood, the selected X noiety should be conpatible with the
azide group so that reaction with the azide group does not occur. The

azi de-cont ai ni ng pol yner derivatives may be honobi functional, meaning that
t he second functional group (i.e., X) is also an azide noiety, or

het er obi functional, neaning that the second functional group is a different
functional group. 5[57] As would he understood in the art, the term
"protected" refers to the presence of a protecting group or noiety that
prevents reaction of the chemically reactive functional group under certain
reaction conditions. The protecting group will vary depending on the type
of chemically reactive group béinAg—PBoblecBedN=IFel exanple, if the

chemi cal | y wbsgiti ve group is an amine or a hydrazide, the protecting group
can be selected fromthe 10group of tert-butyl oxycarbonyl (t-Boc) and

9- f 1 uor enyl met hoxy caiibierly s sp Rrdchoiehf; the chemically reactive group is a
thiol, the protecting group can be orthopyridyldisulfide. If the chemcally
reactive group is a Barddokipkinwicge idhichangtbeasesbuttoamge®; or propioni c acid, or
a hydroxyl group, the protecting group can be benzyl or an al kyl group such
as nethyl, ethyl, orPOEY issbutgrisoluitichet-apigehegbiyigr,gr oups known in the art
may al sé be used in the invention. 15[58] Specific exanples of termn nal

oo U's Par. Nos. A4 Sl SLRE b e ol Y el e onn ot
al . Makronol . Chen1 82 24 B 069diffdr08] pnd Zapl i psicy et al. Bur. Polym J.
19: 1177 (1983)), hydrazide (See, e.g , Andresz et al. Ml cronol. Chem
179: 301 (1978)) sucﬂh{uﬁ&@wkmﬁ@ﬁ@mgﬁﬁﬁe and succi ni mi dyl butanoate (see,

e.g., in et hyl.ene 20gl ycol) Chem stry & Biol ogical
Sﬁs pp 170-1 Ia‘XP %g

Appl i c nigng mofethior dyanggdnciugeEgmligehi ngt on, D. C.
1997; see aﬁaamuaiﬁed BR#t grdN8 colaiBi ub 6205, arﬁé&ﬁ&le?ke@&rﬂﬂﬂr bENERIDRLELSEe, €. 3.,
Abuchows! ci %% gancercglochenl i ophys 75(1984) and Joppich et al.
Macr ol ol . d?@’ﬁlf Se5ereaen sy Q?@‘Yﬂg"?u%ﬁgﬁ‘? ﬁ’i i gt Reringluged with thg alkvl), S, Pat .

No. 4,670, 431311);1 Tlﬁeﬁl&ﬁtchm@ﬁ@ir gs&@rbbmb@az(a%@%ma@mg Qthkd. e%mﬁéstofa'h@q g
5, 650, 234), Fﬁ %plq% et her (see, ., Pitha et 25al. Bun .T Biochem 94:11
T apnd

(1979), ail a5 @Fwé%ﬁﬂiﬁmﬁpquﬂcfm%@%w F QPR SeNiFmnm)to 10 and

oxycar bpmy! inicGaFabify 65080 atn T@@aagﬁ%ﬁfﬁg th %btmé@%}m SMhort 311 25
(1983), Tondel?ﬁiesﬂ%I . Cbnt%olle |e§§§ i Zgi I(ﬁg&S@n?%?%pheny

car bonat e (?@@5né“@mlG@@Fbﬁé%@maﬁﬁﬂﬁéﬁﬁmﬂﬁﬁﬁéﬁéﬁﬁmsbbﬂ@Emggﬁm%1m$¢m (1985) ;
and Sart or emgie idking gARRY desBbQCREM. Mk N 32,462 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
25 means exhaustive and merely illustrative, and that all linking moieties having the gualifies
described above are contemplated,
561 Examples of suitable functional groups for use as X include hydroxyl,
protected hydroxyl, atkoxyl, active ester, such as N-hydroxysuccinimidyt esters and 1-
benzotriazoly! esters, active carbonate, such as N-hydroxysuccinimidyl carbonates and 1-
30 benzofriazolyl carbonates, acetal, sldehyde, aldehyde hydrates, alkenyl, acrylate,
methacrylate, acryiamide, active sulfonie, amine, aminooxy, protected amine, hydrazide,
protected hydrazide, protected thiol, carboxylic acid, protected carboxylic acid, isocvanate,
isothiocvanate, maleimide, vinyisulfone, dithiopyridine, vinylpyridine, iodoacetamide,
epoxide, glyosals, diones, mesylaies, tosylates, and iresylate, alkene, ketone, and azide. As

35 would be understood, the selected X moiety should be compatible with the azide group so
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27:45 ('1991)), aldehyde (see, e.g., Harris et al. J. Polym Sci. Chem Ed.
22:341 (11984), U.S. 30Pat. No. 5,824,784, U.S. Pat. No. 5,252, 714), .
mal ei m de (see, e.g., Goodson et al. Ri o/ Technol ogy 8:343 (1990) Ronanl et
al. in Chenmistry of Peptides and Proteins 2:29 (1984)), and Kogan,
Synthetic Comm 22:2417 (1992)), orthopyridyl-disulfide (see, e.g.,
Wbghiren, etal. Bioconj. Chem 4:314(1993)), acrylol (see, e.g., Sawhney et
al .. Macronol ecul es, 26:581 (1993)), vinylsulfone (see, e.g., U S. Pat. No.

5, 900, 461) . 4l deaclodwADBY M@&%ﬁ'&%@ﬁm%&nl @%@52?&[ ggtggﬂg%f)g,knﬁr Qggwr gvfe%elr gzce

[59]In a preferred enbodi ment erivatives
conpri se a P&Y hriamdbifenctentb mmmg@a&m@smmh@wmal @@1@%&2931(@@@1-12 0)n

Or2GH2 - NENGNOGT el bbby TebHBE 1:0RR IR EHR A5 155 @M apove; and n

i s about 20 to ‘about I'n anot her enbodi nent &P deri vatives
of the mveﬁ{ripmai@mrl se a pol yner backbone havi ng the structure:

X- CH2CH29)- (gﬂ?CHZO) n - %%ga%eungcr%)&g vveenl!‘ftl Wnere‘ ozecg %Eegsnm%l | phatic or

aromatic |inker moiety conprising
presence of a protecting group or moiety that prevents reaction of the chemically reactive

flmetional group under certain reaction conditions. The protecting proup will vary depending
on the type of chemically reactive group being protected. For example, if the chemically
reactive group is an amine or a hydrazide, the protecting group can be selected from the

16 group of t@rt—butyldxycarbonyi (--Boc) and 9-fluerenylmethoxycarbonvl (Fmoc). If the
chemically reactive group is a thiol, the protecting group can be orthopyridyldisuifide. ¥ the
chemicaily reactive group is a carboxylic acid, such as butanoic or propionic acid, or a
hydroxyl group, the protecting group can be benzy! or an alkyl group such as methyl, ethyl,
or tert-buiyl. Other protecting groups known in the art may also be used in the invention.

15 [58] Specific exampies of terminal functional groups in the literature include
N-succinimidy! carbonate (see e.g., U.S. Pat. Nos. 5,281,698, 5,468,478}, amine (see, e.g.,
Buckmann et al. Makromol. Chem. 182:1379 (1981), Zaplipsky et al. Eur. Polym. I. 19:1177
(1983}, hydrazide (See, e.g., Andresz et al. Makromol. Chem. 179:3061 {1978},
succinimidy! propionate and succinimidy! butanoate (see, e.g., Olson et al. in Poly{ethyiene

20 'giycol} Chemistry & Biological Applications, pp 170-181, Harris & Zaplipsky Eds., ACS,
Washington, D.C., 1997; see also UL.S. Pat. Ne. 5,672,662), succinimidy! 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 et

25 al Bur. J Biochem. 94:11 (1979), Elling et 2al., Biotech. Appl. Biochem, 13:354 { 1991),
oxycarbonylimidazole (see, ¢.g., Beauchamp, et al., Anal. Biochem. 131:25 (1983), Tondelii
etal. I, Controlled Release 1:251 (1985)), p-nitropheny} carbonate (see, e.g., Veronese, et
al., Appl. Biochem. Biotech., 11: 141 (1985); and Sartore et al., Appl. Biochem. Biotech.,
27:45 (19%1)), aldebyde (see, e.g., Harris et al. . Polym. Sci. Chem. Ed. 22:341 (1984, U8,

30 Pat No. 5,824,784, U.8. Pat. No. 5,252,714), maleimide (see, &.g., Goodson et al.
Bio/Technology 8:343 (1990), Romani et al. in Chemistry of Peptides and Proteins 2:29
{1984}, and Kogan, Synthetic Comum, 22:2417 (19923}, orthopyridyl-disulfide (see, e.g.,

9



n is about 20 to about 4000; and X is a functional group as described
above. 20160] The azi de-cont ai ni ng PEG derivatives of the invention can be
prepared by at | east two nethods, hi one nethod, shown bel ow, a water

sol ubl e pol yner backbone having an average nol ecul ar wei ght from about 800
Da to about 100,000 Da, the polynmer backbone having a first term nus bonded
to a first functional group and a second term nus bonded to a suitable

| eaving group, is reacted with an azide anion (which nmay be paired with 25

any of a nu . Of i . unt &fk8Rs, i udi ng.sadi um . pot assi um
tert-butyl am nllreﬁ’rﬁt gfdhg%?‘%l} %h%%h%?i’ ﬁ@hgggﬁhé%%'ﬁg&%ef 8‘§‘p Szﬂ"ﬁﬁ’&? atoaés a
nucl eophi | i Mactbspleadan®nisl 411d3)),yinyapifaceted .o, RES. P2i. the. 51960004ay). Asfdr@edi ng

t he desired ,azi de-contai.ning P ol.yner.. X-PEG L N3" X-PEG [61] As shown,
a suitable %%V§Wg§re“8%scaﬁ%18ﬁﬁégqr%?%%%g‘ ¥$&¥eact i on has the 30formul a

X- PEG L, whiiopi n PEG i 9n pplesstred diyHosinemg) tye pbmentdrivhives of tlelp@hii@nal  group
whi ch dogs not reaccté‘ W ﬁfh %zi ge. Grtgu s and L is a suitable |eaving group.
Exanpl es’ of " FabP & FUREH 8‘??’13“‘3? ﬁg‘"sr“‘?%r ude hydroxyl, protected

hydr oxyl, acetal, al kenyl, amn 1ho pL.ot ine.. protected
hydr azi de, proect ed thiol, %T%&ﬁ%*@%ﬁ?ﬁ@?&%ﬁ%ﬂ%ﬁ&ﬁ%xyl ic acid,
mal ei mi de, d"¥Rfopyridine, and vinyl pyridine, and ketone. Exanples of

sui tabl e | eavi ng gr oHpsa fufelouggroab baldsdapedubevd; del i odi de, nesyl ate,

tresylate, and tosylate [62]In . a second nethod for preparation of the
azi de-c. ont ai ni ng pof‘il“rf’@#“tééma\?%’{ti“ s of the invention, a |inking agent

beari ngian azi de fungtinemal dnlbydinsntCiRN HABARE dWalva of Be WRERIonSOMLE POl yner
backbone having an %verag_e nol ecul ar wei ght from about 800 Da to about

100, 000 Da, PHHETERFLPHEFnE RIS cBEent bears a chemical functionality that
will react selectively with a chem cal functionality on the PEG polyner, to
form an azi de- cont ai*ArREPEH01tER(eP v aCGHEHpr 6H{BL)mIWeNeNrNt he azide is
separated fromthe pol ymer backbone by a Iinking group. 10[ 631An exenpl ary
reacti oh’ scHe#eni s shown bel ow. X-PEG M N-|inker-N=N=N

PG X- PEG | i nker - NEN=8 i an ajiphatic or aromatic linker moiety comprising between 1-10 carbon
atoms;
n is about 20 to about 4000; and
Hisa fﬁnctionai group as described ahove,

20 j64] 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 to about 100,000 D, the polymer
backbone having a first terminus bonded to a first functional group and a second terminus
bonded to 2 suitable leaving group, is reacted with an azide anion {which may be paired with

25 any of 2 number of suitable counter~ions, 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 + Ny = X-PEG- N3,
fel] As shown, a suitable polyymer backbone for use in the reaction has the

30 formula X-PEG-L., wherein PEG is poly(ettrylene glycol} and X is a functional group which
does not react with azide groups and L i3 a suitable leaving group. Examples of suitable
functional groups include hydroxyl, protected hydroxyl, acetal, alkenyl, amine, aminooxy,

protecied amine, protected hydrazide, protected thiol, carboxylic acid, protected carboxylic

20



wherein: PEGis poly(ethylene glycol) and X is a capping ginp such as

al koxy or a functional group as described above; and Mis a functional
group that is not reactive with the azide functionality but that will react
efficiently and selectively with the N functional group. 15[ 64] Exanpl es of
sui tabl e functional groups include; Mbeing a carboxylic acid, carbonate or
active ester if Nis an amne; Mbeing a ketone if Nis a hydrazide or

am nooxy noiety; Mbeing a leaving group if N is a nucl eophile.
[651Purific%%1on of, tB&Bcrude product can usually be acconplished by
precipitati geleimde @mF6P¢Bﬁﬁﬁwﬁ@nﬁﬁﬁéﬁﬁ@@@ﬁhgmyhs@ﬁﬂmﬁ%mssary

20[ 66] A mor Raeghibl G RAATRIRl o RANBSRE! Mk &Aaﬁat%aa%ﬁ 1QU1ofeFC di am ne, in
whi ch one of the amnes is protected by a protecti nolety such as
tert-butyl -8Bt and thehﬁ@@ﬁm@ﬁﬁ@ﬂﬁéﬁﬁxamﬁﬁ@mméﬁﬁEE@«$Mmmmg$Mﬁnaeacted with
a linking onal ity: HN- PEG- H2 +

HO2C- ( CH2) i r\igr‘\téﬁl‘st &f@%‘“‘?‘ ‘ﬁ‘m&ggﬁ %%ﬁ%‘geegg’?%ée“ %%aene "8?’%? %"E&?ﬁ“ 45t é”dthm ed to
t he car BoxyViter sakbld poizﬁergqad@pnmvngaaavaageemme@ﬁarmtghvmm AgHuAREIStoSUCh as

t hi onyl chl [ eagents an ucci ni m de or

N- hydr oxybea({rzszrglcl)tgir%lgj ggo I?%wtﬂgrg%rﬂéea}?nﬁm gg‘ﬁ]*’ags B§ ﬁ“lﬁagmfé?iyﬁfﬁ{éh%ﬁ%’&ﬁitne PEG
deri vati ve siedtitcheritizi aﬂanioﬁéuncn@diitsn&eihe l’fB:quOWmeAft& ﬁfm%ﬁ@ﬁ@@@&kﬂmnﬁéﬂ mation
of the am degz%)e(a ?e recﬁs}u% ti nng-tert but yl - Boc- pr ot ect

azi de- cont ai i 1g TSP TAFIVE HER ke gdy s §Fp F%@m¥ eﬁ@ﬁﬁﬁ?ﬁﬁﬁﬁééPYWe

nmol ecul es oﬁMwﬁggm&@ be further el aborated to install other 30usef ul

functi Oﬂ}? \Aﬁ?ﬁu For instance, the N t-Boc grou can be hydrol yzed by
treat me strong ARFFTIPRHEAEHCR e i8R M Ro- PEG azi de.  The

resul ting aﬁﬁﬁﬁ}MHMNimh%§B@ﬁﬁﬁ$P@}@Nﬁé@@&k&ﬁ@%@gte to install other usefu
functionality such as ma eimde groups, activated disulfides, activated

esters and Yo 9B ¥HC Poplyiehalens aueoldardoX issganpibe erohesush @mfkmcr ronal
reagents. [iﬁﬁ&tﬂ{'ﬁél%}‘ P hd &E&%&&é@be derhyatl c?m{’i‘zﬁ gﬂl’ ﬁ%?r active. ?JI%{ %)% when

it is desired to ach different nolecu esto ermnuso
pol yrmer . Fo‘?z‘dé r@ht\« Phgha FelgractNdiciently and selecnvely with the N functional group.
15 |64} Examples of suitable functional groups include: M being a carboxylic

acid, carbonate or active ester if N is an amine; M being a ketone ifF N is a hydrazide or
aminooxy moiety; M being 2 leaving group if N is 2 nucleophile.

[65] Purification of the crude product can usually be accomplished by
precipitation of the product followed by chromatography, if necessary.

20 [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 2 linking moiety that bears the
azide functionality: BocHN-PEG-NH. + HOC-{CHy a-N=N=N,

[67] In this instance, the amine group can be coupled to the carboxylic acid

25 group using a variety of activating agents such as thionyl chloride or carbodiimide reagents
and N-hydroxysuccinimide or N-hydroxybenzotriazole to create an amide bond between the
monoamine 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 divectly to modify bioactive molecules or it can be further elaborated to install other

30 useful functional groups., For instance, the N-t-Boc group can be hydrofyzed by treatment

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

21
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am no- N-azido PEG woul d all ow the attachnment of a nol ecul e having an
activated el ectrophilic group, such as an al dehyde, ketone, activated
ester, activated carbonate and so forth, to one term nus of the PEG and a
nol ecul e "having an acetylene group to the other term nus of the PEG
1016911 n anot her enbodi nent of the invention, the polyner derivative has
the structure: X-A--POLY- B wherein: P. can be either H or
an al kyl, al kene, all cyoxy, or aryl or substituted aryl 15Pinp; Bis a

| i nki ng noi e present or absent; PO_Y is a water-soluble

non- ant i genf ‘%’8%%}}‘?%‘?‘“{&% I%Stag R RFAY Trnshenality suph @mﬁamzd@@rwammr

absent and Wﬁkfﬁﬁbﬂ@ﬁﬁa&@eﬁ&@aﬁ@éﬁoﬁﬁf{gﬁ%rcréyu&fngﬁ%b %thr igaft S€CONd

functi onal grouF [ 70] Exanpl es of a |inking noiety lfe 3 B% ncl ude a
on

mul tiply- f{¥AEFFonalized al kyl group contai ni ng up to 18 and nmor e

preferably p;g} ween 1- 1@r.cafbon Qrgg mﬁa%&%?gugq Séﬂﬁ #O%W, oxygen

or sul fur be included wth t al so be
br anched ata cm@ff@p@amqﬁwieaow @mnpd @Sh@olmdrmﬂmmp%mmﬁiega for A and B

it ude o g Ly, et Lopeltas Bl g1 0pe, LU BLALIG U LG 10 and rore

preferably 5-6 car on at ons he ar
nor e car bonelegtopilic oy ogbas armi@eg@de chetoﬁs,l hétvared bQEFBactibErar RN AIRlas Oof

SU|tabIe | i thos nki.ng groups described in U S.
Pat . f&gg‘ggﬁ%fg 3’ g?%ﬁgggf%’dﬁ .%haﬁﬁgm w5ptene ggpRiChudlg6, each of
whi ch [ s i neoniporctle®Eby reference herein in its entirety. Those

10 |68} In another embodiment of the invention, the polymer derivative has the

structure:
X POLY — B—(=C.R
wherein:

R can be either H or an alkyl, alkene, alkyoxy, or aryl or substituted aryl
15 , group;
' B is 2 linking moiety, which may be present or absent;
POLY is & water-soluble non-antigenic polymer;
A is a linking moiety, which may be present or absent and which may be the
same as B or different; and
20 X is a second funetional group.
76y - Exampies of a linking moisty for A and B include a muitiply-
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 alky]
chain. The alkyl chain may also be branched at a heteroatom. Other examples of a linking
25 moiety for A and B include a multiply functionalized ary} group, containing up to 10 and
more preferably 5-6 carbon atoms. The ary} group may be substituted with one more carbon
atoms, nitrogen, oxygen or suifur 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

30 of ordinary skill in the art wili recognize that the foregoing list for linking moieties is by no



300f ordinary skill in the art will recognize that the foregoing list for
linking noieties is by no neans exhaustive and nerely illustrative, and
that all linking noieties having the qualities described above are
contenplated. [71] Exanples of suitable functional groups for use as X

i ncl ude hydroxyl, protected hydroxyl, al koxyl, active ester, such as

N- hydr oxysucci ni m dyl esters and 1- benzotriazolyl esters, active
carbonat e, such as N hydroxysuccini m dyl carbonates and 1- benzotri azolyl

car bonat es, _acetal , .al%gtrydg,_ al dehyde hydr at es, al'k.ené;y,_ acryl ate,

net hacryl atr&?ané??&‘?’ﬂsgﬁ? raerely flgsradiyt.rad St alllinking woittisobavns i prbitsed ani ne,
hydrazi de, qe@ieciRi: By inasiptg.d protected thiol, carboxylic acid, protected
carboxylic acid, isocyanate, isothiocyanate, naleimde, vinylsulfone,

di t hi opyri di'Be, vi nyl pl¥ampesef suitefols farstions groupsifopex Hénchgh ipvahs, di ones,

nesyl ates, hoeptatRs 2 € one,. a cetylene. As

woul d b% ujﬁgggéoggi iﬁ§g§%$g%iéﬁﬁéﬁﬁ%%éfgqgﬁgﬁ%%m @m%gﬂ%%¥ﬁ é with the
acetyl eme azpiyt d5igts, aclwctartomtwi ubh esié-hadetyshentmilyDibofl@SsnAQ occur .
The acet | opg 0k ALARGPALYTBE AL NAL Yes TRY e Wgrzggi f unct i onal
nmeani ng t hat éhg@; cond Tuhctronar grﬁﬂ%bz © Ry dratsyy alkepyloparyietgn acetylene

moi ety, or hebasridds fometidorative suiSand, aginkhatinbdxe, Feeantholbd UnGkianal group
is a di fferiggg3 Jungl.ianal ar . %72}%.I n, lﬁo({iﬁelf@?)ref e_rre_dﬁgml)odi ment., the
pol ymer der’ va{h#@s o? P |e§tf}§?]|’t‘i" e Bﬁ?ﬁ’&é’éot%gﬁﬂaﬁ}"ﬁ@fh%‘éélé%ﬁ@aﬁavi ng the
structure: 36UGIY2GHE tratelnit, G fbme; GH2EHEMOvilohyaline, iédacennid.l Wherein: X
is a fq%ctionah oup as descrj bed above: n is about 20 to about 4000; and
mis between T %’1% C”i%s.’ LIPS e XAl sang e en adfens. Ketoyretraracsikumct i onal
PEG pol ynerds wdubdl shonesbel, @wse @R 8 hbhey #o8liteBRs el althd B-LR5

derivatives _of the invention can_be
group so that reaction with the acetylene group does not occur. The acetylene -containing

polymer derivatives may be homobifunetional, meaning that the second functional group
(i.e., X) is also an acetylene moiety, or heterobifinctional, meaning that the second

15 functionai group is a different functional group.
{72} In another preferred embodiment, the polymer derivatives of the invention
comprise a polymer backbone having the structure:

X—CHyCHyO-{CH=~ CH;Om ~-CHCH, — O-{CH;)o-C=CH

wherein:
20 X 1s a functional group as described above;
n is about 20 to about 4000; and
m is between 1 and 10.
Specific examples of each of the heterobifunctional PEG polymers are shown
below.
25 173 The acetylene-containing PEG derivatives of the invention can be

prepared by at least two methods. In 2 first method, a water soluble polymer backbone
having an average molecular weight fr-om about 800 Da to about 100,000 Da, the polymer
backbone having a first terminus bonded to a first functional group and a second ferminus
bonded to a suitable nucleophilic group, is reacted with a compound that bears both an

30 acetylene functionality and 2 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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prepared by at |least two nethods. in a first nethod, a water soluble

pol ymer backbone having an average nol ecul ar wei ght from about 800 Da to
about 100, 000 Da, the polynmer backbone having a first term nus bonded to a
first functional group and a second term nus bonded to a suitable

nucl eophilic group, is reacted with a conpound that bears both an

30acetyl ene functionality and a |l eaving group that is suitable for reaction
wi th the nucl eophilic group on the PEG When the PEG pol yner bearing the

nucl eophi li ¢ Emi eé%/ .an% i?ge, nol ecul e beari ng the | eaving group are

conbi ned, t REFYg F AP AEER &6 Semaineh ledesyivizisrapahdicesenent and i s
repl aced by nhd@pRli€ ket 6nd Bk ' J 2si ked. .

acet yl ene- cont i Q_gol yIer . ngﬁ%éézéi gNﬁgég&ﬁ%b%%ggm%gﬁﬁ%raﬁg&e&eg"?eéR'

[ 741As showACHAEPS EFErpgPyeity mer backbone for use in the reaction has the
formul a X-PEG Nu, wherein PEGis poly(ethylene glycol), Nuis a

nucl eoph?lic noi ety and XX-EEGNuUnCA-GRAK-BEGM-AlRCRdOes not react with

Acoxy, aryfagy. Sulthpdryie PRttt ph kel OB 5% uis e sresion aihtoxy
groups t hat sk &-FEadL, preael EGys p)disa(eiﬂylS‘NZginbgeNﬁfﬁCahﬁ&E@miceﬂ?%@ kenal
exanpl es of . I t hose functional groups that wou react
primrily vfigp %%ﬁ%@?’%@ﬁh%?@%% rﬁ%‘ﬁ'%gﬁcl? Pﬁhfga‘@é’é"ﬁ‘ﬁlf‘%“%’ﬁh% groups

i ncl ude chl B de, br oniEdenplésedNdenciomsying elkoty, 88WxalBimand hogy! ate and
ot her gEeuUpPS ﬁ&@g&t@%ﬁt undergo nucl eophi | i ¢ di Spl acement” as wel | as

ket ones, al denydes, “tRrGedPErSY sriuas Sipisvould wspes primelisis aiSaor at ed car bonyl
groups, carfedhaties. Atdii@bkhatm@best N PRI Scr-qbRs ﬁ%ﬁ@cﬁﬁf&%p& Gk REGE 90

addi ti on by n%cl‘egﬂhi | es. 1[761,Iun a_preferred enbodi nent, s an aliphatic
linker of bEFHEENA4Y Y an nucleophilic addition reaction. Examples of L groups include

chloride, bromide, iodide, mesylate, tresylate, and tosylate and other groups expected to
undergo nucleophilic displacement as well as ketones, aldehydes, thioesters, olefing, alpha-
15 beta unsaturated carbonyl groups, carbonates and other electrophilic groups expected to
undergo addition by nucleophiles.
{76} Ina prﬁerred embodiment, A is an aliphatic linker of between 1-10
carbon atoms or a substituted aryl ring of between 6-14 carbon atoms, X is a functional
group which does not react with azide groups and L is a suiftable leaving group
26 Ini a second method for preparation of the acetylene-containing polymer
derivatives of the invention, 2 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 termunus and a suitable leaving group at the other terminus is contacted by an

acetylene anion.

25 {78] An exemplary reaction scheme is shown below:

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

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

R’ is either H, an alkyl, alkoxy, aryi or aryloxy group or a substituted alkyl,
alkoxyl, ary! or aryloxy group.
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carbon atons or a substituted aryl ring of between 6-14 carbon atonms, X is
a functional group which does not react with azide groups and L is a
suitable | eaving group 20[ 77] I n a second nethod for preparation of the
acet yl ene-contai ning pol yner derivatives of the invention, a PEG pol yner
havi ng an average nol ecul ar wei ght from about 800 Da to about 100, 000 Da,
bearing either a protected functional group or a capping agent at one
term nus and a suitable |eaving group at the other term nus is contacted by
an acetyl ene anion. 25[ 78] An exenplary reaction schenme is shown bel ow
X- PEG L +X- PG O - - CR 1nwhe pesimnpie above, the leaving group L PG4 s splikipftbtibaciene
gl ycol) and i L QUn a . 30f unct.i o group as
descri bed a%%%\%gtgg%g@%b pikd t%H&ﬁmgﬁl%?t%%%ﬁS &g%}%glcgve&%f’? %%!)} , aryl or
aryl oxy gr oegtytane anigu b8eir¢zciicadealiitiphs realited xydocomplish SO depisbemeyt € oup.
[79] I n the exanpl e above, .the |eavin roup. L. should be sufficiently
reactive to?eﬁﬁ grﬁt(l)m%?(l 9%%’8 %GQBF%S%H%R?VW’&HéHS@gm acted with a sufficient
concentrati ¢s#jof the acetifidadoe oafhiconude Fhoeud eapishally RaBipligRs vy equi red to
acconpl i sh SN2. di spl acenent af | eayi roups by acetyl ene anions are well
known in t_hgreﬁwﬁt‘egfg%f Pt ?‘615’(“?%:43’8&%0’%??{8@%?@%1& i5f8Htct can usual ly be
acconpl i shed by precipitation of the product followed by chromatography, if
necessary.

[81] EXAMPLES

{82} The following examples are offered to illustrate, but not to limit the

10 present invention.

Example 1
PEG-OH + Br-{CHy)-C:CR” > PEG~O{CH;,};,-C~%R’
A B _
{83]  The polyalkylene glycol (P-OH)} is reacted with the alkyl halide (A) to
15 form the ether (B). In these compounds, 1 is an integer from one tonine and R’ canbe a
straight- or branched-chain, saturated or unsaturated C1, to C20 alkyl or heteroalky! group.
R’ can also be 4 C3 to C7 saturated or imsaturated cyclic alkyl or cyelic heteroalkyl, &
substituted or unsubstituted aryl or heteroaryl group, or a substituted or unsubstituted alkaryl
(the alkyl is a C] 10 C20 satzrated or unsaturated alkyl} or heteroalkaryl group. Typically,
20 P-OH i polyefhyiene glycol (PEG) or monomethoxy polysthylene glycol (mPEG) having a
molecular weight of 800 to 40,000 Daltons (Da).

Example 2

mPEG-OH + Br-CH; -C=CH = mPEG-O-CHx-C=CH

25 {84} mPEG-OH with a molecular weight of 20,000 Da (mPEG-OH 20 kDa;
2.0 g, 0.1 mmol, Sunbic) was treated with NaH (12 mg, 0.5 mmol} in THF (35mL). A
solution of propargy! bromide, dissolved as an 80% weight solution in xylene (0.56 mL, 3
mmol, 50 equiv., Aldrich}, annd a catalytic amount of KI were then added to the solution and

the resulting mixture was heated to reflux for 2 h. Water (I mL) was then added and the



1811EXAMPLES 1821The fol |l owi ng exanples are offered to illustrate, but not
tolimt the 10present invention. Exanple | PEGOH + Br-(CH2)0-G CR

PEG 0- (CH2),-CO9R A 183] The pol yal kyl ene glycol (P-OH) is reacted with the
al kyl halide (A) to 15formthe ether (B). In these conpounds, n is an

i nteger fromone to nine and R can be a straight- or branched-chain,
saturated or unsaturated Cl, to C20 al kyl or heteroal kyl group. R can also
be a C3 to C7 saturated or unsaturated cyclic allc-yl or cyclic

het er oal kyl , .a substituted,or unsu d aryl .or_heteroaryl group, or a

subst i t ut ea‘docvrmtd“f@ JB@?YﬁddIPgeﬁ VTS &I% ﬂfetrﬁ% U W5 adged Coloek (45gnldznd 83t ur at ed or

unsat ur at edorgdokd/ibyerQfas B@iaﬁfé&,a:hﬁa@%%ﬂ anBif iR NaJIPl &RkhefotAf v!/%s Qube ¢
pol yet hyl ene ¢l ycoIlBT&PEG or _nonomet hoxy p I% hyl ene gl ycol (nPEGg havi ng

a nol ecul arPREFHHES %Omlﬁ)cﬂef:i@mﬁﬂﬁl‘”@%ﬁ%de E%F)ieth}lﬂi%‘ém{llé) LY@ +

Br - CH, nPEG 000 Da
(rnPEG CH Z%ie% a{ew %ﬁ%&e@%&ﬁﬁd&n al\/\%gérfg%eat e vmbltgﬁgal%%ﬁ—( %%2 nmg, 0.5
mol) i Tl-ifnd(dBQﬂWL%ffﬁf‘gPr@mfwlrQrﬁE@f propar gyl bromi de, dissolved as an 80%

wei ght solution in xylene (0.56 nL, 5 nmul, 50 equiv., Aldrich), and a
catal ytic anount of KI were then addgd,f, Eetghe solution and the resulti ng
m xture was heated to reflux for 2 h. Water (1 nmL) was then added and the

mPEG-0OH + Br-(CHy)s-C=CH > mPEG-0-(CHz)3-C=CH

10 [85] 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 (35 mL). F ifty
equivalents of S-chloro-1-pentyne (0.53 mL, 5 mmol, Aldrich) and a catalytic amount of KI
were then added to the mixture. The resulting mixture was heated to reflux for 16 h. Water
(1 mL} was then added and the solvent was removed under vacuum, To the residue was

15 added CH,Cl (25 ml) and the organic layer was separated, dried over anhydrous NasSOq,
and the vokime was reduced to approximately 2 mL. This CH,Cl sohution was added to
diethyl ether {150 mL) drop-wise. The resulting precipitate was coliected, washed with
several portions of cold diethyl ether, and dried to afford the corresponding afkyne.

Example 4
20
{ 1} m-HOCH,CsHsOH + NaOH + Br- CH-C=CH = m-HOCHCeH,0-CHy-C=CH

& m-HOCH:CeH:O-CHp-C=CH + MsCl + N(Ef) ; > m-MsOCH,CeHaO-CH-C=CH
25 (3  m-MsOCH;CHO0-CH,-C=CH + LiBr = m-Br-CHCH,0-CHo-C=CH
4y  mPEG-OH + m-Br-CHyCsHyO-CHy-C=CH - mPEG-0-CH,-CeHO-CH,-C=CH
[86] To a solution of 3-hydroxybenzylaleohol (2.4 g, 20 mamol) in THF (50
30 mL) and water (2.5 mL) was first added powdered sodium hydroxide (1.5 g, 37.5 mmol) and
then a solution of propargy! 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 vacoum, The residue was

extracted with ethyl acetate (3 x 15 mL) and the combined organic. layers were washed with
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sol vent was renoved under vacuum To the residue was added CH2C 2 (25 nl)
and the organic |ayer was separated, dried over anhydrous Na2SO4, and the
vol une was reduced to approximately 2 nL. This CH2Cl12 sol ution was added to
di ethyl ether (150 nlL) drop-wi se. The resulting precipitate was coll ected,
washed with several portions of cold diethyl ether, and dried to afford
propargyl-0-PEG Exanple 3 rri PEG OH + Br-(CH2) 3- CaCH 3 nPEG O ( CH2) 3- CECH
10 WInPEG CH with a nol ecul ar wei ght of 20,000 Da (m PEG OH 20 1dDa; 2.0

g, 0.1 rnrngl bi.0 s,treated with H (12 ng, 0.5 mmmol) in THF (35
n). Fifty %%?t%%g?%%‘ts fugpn @bﬁoﬁﬁ?‘ﬂ?ﬁé‘%’%@n@@@@m@t%%lmﬁbp 3- Al drich) and
a catal yti cprap@giiixybénzkClicover e then added to the m xture. The resulting

m xt ure vvasgrt);eated to refJux for 16 h. \Vater %11 m.) was then added and the
sol vent wasl®fenoved undd¥tapssigry! cirgrigea-Srie &5.d menohesd rEdutedheCRB@I2 (25 nl)

and the or hi&. : j QWEr . Qu 2 and the
) v SGORGA onfh 4 QUS| UMD PR

vol ume was reduced to approxinately hi' & 0 dded to
di et hyl “et Haf TpeisD WS piagedop i rsliceTionfor éslul Ajvmgl prdeimpifbabétvwassgat | ect ed,

washed w t hSeMRK t : [ .. et.het dried . to afford the
correspondi r?g%al F?ykr’?g.% 2*({)&%%(%%? %’@ﬁﬁl}%g ééﬁ"éﬁ*ﬂﬂ%ggﬁ mL) gpd i’%ll ~.-OCC} { 4
m HOCH2 C6 F 184 83 ERpn @y was 0dedn HIECH2 O HAREHR e Ce@kt t rMBh: foN( 1Bk vhs 4hen

Ms OCH2C6 1, - 2C6H. 40- CH2- CeCH [ 3
Bt - CHRCOHAC: LA B ECy17 U ) WRAEORG s ey i e slventwas
NPEG- 0- CH2 - il©3 g -uGHer-v@eunn. - Tid residut 864 Haradtes ot Eﬂélﬂrhc&fﬁe (3)X 15 naL) and the ( )
3- hydr be ohol .(2.4 20 mmol ) in THE (50 30nL) and water (2.5 nL
was fi (r)?sg)%/ a%éég)%{i)%r Bk el%?g’f?%%?%@‘d?’%@(%%“f‘@@ﬁ?“@% @0 v Idyichpidr t hen a
sol uti on ofanpripamgubOheadidiesnudies sokivad: agran89%:wei ght solution in

xyl ene (3. m., 30 rrrrgllag reaction mxture was heated at reflux for 6
h. To the ﬁlIQB ure Was %‘65?{620 lg)a (1.0 g 0.05 mmol, Sunbio) was dissolved in THF (20

ml} and the solution was cooled in an ice bath. NaF {6 mg, 0.25 mmol) was added with

vigorous stirring over a period of several minutes 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 refiux for 12 h. Water (1.0) was added
to the mixture and the solvent was removed under vacuum. To the residue was added
CHzCl (25 ml) and the organic layer was separated, dried over ahydrous NaxSQs, and the
volume was reduced to approximately 2 mL. Dropwise addition to an ether solution (156

20 mL) resulted in a white precipitate, which was collected to vield the PEG derivative.
Exampie 5

mPEG-NHz + X-C(O}(CHj) y-C=CR’ = mPEG-NH-C{O)-(CHy)-C=CR’

Z5 89 The terminal alkyne_«containing poly{ethylene glycol) polymers can also
be obtained by coupling a poly{ethylene glyeol) polymer containing a terminal functional

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

Example 6
30 (1) HOC~CHz)-C=CH + NHS +DCC-> NHSO-C(OWCH,)-C=CH

(2}  mPEG-NH; + NHSO-C{O){CH,) »-C=CH ~> mPEG-NH-C(O)-(CHy)-C=CH
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10%citric acid (2.5 nL) and the sol vent was renoved under vacuum The
resi due was extracted with ethyl acetate (3 x 15 rnL) and the conbi ned
organic | ayers were washed with saturated NaCl solution (10 niL), dried
over MgSO4 and concentrated to give the 3- propargyl oxybenzyl al cohol.
[ 871Met hanesul fonyl chloride (2.5 g, 15.7 nmol) and triethylamne (2.8 ni,
20 mmol) were added to a solution of conmpound 3 (2.0 g, 11.0 mmol) in
CH2C 2 at 0 C and the reaction was placed in the refrigerator for 16 h. A
yellow oi]. This oil (2.4 g,

usual wor k- affor ded S
9.2 mol ) 1di ssol ve ﬁ}%ﬁl‘—‘y %dgﬁ%s g,gﬁdnglp%lwa% Pssglvefl inSFIETHAS )was
added. The NegeikpsuctKiitd ©.20853 b et @ml Oaeil fwg i} @Emfbl)h)ve@élﬂd%dtt

cooled to roomtenperature. To the m xture was added water (2.5 nL and t he

sol vent wasSH¥ERBVES SWH%@"W%%EWWFF@?F@%WLi%lemﬁi‘ﬂémm%ﬁdﬁé‘éiewﬂrwaet hyl

acetate (3 iiseéﬁxtﬂé)folﬁa%gtﬂaé‘cﬁ&gﬁﬂﬂakBﬁ@eﬁfuﬁ%@ét&ml ayers were washed with
saturated NaCl sol ution .), dried‘over anhydrous Na2SO™4, and

concentratef o give t @@m@@&mm&p@@rw@wwﬁs&@m(w@m (4.0 g, 0.05
nunol , Sunb ooled in
an ice bat hwf}bx S%S&%%d\{g?@[gsg )gv\r/ﬁg{gh %g@@gaﬁﬁﬁs?ééﬁ?ugk#‘%% ng over a

period of sepemgl O mm@ié vaf gldeopmtobyisadidh vigomuodtirtidre The anirdewibSobt ai ned

from above gl?w%gt 5%@&%‘?4%&“‘1 tgr(g:{}at aI t| C ag%lé%gz?%}%gﬂ?m %;(r)olllzng-

bath was renove res
Wat er (1.0) andetse S&H‘d@dmﬁemh%dmnﬁtrwlaﬁm&nd’otth@reﬁ@zkdﬂ&@tadd&@@%@lmﬁﬁt)léﬁﬂer

vacuum ,Jo the resi.due was added .CH2C12 5 nd the organic |ayer was
separ at e%_ % FUBEIsIA Wﬁ%%%fﬁ@ %N%{Wanh%@u%éssb e YRens wepedecd o
appr oxi mat etoyapgrositzardly oy, San?@HiCB;! RiutibOwahadbhe sl 54 ﬁxQ}"drﬁﬂ—%@sez@ﬁg )
resulted in_a ﬁhlte recipit |ch was collected to yield the PEG

derivati ve. “EXAMRTECBIAPE ec@ e('@%m(vea%z) n- CECI V
PEG- NH- C( 0) - ( CH2) 0- G- - =- CR
Example 7

{92} This Example represents the preparation of the methane sulfony) ester of

15 poly(ethylene glycol), which can also be referred to as the methanesulfonate or mesylate of
poly(ethylene glycol). The corresponding tosylate and the halides can be prepared by similar
procedures.

i mPEG-OH -+ CH380,Cl + N(Et) ; = mPEG-0-80,CH; = mPEG-N;
931 . mPEG-OH (MW = 3,400, 25 g, 10 mmol) in 150 mL of toluene was
azeotropically distilied for 2 hours under nitrogen and the solution was cooled to room
temperature. To the solution was added 40 mL of dry CHyCls and 2.1 mE of dry
triethylaminre (15 mmol). The solution was cooled in an ice bath and 1.2 mL of distilled

25 methanesulfony! chloride (15 mmol} was added dropwise. The solution was stirred at room
temperature under nitrogen overnight and the reaction was quenched by adding 2 m. of
absolute etixanol. The mixture was evaporated urider vacuum to remove solvents, primarily
those other than toluene, filiered, coneentrated again under vacuum, and then precipitated
into 100 mL of diethy! ether. The filtrate was washed with several portions of cold diethyl

30 ether and dried in vacuo to afford the mesylate.
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25[ 89] The term nal allcyne-containing poly(ethylene glycol) polyners can

al so be obtained by coupling a poly(ethylene glycol) polyner containing a
term nal functional group to a reactive nolecul e containing the al kyne
functionality as shown above. Exanple 6 30 (1) HR2C (CH2)2-C CH + NHS
+DCC-3. N1-1SO C(0)-(CH2)2-Cmal (2) nmPEG NH2 + NHSO C(0) - (CH2) 2- CP- CH

NMPEG NH C(0) - (CH2) 2-C-eCH [90] 4-pentynoic acid (2.943 g, 3.0 mol ) was

di ssolved in CH2C12 (25 nmL). N hydroxysuccinimde (3.80 g, 3.3 mmol) and
DCC (4.66 0,03 0 Mol ) re added and the solutjon was stirred overni ght at
room t enper attire. The r W?%’%&ig?%@M@W@%@%ﬂ@vvﬂw&ﬁgﬁw mdthe fol | ow ng
reaction w tsbimtitn fat dobied topard, frb @atcb SR soRliBa e RleG N V!zidg(ﬂsé‘gl cul ar

wei ght of 5, 000 Wﬁ@(}_ﬁPEG NIl -12, 1 g, Stnbio) was dissolved'in I% (50 L)
and the m xtB#ab EasEPREsisatad o refkpugndss pgtogm adb Fip, sofemts weolenwas added

por ti on- wi seviporfleddnd @leQsksdus iikEd § DRIy ld.omed 1o stir for 3

h while war my? to Foo%'tenperétur%?cg\g%e@?%qi %’_%,@gaé%%aﬁ%%n%ﬁd@ “nd t he

sol vent was YiEhiRid gotirtend derd aya andreds dgSsi Teooinas vasichecbeCHPILR £60 nl)

and 10 the @ j ; : ' vier .anhydrous Na2SO4, and
hORDIG: WAYRENER1 B Qﬁﬁtﬁ}tn%? %/5{}3{1& rﬁ_%q"% idgr oty

t he vol une was reduced to approxi mate PC12 sol ution was added
to ether (150 nL) drop-wise. The resulting precipitate was coll ected and
dried in vacuo. Exanple 7 [92] This Exemmd® represents the preparation of
t he met hane sul fonyl ester of 15 poly,r(ethylene glycol), which can also
be referredthb adsthHd-Gethan¥stiHiEN0% or nesyl ate of pol y(ethyl ene
glycol);OThe corre%Pondin tosyl ate and the halides can be prepared by
simlar prodédur & GW@%%WS%Q%N( Et) 3 nPEG 0- SO2CH3 4 nPEG N3

(3} mPEG-OH + Br-CHz-CgHa-N; ¥ mPEG-O-CHo-CoH,-Ns

15 [95] 4-azidobenzy! alcohol can be produced using the method described in
U.S. Patent 5,998,595, Methanesulfonyl chloride {2.5 g, 15.7 mmol) and tristhylamine (2.8
ml, 20 mmol} were added to a solution of 4-azidobenzyi alcohol (1.75 g, 11.0 mmol) in
CHsCl at O °C and the reaction was placed in the refrigerator for 16 h. A usual work-up
afforded the mesylate as a pale yeliow oil. This oil (9.2 mmol) was dissolved in THF (20
20 mb)and LiBr (2.0 g, 23.0 mmol) was added. The reaction mixture was heated to reflux for
1 h and was then cooled to room temperature. To the mixture was added water {2.5 mL) and
the solvent was removed under vacuum. The residue was extracted with ethy! acetate (3 x |
15 ml.} and the combined organic layers were washed with saturated NaCl solution {10 mL),
dried over anhydrous Na,SO., and concentrated to givé the desired bromide.
25 96} mPEG-OH 20 kDa (2.0 g, 0.1 mrmol, Sunbio) was treated with NaH (iz2
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 b
Water {1.0) was added to the mixture and the solvent was removed under vacuum, To the
residue was added CH,Cl; (25 ml) and the organic layer was separated, dried over
30 anhydrous Na;SO,, and the volume was reduced to approximately 2 mL. Dropwise addition

to an ether solution (150 mL} resulted in a precipitate, which was collected to vield mPEG-
O-CHy-CgHyNs.
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20 [93] nPEG OH (MN= 3,400, 25 g, 10 mmol) in 150 nL of tol uene was
azeotropically distilled for 2 hours under nitrogen and the sol ution was
cooled to roomtenperature. To the solution was added 40 inL of dry CH2C 2
and 2.1 nL of dry triethyiamne (15 mml). The solution was cooled in an
ice bath and 1.2 nL of distilled 25met hanesul fonyl chloride (15 nrnol) was
added drop/vise. The solution was stirred at roomtenperature under
nitrogen overni ght and the reacti on was quenched by adding 2 nL of absol ute
et hanol . The m xture was evapor at ed mﬁ@@@kyacuunlto renove solvents,
primarily those other than toluene, filtered, concentrated again under

vacuum and ﬁﬁ%ﬁ@be@ﬂmﬁo@bﬁtﬂ R0 alNEots @?-@HQ&Y}!{% dRa-pethe-filtrate
er

was washed al portions of cold diethyl 30et and dried in vacuo
to afford the nesylate [ 94] The nesylate (20 g, 8 Mol ) was dissolved in
75 mM of THE and the solution was cooled tQ To the cqol ed sol uti on was

added sodi urP8zi de (1. 5§Eb@B§ﬁ3ﬁ%%@§ﬁxﬁﬁéNg¥éép?QﬁZﬂﬁg“ﬁééﬁ%ﬂmﬁﬁl%efIux

under ni trogeR ki zeotis so_ﬂiﬁn SONUETS.S 1VRE Padd 8Os AUBP GEALBMAd @ed ne residue -
diluted with CHZClg The organic fraction was washed wth NaCl

sol uti on andzdeilddiy ewsammﬂwwwg@@& eqUke Wolddereviladeorag yiigs t 6820
and the produgch, Wes %ﬁ%@%@éﬁ% DY 32 00, sﬂn&@i@rmm@&lo&@h%g@%%&t]% ,

Exanpl e 8 N3- CoH4- N3- COHACH2OH N3- Co1-14C1-120H 4 Br
MPEG OH ¥ Brro@rizn@@tdthri3ThepH wREGUOeTR2-vCERYS NSLS06irg5%4a! way adddsenzy |

al cohol can J: h t _descri. j t

5. 008, 505 NETARSLLRE Bl 17 oR SREEERGRIRE ot YR GG i e
(2.8 rril, 2000hmblx)3)wereé ced el oandeosaintrtiednAhér phecpiiztibolvathzyld dekigbhol (1. 75
g, 11.0 nrnol,) i C he r.e [ in the

Pet 11 ger at or 4RO Rl tes P i S LR YRR LTS e et
yel | ow oi | . chftogy-atitice ¥19G derivetr@l ) was di ssolved in THE (20 20 nlL) and LiBr
(2.0 g, 23.0 rrnnol) was added. The reaction m xture was heated to refl ux

for 1 h d was then cooled to room tempe qhure To the m xture was added
wat er (2?5 m.) and the sol vent was rean 8¢ ‘Inder vacuum The residue was

extracted wt ef.at he conbi ned organic | ayers
wer e washed VP?ﬁkg%ﬁUgg%gglﬁﬁéﬁﬂég%éif g dri ed over anhydrous
Na2SO4, and concentrated to give the deS|red bronide. 25[ 96] mPEG- OH 20 kDa
(2.0 g, 0.1 ¥fbl, Sunbi Gp awalstidrraditeann wietyhiddatbail 2, prepared as known in the art

20 and cooled to -78 C in THF, is added dropwige a solution of mPEG-OMs dissolved in THF
with vigorous stirring.  After 3 hours, the reaction is permitt_&d to warm to room temperature
and guenched with the addition of I mL of butanol. 20 mL of >0 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,S0; and NaCl was added fo & conceniration of approximately 15 wt%.

25 The reaction mixture was extracted with CHsCls (100 mL % 3), dried over NazSQ, and
concentrated. After precipitation with cold diethyl ether, the product was collecied by

filtration and dried under vacuum fo yield the omege-carboxy-azide PEG derivative.

Exampie 11
199] The azide- and acetylene~containing amine acids were incorporated site-
30 selectively into proteins using the methods described in L. Wang, et al., (2001), Science
262:458-500, J.W. Chin et al., Science 361:964-7 (2003)}, I. 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 Siates of America
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ng, 0.5 mmol) in THE (35 nL) and the bromde (3.32 g, 15 mmol) was added to
the mxture along with a catalytic amount of |la The resulting m xture was
heated to reflux for 12 h. Water (1.0) was added to the m xture and the

sol vent was renoved under vacuum To the residue was added CH2Cl12 (25 i)
and the organic | ayer was separated, dried over 30anhydrous. Na2SO4, and the
vol ume was reduced to approxinmately 2 nL. Dropw se addition to an et her
solution (ISO m_) resulted in a precipitate, which was collected to yield
MPEQD- CH2- C6H4- N3. |l e 9 NH2- PEG 0- CH2CH2CO2H + N3- CH2CH2CO2- NHS 9

N3- CH2CH2- c@@)lmﬂﬁééiﬂean P EapoépH G- Pgﬂtzmk%ﬁbmzd@mﬂqw3 400
Da, 2.0 9) o%'cﬁ§9gr%%o{ép§ra?eésﬂé léfc?c;a&ﬁn q'g&@f@s csdﬁ gtohtqﬂth%fﬁll}ﬁ:@l r?d%n( 10 m)

and the solution was cool 3- azi roxysucci ni

propi onat e (Ebpleeplizie.bpifndBBa gHedinibe tresppgor @ ugv QEGrdr:m\mgve AreLuSOheur s, 20
nL of H20 wa he t.ure was stirred for an additional 45

m nut es at 18“@8&' rglﬁ}g(gftrha ﬁ?e% he pH was adjusted to 3 with 0.5 N 1-12504
and NaCl swaqieded to aMaﬂgnmed]ﬁasaabmsmndo&emﬂmdmem@nbﬁhymi&nm ¥ll chihe t¢ eactl on

i xt te
Concent rat od P ALEY SHHECH (et BRb A RBI o A BT G Rer e RSB BRct was
col | ect eg bypréseﬂz%d@mégwgg@ﬁg @E{m@ﬁmmg@me\amum trowinbe MHerthR, itis to be
onegacar box azl de eri vatlve
rrPE% 0- CH, - y ‘Eﬁt e 1‘[“9’8‘%{0“1*6“‘3 *%%q 1?“6&0 g‘? SWF&E@{EH?%%@‘F%%%@S%%“&qw V.),

prepared as t‘ha@ a@mcmﬂ& BR oich edBlANEn&AR! Bnddd to FBnbluded whitdh thd Ropdded
dropwi se a solution of inPEG OWw dissolved in THE with vigorous stirring.

After 3 WourtBe appensed daimsi dlthough spevific tefresare enriprerhbersinr Bonite esdBrat ure and
quenched wi té&néri&%n@ggbﬁﬂtﬁg S&Ec chidnaQbe i@%lﬁ'ﬂﬁlas of 2hitGkorOh 1 FdRichiRni hen added
and the m xture was stirred for "an additional 45 mnutes at room

t enper at ur e.PatpHe. SRIPeRs appljcatiame aitaddezingr erdy SnoNprRBOby sHea fr allas added
to a concentﬂuﬁ; %Hn of approximately 15 w% 25 The reaction m xture was
extracted w't 2C12 (100 InL x 3), dried over Na2SO4 and concentr at ed.
After precipitation with cold diethyl ether, the product was collected by
filtration and dried under vacuumto yield the omega-carboxy-azi de PEG
derivative. Exanple 11 [99] The azi de- and acetyl ene-containing am no
acids were incorporated site-
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30sel ectively into proteins using the nmethods 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 Anerican Chenical Society
124:9026-9027; J. W Chin, Si. P. G Schultz, (2002), ChenBi oChem
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.
Once the am no acids were incorporated, the cycloaddition react was carried
out with@@AIMST™ protein in phosphate buffer (PB), pH 8, in the presence of
2 mM PEG derivative, 1 inlvl CuSO4, and -1 ng Cu-wire for 4 hours at 37 C.
511001Many nodificatiqns and other embodi fink BEIeh R B -AMmaMcklyicaeme
to mnd 30 ong‘ @?@F‘i’?"é‘&q? ﬁDIPIﬁOeungrchlpg!g;\E)\{/g?gh t e'i?g‘-i)‘lmr%%enteléon pertai ns ﬂt};avi ng
the n}ﬁf?&?.f itheRfin tSGRIC PbIp@Ier Mf eRoteddfibm tHee gfonp egmisisngledcpélptalkiese anddsshe
assocli ated drawi ngs. Therefore, it js to be, understood that . Lon
S poty w0 el Rep B 8nd RV pleohHBo AT AT ST LL POLER hiPe YRk
modi ficati 1£nhedients are intended to be included within the
scoit i bEf Frahlisa ol Rte

e appen clarnms. Although specific ternms are enpl oyed
herein, they are used in a generic and descriptive sense only.and not for
pur poses 2of | iTie tvatdronlubl tompswnil @A tcladns] ngrpgnﬁ%qebﬁiﬁg‘%ﬁl&ﬁ%ﬂ%{ PR Pons
cited $erein are hereby incorporated by reference for all purposes. CLAI M5
| . AYRYEHC: sol ubl e conmpound conprising a pol ymer having at |east one
term nal acetylene noiety, wherein said polynmer is selected fromthe group
consi sting of poly(al kyl ene oxi des), poly(oxyethylated polyols), .and
pol y(ol efinic al cohols), and wherein said polyner conprises at |east one
arm of a branched nol ecul ar structure. 2. The water-sol ubl e conpound of
claim1 wherein said branched nol ecul ar structure is dendritic. POLYMER
DERI VATI VES
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ABSTRACT The invention provi des water-sol ubl e conpounds that include
a polymer and at |east one term nal azide or acetylene noiety. Also
provided are highly efficient methods for the selective nodification of
proteins wth PEG derivatives, which involves the selective incorporation
of non-genetically encoded am no acids, e.g., those anmno acids containing
an azide or acetylene noiety, into proteins in response to a selector codon
and the subsequent nodification of those amno acids with a suitably
reactive PEG derivative. N@GuYVHUR®ERIGUHEIVES

ABSTRACT

The invention provides water-soluble compounds that include a polymer and at
least one terminal azide or acetylene moiety. Also provided are highly efficient methods
for the selective modification of proteins with PEG derivatives, which involves the
selective incorporation of non-genetically encoded amino acids, e.g., those amino acids
containing an azide or acetylene moiety, into proteins in response to a selector codon and
the subsequent modification of those amino acids with a suitably reactive PEG derivative.

No Suitable Figure.
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