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
oropertios of Pee, ¢ nEROBRaERERE R I8 HEL Ao ARDN St ate of the
PEG pol yher [@] pol yner sThad dppbtueidn tlaint e bbnafit ofjirvatyl ty Ust Piovisionadll ecul e nust
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 Wg@gc%tvﬂ)% quweri %\%@WE@%&%% "%ﬁ“% Q&%ﬁéﬁf&%hlﬁ%ﬁwﬁfgé pol ymer
arns to thens®seeiresteriibesbybiblogite asing driie mdledale0fasa réREUSLicamIRfe even

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

total loss in bioactivit .
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by the prot @' tsa SkAiHGheRuCctR GlefdSeal 1@&%19%@9&%@%%@&%&&1 It of
various sequences of alpha-am no acids, which have the ?eneral structure
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car boxyl noigt : dj 1: I I ol 198 l.Lhkages,
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can equal himvderelsnareniemyies athepproatiise bhveciypiesly inobred sedomditshmBitoéin cont ai n
reactive si I i i .ca YRR r.attachnment of PEG

Gor vat 1 ves e o St ot RS Ak il RIS A br SBRNE Y | oo
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 pecimsdrtdrtadeMs] tpiroginPEGmat] vatdvwehchohe atyae)aRntiid@ t he
epsilon NH) noiety of |ysine residues sent in oteins, "Polyethylene
d ycol and &?ﬁuﬁsﬁﬁ?@‘éeéﬂ’ °¥§PhaAWﬁ?1?f’é *ﬁﬁ%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 |im h%fg'#ﬂn however, that they cannot be instal]ed 25sel ectively
anong the o REFREHFIBET PP gad fodern geide Jnkagshiviinh crnee EORCFaEa S of
proteings TINE--CAR--08),2, &haBie!sCRbtipt l“hMbdnlghfl huhddeds BB IBIGRES. Wher e a | ysine
residue is inmportant to grotel n activity, existing in an enzyme active site
for exanpl e Fagpenf Brewaed byRepecatdngpeitye pises ferpsotpindintosical estielty andiferdi at i ng

t he i nteractkQp.of ot ie; Rkl W th other biological nolecules, as in the
case of receptor binding sites. 30[07] A second and equal |y inportant

conpl i cati of¥®f exi sti Fgr Aethisds teorspeidieiminPES) lyaint, dierd sdsttrat--Nthe PEG
derivatives nfofty i 'ﬁ%%f)ﬂl%n B&%ﬁﬁiiag @/911 §sj igﬁher sﬁ&‘fatﬂo%&. Vi‘h% stilon ~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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resi dues other than those desired. Hi stidine contains a reactive imno
noi ety, represented structurally as -N(H)--, but many derivatives that
react with epsilon -NT-i2 can also react with --N(H)--. Simlarly, the side
chain of the amno acid cysteine bears a free sul fnyciryl group,
represented structurally as a In sonme instances, the PEG derivatives
directed at 5 the epsilon --NH2 group of lysine also react with cysteine,
hi stidine or other residues. This can create conplex m xtures of
PEG- deri vat k2@ j j .es..and risks destroying the activity of
t he bi oactive %S'Q%g%péeﬂ %‘gsf’ %gr?‘g%%fde‘%‘? C‘ﬁ“{m’%ﬁw‘%ﬁb@%ﬁwmr@w@mevel op PEG
deri vati vesstpatilper mifia, tohemycat vitBehaoaak with ol OnPE i, oduced at a
single si tewm‘:t_ﬂg_g__t @gﬂiprqt ei n. that uld then enable thé selec e
coupl i ng of one hnreaﬁ?z&wpsbqeﬁ P15 amdicrasidyivesioe bases afideeulityeryat
speci fic sigew, oprebdnedpiraiesly asm_aggsdlﬁgqﬁstﬂ;cgs hathwell - def i ned and

i BICBFE®rt in the

predi ct abl I ddi ti to |ysine residues, considera
art has%gegﬁﬁe %’gg‘l&ct 2%"8%&’?3’313%15%@1%ﬁwmeine,fhimdtaewamhd rédkeey. €@giENt s t hat

target ot hewn amhneomslbtnsivee EMat-BerivdnG] wdi tei ne, .histidine and the
N-terminus. . é%g P%t . No, 6,610, 281:W 157 P%?éfgltg%@{%%u ﬁsénélggﬁsaﬁﬁtmy%ri vatives
for Advancel P Ythgreactiamalestic singdarpeed. Bngbulé be iRgatledabQibp BRP3, pp.

1-17. Cyst alefiextiveshAueLannbs;c site-selectively into'the
structure %&eg of ej ng usi ng sfeilg%’%??%ﬁg?%&i’ R %??@%?dlsﬂt%‘ giptifserititechni ques
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sul f hydry] Pﬂqdéfﬁﬁylecan conplicate the expression, folding and stability of
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chains of proterns,  THEgart PRdtlar Cygisiae residug cantberimi@iugedaie-tdierilaisi ne ani no
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e . .
Itanedusly being compatible with (1.e., not engaging

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

[08]

As can be seen from a 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

3



S5protein's activity. Sone are not specific in the sites to which they wll
attach, which can also result in a |loss of desirable activity and in a | ack
of reproducibility of results. In order to overcone the chall enges
associated with nodifying proteins with poly(ethylene glycol) nvieties, PEG
derivatives have been devel oped that are nore stable (e.g., U S. Patent

6, 602, 498) or that react selectively with thiol noieties on nolecules and
surfaces (e. g , U S 10Patent 6,610281). There is clearly a need in the art

for PEG der| ives re che | | nert jn._.physi.ol ogical_ e ronment s
unt i | oal | off GBS brnE e HGer Bripty yhich Wbt G B e

[ 10] Recent | Yorivadve @RY bE awvﬁewetf@e BRQIrOgM cafl bé RRcREtRidrS G RAESInRas been
reported, mhlchfﬁronlses to overcome many of the limtations associ ated

Wi th Sit e SHEET RS R HFRSIOT SFo 51YOps SRR o0 SSSBs ot OF §reciirally

conponents Raye sBeepsaddethst & %ﬁn@c@@:\?‘ W Qﬂa@ﬁﬁ’ﬁ% @@ets'réép&ﬁﬁjlw @efy of the
prokaryote Escherichia coli (E. coil , et al., (2001),

Sci ence 292raBRs3gY)Y Svehe efrackipesidy it e s@&s@%wb@ 8@% Wéb#t@siv W\élicé@m( &0
cer evi si ae) reglﬁt it a’ios's]m_ dgﬂagie?& ng'JP‘u, and §1Cﬂ &4C 99 Tgoi(rga%ﬂg’)ﬂvor C h has

enabl ed the 1 ncorporation o -genetically enco ed am no aci

prot ei ns i noveopme a4 chalivhess assdciaedvwvilininedifidog doteis tWith 20 y(aiinilene Bbmlo\, aI

physi cal or | i tyql s and
phot oi somer Ptzagg‘lfsglg%%&ﬁl sB V%p%% bge% dewﬁéeldgjl%gm D% 8 AJ’ {gp”y dg PaPSP ed am no
aci ds have b,émﬁsmahiapmﬂawebﬁeﬁ&wmhehbl yoiatich mrmdﬁechiegmdfsucfe:les feye.iths.o

protein inr se.t anber,, codo 5, USi ng
Phis methoasfigts sieds e ashn gneed FIRERE g Bl Ve puci AP engpibhe

Aneri can Chﬁmt@rqihyﬁﬁiﬁglﬁl ynvirarﬁnﬁﬁs?ﬁ}tﬁ BRLd ugon M/rsaa’ﬂel%atn&lyﬁo fkom shehul t Z,
25(2002), rnB %Een111:11.35-1137; J. W Chin. et al., (2002), PNAS
United Staté ica 99:11020-11024: and, L. Wang, & P. G Schultz,

(2002), Chelm} Comn 1- k@eenfcfﬁﬁ@15@nﬁ%ﬁdﬁ@&ed&ﬁ&i@gﬂﬁ%&téxﬁ%&&w&ﬂ%& bedn 1S
possible to selectlvel routinely introduce chem cal functional groups,

Such as al | EPAEGMHHRVRHE S OVERITIT ] Gdhe ERAony BSOS SHE-FRIODF Of i n.

that ar eschexigediols drpfidingt 8plficalt), deliQohidBdnisAR! bell 2108 tof QLMEeln t he 20
common, 30genetically-encoded am no acids and that react efficiently and

sel ecti vel y biogynfishnmagisiye! te veakamniot fspkeatsdly coli (E. coli) (e.g., L. Wang, etal,,
(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.



[I11]The ability to incorporate non-genetically encoded am no acids into
proteins peimts the introduction of chem cal functional groups that could
provi def1vhl uBlis ebilitst &r matoimaestet wont-ganehedllyr ethdoged coune iagiglsf nlec pradeins  gr oups,

such agpetngﬁs ecHé'lh{%HucN)'i? S cﬂe)&ﬁbeﬂeﬁmktlft%ﬁ Wbty cosil Bloviést g the

i mno hem cal f.unctij onal.
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t he newuglReph ahogluen%h@ﬂaﬂlg ti es Accordl ngI y, there i s a need in the art
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poI yner glyorpdérsesves Theawemrwveatmm ﬁﬂﬁb tmsan@h@dr mﬂdmul ar structure. 1141
The present disclosure provides, in some enbodi nents, a water-soluble

corrpourr;ﬁ8 hat |n;m%ma one tot wi nal azide noiety.
The co nd or ma w de range of suitable water
sol ubl e[1dahpAucmidingr topah yasped . ofl ﬂleomref“eaim&tmdﬁhmnts phidednp ourtdssaublpol yner s
i ncl ude, %Hé%%% hsmgryﬁ £on ﬁl1&@%9@5&1&9H&&ﬁen@ﬁbwﬁm&&ﬁ,

char ged ounds or l'i near, branc
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pol y(ol g s(ésg’é}%%tﬂ?hé%m} &%F&e%@&gédm%%cm}é‘e pol yrrer includes but is
et ene glyco

not limted to po g , I ycol
pol y( oxyiéd hyag ear%qn&c@ﬁdpﬁm pBIOYIERy df hff%l"ég 1616?%1 )2 %}FWBB@& hyl at ed
gl ucosegompnthdpldtyfalidey la @lwndran).at Hag onattemisdlanide mceemp"ﬁlwmnpdund he

t I
o yeon P TEHEAUE LG A BT, & AP KRN B T
pol yner PYFBRBola onmem@p%qnmeforrtm@n IR }%‘?Téﬁ%ﬁ PUb @R ABE
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enbodi nixtusies pids pofl yner is a random or bl ock copol yner or terpol ymer.

[ 15] In sonme enbodi nents, the presents disclosure provides water-sol uble
conpounds that have a dunbbel | structure that includes: a) an azide noiety
on at least a first end of a polynmer backbone; and b) at |east a second
functional group on a second end of the polynmer backbone. The second
functional group can be another azide noiety, or a different reactive
group. The second functional group, in sone enbodinments, is not reactive
wi th azide noieties. The present disclosure provides, in sone enbodi nents,
wat er - sol ubl e conpounds that conprise at | east one armof a branched

nol ecul ar structure. For exanple, the branched nol ecul ar structure can be
dendritic. [16] In some enbodi ments, the azide noiety forns a |inkage with
anot her reactive noiety which may be on a surface or in a nolecule. For
exanple, the reactive noiety can be an acetyl ene noiety. The azide nviety



stabl e agai nst hydrolysis, which activated pol yners have the forml a:
R-- CH2CH2- - (OCH2 CH2).--N3; wherein nis fromabout 5 to

Chat can be. Lha Sanzror caL {1 oront Tromihe Azl de.. B o per 10f exampl e, a
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N hyr Oyt Y Par Borat & Tepensor  tazol YL Cat ponate. acelal.
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ydrazi de, . protecte iol., carboxylic acid, protected car c acid,
i socyandpigh heofHfDcPaSE & wﬁ@pﬁ?d@aﬁ%ﬁl@gﬁw dfle B?W%%%ﬁ%,
;/i ny: p%lAit@fhﬁt@»gif{,Qﬂ@@fi&% ﬁlﬁi&iﬁeﬁarﬁlﬁmafdwdabntklgltay@iﬁ&i% gda’ plﬂlﬁﬁ_rh er msycbrfbt%gsa |
osyl ates, an resyl ate, alkene, and ket one. e_pr.esen i sclosure
al so pr]b‘ﬁﬁeﬁgg Sﬁ“‘\ﬂ/{i’f‘é’faa@%ﬁnﬁ%ﬂ? Bufid Sfrﬁ’é’?‘?ij?‘?(’:lf Hgl&?eﬁmﬂ)(gﬁ?r@ppg at | east
one ac?gyﬂcﬁrs?bmil@? Y\filiky\/lfil@fcﬁi/él it } jopgl gﬂaslafys ibsmﬁellet %@‘ ﬁ@):imy.lhﬁz) gfh@tlg
consisting of poly(a ene oxjdes),. po xye ated polyols), an
pon(oI%?@%?@aﬁﬁégﬁBw ?rﬁﬁémﬁgm}ﬁé?@g$ﬁ%éﬁﬂ%m' GOPIENEs, is selected from
t hF ?r 0515}[ ﬁoylﬁsioﬁfjd él?bcﬁﬁm&?b,%@&;{’ééhﬁ@sz??}sﬁf@bﬂogid&@kﬁﬁie{ars?nmﬂceaiﬁn@mﬁﬁi %} | at e
pol y(oxyet hyl at e cerol),. po X yl at ed sor bi ol y(oxyet hyl ate
Bl usosci e asBry et igrerk R rd O eieoi BB Sorbefe EROLe o
pol y( et juieBevalkpesd; aded)ydtang: avwesed fudchienaceby) ene: sbad ¥nil ofabyal ent 'y
bound tola polxg%r backbone gbg %n e{her Iénkgge. lL.n some engpd!nents, t he
conpourkflyEen g QP‘hy_%ehéeCQP PS8t ¢ e 4 taﬂgmﬁ{:é”?%@éﬁ@_ Foi %ty is
coval engiksireat raehiod glive Cltieysdcond FRQKBAET gldas KROREme Ahitmadnty/ ek yhot t he
acetyl ene noiety can be covalently atiached to the okyner agkbone by a
| i nker . TR#1&Eo diRIEHES , Thenrepat OSHES Brogties E’hf TR6 SO Ser ~ and
the conpleneblitsle N@mseRas ithdit @hireyondldafieoncaiy! ene pRheted. moftcalaher
enbodi nents, the polymer |s &lran om or bl ock cg)p;)d%&?r_ or terpolynmer.
[21] | nstRiGHES-dith S8 HRAL t8S PRREM I BASHITHRIEESEAS B es wat er - sol ubl e
conpoungdg] t hit sdiay emBoditiakRe e Stidd aloite ol a ilRkhadesth abtiRn racgly! ene
e ton el MR e ST et O G, FeriB oD s Ssp ARy Fhe. socond
secon : e secon
functi opahn BB CRBicRE TABALIDE Mmoda i) BOBNIE Bls¥id fotyrRertyf £ BiilgRE tiact i ve
group. The secqond functional group, in sone enbodlneqt , I.S not regctlve
with acéeideneliniraraiey: Inﬁh%seﬁr@@éweenaqa&q RAUPE P OReTedsat Ipast & ren

enbodi rrﬁﬁtﬁ@nawe%&»@&p sfethh/ GRNMPAGN dsoittyator ARIKRId &€ saill higastmess. dFom of a
branched nol ecu

ar structure. For exanple,. the branched nol ecular structure
can be @e¥RING.the secopg Funcignal greierifobs MREAHY f%f HECIS%?g’Eh@‘I éﬁ@aﬁ%?féwﬂ$ olins a
li nkageui tifked H8R6! e iARLAL ¥ Akl philld AoetPreapible JTobaeit e wiffokaigéxanpl e,
the reactive noiety _can be an, acetylene noiety. The acetyl ene nDLEty can be
li nked fHgcsenay shry derthsy cmbedineage théh 00T el Y KeRmHSTBFGCI n t hese
enbodi MRt Siid lifer RO YTBRCIGAR dnnetivd8male heREL A3 B6tenekdnise!theBedongr oup
ot her than the acetyl éne noiety for linking to said Iinher nogﬁ. . For
exanpl elunchenad éE‘BWoFaPLhﬁ’cgﬁ’F?}ﬁ‘élfmgﬁeéﬂf?nc%ﬁnb%“?ﬁ% If {CRIDPRY 4 Eﬁﬁri c
di spl acgReM caANfhclde ahicBbpHIRE Bir¥ofAMmAiBE| HoteeAmMIE HeORkbhd CundBbed Y
capabl e of Teacting with said functional group. |In_other_ enbodinents, the
second E9HBtaBNRE SRACHISDITr Seaition eV ih i) 34ty algn FS&Riad | thakiBkerBIogty %Rcl udes
an acti uenRRl HE afRIaflY estdS ABNRAIARL S4B, Ghe tsB&nIefabtbfunSsipeal bgroup can
be specific for reaction at an el ectrophilic carbonyl and said |inker
noi ety eResificer rgelianvish aketeBpmid i ¢ carbonyl noiety. For exanple, the
second functional group can be specific for reaction with an activated
ester and the |inker noiety can include an activated ester. As another
exanpl e, the second functional group can be specific for reaction with a
ket one and said |linker noiety includgs an ketone. |In another enbodinent,
t he second functional group is specific for reaction with a thiol
nucl eophil e and the linker noiety includes a thiol nucleophile. The second
functional group is, in sone enbodinents, specific for reaction with a
hydr oxyl nuc]eophile and the linker noiety includes a hydroxyl nucl eophile.
DETAI LED DESCRI PTION [23] This invention provides a highly efficient _
met hod for the selective nodification of proteins with derivatives of water
sol ubl e conpounds or polyners, including 8 but not limted to PEG
derivatives. The derivatives of water sol uble conpounds or polyners of the
present invention nay be added to any protein conprising an appropriate
functional group. The appropriate functional group may be added to a
pol ypeptide by nodi fying one or nore amno acids of the nolecule at a



10i ncor porati on of non-genetically encoded am no acids, e.g., those am no
acids containing an azide or acetylene noiety, into proteins in response to
a sel ecstaﬁir hﬁbﬁ(mow@"lmiddm:@nﬂ@tcﬂfeetﬁ) ahbtbearinbodiacnt tbé decardafunsti@ah t hen be

nodi fi ed reac bl e .co n The
sui tabl%;‘?"l1 éScT cf[8 g\@ﬁ% “ e(}lpﬁﬂ%l %(gt}g:ul aegéigoﬁg? F&M{E‘éz& to PEG
deri vatthiog SuclEbghiku |Tmatﬂeeorrdeﬁmbm@m$ grivat isirity sbe udnibiddeehts, ospatifiachr t he

t 15s0l ubl d t to,.th Al f,u I
O oups "BRUHGY GBI JpBRITHE FHRLTR ﬁvﬁﬂidvilfe st FrARRC BRI G BN, oo

[ 3+2] Cz)ﬁﬁkd@@ﬁlﬂh t| on react| on (see, e.g., Padwa, A in Corrpr ehen5| ve Organic
Synt h T 1069-11009;
ana, rubthenth siciaboibuy. By REE @P@%&W%ﬂ‘%ﬂﬁ? bt ol 49 pave.

A, W |s%afole hﬁqué(@rslenvﬁonrﬂczﬁgﬁt)amﬁbﬁabcﬁngl or Ba@etyl ene or azide derivatives,
respect : 4] Because, t.he net ho ve i on rather
han o WE! bl b mERER e ull B 51 i B SR e o
ext rene@@-,m}gtcﬁgkemivxs_ycﬁgrr(a{geaﬁm@q-@aﬁ (ié,-carried out at room

t emper e |.n aqueou ondltlons vvlthecel ectlv ty (1,4>

1, 5) bfht tgfw JQHHP’?’?%& dtsﬁ““l‘c BUFLF? PEOANSUREST P (Efc)twgtﬁgtpé) YO A& %%t i on
m xt Ul’esta’tfﬁ@@gau@st@ydroi@@fﬁp@hwﬁtac@’ated RA G0 2% hangtheGoemlia:67: 3057- 3064; and,
Rost ovt sev, et al Int. Ed. 41:2596-2599. A

mol ecul e t hat caang%{ggéé((?%g%&%@e@F n"%berrelf‘he i nvention through a [3+2]
cycl oaddi tion i nch igdsn Whad: 3ab B;ooamndrmliﬁcwpgmgigrm@n fazitdaalgrogg et yl ene
derivative., These | ec S na dded to the opr,i at.e functional
group o?'lleé‘”ﬁﬁéf‘ﬂ?etg%ﬁ%%’?g]i‘q S)?“%C(E'Lﬁl Prigt & ﬁ% &g%o a% t%ﬁéfuﬂi?fg am no
acid W fuciadhad @edup gﬂl@;\@f Qum, the. Goup p:onﬁﬁtﬁ@abg}dlwmxﬂh@mgbcglt_écalhydmxyior azi do
group, e en ani ne ,,. respect.iyve he resulting
five- ne#k‘é’f‘yéd&’ﬁ}‘fboﬁﬁ ?01?%5%'% S IR bé’ﬁt\é’[ 31%%3%5 F%ngﬁlinf nis not

gener al bybarRue’ BbalRtidole digiongtee nicktal nzlitﬁéltﬁieamdiehﬁdcs thatitaecsagiiienst
hydr ol ysi s for exte ded erlo(gs in a ous envi ronnent s. rogﬁg uently, the
Pote

physi cal<THAE aHEme "I‘te’cﬁ Vi |3§FY% %y e AUPPEYY tes can
be modi fiyaeslide) dabtedRiBndirDgica Puaoesd qmraql ctar'@di@hw dchd tmeteaxeﬂu aaeb Rl
derlvatlvsof t he present invent.ion. i nt, ca ethe

azi de affd alé‘é“tyﬁll@ﬁe‘s?r‘gioé@’?@ée & e‘%‘éecl"f“il Sq’l Wg‘ngﬁ’?g’tdﬁ% IQ’ "hot, 5for
exanpl ejodbeRedmive tdpokiae, Siciels Arinds, iidela@nalsylgleoups tm‘sylafey alibnd, hed 20
commn %enetl cally-encoded am no acids), proteins can be nodified in one

mor ek Pécific sites with extrenely high selectivity. [26] The invention
al so pr g}mpe%a\@%@éms&w@uﬁe ke prydaal a/t\vawlsbmbm akthgowherthwadnichdss of

corrpoungg yglgg anc? a%/ rir‘%rsts oneI gge:ltﬁgrllengw?e%, w et:reinl ‘H}e po yz%gr gEscéle%?erdl f‘%at It\ﬂes and
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



10rel ated hydrophilic polyners having one or nore acetyl ene or azide

noi eti es. The PEG pol yner derivatives that contain acetylene noieties are
hi ghl y md¥reet ande tifeocorspmpki i gnoni substiutied depoind theescetfiate havnaty benthent r oduced
sel ectiyel v i ns..i n. Simlarly, PEG
pol yrreremg)é)rélnj{l/a t?\;@%ﬁ@ﬁfgt@? }‘csoan?%cﬁ%pgl[z]?lg%ﬁ ﬁ%)l%@?f? éergoqté%d&?%ﬁl y sel ective for
coupl i N@1i tTh sacet grhlenriemengi.ethé pseseitatisdheves posnics matadomdt: sehmemidyvel y i nt o

pr ot ei in.15res tg a l. r. codon. 7] -Mor i fikcally, the
o de il CERSM SuddpRyRaafodds SO e oA ARESLI KBRS, |0,
azi des.ofEhwldesi vakbwes aod b} hdealt kyskcadduactidnabgriode sn easecomicdndde the her

substi tu?nts bsa%k 8%91%5 thed%lel&}/l ene-specific react ié{i}txei s.qai nt ai ned.

The acéfoy%?{e ol e |ese(§8cr:r%lr| se eﬂnﬁiy B a%rbflanaoceefﬁeﬁgs and”deti vati ves

of eachliffdiret dextivatgrags Tk tchend Galckiphalagrdupr inl sace teylbediesentans inot| ude
ot her substituents. so long.as-4he azi,de-specific.reactivity.is i.ntai ned
[ 28] Tﬁgacﬁw\? é%lﬁ %cr?tyﬁ%el Iaalg%lesc gﬁje t‘;JJreas?nt 150?(%35%%1'0\716@5 i %&me edbb i Cats

gates 0 tanceés having azide or
acet yl enstemmildile enpouhdsalier cosgrisb| & mastponmdsm oof pobmpnered, melechlans but

not limted to, PEG pol r_derivatives. having the .r espondi ng acetyl ene
o azi it For SRmlR A R AR AL R B AR 22 et ety
can be [@duplledsdnoe ambiodinapis ahd weaglehw ensrelyetuine atinkageowithi omedctive he
protein t.h?t cont ai.ns a non- e?etli c II% enclod(a}d agi no aciq t%egrbi’en an
acet yl RRIPUAR A SWAT . TrAe™PICRREgE by TP &n TFhE PEG BREFY 18" bi%fbgi cal | y
act idvetamﬂyea;lghﬁcl)itaﬂye Theurd:tgk&nt nﬁ)ﬁqﬂylﬁsra bhﬁnﬁd mgautiﬂ ?ﬁy?]er léy(al lbﬁd%é t}iaond t
product.. : is. st ablished. i ar a can be used to
o 1y Ao ReRe G e S G, DR eoh SRl R G BR18°061 )
The i nvianttional atomp dthel thale shebicetydrerhailesy fortnkigy wgsadd Hokdraneiehya¥ong one or
nore reacti Xe d de ol %g.et%jl ene si tbes anﬁ’[C Qne rgr nor e iOfl tehee zi de- or
acet yl eRETPSH NS FCRRT SEICTRET P FARDY SRYERIS ISR Rd et HgP vl ff%hce via
t he HuithgeimkeB12dicy chrpacdide anndcisvhdie. mBicoyratpshlalod @adingt héth subst ances
can al sp be Cﬁlé%[‘fed to,the azide- or acet%/ch(pe-.actli vat ed

ol yner .

der i vat PORERHERYER T R REGEIBIAE, NhEHOThLHRAR GrOUt By 18%@’??‘%?@9@
such asanidhstlighken nldictk dgdudenpracsiagnmecasibeX Ysiaaothacexdmpderithesecahd ohol  or
t hi ol iety,,to | eave the.azi.de or. acetyl en j.ety,avail ghl g for
subsequBRTIPeLECHB N DeBe DY TERvISA of TrErtLe X oREMBE 8 RSt nesi i ng
t he aziglertsata iaciety beekRceophild cdrbgnyt anpeynBs ahmpid, yiresesoef fuhbordahvent i on.
In the case of .the i de-cont.ai ning conpound or polyper. derivative, the
azi de cHRTB & RIHe, BECRED WL 4R CR HED st A dhe kel hofhy s

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



10pol ymer. Alternatively, the azide-containing conpound or polyner
derivative can be prepared by attaching a |linking agent that has the azide
noi ety at one termnus to a conventional activated polyner so that the
resulting polyner has the azide noiety at its term nus or any other desired
| ocation in the nolecule. In the case of the acetyl ene- containing conpound
or polymer derivative, the acetyl ene can be bonded directly to a 15 carbon
atom of the polyner. Alternatively, the acetyl ene-containing conpound or

pol ynmer der| vatlve an _be prepared by attaching a |inking agent that has

t he acetyl e Hﬂn@tﬂgﬂ’a}’ EGhiraveteren efigatireg weplsblalcompaundsat gdlypelsyner so
that the reg%g Walp W Yol INVE, s =Ys e m)l cul e or
at its term nusb [ 31] iﬁ@ﬁg@?ﬁﬁ?fiﬁtﬁiﬁ%&% bﬁﬁ%ﬂp@&pﬁﬁe RER? gl ni ng
wat er sol ubE®wR 0 apBemgedmeponal geup sy e aédeei PE®Iptepiidedtyi svelifving wad @r

sol ubl e pol raHMV der goes a
reaction to%gr%o uceablggcs’iﬁi s%@tg EI{H% o ﬁa%:‘rée%g%%?ﬂﬁg%‘g%”f@? %‘5%%6‘& noi ety,
such as a nesiphérminug p@h@dyh@emnms}yimh:a ﬂmrpoh@bmgie mhduea:mmgpxgp@ﬂ;p t her eon.

The prepara f E or_otehe r derivatives
cont ai ni ng tgl& &?Ouggn?iﬁ% AP PRACBYSY n%ﬁémﬁﬁaeﬁ’){)‘ﬁ%‘y”‘ﬁ%%‘ﬁ@ gr oups
are wel | knownrmmddawﬁklobdaamg?&am ESAN .AifEhﬁtN@ﬁ tHelabAOpSadShitoHied pol ymer
then undergges a rg}act on t substltut% the nore reactive noiety an

azi de noi et § A T & PEPRPAGS 0P 2 PHEPRY gs“%“?’fét"mlﬂ}éﬂwﬁpﬁdﬁat er sol uble

pol ymer havkymgedt witeasibo o0® hatihp R MuEbed Bhiub bk, #beakkaRBd i ¢ noi ety
undergoeg a.reaction.with a |jnking agent that has an azide at one terninus

so that ‘& cEGEPEMIOPRERY-seEcicalnersofrd At pdidies- o gsramingagids petdiiinkdmg agent
and the azi dfdo®@a@ks¥enk H1oRESIntd PGkl re%ﬁb%sé@ta%lél@?:t&uc%d&f e ﬁ?&%{é@{e@

Nucl eophi I i a}ﬁand el ectrophilic_noieties, including am nes,
hydr azi des, TR{HPE27ifhede Cbéw: eolign bempdiBed vaans gmtaélydemue\saterlsembhes

thioesters adsholuhfor bbikBer. RS s ¥Bib! frg&ﬂ ot 0?}561&1'11@:@ iRl 830 oo 321 More

‘speci fi caIIY in the case of the ace en -conta nmpound or  pol yner
deri vati ve, mip BEC doivatitee bt suieble mvmqmg that mmeaﬁsmiximeﬂatoamdnﬂe warer oxyl

P i - e S R R

| eaving group froma precurs NS an Aac
Al ternati velﬂyiuﬁ%bw aet lipdiedisl e.gpoltnigen ﬁaﬂ] df}gio&ddzﬂtcﬁz&ﬁztctiﬁm@e&ﬁ@gl, Y&iwa,

hi | I h |i nki
agent hat hed Copo S0P Olee € STRLEN VLA 9900 Tt wobaberen Dot s

f or med bet vxgelﬁs?eh@@mwmge:am i ne.mnmém mmag@mn @ichidhe( 1888y BRAR. DI ety

is positioned t of the ner The use 10of hal ogen
noi eti es, ag‘t’ ;‘ﬁaa é\?? ¥ & g%? At eﬁu i°F Prdefrevavee (PRRSHTAN ¢ noi et es
in the 2{} 124} Because the method mvolves a cvcloaddition 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

9



context of organic synthesis and the preparation and use of PEG derivatives
is well established to practitioners in the art. [33] Thus the invention
provi des a nethod for the selective nodification of proteins with water

sol ubl e conpounds or polyners, such as PEG, derivatives containing an

15azi de or acetyl ene noiety. The azide- and acetyl ene-contai ni ng PEG
derivatives can be used to nodify the properties of surfaces and nol ecul es
where bioconpatibility, stability, solubility and lack of inmunogenicity
are inportant, while at the sane tine providing a nore sel ective neans of
attachi ng t helr@rG fderdonded Wésésmwﬂ@weém@mn Baschesty, krnphpsidahadihe art .
20[ 34] Defin g nal Ctiv ety",
"activati ngEﬁﬁlm(?&l’?"'halagt?l]]gSiﬁg’béaf ‘ﬁé%ﬁam &Crsgéésg cescgl%g? g’“’&lﬁﬁ‘gﬁﬁﬁi ‘%’W‘%} % eacti ve
group" and ﬁ@ﬂamcmaihtﬁoyxs wﬁam‘elawme m@ﬁcywamree ofigegrebant inhentiant E@chdRerein to
refer to di stl defi ablh&ﬁggrtlons or. units of a nolecule. The terns are

used herei n'¥8 Frﬁ’ch ﬁaél?e PIHERFPOIRRTS St P e R preap e (Fddomet

25f unct i dn oo edadpley tayt vamAhei®@ chEaGiciBnalgtdpHdihiey offal 8Si8son, [36] The
term"li nkage" hié "linker” is,used herein to refer to groups or bonds that

normal |y ar ESFRPHEaReedamEnG wEhh Prfrnscas hemodiied peenstor BRreaneFidsgRcal |y are
coval ent |i akrgesme Eﬁé@ﬁ&gl |y stable |inkages neans that the |inkages
are substantially stable in water and do not react with water at useful
pHs, e.g., tfHer physi Jhégw@%m dlsAdrevidsherateprolibie gddwdehdediypabieod of tine,
per haps eveRelvagel bitohBhhds Eﬁ’ﬂfo%&% 91‘?:! &%ML&Q nﬁte@ ko ma&m&iﬂld‘ nkages
means that the |inkageS are degrada I'nwater I n aqueous sol utions,

i ncl udi Ay fedyeddyanepinie P%ﬂ’mﬁﬁa‘fﬁm moer dcyryim@@raabidemretm@mﬁ’éﬁl e

| i nkages neag) lﬁ@g? nore en ynes. As
under st 0od ?n§l%‘k rr@ﬁvatt@&lsféé@an ac %gf%gn %%Efﬁj sepﬁctﬁ\éel%r u%lglg Palp) e

| i nkages i naﬂtﬂﬁﬁempcﬂeyﬁsﬂlababﬁebmdm:edlsnled;th:elyl mmlpmtmgrmmxpdm& wesaletthe pol ymer

backbone an e re.~Qf the Ler cti gnal u f t e. 5po|yner
ol ecul o, ol saR PRodonhtr g ey At PP o P ol ot
carboxylic ﬁmcds)hmgwaicademedmﬁﬁﬁ thatrﬂa@a(?yém@ntﬁﬁuﬁﬂ sMch1hel§-|nﬁ@ﬁk©{mn§&DUpS on a
bi ol ogi (f§| I %( act |tve gg%nt eneral ly hydrol yze under physi ol ogi cal

condi ti ons tPVE BE8E ent Ot her hydrolytically degradabl e |inkages

i ncl ude carpat e | i nkages speciitdis, Henlkiag efmidiesSitnt @leziugﬁ

am ne and an@ deh: hosphate ester |inkages forne % reacti ng an
al cohol witf® Tt%’ﬁ%%oﬁhﬂ s Uie s AR plikage aviwmden carrieeldgact i on
product of amdbBaRiae sABsk: Qs%@dc@%h%@%pecﬁf&%@étwi& BKRERSnddh he HeBihbe

reaction product of an al dehyde and an al cohol; ‘orthaester |inkages that
are the reabPicts cﬁ%ﬂﬁi‘éﬁh’ybmdﬂ arerraeees apdidayatives ohesih. Preprleriensives oikwges

fornmed by apkARhd&yHOYRresCaDinclu®d @B KRG %ts%ogﬂlﬁ 5 L aHEhefipc PEG and a

car boxyl group of a peptide; and ollgonuc eotid ages orrmed by a
phosphor ani Bee@ ity Eumeintengl.  at the

28 The invention inclhudes conjugates of substances having azide or acetylene

Arib&asti0e0f an

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
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15end of a polymer, and a 5 hydroxyl group of an oligonucleotide. [37]
The term "biologically active nolecule”, "biologically active noiety" or
"bi ol ogically active agent"” when used herei n neans any substance which can
af fect any physical or biochem cal properties of a biological organism
including but not limted to viruses, bacteria, fungi, plants, aninmals, and
humans. I n particular, as used herein, 20biologically active nol ecul es

i ncl ude any substance intended for diagiosis, cure mtigation, treatnent,
or prevention of disease in humans or other aninmals, or to otherw se
enhance p hygtﬁf‘cfami}tﬁrﬂfﬁ@ﬁ@iétbw opvesketylprest-gogtabfing ol s @’ﬁhﬂam’mﬁmmuﬁx&m}hes of

bi ol ogi cal | t a d t.0 tides,
proterns. ehsiieit e MGG BE o EAdHR, ikl b RouId al &F8 shBep BEE

ol i gonucl eoalscd&s:,ou;ﬂe! ibgie wﬁ@m%q@lb&qaﬂ&@atﬁ‘syoh’nﬁrdbmpﬁvés itebes safbage25

m cel | es. s of |oIo act n at are.suitahle for use
Wih the i nbl 7l i5ich o B it B G ‘fﬂ%ﬁ“eafﬁfel%ﬁw oxylic

fungi ci des, acﬂdt]fatmrm dlcarhola\gﬁkﬁﬁl Soi@ntib idavéﬂham@rayerﬁa&nﬁcﬁety andiibbid gor  agent s,
car di ovascul g&nts anti-anxi ety agents, hoi nones, growth factors,
steroi dal a ﬁﬁ§ EA%Phe | i ke. [38] The terns "alkyl," "al kene," and

"al koxy" ingioude strai ght ineh@oh n@MheSDRERDE BEHREIN Cthh@Hf&“@nda% he®d kOXy,

respectlvely The term " Lower alkyl" refers to Cl- . The term
"al koxy" r ePNAREFOFROTEROIRURIE i BRIXFIPR, Infthﬁca@@éﬁqﬁla@de»efﬁmmmb f or mul as

-- ORor - R%und’@%ﬁ@hl@r @n@rﬂﬁe%e alife €368 vhile Q@&@? i 4 éériﬁ)ﬁla%ﬁltcﬁqr al kyl .

The terns "substituted al k "substituted al kehe" refer t kyl and
al kene, !¢ espderiy dlgmativghys i= %@ﬁ%@nﬁmlhm emepaynd prepobymien derivatigrciebd ng

substi tuent g, s'é §chfh‘éta {ag&%hgéqt&rg?hgsace&ﬁ %z&y&'&;@i@m mg g,

cycl opropyl; buty ene;” cyano;
5met hoxy, eﬁhﬁwymménﬁwwh@pMWWﬁfSmﬁum@mraMRcam@yhmxmﬁﬂea@danm&ahmxy hydroxy;

carboxyl; a m no; .ket on halo, e.g.
chloro or b%&ggrr}gus Jﬂ%ﬁ%ﬂ,& B@{gc t??nelg ﬂg:hmme‘fu&e “tHE GF%E 3°e term
“hal ogen" i n@ita:ndegcaiﬂpuwmgqumhi dnrwamm, abedcameezameh ibsrbmnaalei;reﬁt@&d Aryl" neans

Fings. mhy bECTaend Sl PR AR R Bt e QB R P RRERYI XD 11 ngs
nmay 10al so beivkiikeesh W prepafed @ dtindbidy 2RRINQag b Eet 1 Elel aGetfiv el OGAY RO :
heteroaryl, tcnmmrxlse f:to grcgn% Ctlolnd acnva%ed polymer so that the resulting polymer has the acetylene
m()lf:f} within the molecule or at is terminus.
(31} More specitically, in the case of the azide~contaming water soluble
20 compound or polymer such as a PEG derivative, a water soluble polvmer having at least one
active hydroxyl moiety undergoes a reaction to produce a substituted polymer having 2 more
reactive moiety, such as 2 mesylate, tresylate, tosylate or halogen ieaving group, thereon.
The preparation and use of PEG or oteher compound or polymer derivatives containing
sulfonyl acid halides, halogen atoms and other leaving groups are well known to the skilled
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



[40] "Substituted aryl"” is atyl having one or nore non-interfering groups as
substituents. 141] The term "substituents" includes but is not limted to
non-interfering 15substinents. "Non-interfering substituents" are those
groups that yield-stable conpounds. Suitable non-interfering substituents
or radicals include, but are not limted to, halo, C sub.1 -C sub.10 al kyl,
C2-C10 al kenyl, 02-010 al kynyl, CrClO al koxy, Cl1-Cl12 arallcyl, Cl-Cl12

al karyl, C3-Ci12 cycl oal kyI C3-C12 cycl oal | cenyl, phenyl, substituted
phenyl , tol uoyl | enyl, phenyl -Cl2 al koxyal kyl 02 Cl2 al koxyaryl,
C7-C12 aryl q% ydrazaugs, eiogh@wafwyia@ ﬂ@ﬁh@efaicmegﬂmmm and @i 188.0

al kyl sul fon%lemgiiﬁcl%t 31%115& &{pﬁb&hf romlto 8, aryl, substituted aryl,
substituted al koxy uor oal kyl eterocyclic radical, substituted

het er ocycl i B2t adi cal Moy wathﬁmjﬂyp in-thiN@Re Of-th@detylenNR@(t@)ing ¢oBbo@idrral kyl ),

A0 (S il Goald R et s N R B 21

--0(0) CR8, undg(¥NRRactien ip CkplEoa h&iyge)lﬂsether%@%d@WmQ reydup fromr 3r€urser( 01- C10

aryl), - m 0- - C.o a ereln each is from1l
to 8, -- C( g@ﬁl{:?mﬁgs?acgty%? %{ﬁﬁ’ @&ﬁﬂﬁ ‘KT%(S%)‘)’ f’\l@lymer%ﬁé%g)m NP salts
t her eof , ansbtivh &uclidokiﬁhs dratbirdghaisc nsies ‘dﬁ&’r@e@ alr@cti*dm vathlinkRE 284D S Hatit €d

al kyl, aryI or t| tuted aryl, aralk karyl 1421The i nventi on
provi des az%l%‘”3 ﬁféla &E%?W%‘ﬁéat%?ha&wﬁi%’bb%l‘% sddgEEen (PapPEe ®dMr i sing a

wat er sol ubhﬁqmgmaﬁddaagd@mew ofobier A6 ertRLEGHhAloMer f TRRabout
800 Da to about 100,000 Da. The %r backbone of the Ri?\iffiat)}(gl‘é-rsol ugl e

pol ymer '€ ano@ioges maiges é‘ﬁﬂ*@feédﬁ%%ﬁﬁ o TysdRopliEe and Sirsrortillirgneseties frobe | i ni t ed
to nucleic a&idt %@Eﬁ!lsﬁﬁhesﬁ%& BRRELARSon M%Q%EQP&HQQHRQQS We}}pm yners,

| i near, branched or | ti-armed conpounds or polyners, and poly(ethyl ene
gl ycol) (i. é“tabiiF“E@;}oPT%WﬁriﬂﬁiﬁtaT%houl d be understood that other conpounds

and pol yrer pygy i ncl Udi ngriiih, AQLaddlhd Sl L BEGHEAAL R AIRLBEU GS SUCH a5

pol y(dextran) and poly propy ene g ycol), are also Surt se in the
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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practice of this invention and that the use of the term PEG or _ _
pol y(ethyl ene glycol) is intended to be inclusive and not exclusive in this
respect. The term PEG i ncl udes pol y(ethylene glycol) in any of its feints,
including bifunctional PEG nmultianned PEG forked PEG branched PEG
pendent PEG (Le. PEG or related polymers having one or nore 10functi onal
groups pendent to the pol yner backbone), or PEG with degradabl e |inkages
therein. [431As used herein, the term"water soluble polynmer" refers to any
polymer that is sol uble in agueous solvents. Linkage of water soluble

pol ymer st oPRSREE it Freypaicpheimustabls o dastpdable linkpges mhens gesthe fiokagei ng, but

not limte @gjs&,g 1‘3@%1:1\%39 creased or
nodul at ed ?cr?%é?%%éeg% ¢ "hal f?llgll fe re at?ﬁl‘gﬁ%%@g%e ungr%gﬁ} %Pe?%éfdpn nodul at ed
i munogeni cioymerssgiundedsdephiable dakages soibe peliwer tehbidoactren s titias geaugh as

aggregatio I er rece n ﬁ}g al tered
rggept or dfbﬁe@%}%% %ﬁgﬁ{ba&i{ E%g%%gé} %‘%%‘0 %?temungmgtbqn %P% my or
may not ‘havelinig molemuibifot @tgmpia estae libkeigbsy/forred Hyabd ©agoioh ny(Bcdrmb/klﬂe but

or opi onai ety e BB el e s h P aroph e e e § B Pt e

(descri bed gme;hﬂﬁ:yﬁaﬂmhnd‘d@phyﬁmﬁ@ﬂml?ﬂeﬁdifiﬁﬁﬁb lrdl@mé ﬁf@g@@t}ﬁfeﬁﬁrdﬁ%& Ecﬁlﬁ}ﬁr encel
herein t.h | | ene co pol yvi ny pyrro i done, pol yvi ny
al cohol) ‘? nﬁ‘i‘ Ix’é@g §‘y e 9?9?‘:& W FE e dnkaeRs pylige from reaction of an

K- ( 2- Hydr Oxatﬁﬁ@ﬁyihhaiﬂ&iv’ﬁ@;@hfysb@d% &Hear 1EIREES ARmeCIRNbARAA: denibaldMes 1 ncl uding
dextran_ sul fatxgl6 pol ypropyl ene gl ycol pol ypr opyl ene 250xi de/ et hyl ene oxi de

copol ynét FEER IV GRERte BBiges Whink i FeaRtonEReT of afydrgridarnd an
pol ysacchar i1g@8qe; Mel-0R8a5E hat érgﬁé ,re%x;?geaa vt Sﬁaln' Q5 AR éi&l Lyl ose

derivatives, .incl ud| ng but not limted met hyl ce uI ose an ¢ar boxynet hyl
cel | ul ose, Eihares! aif?éess*@"éﬁ@ﬁiﬁ‘d@ﬂiwaﬁo@é@ of pEirgpre prd mﬂhﬁae;vaﬂdlgygm gl ycol
and der i vat of thRLRRL oreGBROL YIRS Sl kg FOL3 RV Hg 1 vatives
t her eof poI0 Vi r?)%l eth gg P ‘her's, agﬁiﬁ‘? J‘ﬁ(?(% oRyLBroup
30hydr oxyet \IPPRiRE: 288 phgaragifodide hmeaﬂqendd e, phosphmarxﬁd:megsxgp Jear, e@fhe Eﬁalrrpl es
of suchysnatgn soluble I i d ! 0 imted to pol yethyl ene
of Suchye 5 oP LY. BRLY BRI MELYTG R Wik

{37 The ternt “biologically active molecule™, “biologically active moisty™ 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 --
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[44] As used herein, the term "polyal kyl ene glycol" refers to pol yet hyl ene
gl ycol, polypropyl ene glycol, polybutylene glycol, and derivatives thereof.
The term "pol yal kyl ene gl ycol" enconpasses both |inear and branched

pol ymers and average nol ecul ar wei ghts of between | kDa and 100 kDa. O her
exenpl ary enbodi nents are listed, for exanple, in comrercial supplier

cat al ogs, such as Shearwater Corporati on' s catal og "Pol yet hyl ene dycol and
Derivatives for Bionmedical Applications” (2001). [45] PEGis typically
clear, colorless, odorless, soluble in water, stable to heat, inert to many
cheni cal ag&Rt%-RERe¥beEE Wé%ﬁvfécwd@ém@ﬁb?%@d alkeill Ths teggamer al | y
non-toxic. R ol tible, which
s to say t At e P AR AR Rk CRR MR ok A RRTRE, Ceq or

or gani sms  wiubkieed wa}umemgmhwrwn ierfeing pesitifticntal sheh asREG: Emiedasi@ntd al | y
non- i munoge not t end produce an

sa oes 0
i mune res po"ﬁclloaﬁgl" %h{éyc 08%?939 Obug tacﬁ%‘]}g accty for &t eahf?@(/leﬁg some
desirabl & f mathbiyoethdny, Mdﬁ:ebmdyl,owsmknnaﬁo@,blgqla&g@@a]zﬁdyoxacdarbéeyiﬁ:g@ﬂé,, t he

PEG tends to nmask .t he agent can red or elimnate ne response
so that an gqrwﬁé"ﬂ@?ﬁn&%tﬁ 816‘31?’%[“3“? % glon gglgn ngﬁf‘{fﬁé’mg&ea]ﬁ%}%%tﬁ? ugat es
tend not topRh@dandehedie UhS kil halogdnMAMGes BEPRBSHIRhe, GOERANE bdkdideng oOr
ot her undesi rzbl e effegts. PEG having the fiat'Hul a CH2 CH20- (CH2CH20) "
CH2CH2- , nis froff ADBHES §0% § Tl5B HOEBOGnest SAsh B I FeRTEBOUL 20 to

about 2000 Mulip@ 8y 4S8 Hby RELSEABLs th Raphthgl SN AGkshE s BloifHbe | LaRy PEG
havi ng a nol ecul ar MIEJ%L“ of from ab(%%}t 9800 to abo%tﬁlo%yo Dayare

par ti cullflr | ylsebsites onuntused Wb pyRemarg oYslie &%féfﬁ@arbong BroTHeorpetepsEslichack bone

can be |i ne% Or branched. Branched pol yner backbones are generally known

in the art, (%/pl cally, a branched polynmer has a central branch core noiety
and a pl ur ail4 y of |inéavbspgtegneil” @Iﬁaﬂ having oriked mow nondnterdming atoupyasnch core.
PEG i s commply. 4sed in branched forns that can be prepared by addition of

et hyl ene OXI e 25to vari ous polyols, such as glycerol, glycerol oligomers,
pent aer yt hrii4idl and sorlseteoh! St%h@u@mﬂtln@&debbansmtrhmzfeﬂgnIma-mtafmgbe derived

from Seyer als hm&?s a‘ﬁ %Sn’teétsayir(rfgh s&%tltugrﬁs” (3 t}%gsgsgr%%:sa %ﬁ% %tob%g el h

gl ycol ) "can"be represen enera o ch Ris
derived fr oﬁumbhmﬁmfmysubsmﬁm rghga&sarmihde gzhtyaﬁaero@hmﬁd:d tg,dmrs,su&m

pent aeryt hri Les s.th er. o d PEG

mol ecul es, ﬁfi 13§H‘§e?ﬁ Ae=ih %’Yﬁ-‘%msclﬂﬁ XY’L{I\IZS 12%“3‘ 482 5,643, 575:
5, 229, 490; 4Kk289C8T2; cyclb!xﬂs_rl CPéttlg cARkeny] 2084104435964 pﬁé@i%iﬁﬂi‘l@%nyﬁmd VO
93/ 21259, eg g g whi ch is_incorporated by reference herein in its
entirety, caR'Hsb&He %y%“’éﬁuﬁ’é Gore: poPYRRT: Yaor BEHEYkY 47 BPaiRehdéd-PEG can

al so be2on LheisfienMOICpakoikedyIPECH sPresanted aiy) REGem Y SHés) e gwhere Y

is alinking group and Z is an activated termnal group |inked to CH by a

chain of at 5‘8%8‘1‘%}‘@# F‘W&G“‘JS@H@@H&"XI[ Agproddiyl, Beigromeic BegAcHbEERF m t he
pendant PEG:hetE‘L%%/cE@@Gztaéleﬁtr N0 ek, asEeoRqxy ke, AhAndcldiekS, backbone
rat her than at the end chai ns

aligyl, Co-Che a_lkyi thma}kyl —C(0)YO-( C1-Cro alicyl), --OH, =80, .dbd.§, ~~COCH, --

NRy, carbonyl, --C(O}-~(Cr-Cy ¢ alkyl)-CF3, --C{O—CF3, —~C(ONR2, ~{C1-Cyp aryDS--

25 (CeCyo aryl}, ~ClO)~(Ci-Cop aryD), ~(CHajp ~O(—~(CHy)y=-0-~(C1-Cyp alkyl) wherein

gach m is from 1 10 &, ~C{OWR.sub.2, —-C(SINRy, ~ SONR,, --NRC(0) NR;, ~-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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[49] In addition to these forns of PEG the polyner can al so be prepared
wi th weak or degradable |inkages in the backbone. For exanple, PEG can be
prepared with ester 10linkages in the polymer backbone that are subject to
hydrol ysis. As shown below, this hydrolysis results in cleavage of the
polymer into fragnents of | ower nol ecul ar weight: -PEG 0Q2-PEG +l-120 ->
PEG CO2H+HO-PEG- [50] It is understood by those skilled in the art that
the term pol y(ethyl ene glycol) or PEG represents or includes all the above
forms. 15[ 511Many ot her polyners are also suitable for the invention.

Pol yner bacRB6RESan ety sfebligerarouad pupEneincivding St isitelie neclsosid er i ni

are partic I ) mer s
i ncl ude, bﬂ%@}g‘%‘l\gﬁs#ﬁ}p@#ﬁﬁ@gﬁ %ed'c&f{?ﬁﬁrldgﬂ % i | lﬁ eﬁ%a%}{%/c%:(g%ls“?ﬂ Q@S%:{h as
pol y( pr opy| exmeoghds oopolyrierpRG! goly(@h}d@h%ﬁﬂm) . heP%} Heweyr, icbpdi yerer s of
et hyl ene gl y« I ' I.S e es
the?/eof, gOangIIWﬁ@%Ftpiﬂ%wﬁé]ﬁn& %£§{%?éymﬁ%l %}‘gg‘f%mgm hot ﬂ?ﬁﬁ%g gg@] )é} 5a| n of the
pol yner ibacinbbnéescsm ag aoly(dexitan) @d by pi(orabilynd giydohgare aigrgﬁ:t@lﬂe for Gsm:ﬁbaeut 800

Da to about 1 en, from abaut 6 out .80, 000 Da.

[52] Those %EFC &F alfoglﬁr")ym%tf?lnlaf’@}hﬁ Q?ki“e\ﬁf‘inf pg%gwﬁy(gtgafﬁaﬁhﬁoﬁg f or egoi ng
| i Zt for Sulﬁmhaﬁ'l[tbad:in&‘luﬂil@da&sﬁn&t&k&hliﬂiﬁebﬁﬁﬂﬁb@p&ﬁ mr&mmm&ai& e>r<]haustl Vﬁ
and is nere ustrat t hat nmer mat eri al s _having the
qualities d%‘é%éé‘ﬁ@‘&? %ffﬁ? %‘ryé’%sd[d‘fx’éﬁﬂﬁ‘ Jé%ﬁ&%’[“% - ? vi vati ves
of the invemiit-aPEa! Srandied PEG, éaﬁéﬂfeﬁtlml@l(m P%%k%e&ﬂb@m&ﬂ%vﬁmoﬂe"@fm@élckbone
has at |east two termni, ossi b as many_ as about 300 termni,

functi obl i FEewr eaups 9%{1@% t%h% PP %ﬂ?ﬁﬁ?eiﬁoéﬁ)a pt Eﬁ%ﬁ’ﬁh deasadebie linksgesonal

pol ymer der jp¥@td ves include |inear polynmers having two termni, each
t erm nus be| n bonded to a 3()functional group which may be the sane or
different. - 11 n one ‘evssdicrimte teme W le@elympE P thaty nobener

structure’ th%& 1&{!\}’\%&3 @o%éé'ﬁ'éh%%ﬁégé %N@Lﬁl%@@n@rﬁo%&g?@h&é y; Bis a

| i nki ng noi ety, e present or absen sol ubl e
non- ant i genp@ysoliderean resuli in changes inclucing, but not limited to, increased or modulated serum

15 half-life, or mcreased or modulaied therapeutic halfuife relative to the unmodified form,
modulated immunogenicity, modulated. physical association characteristics such as
aggregation and multimer formation, altered receptor binding and altered receptor
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.
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0 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 a linking nmoiety for A and B include a nultiply-
functionalized al kyl group containing up to 18, and nore preferably between
1-10 carbon atons. A heteroatom 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
het eroatom O her exanples of a linking noiety for A and B include a

mul tiply functionalized aryl group, cont aining up to 10 and 20nore
preferably B4b carbon &f 88 hemiRetharsyn "gelgeRsyiemselivel" sefxs td patsdglanet h one

nore carbon ] f s her.exanpl es of

Ui tabi ¢ 11 B o P stneaer YRR pidh bl oBh R e HEIEN U S, Pt
Nos. 5, 932, 2&vabmidnets 848 b@Frasds bhtblindaatnd Wpphed iﬁﬂb@&’r@a‘kﬁ&ﬁ&ﬁge eacp of
which is i _ [ I e Q. 1p.0ts entirety. Those o

or IdiCnaIry S%ﬁe@%@{e%&sgﬁmﬁe & ?‘?%caé‘gﬁf’%ﬂ?hﬁ?’@i%émﬁa%’e@ fgents g for

l'i nki ng S0 Bdtdde®r pemple, incomereiah suypkérausldgy guding Sﬂ&?@%&dﬁd diglohat i ve, and
cont el at e (R TR AEIESL B MELP TGS P e POEY AgFlstou~] Ghise as X

i ncl ude hyduskyl, prot eBGeypiyainOdkk, coRkk@X¥dorle@Cdolub R i@ VhRY, staBiH e hedS

N- hydr oxysucci ni m dy rs and | benzotriazoly| esters, active carbonate,

| ‘ ca
such as N-hydf R&@ﬁ&%ﬁ“ﬁ’ﬁf&fw& ©&F Bt fez Aidetriost axio getcaip pgt-wxie.
car bonat es, pagetalkne 408 RdRiderl DR AR AUBL AL FicR NS Y that BEEX! AbSie

met hacryl ate, acrylam de, active sul fone,” am ne, am nooxy, protected am ne,
hydr azi e, $raeatme™ il ifesisees op preaemenithei etusig habolekd weibisadly, pr ot ect ed

R oy T R R B ey THL PR BBl RV MAGTC, o
nesyi at es, OEVIUAE EEonER the badyy Méhan attadhké trea midetuwbrieying nanaddstable As

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), —~ CH;CH;», 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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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
functi onal group. 5[57] As woul d 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
reacti on coR@3GHTH8s: WRHEtHI HPeutd WY %ﬁfmw,wmuofmoyudﬁmﬁﬁamgb}on the type

Chernont ol tebabBOREIN G, QI AHE DTSR SR Bl oo Rl BERARES T Lt

chem cally reactive group an am ne or rotecting group
can be sel e@t7ed from t tﬁeani:ﬁh@r?@ﬁjpcmfamo@eﬁnﬂwmﬂnmdak&mmregnteseagba)gyand

9-fl uorenyl F |f the chemcally reactive group is a
thiol, the gﬁ%@%& "89%@6 agoﬁﬁ%)‘ég BPREHF 8‘5‘/?@1"?&?@?’6@“ gplifgddheni cal |y
reacti ves gr Qiffbyizhan Gﬁtdm@@flcibﬁmﬁ%@h such as butanoic or propionic acid, or

a hydr oxyl up, the ot ecting Qup can be benz or an al kyl group such
as nethyl, g‘{ or tgﬁa% m“‘%%Wp%PWﬁ’&%PWB@UWW%&ﬂgMﬂe art

may al so becam@i amg@emmm%mmé%ﬁﬁ&%&Bfﬂz@é&m' es of term nal
functi onal %goups inthe literature include N-succini mdyl carbonate (see

e.g., US. Nos. 5 pifliteoso thsuigguudgFC, dxivnbmeses alse byprepButkiftann et

| . Mak e a i #283a) o, ared i J.
19° 1177rgr1r3l§’3§1‘§mﬁ@§dd§‘§‘§f‘%%§%ﬁ blicoch8 ol BRhOl, Pho B e D

179: 30114 19Hyes inie op! mewbomm@nammdwmb@mmm cHot.amsat e (see
hopi 1 cat i ontsorasssly BB BrUERS AP R o R R on, b
1997; see af%*@ps?ﬁ(ﬁla‘ﬁzér&)PBG«C&Jﬁm)"EGsucci ni mi E:Iyl succi nate (See, e. gj :
Abuchows| ci 0 |ch et al.
Macr ol ol . gn 180: 133“%%96’)08@?6}?5%%%&(}9?& ?‘iﬁjﬁ %@ gf( n@ S. Pat.
No. 4,670, 4&17%1) ﬂlé’ﬁﬁo@pﬁ%@bzﬁnﬂﬁdﬂ@ﬂ&ﬁﬁbb&ﬁ&mﬁ g , U S Pat.

5, 650, 2?_41) gyci dyl et{‘%ﬁ see, e.g. , gFitha al. Bun . T Bi ochem 94: 11
(1979) o | L ot “al . S MR pERIGHR stealb SHERT wabaBHeTG DGRy

oxycar bonyl bx&btmzmlﬁ a(ﬁ@:ﬁerwselu@e,, wite 8083 Rboae BORkmin M8 bartiBlIRENRMR i 31: 25

(1983), Tondell i Control |l ed Rel ease 1:251 (19 5)), p-nitrophenyl
carbonat e ( é“"’eféma ﬁm%@%ﬁ%é‘éab %PO%E)‘P inchydsdvere neigmisd . ofher . 141 (1985)

and Sart or ep&i(aibicne NRls), sBhQe @Mpr% ig%i) g?’?é i&c%%@&)e)sﬁlé%ogwde (see,
€.g., Harri gop%}ymaeil's of gtizyiene g){ycc:-l and ziropylene glycol), terpolymers thereof, mixtures thereof,
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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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), Ronmani et al. in Chem stry of

Peptides and Proteins 2:29 (1984)), and Kogan, Synthetic Comm 22:2417

(1992)), orthopyridyl-disulfide (see, e.g., Wghiren, etal. Bioconj.
4:314(1993)), acrylol (see, e.g., Sawhney et al.. Macronol ecul es, 26:581
nyl sul fone (see, e.g., U S. Pat. No. 5,900,461). Al o h above

(1993)), vi
ref erences
enmbodi nent ,

wherein: X

aromatic |i

10

i5

20

25

30

35

are incorporated herein by reference. [59]1n a preferred

Chem

t he pol yner derivatives of the invention conprise a polyner
backbone having the structure: X-CH2C1120-(CH2CH20)n - CH2CH2 - N=N=N
is a functional grcipAasPOelerBbeld=MBdve; and n is about 20 to
about 4000. whg$in: anot her enbodi ment, the pol ynmer derivatives of the
i nvention conprise a polynmer backbone having the structure: _ _
X- CH2CH2D- ( CH2CH20) nN=NCHREH2zide Bo{et; N=N=N 15wherein: Wis an aliphatic or
nker noi ety conprising between 1-10 carbon atons; n is about 20
t o about 4000; and XBiss: lmkhpnoictordlichgnoue psedes esseied above.

POLY is a water-solub»le 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

X is a second functional group.
551 Examples of a linking moiety for A and B inciude a multiply-
functionalized alkyl group containing up to 18, and more preferably between 1-10 carbon
atoms. A heteroatom such as nifrogers, oxygen or sulfur may be included with the alkyl
chain. The alkyl chain may also be branched at a heteroatoin; Other examples of a linking
moiety for A and B include 2 multiply functionalized ary} group, containing up to 10 and
more preferably 5-6 carbon atoms, Thee aryl group may be substituted with one more carbon
atoms, nitrogen, oxygen or sulfur atoms. Other examples of suitable linking groups include
those Iinking groups described in U.S. Pat. Nos. 5,932,462 and 5,643,575 and U.S. Pat.
Appl. 2003/0143596, each of which is incorporated by reference herein in its entirety. Those
of ordinary skill in the art will recognize that the foregoing list for linking moieties is by no
means exhaustive and merely illustrative, and that all inking moieties having the qualities
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-
benzotriazolyl carbonates, acetal, aldehiyde, aldehyde hydrates, alkenyl, acrylate,
methacrylate, acryiamide, active sulfonie, amine, aminooxy, protected amine, hydrazide,
protected hydrazide, protected thiol, carboxylic acid, protected carboxylic acid, isocvanate,
isothiccyanate, maleimide, vinyisulfone, dithiopyridine, vinylpyridine, iodoacetamide,
epoxide, glyosals, diones, mesylaies, tosylates, and iresylate, alkene, ketone, and azide. As

would be understood, the selected X moiety should be compatible with the azide group so
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20160] The azi de-cont ai ni ng PEG derivatives of the invention can be prepar ed
by at |east two methods, hi one method, shown bel ow, a water sol uble

pol ymer backbone havi ng an average mol ecul ar wei ght from about 800 Da to
about 100,000 Da, the pol ynmer 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 may be paired with 25 any of a
nunber of suitable counter-ions, including sodium potassium

tert-butyl apppRiMER AEHLS Qzuﬁ&of;r&df&)doeg_ ﬂﬁ ok &RV Eﬂ@azﬁ:%%%ﬂtmgﬂaqﬁbg%%s de%v?_tfves

nucl eophi lic displacenent and i's replaced azi or di ng

t he desi red%&?%l@%ﬁ%@pmﬂhgwm@éﬂ@mmm@n& crc&\@(ae,(,}g&ﬁlsc{zﬁﬂa]zﬁs shown,
a suitabl e pRlWIEr @ S, it he30f ormul a
X- PEG L, wherein PE |s po%?’ %ﬁﬁeapté} 5%“8 ?ﬁig’%td)%&%%p IS?% tFt'onal group
whi ch does figetignalazeupwi t h azi de gr oups and L is a suitable IeaV| ng group.

Exanpl essof (gui tabl e functienal,eroups. ixncl u%e CE’P)(%E% %c%;[ e

hydr oxyl, acetal, al kenyl, am né, am nooxy, pro ected
hydr azi de, p!fﬁ@ftneﬁ:{tf@d’mtmm gmwlamwm& aevdhts mo@b@@itﬁdcmdamy(wbdztﬁre aC| d,

leimd di d ket
gﬁ i ,? :'i[)nl eel e a\?%ﬁﬂgn%%%dg%ggé? ner%%&eé’ét n%( 8‘”? c}ionls 8@8 Ig?%geé;tm %ra‘lgagﬁl v H%P%ﬁd

tresyl ate, amthetspsyf ditesampl@zs]e:mvmgmepbmg ;ﬁfetahfad Hoﬁéxaﬂfpﬁ:pﬁ‘ﬁ&tm@ﬁhcﬂfy t he
a | inking agent

azi de-c. ont r.derivati |nvent|
bearing an gégleggﬁﬁé¥g%ﬁ5 Pfamméﬁz n@%@?% ?ﬁm%“m'eﬂﬁﬁﬁd@%ﬂ | e pol yner
backbonél ha\zlongomsrt-amagﬂbmm} @iﬁdcaﬂﬂdlﬁaﬂghényﬁrﬁﬁm@b&bﬁnvsg&omfﬂt& about
100, 000 Da, whe i_nki ent bears a ch ti allty t hat
will react Se chag %’ %%@gﬁou%mé’rﬁgﬂg%e@gf‘e TR EB A ?V&SW‘% SP}%% pohyner, to
form an azi demsaHy mamvagropplsmmﬁboﬂﬁrcla\tﬂl su\tﬁ a@fﬁ:ﬁﬁm&tory‘%@f@ic&cﬁf& adzide is
separated f e ackbone nkln 0 631An exenpl ar

et on sc R GoBR S ARsar i oo PR oo P et D RENEch s ety e T Y

reacti on sc
PG X- PEG | i nkert-biNgNoMendrewaing groBEﬁcmﬁvnﬁﬁ)mé(ﬁtrﬁw m%egke&th)e Aastick. 1S a

cappi ng ;g uch as al_koxy or functi.on as descri bed above; and M
is a fungt ngn | group tRAL arﬁ%f’ fg‘é@’c“?"’\ygm\ﬁﬁ P&H@"‘é‘i@&é“%‘i‘ﬁéﬂ"@ﬁﬁl ity but
that will rezamcamf&zfdymﬁmity(sm selsemu N&d. .20 54, 5 heg N bngtd (QéaaégQLOUpl

n car boxylic

150641 Examh o 341 AL S 1cL] S graUpE el e, WG] & cirhonl 1

a hydrazi de(1683)a iy draodey(S ek £l MadrdzRe LNBR-JnRA\ILEE. Dioaisd (sl i s a

nucl eophi |l e.

succinimidyl propionate and succinimidy! butanoate (see, e.g., Olson et al. in Poly(ethylene

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, e.g., Beauchamp, et al., Anal. Biochem. 131:25 {1983), Tondelli
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



[ 651Purification of the crude product can usually be acconplished by

preci pitation of the product followed by chromatography, if necessary.

20[ 66] A nore specific exanple is shown below in the case of PEG diam ne, in
whi ch one of the amines is protected by a protecting group noiety such as
tert-butyl-Boc and the resulting nono-protected PEG diamne is reacted with
a linking noiety that bears the azide functionality: BocHN-PEG NH2 +

H2C- (CH2) 3-N=N=N. [67]1n this instance, the anm ne group can be coupled to

t he carboxylj ¢ .aci . usih ar i of act.ivating,agents such as
t hi onyl chi Yol dl Bl iRl f5%3 S ﬁ'%‘d%%WS?ﬁSc Lhi mi de or
N- hydr oxybeReatmbaaddse2& 51 1893, oimypuldvhd@ed end Lhethac s, 3.9 w0 odinifae PEG
derivative %pd tgg aziderbear%n qu¥erfnoiety. After successful formation
of the ani d&" B TR T BEHYT ?"iigieﬁir‘t ey t2 B! - Boc- pr ot ect ed

azi de- cont a{®j ng deri vat i peferadenfiRdiuaed, ti paohdrdetaiBdirine iRiaaat | ve

mol ecul es or it.can be %H%%her el aborated to install other 30useful
functional GrESE: PESPEPREP IR RS eSS oc group can be hydrol yzed by

treatment with strong acid taq,.g e a- am no- PEG.azi de. The
resul ting am ne can be used g%Esﬁgééﬁ%ﬁgﬁk@ﬂﬁgﬁd%ghﬁg&Tﬁ%?gél ot her usefu
functional i tY8fch as ma eim de groups, activated disul fides, activated
esters and so forth Kata fheicadigabb edakrival dbatd; endret er obi f uncti onal

reagents. [68] Heterobifunctional ivatives are particularly useful when
it is desired to 5at F&M° 5?F€$@ﬁg&ﬁolecules to each terminus of the

pol yner 16 For exanpl e ddgemBg@medy the FoRendNiaiiages BEG: WRuhidnabhoietbhe
attachnment of azg%égcule havi ng an activated el ectrophilic group, such as

an al dehydePoliag Ry ipR e dMEEYSr | activated carbonate and so forth, to
one term nus of the PEG and a nol ecul e havi ng an acetyl ene group to the
other term nus of tRePESHABIESOHO ot He nbodFreal -t He i nventi on,

t he polyner derivative has the structure:
5 wherein:

W is an aliphatic 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



X-A--POLY- B wherein: _ P. can be either Hor an al kyl,

al kene, allcyoxy, or aryl or substituted aryl 15Pinp; B is a linking

noi ety, which may be present or absent; POLY is a water-soluble
non-antigenic polynmer; Ais a linking noiety, which may be present or
absent and which may be the sane as B or different; and 20X is a second
functional group. [70] Exanples of a linking noiety for A and B include a
mul tiply- functionalized al kyl group containing up to 18, and nore
preferably be man,%-éO.canbpn atons, A heteroatom such as nitrogen, oxygen
or sul fur nﬂﬂﬁs’é%ﬂﬁ $ GURRPYRFTR e &ngimvyfing (g Ketomen ExaRlgd ofshigivle may al so be

branched at jeailiek8mp0aLRM ch@f@l@,%zﬁ%ﬁﬁﬁk@i%,%ssﬁaﬁ!&i @Jéﬂzlgtg, 7 %gﬁ{ey for A and B
ar

include a multiply functionalize group;, containing u 0 10 and nore
preferably 826 carbon Htaoweend msthogifor prepacation whipe bodscinstitaipabenai t h one

mor e car bonga It , me.. (X.her exanpl es of
e N g S e b T e T

Pat. NoS. 5WE8ZoUB2 pelrierdhadd8ndET i akkrfee Ralbculdppight 2O0 WAL I8HS6 each of
which is in ference herein in its . entirefy. Those 300f
ordinary s k%gpﬁ?pl’ﬁé(ﬁga’ar f Je&/iﬁ% ]%glencfgoa&ﬁ?t 218 PRl %1'“8?@’6&%/’65& lwiﬂi’faa@ftor

| i nki ng noi tec@elisitbychapicalfertisndkhoist PEC pichelRE &I ah kiidstdalinge, and
that all 1inpking.mieties, havin he qualities described above are

cont enpl at e%l’ &ym% SRS Y%?feg’s%ﬁetaﬁ‘g? B SFRAYES B e gpymssbackiorgses as X

i ncl ude hydiixgxnglgroupr ot ect ed hydroxyl, al koxyl, active ester, such as

N- hydro su&&ininidyl sters_and 1- benzotriazolyl esters, active

car bonat'e, h as N hy3FFRPAEER AR YImecis Bmdtels and 1- benzotri azol yl
car bonat es, Xawetal+ NakehyseN 2lpdehysec i aiasy al kenyl , acryl ate,

met hacryl ate, acryl am de, active sul fone, am ne, am nooxy, protected am ne,
hydr azi de, BRETRCHESmpdtetyicaesvepldanicX it eanpivg grogmsisbrydlkavackd, prot ect ed

e s YR S B PN,
nesyl at es, s ygtieslity suithat mals erestadficientivané selécdvonwith drdv Anetophlenen.

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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As woul d be understood, the selected X noiety should be conpatible with the
acetylene group so that reaction with the acetyl ene group does not occur.
The acetyl ene -containing polyner derivatives may be honobi functional,

meani ng that the second functional group (i.e., X) is also an acetyl ene

noi ety, or heterobifunctional, neaning that the second 15functional group
is a different functional group. [72] In another preferred enbodi nent, the
pol ymer derivatives of the invention conprise a polynmer backbone having the
structure: X-Cl12CH20- - (.CH, %20)n -e-g‘gHZCI—_IZ- 0-(Cl12);"-CE. ---Cl11 wherein: X
is a functi &ifaP™ ?‘8@?‘%@0&5 58 Yoy dyrstionplinesughhaunaldpidegrapa utiaB00;  and
mis betweetisdifi@Rthcdied SROE hid £ PXRRR! i .0bi functi onal
PEG pol ynmers are shown bel ow. 95[73%’&?&%&?@ ené@%igﬁggﬁoﬁﬁ%&gﬁ

deri vati ves™#Fhe invention can be prepared by at |east two nethods. in a

first methogg a water : -havi n n .aver.age. nol ecul ar
wei ght fromftakou't 800 %%{e%'ggk%ggg%éﬁ?g%?ﬂgg%%%%gmﬁggﬁﬁheﬁgéﬁ(‘%ﬁ‘ﬁ@%avi ng a
first tetni#sh Gifpgednalesuigs foieret tefruines dfdmatolgna for anhpte, SRoaRE: DET N NUS
bonded to a,sujka il is reacted with a conpound that
bears both aarﬁﬁg%\g%%edt%ﬁ g%%né&'?{g;ri\%tu: %ﬁgﬁqégt@énéﬁgagmﬁe@g@ RS 4 Hat i s

sui t abl e f otleqmopluli¢ rupniich a¢ dneldabytie Gpbid, keivgl0 BferOtt 8] BEGnaVieN,t he PEG

pol yner beag| ucl eophil.i.c ie nd the nolecul e bearing the
oaving or oniiar SRR SRR R Sl § Hatipe treserisos s st ebi | | c
di spl acenentmame dfePEQl aced by the nucl eophilic noiety, affording the

desi red,,ace ene-contai nin | r.
1 f6¥} ﬁl another epmqoo%ggcm of the invention, the polymer derivative has the

structure:
X—r-AePOLY— B—C=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



5X-PEG -Nu + L-A-C 4 X-PEG Nu-A-C.-.CR [741As shown, a preferred polyner
backbone for use in the reaction has the fornula X-PEG Nu, wherein PEGis
pol y(ethyl ene glycol), Nu is a nucleophilic moiety and X is a functional
group that does not react with Nu, L or the acetylene functionality,
[ 75] Exanpl es of Nu include am ne, al koxy, aryloxy, sulfhydryl, imno,
10car boxyl ate, hydrazi de, am noxy groups that would react primarily via a
SN2-type nechani sm Additional exanples of Nu groups include those

react. primarily via an nucl eophilic addition

functi onal §r Ou?’%‘ét hat \é\oul | . 3/ . 1| :

reacti on. EXEHPEEUHYe Pd giEphpdeimatiradad bat dt inking mnigis tevingiterdivdities nesy | at e,
tresyl ate, apaibtOsyhei-ecaithpRider groups expected to undergo nucleophilic
di spl acenent,_as well as ketones, al dehydes, thioesters, olefins, alpha-

15bet a unsattlr at ed car Bemples §f wiiphle fewtipnehateps fande et Karchdb apdreophi | i ¢
groups expegied.d aHRAeNgR R ot L [ iles.. 1761ln a preferred
enbodi nent ,%}A 'S PR phat i %qﬁv% ey Q%Pg%gth %%&?Fﬁﬁmé%?ﬁ%eﬁs Bdre or a
subst i t ut edbeazapiazpivhesterst achet swewrat6, sidh ad¥-bydromtsortnimidyl @rtandieingliiional group
whi ch does e} ELaGE .. i roups and. L is a suitable |eaving group
20[77]1n a seco n%@%e%awgéﬁ?sg%etg?&é%%i?}g i %‘%%?ét{yﬁg‘wﬁt%lfewle??@ﬁ@%nt ai ni ng
pol ynmer deriefaacisias agflathie, dctiveanifbnn amine RInGn Ry yirbkcibPatking hiRaAXer age
nol ecul ar ' r bout 0.Da to abouyt 100,000 Da, bearing either a
pr ot ect ed :ﬁ%!ﬁtg{{%doﬁﬁ’ gf agi.&%é’ﬁopec%eggﬁd’cﬁﬂ%?xﬁgc %érﬁ’f"t%f’tt‘*ddﬁ@‘mé‘ﬁ AfifigocEandiea
sui tabl e | gsvhingagutouplcatidd, hiylelifteik, &Sl Agse, vinyiRRERC iHQ¥nAl acetyl ene
ani on. %rS[ 7%&&&1 exenpl g.rg/ reacti on schenme is shown below X-PEGL
+X- PEG &Y - O ?l\ﬁ@?’g%’].m es, mesylates, tosylates, and tresylate, alkene, ketone, and acetylene,

As would be understood, the selected X moiety should be compatible with the acetylene

group so that reaction with the acetylene group does not occcur. 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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PEG i s poly(ethylene glycol) and X is a capping group such as alﬁoxy or a
30functional group as descri bed above; and . R is either
al kyl, allcoxy, aryl or aryloxy group or a substituted alkyl, aIkoEy o
or aryloxy group. [79]In the exanple above, the leaving group L s 03 'tﬁ
sufficiently reactive to undergo SN2-type di spl acenent when contacted w

a sufficient concentration of the acetyl ene anion.

required to acconplish SN2 displ acenent of |eaving groups by acetyle

anions are well k
can usual |y 5E°Ye

18 FRURERFOBR B CpPbined. &is leavingigeoupuodtngtes 4 ol | oned

H1
I,

ne

by

Eomm in the art. 5[80%Purification of the crude product

an
aryl

The reaction conditions

chronatogranhgmmﬁﬁc&gggﬁﬁéﬁﬁﬂj;&%&g&@%ﬁ&gﬁmﬁ ﬂiQQM&%k5§§%n'#§ﬁgs | es are

offered to illﬁstrate“ but not to limt t

PEG OH + Br# FOOIEIE PEEEIO- (CH2) , - COR A 183] The pol yal kyl ene gl ycol

e l1lOpresent”’inve

(P-OH) is reacted with the alkyl halide (A) to 15formthe ether (B)

t hese co

10

15

20

23

30

fpounds, n is an FAtREGRN #f L-ORCoR&-PREGMNWAE-GR®' R can be a

{74} As shows, a preferred polymer backbone for use in the reaction has the
formula X-PEG-Nu, wherein PEG is poly(ethylene glycol), Nuisa nucleophilic mojety and
X is a functional group that dees not react with Nu, L or the acetylene functionality,

[75] Examples of Nu inchude amine, alkoxy, aryloxy, sulfhydryl, imino,
carboxylate, hydrazide, aminoxy groups that would react primarily via a SN2-type
mechanism, Additional examples of Nu groups melude those functional groups that would
react primarily via 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-
beta unsaturated carbonyl groups, carbonates and other electrophilic groups expected to
undergo addition by nucleophiles.

{76} In a preferred embodiment, A is an aliphatic linker of between 110
carbon atoms or a substi‘tﬁted 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

177 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.

{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
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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straight- or branched-chain, saturated or unsaturated C, to C20 al kyl or
het eroal kyl group. R can also be a C3 to C7 saturated or unsaturated
cyclic allc-yl or cyclic heteroal kyl, a substituted or unsubstituted aryl
or heteroaryl group, or a substituted or unsubstituted al karyl (the al kyl
is ad to C0 saturated or unsaturated al kyl) or heteroallcaryl group.
Typically, 20 P-CH is polyethylene glycol (PEG or nononethoxy pol yet hyl ene
glycol (nmPEG having a nol ecul ar wei ght of 800 to 40,000 Daltons (Da).
Exanpl e 2 nPEG OH + Br- CH, nPEG 0- CH2- CnCH 25 [84] nPEG CH with a nol ecul ar
wei ght of 2079900 Da (r APkEEERNDe 2kDa, tholegving grovd L frpild beSuffibien)y remsivd r eat ed
with NaH (1 “ )1l LSOl U0 f_propargyl brom de,
di ssol ved aga ‘g%"ré‘g@?%ﬁgg h%p%%r%egrg%é?cﬁmf%/tf%ﬁgﬁ?6%%‘6%19&%&%%? ?{gﬂé?) equi v. ,
Al drich), ancttydene atian. yEhecezaimpunmdionddequierd ¢o tdoemnplistl $ad dsplatdvensel uti on and
t he resultiﬂ%vhrlﬁ Xttlill’sg) \Q@V%Qeated to rgflux fofj 2 h. Water (1 nL) was then
added and t S vent %“.%3%‘{?58"‘30’{% é‘?"%&f ¥ To the residue was added
CH2A 2 (25 M) and t he Pafifiasiba of fy efudnaodse par abal, bedbdoagligéeny anhydr ous
Na2SO4, and the. vol ug@l vvaﬁ rfc{gf“%g to arggr oximately 2 nL. This CH2Cl12

sol ution waSTHATEE" CoHPEL o by ERBARETPY: BFSGHEE: The resul ting

preci pitate was col |l ected, washed with several portions of cold diethyl
ether, and dried to afford rogargyl-O-PEG Exanple 3 rri PEG OH +

Br - (CH2) 3- C&8H 3 nPEG@M@CEm 10 WInPEG OH with a nol ecul ar wei ght

of 20, 000 Dggxm PEG OH 3@ fdilg%%%ﬁa& G5 ald oftefel i PhistraBU DRG0 WAS sl €at ed Wi th
NaH (12 nmg, 0.5 mml) in THF (3 rrL)p. Fifty equival ents of

5-chl ord91- periyHeention.53 ., 5 nmol, Aldrich) and a catal ytic amount of |Cl
were then added to the m xture. The resulting m xture was heated to refl ux

for 16 h. Water (1 nL) was then addquxai@%[gpe sol vent was renoved under
vacuum To the residue was 15added 5 nL) and the organic |ayer was
e

separ at ed, 1€ er hydr.qu ] . .a he vol une was reduced to
appr oxi mat e??b%% g 3 &t%%’%?% dded to diethyl ether (150
mL) drop-w se. The résul ti ng precipitate was collected, washed with several

portions of cold dieti$t)l EtelpeiyalianaedlvcedP13i)ds feactel whiethe aliyiespdndh g
al | cyne.i520f =4

e!tl?er eB}‘ In these compounds, n is an integer from onetopine 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



m HOCH2C6HAOH + NaOH + Br- CH -CC{ 4 m HOCH2C6F140- CH2- Cz---CH

m HOCH2C6HAO- CH2- CeCH + MCI  N(Et) 3 4 m MsOCH2C61- 140- C12- CaCH

m Ms OCH2C6H. 40- CH2- CeCH + Li Br 3 m Br- CH2C6H4O CH2- CCH nPEG- CH +

m Br - CH2C6H4O- CH2- CeCH 4 nPEG- 0- CH2- C6H40-CH, - G- - - - - CH 1861To a sol ution
of 3-hydroxybenzyl al cohol (2.4 g, 20 mol) in THE (50 30mL) and water (2.5
m.) was first added powdered sodi um hydroxide (1.5 g, 37.5 mmol) and then a
sol ution of propar gyI brom' de di ssol ved as an 80% wei ght solution in

xyl ene (3.36 n%!xtu was _heated at reflux for 6

h. To the r’r‘°i°}<vt‘:‘ﬁC “éas\ﬁﬁrgove&d@ﬁarfﬁ@?“@r tCII iR T5RHeF W3 addst O Gl @Rl 8 gent was

renoved UNO@Eaniee it Was T RrabedS lirthd & v s R¥dut AGLRSL, M!dttl’&b v%hi?ﬁé'wa@?&ih@éd% ( 3 x 15
rnL) and the copbi ned org_vgl c layers were washed wi sat ur at ed

sol ution (1¥PPFmately 2 ¥ W@@Eﬂ}hﬁﬁﬂ W@%ﬁ@éﬁf@%@@d e‘thﬁ {gPQmly ¢T@P‘3’4‘33 .
propar gyl oxyheath ?&%@1& W&k%&%&%ﬂeﬁ%g%y&aig)%ﬂﬁé sﬁ%ol(i%mﬁm stndp>: (ol )

and triethylam ne nmmol ) were a a solution co?rpound 3
(2.0 g, 1. odided i ﬁff?fm@fwlﬁ“l“ﬁﬁc and the reaction was placed in the
refrigerator for 16 h. A usual work-up afforded the mesylate as a pale
yellow oil. This oil (2.4 g, 9.2 mmlg)kagﬁg £ i ssolved in THF (20 nL) and
LiBr (2.0 g, 23.0 nmol) was added. The reaction m xture was heated to

reflux for épjgg@;ggc@,s(cg@@Q@pJ}qug@dm tepgerature. To the m xture was

added water (2.5 nmL) and tThe solvent was rénoved under vacuum The residue
was extract %%avmth ethyl _acetate (3 x 15 nL) and the 10conbi ned organic
| ayers shed wi t HHeGHhYERY2 Nalcsuigsymght 6h24000 D mPEGHH delkBuer

anh drous Nag @4, matdl € ] MPEG- OH
0 | n (L P B A S T e EE L e

sol ution m%quszal@mwf prsblar-|-pentrt(ho3 MEH (Iﬁlqisgkid@hiﬁldmmmbf)w wasuradfiéd wit h
Vi gOr ous Stk bl Q¥Ro theRGkiuRd 9L rSEUES Bhnlll Ul 83rch O LAVEY, Byy 30dL T T on of

t he brom de
(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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150bt ai ned from above (2.55 g, 11.4 mmol) and a catal ytic amount of I C The
cooling bath was renoved and 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 CH2C12 (25 nl) and the ‘organic |ayer
was separated, dried over anhydrous Na2SO4, and the volunme was reduced to
approximately 2 nL. Dropw se addition to an ether solution (150 20m)
resulted in a white precipitate, which was collected to yield the PEG

derivati EG,NH, .+, X- 2 CECI V
meDIrEIGY%HI- \C/:(eo E%%%ﬁgéf} lmt—? “%[ %fgﬁd%@)“@&?ﬁ %‘?)SICQI&FW?%%Q gshthasni ng

pol y(et hyl eprepgit>0ldnzpndiyper s can al so be obtai ned by coupling a

pol y(ethyl e gl ycol) I cont ain a termnal functional group to a
reactive m){gg}cul e cont %# S“t‘ﬁﬁiéyléfml@?@f‘e(gfs@ﬂéi?W&ﬂ)@;ﬁﬁa@yﬁmmmlaﬂxe

Bxampl ¢ 0,30 EMIRC LEEMT Gl o Rt BS B NI o B Q1 IR, (2

MPEG NH2. + NHSO- 2- CP- CH
[ 90] 4- pent y%reécﬁa&w pRe B&gre@g@amﬁ)rjé as usicd wotkvegchfioneCHR Gk 1425 nl) .

N- hydr oxysUgGiie R ?rm I vver e
added and the pggrhg%&émgﬂs)w gftl F‘%g ove gfh egénoﬁ% %Rﬂér)é?%

resul ting ckd&8 mps) wet asided MS“eaasedrmxmr& Was Healed @wefig: i‘c’:}eﬁiﬁiiﬂd@:ffhs\ﬂteh hOUt
further pur n NH2 ht of 5,000 Da

( MPEG- NI - 1260% eg%tljog&n%ré‘%ﬁ St %gl ss%lrm’éed” i ﬁﬁqeg%’a?%giﬁﬁ‘} TRVEHYE ur e was

cooled to 4re@nvaﬂm@des»taamm7 m@&umg wa@e}émml@th vl esed @W&L%ﬁ‘ﬂ&ese with
stir for h while warm ng to

Vi gor ous, st xtur e
room t g@pe rdagn it %n@@b s an(“' pi Weﬁﬂ"%{gwﬁﬁlﬁ’rﬁ E‘Ejﬁﬁplé%}tl?%tﬁ abi-ged o¥kRs r enoved
under vacuumhydFoustheSoe shdlt@cadateadoat GHaLE2 kof;el) and

[88] mPEG-OH 20 kDa (1.0 g, 0.05 mmel, 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-NH; + X-C(O}-(CH,) p-C=CR’ = mPEG-NH-C(0)-(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 the organic | ayer was separated, dried over anhydrous Na2SO4, and the
vol ume was reduced to approximately 2 nL This CH2Cl2 sol uti on was added to
ether (150 nL) drop-wise. The resulting precipitate was collected and dried
in vacuo. Example 7 [92] This Exanple represents the preparation of the
met hane sul fonyl ester of 15 poly,r(ethylene glycol), which can also be
referred to as the nethanesul fonate or nesylate of poly(ethylene glycol).
The correspondi ng tosylate and the halides can be prepared by simlar

pr ocedur es. EG OH SOZCl EG 0- S02CH3 4 nPEG N3 20 [93]
MPEG- OH ( 3, 400, 25 Beﬁ%ﬁmrﬁ%r% B‘”hg %@dn?‘rﬁ‘} Fps digrlyehis (RESAZesidopi cal |y

di stilled fmhyaroiapwcsmmrzdeqs Migt 5.9 aRAb!pid DAe(4593l Ut b hoBRerCQRLEM gl T OOm
tenperature. To the solution was added 40 |nﬁ_ ongdr 8HZCIr2 and 2. 1% of

dry triet hy?ﬁé#ﬂ”ﬂéf?@f%ﬂ?ﬁmeyﬂghrﬁ@%F@&@F@Wrm@wé%ﬁe@cmp1&&‘48 pgte 7veeh and 1.2
nL of di stlhdee%rgé@am%,eéwnw@m&my fikatdn 1T NOl ) was added drop/vi se.
rre

The solution was sti room tenperature under nitrogen over ni ght and

the reacti oflhas quenchaBEGNERdeirymotesuiar sfeighbefdl,000 B2 &nPRROH:, The m xture
was evapor atgf 8N ACHUM S (£ her than
tol uene, fil teF"gg& ccf%‘?gnt rate agay%dzﬁéég%igﬁsﬁcﬁ?ﬁgﬁé )éhéﬁ%serseeﬁ p| tated
into 100 rrL(436ingdﬁ}étrm§wi} wahaeided Frgort-wist with eigomes mtgedhmﬁ:dmrsmr al
portions of d t ddrledln va ford the nmesyl ate.
[ 94] The rresyf"g‘{eg“’( itgtf‘% %é%rb 30 gromsrpy %‘f@)‘“ﬁ Eﬁl&eﬂaﬁ % he

sol uti on wasdgboiobeknt Wasdreﬁovéﬁmnﬂdrrefammml &9 tholesitheOres wided AULEH (Hosk )y azi de
(1.56 91324 flux, under nitrogen for 2

The reactio to . r
h. The 50l vERf rsga‘\l/b% e W&W‘%%tﬁ‘g rdﬂf‘iﬁ"eéﬂltﬁ‘i’ ks NPy ard 188 VolEseva ediceo 12
(50 nl). The opgabhael) 0t i T GRS WA idledRChes@bM L PRoaRsk dirhed over
anhydr ous N%S@n The vol u QXYa cgr'ﬁnguced to 20 mM and the product was
precipitate W%&F?tﬁﬁwﬁc BH°GANI GFeEBYAWr y et her, Exanple 8
N3- CBH4- CORF1 4 N3- CBHACH2OH N3- 061- 14C1- 120H 4 Br- CH2- C6H4- N3 nPEG OH +
Br - CH2- C6H4- N3 -> i nPEG 0- CH2- C6R4- N&ﬂxampie’?

{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,C1 + N(Et) 3 =» 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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15[ 9514- azi dobenzyl al cohol can be produced using the nethod described in
U S. Patent 5,998,595, Methanesul fonyl chloride (2.5 g, 15.7 mmol) and
triethylamne (2.8 rrilL, 20 nmol) were added to a solution of 4-azidobenzyl
al cohol (1.75 g, 11.0 nrnol) in CH2C1l2 at O C and the reaction was pl aced
in the refrigerator for 16 h. A usual work-up afforded the nesylate as a
pale yellow oil. This oil (9.2 nrnol) was dissolved in THE (20 20 nL) and
LiBr (2.0 g, 23.0 rrnnol) was added. The reaction m xture was heated to

reflux for and was en cool to rgomtenperature. To the m xture was
added wat er ]I?% 5 niL) anzgﬁ%ﬁygiﬂ{g@ﬁ@% ) Vangvalyedmdé m! pAEET md tihe r esi due

was extract ediutibi Wasedobigll oo, b he(c3oi¥d shiutioR ks A284 4B Kﬂ gpgani ¢
| ayers were vva%geg with saturated NaCl solution (10 %L% i'ed”over

anhydr ous Nd%% BECHghEertsd Bdeliv wisy aitdgen f9eshr B sbivents were then

25[ 96] TPEG- Qrlappatdelid €2 +Qidhe dBuida HRPEsL SRR §i with Nadl (12 ng,
0.5 mol) in Hg 35 n) and t%e broniaez?é?%é'Sgﬁﬁé&ﬁﬁ%ﬁlmﬂﬁﬁ‘vg%%d to the
m xture al offHArH saiutdostant grisdovanmmaydrous MO THe volsia vias reguaril Xt 2@l avas
heated to reafd ysalcoH Rita )08 (.1 ta the mxture and the

sol vent was re%gvéﬁ ﬁ%ﬁ%&l3ach€%$£%%%%Hﬁﬁﬁggggggnﬁé§tadded CH2C12 (25 L)
and the organic |ayer was separated, dried over 30anhydrous. Na2SO4, and the
vol ume was reduced to approxi mately ZEssmwpld¥ opwi se addition to an ether
solution (1SQ nL) resulted in a precipitate, which was collected to yield
MPEQD- CH2- CAHY- NAG-ColirGRpT & Bx-RIERCHEE 0- CHRCH2CO2H + N3- CH2CH2C02- NHS 9

N3- CH2CH8- C( 0) NH- PEG- 0-  CH2CH2CCRH [ 97] NH2- PEG- 0- C1- 12CH2CO2H ( MW 3, 400
Da, 2.0 g) dNeSefl 4 HORT $rddbfHit2d aqueous sol ution of Nat|CO3 (10 nl)
and the solution was cooled to O C. 3- azido-I|-N hydroxysucci ni ndo

propi onate (B eqiPEGORASrdielctHnidt: > WPGFOUSLELHINE ng. After 3 hours, 20
m. of H20 was added and the m xture was stirred for an additional 45

m nut es 1at  I@sir oom t enpeLatidke v A0&oPH, S 4 th.0.5 N 1-12504
and NaCl was_added to a concen?ra??gn OPQE%%@%gﬁﬁﬁﬁg%%ﬂ%@yﬁfﬁgw%ﬁb reaction
m xture was extiesat BePEA% hMetaesRiqyOdlonide 2.3, 15 Aminad) ad efoyeRHY2and
concent r at edyy, AbLEEIPLSE L R:b AL M L), di et hyl er, .the product was
col lected by filt ra%jlj‘gn a%gag)r% Sggxﬁ%[&gehr&gdggﬁnu ailcg%g)i(gf]%g,tiprg mmol) n :
onmegacar box y-Faki:¢e0 PE@ddbe ievativn wes pladExaimptadidthiarPirGe VB, ushdl Geric&i 9

nPEG- 0- CH, - 2 Cn =z O 8]...Ta sol uti.on. of |ithiumaceryhde (4 equiv.),
prepared as |c r%i gavﬁ © &ﬁgflﬁ%gsa%qaiefﬁg%‘a 0%’3@1‘%%“} &02 ml?‘gﬁ &3¢ ﬁﬁsmﬁlmi%ﬁa@@ed

dropwi s@0a swl)ubd bibré1.0 bIBEGuEMS wdi aEel. VIRd rédatidh:itd Whs WEAQT O ¥Sig ;T i Q.
After 3 hou&§i¥%he eactkﬁq%hgfﬂgrnltted to warmto roomtenperature and

quenched with the addr 5" HEPBH U &AM Weg adsied ppigr 288 miemd added

and the m xtherseivagsvs trémredmfde;rvaammadr}ietr&mméém@&%@e@h a&e@é@%
t enper at ur e. j N H2SO4 and NaCl s added

T was .adjusted to 3 with 0.5
t 0 a Concent]'? g{i‘lﬁsﬁ% cm%ﬁ%{céﬁyﬁrswrwwe{i Wlﬂl Sat!.lmted NBC] SOiuﬁDn { 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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25 The reaction m xture was extracted with CHC12 (100 InL x 3), dried over
Na2SO4 and concentrated. After precipitation with cold diethyl ether, the
product was collected by filtration and dried under vacuumto yield the
onega- car boxy-azi de PEG derivative. Exanple 11 [99] The azide- and

acetyl ene-containing am no acids were incorporated site- 30selectively into
proteins using the nethods described in L. Wang, et al., (2001), Science
292:498-500, J.W Chin et al., Science 301:964-7 (2003)), J. W Chin et
al ., (2002), Journal of the American gghggicoal Society 124:9026-9027; J. W
Chin, Si. P. G Schultz, (2002), ChenBi oChem 11:1135-1137; J. W Chin, et
al ., (2002) NENAR HOCtRYL, 280l &%, 21, CHEI0. RS 9%, £H020; 319R4pEAng. L. \ang,
& P. G Schulgeu,£3902), ‘Chem Comm, 1-10. Once the am no acids were

i ncor por at ed, the cycloaddltlon react was carried out with 0.01 nMprotein

i n phosphate buffer (PB n_the ﬁresence of 2 mM PEG derivative, 1
inlvl cusos,Plnd -1 ny zﬁEﬁeoﬁé‘ﬁﬂiz% (Y £-489 D 2.059) 3o $Rapfpd in o

modi ficat i 0%@@&%&&&4&%&%{9%%@ (@8 mt D 8nd BY Mo YatMdoled &P 10 M nd to -
one skilled in the art to which this invention pertains having the benefit

of t eachi ngsezigiedshmydexysrociriadd mprieRsiald cads e Frpddehsitangprestizigs obfat ed
draw ngs. Thefgfos % FoL ot 1S whOadd éﬁ@%{&f @9&% d&faﬁaﬂ éaﬁmgﬁalf; kSRRl to be
I C | SCI OSe i cat

limted to the speC| enbodi nment s at no I ons and
ot her enBSodinventanpgragre. n"ﬂmﬂie*dastaé}uﬁei mﬁoﬂuﬁd@ﬁmﬁzﬁﬁa mdNee! waopgdedohb 210t he
appended cl aj og t:r DEQ?E%J?G&EI&& .'s&rtv}ne %’HR{;: QG NELE! P @Q‘%ﬁf are used
in a generic and descriptive sense on y an pur poses i tati on.
Al'l publi cat{i®hsl xFatdeiad svarNaﬁSCpammncmpﬁhﬁ cafte:ranrsmttattoedwﬂi’teolmdmtm e her eby
i ncor por at ed ef e ence for soI

conpound co §$H§“‘K’ KRV as QWFﬁ&hg %E%u% EV¥E?R¥H§$é§%8 ene

noi ety, mher@wmmgwuwhmm$ﬁﬂﬁﬂnw5 sel ected fromthe group conS|st|ng of

pol y(al kyl ene oxi des), poly(oxyethylated polyols), and poly(olefinic
alcoholszﬁ and wherein said pol yner %p kgﬁs at | east one armof a
branched nDIecuIar structure. 2. The WAfer-sol ubl e conmpound of claim1

wherei n sai d, b Anghed mOEECY) S SHAGLUEECLE slendri i c.

98] To a solution of lithiom acetylide (4 equiv.}, 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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POLYMER DERI VATI VES ABSTRACT The invention provi des water-sol uble
conpounds that include a polyner and at | east one term nal azide or
acetylene noiety. Al so provided are highly efficient methods for the
selective nodification of proteins with PEG derivatives, which invol ves the
sel ective incorporation of non-genetically encoded am no acids, e.g., those
am no acids containing an azide or acetylene noiety, into proteins in
response to a sel ector codon and t he subsequent nodification of those am no

acids with a suitablg reactive PEG derivative, No Suitable Figure.
$9:11020-11024: and, L. Wang, & P. G. Schultz, (2002), Chern. Comm., 1-10. Once the

amino acids were incorporated, the cycloaddition react was carried out with 0.01 mM protein
in phosphate buffer (PB), pH 8, in: the presence of 2 mM PEG derivative, I mM CuSQOu, and
~1 mg Cu-wire for 4 hours at 37 °C. ] _
5 [100} Many modifications and other embodiments of the invention will come to
mind to one skilled in the art to which this invention pettains having the benefit of teachings
presented in the foregoing descriptions and the associated drawings. Therefore, it-is to be
understood that the invention is not to be iimited to the specific embodiments disclosed and
that modifications and other embodiments are intended to be inchluded within the scope of
10 the appended claims. Although specific terms are employed herein, they arsused in a
generic and descriptive sense only and not for purposes of limitation. All publications,
patents, and patent applications cited herein are hereby incorporated by reference for all

purposes,
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CLAIMS

1. A water-soluble compound comprising a polymer having at least one terminal acetylene
moiety, wherein said polymer is selected from the group consisting of poly(alkylene oxides),
poly(oxyethylated polyols), and poly(olefinic alcohols), and wherein said polymer comprises at least

one arm of a branched molecular structure.

2, The water-soluble compound of claim 1 wherein said branched molecular structure is

dendritic.
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