POLYMER DERI VATI VES CROSS- REFERENCE TO RELATED APPLI CATI ONS [011Thi s
application clains the benefit of priority to U S. Provisional Application
No. 60/510, 169 entitled POLYMER DERI VATI VES whi ch is incorporated by
reference herein in its entirety. BACKGROUND OF THE | NVENTI ON Field of the
I nvention 10[02] This invention relates to derivatives of hydrophilic
conpounds and polyners that contain azide or al kyne noieties, nethods for
their synthesis, and nethods for their use in nodifying the
characteristics and properties of nol ecul es. Background (03] Coval ent
attachnment of the hydrophilic polyner poly(ethylene glycol), 15abbreviated
PEG is a nethod of increasing water solubility and bioavailability and
extending the circulation time of many biol ogically active nol ecul es,

i ncludi ng proteins, peptides, i.cularly hyvdrophobi c nol ecul es. PEG
has been used extensively in ﬁﬁﬁEW§&%éﬂ?éﬁﬁgﬁﬁg“§§rtificial i npl ants, and
in other applications where bioconpatibility, lack of toxicity, and |ack

of imrunogenicity are of inportance. In order to nmaxim ze the 20desired
properties of PEG thgngEWMOR&WE%ﬁEF%HﬂW state of the

PEG pol yser [@r] pol yrmer sTiad ia&tiin tRinishig: taheiegirioaly o 18S Pri@idiel ecul e nust
be sufficie&;l,agégg to inpart Ihi advanéﬁgﬁggs characteristics tépically
associ at ed WPPH® B Shertitleh RRhYME ATV whighy ingamperated SV ubi 1 ity
and circul atéB@nddkdein ih ft€enttdtl | € not adversely inpacting the bioactivity
of the parent nolecule. 251041PEG derivatives are frequently linked to

biologically active nol ecul_es #Eﬁoﬁﬁﬁ reactive chem cal functionalities,
such as |ysine, cysteine ark QFLHE FEYENTHANN t er ni nus and

carbohydratgz,“%%iggéiegsve ggpteins and ot her nol ecules often have a limted
nunber of réat vai |l abl e for polyner attachnment. O ten, the
sites et gedjt abl e f orThis invention relates to derivatives of hydrophilic compounds and

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

their use in modifying the characteristics and properties of molecules.

‘Bae, und ,
[63] Covalent attachment of the hydrophilic pelymer poly(ethyleﬁe glycol),

15  abbreviated PEG, is a method of increasing water solubility and bioavailability and
extending the cireulation time of many biologically active molecules, including proteins,
peptides, and particularly hydrophabic molecules. PEG has been used extensively m
pharmaceuticals, on artificial implants, and in other applications where biocompatibility,
lack of toxicity, and lack of immunogenicity are of importance. In order to maximize the

20 desired properties of PEG, the total molecular weight and hydration state of the PEG
polymer or polymers attached to the biologicaily 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 moiecule. _

25 o4 PEG derivatives are frequently Iinked to biologically active molecules
through reactive chemical functionalities, such as lysine, cysteine and histidine residues, the
N-termimis and carbohydrate moieties. Proteins and other moiecules often have 2 limited

nuber 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 on-a biologically active nolecule often | eads 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 conjugates having suffficient polynmer nolecul ar
wei ght for inparting the desired advantages to a target nolecule, prior

art appr oac fosifisgipg viappglyesr stiachmend pige @ sicaniarrele inetenonbindibe.rodaeous

pol ymer ar ] i eyl duyction
b ven tot T s aRRE S fo bGP BERS hiRah Al Sl i BeRE | Ve
sites that fatschmertief podssier Elepinsde sueh vmetive tifts REGidepicalbtaciesmtlecupr dieei ns ar e
di ctated by rot.ein, iy Pr.ot ei-ns, i ncludi ng.enzynes, are
built of variéagsﬁtg B?%%’%%%g%&n&% %{{ﬁ*§?°§?#%st8%£g1?f§§{°%ﬁ?‘8{ﬁ ‘ﬂéﬁ?é’“ "gener al
struct ur & HaidDdRGAEe. The lak pha., 48960 T.Miblke Chent. HPNED)] 965£2 8N® BodoR® aci d

joins to the carboxyl noLet = of an. adj acent. apino.acid to form
ami de | i nkaé’glg‘fgageﬁﬁ%’ﬁlgé'éﬁimﬁﬁt Hg’&ﬁ]?eéglé’ ‘?CB‘{S‘V ’gglgﬁ!‘%rl@pm% ﬁe%*@§ vaﬁgi?g%er e
t he subscri pé s tardét melstuROpdr aRUPSIERES ive tpauBaRdsvedhiol AGMREht of
repr esent ed&% R ca[1 cont ai n reagti ve sites for protein biological

activity andPFPesopmenaeate Bf trthrrelat ingEasme| ek ot 2 BSEHFHOP 6T VR t he

case of the t@liRomdsdablivity Dk e pateht@idedid. Sts an -NH2 noiety in the epsilon
position as well as in_the al pha position. The epsilon --NH2 is free for
20 reactfon Bikder condiRepsive sis tishiora thejociioraaemephed BEG darivativestof j el d of
protein der inyadikszad di@Redyt e HEEHAROGRN PIOERS LR Hz%gl; | G
-derivatives p1)‘r,c_)r attachrrer?{ et:g the epsilon - NED ng%tlgtey 0 1%%$%ég$e-si dues
present in prEggaqeencesphalpba-trpine addsaixpichhangitie Dmeial struictesHMICHRIvanced

PEGyl ati on" gkt Sl Mo LRESLEAR LAt . ?% - These
PEG deri vatives al| have t eo%:egprr%%ﬁ ?l&r‘n at’ oeﬁ%c%gﬁé%ce{% a I%P?k%?{cannot
be Stalled ZBX¥)eoEed adiscsnt aminegcidhefophitapridaiinkeges,ushith/sh be rapesentidas --pr esent
on the rfgﬁﬁs _PRoOt el This can.he a significant |im.tation in

i nst anczgI ere a | §§gné%§f§iﬂ£}ggﬁc§gﬁ rirapg?rf %%“?ﬁ}ugérﬁ%ﬁr 18 8?‘?%’& Y,

exi sting i nizgmenzprenid by Recas comaif mackvealipd fr profein Hlologise sctivtre ael far | ysi ne
resi due pla role ih.nedi.ating the interaction of the protein with .

ot her bi ol oéﬁ%@?%ﬁe%ﬁ%ﬂgwﬁ in the case of receptor binding sites.

30[ 07] A sec@osd and equaot §xaimpROf tRadase ONAE GRb b6A y8fhcaNdrs blitgaiethods for
protein PE Iati.og) is.that .t he PE d_ertibvgltges_,can under go_undesi red side
reacti ons Wi 1y w the epsilon position as well as in the alpha position. The epsilon ~NH; 18 free for

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

with PEG has been directed to developing PEG derivatives for attachment to the epsilon —
NEH; moiety of lysine residues present in proteins. “Polyethylene Giycol and Derivatives for
Advanced PEGylation™, Nektar Molecular Engineering Catalog, 2003, pp. i-17. These PEG
derivatives all have the common limitation, however, that they cannot be installed

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

30 [67] A second and equally important complication of existing methods for
protein PEGylation is that the PEG derivatives can undergo undesired side reactions with



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 -NH2 can also react with -N(H)--. Simlarly, the side
chain of the am no- acid eysteine bears a free sul fhydryl group,
represented structurally as -SH. In sone 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 i bi.oactiyve l.ecu)] es. and risks destroying the activity of
t he bi oacti \Il;%ﬁrgr%sl G&eﬁﬁlém %‘8?3%5 e@?%’é’f’é‘ﬂ?e CpRtaipg g tedetive indipe ioiehyl, eepterergiqivel op
PEG deri vat smetrdllyat —NETH but ShabP @R a8Yes il ¢l I oup-to_be introduced
at a single_sjte wi :Tg]n %&e protein t hat V\D%Ftﬁﬁgheg%h@n%ﬂ Eaftective
coupl i ng of "SA&" r/ norBUpEdhp Hshaimsot the Hinh ecibipriteibess MRtEGth Pl

speci fic si petp, 9ebréshRedhabiglil, SUkfa sBhe. hot |1 -defined and
predictable, [08j1n additi onﬂsio ! ys?]%gglrggé}sgﬁ%?h FEPRISF drperigi t i n
the art has o -NEle e efdvenedise reactiwite i histfineds oinategigudlEG, s €agent s

t hat target caatch@fe BAhROmAG i hai ns.. .1 ncludi ng cystei ne, histidine
and the I\I—term_nus?.a%l{a% Pa?s.&kg.é*’%r%i‘géeﬂgfa“fﬁfsm%?%%ﬂﬁwﬁ»%s@w| and
Der i vat i vestf atiivitg ofthe bioachRGublatlctniing Slskatiar wiRldae deahb ERERER) bRE

Cat al og, 20, - . st el resi due can be introduced

site-sel ect %@'ﬁ%&? tﬁ%ﬁ%ﬁ‘e*%f"r“ﬁ&‘ﬁ?&“%f’l U 1 o iradycadate singledite withied -

nut agenesi stheprgted thgmwondienicopbteshkadwiive Boﬁé;ﬂﬁg & dne oPRGr-tPRE F[ggg&lmt ing free
sul f hydjgy!| tﬁpﬁiﬁ%c\’iv&t%&egﬁ Jeac ed with PEG derivatives that ar

thi ol -reactive functlona 8?38'{?{5??55ﬂﬁ@e@'ﬁmﬁ@te@@tﬁw}PMeMmever,
in that thepredd@atilmt r oducti on of a free sul fhydryl group can conplicate the
expr essi on,[ﬁﬁjol di ng anﬂlr?a&abi lity of the resulting protein. Thus, it would
be desirabl'eto have a Hen tedysing riegidirs coonsiddnels offuirt if trecttihagigden gr oup i Nt 0

bi oacti ve nixk@edioeardtitaleveaialkhas aldbes | | ing.of one or nore PEG
pol yner s tocht‘heiz@i;]} fein while si ml téﬁ%ﬁ#ﬁg‘%‘éﬁ%%& iR AL . e,
not  engagi 1§ h Cystpeshisfidine apd theghigerminuk) USuP4thyemydiezend ot her
- cheni cdb f dhelvithylede (BYRUAI | ' roteins, [091As can be
seen from q sa ,Iir? %f thgegﬁﬁgn%dé¢%g%ggﬁg§§y ia ?‘Wé@h{"ﬁlﬁ have been
devel oped FOFEPAERIHIE20D ppHelTs Restaitrasidueatn b trofudsd sileRelb@ivkiyCul ar ,
the - NH2 mRb 8k Y¥er@Rrt j ] cid side.chain and the -SH noiety on
the cystei %}% si de chaigﬁr&ﬁggv%?ﬁggl?v%%e%?d&ﬂ%%aﬁﬁ@ﬁ@?‘ﬁﬂ%‘%@?@@i@ and
use. Some f5rfh Wddherpiutiog fink adbwiryli tmbietyhan 30 paak@kih PROUeRLEva W) ect to
hydr ol ysi spaRehilih o ot last very long in agueous environnents,
such as in_thelbl 00 strggl%igrg'épﬁ'eﬁﬁsr?ﬁp Flis cpmplicated; howsprasn tatthe ar e

subj ;ap?ﬁ t Bimustion ¢ fee b?éﬂlgd@ b déﬂ%&@ﬁg&@t_h& %%?&gko%\ffglhﬁg FQ@%]?% hat ': he
reactive g i . erivatiye may be jnactivate ore protein
can be att g%ﬁgﬁ%ﬁﬁogﬁeen%%ﬁémﬁ gF&ﬁ?%b%ﬁﬂh%’ﬁé mepeste frdrodude eshersivalt abl e
for use i nfpiticpal SBoipentabiadtioOmsleaNes Saf RAGILs hOsRE AL &ﬁfﬁi{}%gk %%es%%ﬁogg lbl eS?(r)nre

result in otein activity by attaching to s
t he 5prot e?%ld} g&g%l%g \tﬂo t%‘flg’m@&rémﬁﬁ‘é}“ﬁéﬁe@ﬁ]é’cﬁﬁmﬁeﬁmw%heﬁiﬁi {i.esnct engalingh t hey

wi || at t ack mddsiredsideatacds dithPSithidrvlk Ad bBSSaehideshhable activity and in
a lackyof peproducibility of results. I'n or d%rg&f 0 d:fBrel ol typically
in profeins.
109] As can be seen from & sampling of the art, many of these derivatives that

have been developed for attachment to the side chains of proteins, in particular, the - NE,
moiety on the lysine amino acid side chain and the —SH moiety on the cysteine side chain,
have proven .problematic in their synthesis and use. Some form unstable linkages with the
protsin that are subject to hydrolysis and therefore do not lagt very long in agueous

environments, such as in the biood strearm. Some form more stable linkages, but are subject

30
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overcone the chall enges associated with nodifying proteins with

pol y(et hyl ene glycol) novieties, PEG derivatives have been devel oped t hat
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
6,610,281). There is clearly a need in the art for PEG derivatives that
are chemcally inert in physiological environnents until called upon to
react selectively to formstable chem cal bonds. 1101Recently, an entirely
new technol ogy in the protein sciences has been reported, which praom ses

to over cometorfRplyss befprs thejlinkaeq iy fFaeh sdrd Bmeasetha) thyeasiive B0pR 67 e FEC

15modi f1 cat h&ﬁﬁ%@ma%ehﬁaﬂém%fét& iRl ean'be WrLRED 9RO shipd@PegR added

to the protein biosynthetic nmachinery of the prokaryote Escherichia coli
(E. coli) (endgrsthérefortdesg suitgble &ir.use 200 Songeredpedor Greap B B@sictieald t he

eul caryote . j ; eVl Sik. s k. i.n et al., .
Sci ence 30 1%@%% %%glgf}%%ﬁ#l? ﬁ?e%fgcﬁgl r?gg?r' ed Tgﬁ)l)sﬁésor o}rlsé ?go%f

non- genet i caiolejn'semnitrdig cfbnrmranot geicds ib tepitet wiwbschitieywill ettach, whictben abd new
am no acids_w.th 20novel. chem cal , .physical._or _biologlcal.  properties,

el odr g pubaafer ol ErBR AR ALY BeE BhipooRifhd 4 ERLDRPREE G 53

a][n;c no aci fls ove@da;d]d e@eﬂﬁ&ﬁ%@?ﬁgﬁﬁeﬂ Rath agddify vz aveciloeith ;ioily(ethjﬂlate@ljgﬂl)
efficiently an | igh fijdelity into proteins in E cqj nd i n yeast
Ch 1 espons Y RBSENERG ABHANED R b s elrBr e ot ey P e g 0,
W Chin et gleo2,4d896:Ra% readiQuibdtiabiyabitd I ARfieC A mblbaiEs aid subReds €.y, U.S.
124:9026-9027; J. W Chin, & P. G Schulz 25(2002),. ChenBi oChem ‘
11: 113514 137aten} 6,600,288, ‘Fhereds clegriy a pesddnibe apNRd RRrigvat Relete GrPmigsey | ca
99: 11020- 11924 in ARSoiobicat WR9nm&n P untfPcaReloh % refof fkliverFba0im &iEn . 1- 10.
These studi es havé denonstrated that it is possible to selectively and
routinely iﬁﬁmh@dﬁzhem cal functional groups, such as al k-yne groups and
azi de -noi et 188, that ame gl = QHR: PR in thDAbref BieiiS AR ¥ 1 nert

to all of the functional groups fo in the 20 comon, ]
30genet i cal keporsscwhichipramisaoo arsirdemarmdny péite Hoietioneishoodatesiwithsitgrspecific

sel ectiyely : . i A §§g§ il d .

i ncor po\rfgt er&r?g!r?fc%{eoﬁge@i&’gogﬁ%y%geﬁg%%reﬁg’ Ig%n“? no a??né%ﬂﬁ%%g%gsé%g é+ Erill)sép %)Ogarmm ts the
i nt roduct i obicgfrttetienkdideryfaife proaafotgEatpictihet: (Eouli ey, by Mieg.\cakluabl e

alternatives,t.o the natural.ly-occurring functional groups,.such as the
epsilon - NHZZOE;%’ ?é%‘%qg%géz{g%gb@&? ?ﬁ%‘? 9@@8 m(f')'r')g e‘?grr%? afzﬁ%c?%mﬁ%gjgroup of
hi stini ne, ¢.g,]. Chihkad NSddneaioade4ST (BO03)),ontath lge entpled Hedndop@wutioh of -1 ner t

to the fu nCtgtlisn%tqg yg{cggé%%samfm’ Oouagi wp}o’t]e%iszug vgfg.mﬁmigmber of new amino acids with

20  novel chemical, physical or biclogical properiies, 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 £, coff and in yeast in response
to-the amber codon, TAG, using this methodology. See, e.g.. I. W, Chin et al., (2002),
Jowmal of the American Chemical Society 124:9026-9027; 1. W. Chin, & P. G. Schultz,

25 (2002), ChemBioChem 11:1135-1137; J. W. Chin, et al,, (2002), PNAS United States of
America 99:11020-11024: and, L.. Wang, & P. G. Schultz, (2002), Chem. Comm., 1-10.
These studies have demonsirated that it is possible to selectively and routinely introduce

chemical functional gronps, such as alkyne groups and azide moieties, that are not foumd in
proteins, that arg chemically mnert to all of the functiona! groups found in the 20 commor,
30  geneticaliy-encoded amino acids and that react efficiently and selectively fo form stable

covaient linkages.



genetical |l y-encoded am no acids but react cleanly and efficiently to form
stabl e |inkages. Azide and acetylene groups, for exanple, are known in the
art to undergo a Huisgen [3+2] cyclnaddition reaction in aqueous
conditions in the presence of a catalytic amount of copper. See, e.g.,
Tonmoe, et al., (2002) Ora. Chem 67.3057-3064; and, Rostovisev, et al.
(2002) 10 Angew. Chem Int_ Ed. 41:2596-2599. By |ntrodUC|ng an azide
moiety into a protein structure, for exanple, one is able to |ncorporate a
functi onal aéoup that is chemcally inert to am nes, sulfhydry

carboxyl i ¢ H&l ds, hydr &?@W&ﬁ@@%ﬁ@?ﬁ%@%@%%@ﬁﬁﬁs @F“so reacts
smoot hly anglgf:t!| ﬁ%@&&@tﬁmoﬁm&%ﬂ %@um ﬁsa@smt f Qi vidy Srpafdi tion

product. | orta y, I n the absence of the acet{ ene noiety, the azide
remai ns chemeg”aweymihemtﬁraihdﬂmgé@mmpwé SrO¥pY, s &@sémbuomi@@ﬁwnq@r otein

si de chains r .art has

di scl osed ctgﬁp&g@?@&gnsggﬁgﬁ% %o@%&ﬁ?gﬁtﬁ?&fkﬁtl on % non genetically
encoded Jam fmoctmal@mpmrekxmwmemnmmw&eLMORaﬂlgmu@ mib&&rﬂ()rwnmch,ort to
devel op PEG deriyativ t hgt bl e cti i and
speci fi cal | 5 Cfa%fry ggﬁlemn%%ggﬁ'%“eggﬁl:ﬁ?m ! ﬂ?’q‘l\ rS%Hrs? V&% here is
a need in thﬁd&ﬁﬂdaﬁﬁﬁeﬁ%ﬁ@oﬁ&ﬁﬁ!ﬂw%ﬁm&ﬁnmﬁmwﬁbmﬂdﬂ@ iﬂmmmﬂﬁ]ts
associ at ed WI rT.Ers : jncreased soluhility, stabil] and
hal f-life aﬁ’& B%g‘é’ﬁiiﬁi"f‘%“ TP © Bf?}@%‘é%‘?‘@ 5P cr"

sel ectively Sad.adgV%ﬁ;aé leiau; LOEDIOSEhdrRl 671305TB6H4f indoRbstiviset, ePEIQIBIOMS Wi th
pol y(et hyl ene glycol) derivatives. The present invention fulfils this and
other n ds%@/ 20963992 PRVERPAVERE 21 azideTricty IIRAPTOH pr ovi des,
in some enbagdichRNE: exﬁ:pY@Bﬂxs sk %&xﬁ&%@%@ﬁbﬂb&ﬂ%@%&nﬁcmhﬂéﬁef and
at | east one term nal azi de noi et e conpound pol ynmer

sel ected f r‘@rﬁ“amﬁu s&@%ﬁ@e&rquygaw% |h§0rwéx1@r0%foem§%m@hfd%at@1w

pol ymers. SRR HarBtienttD Grith W@&ﬂ&e@%m by Hdds plidhcrar e not
limted to nuc el c acid 30nolecul es, polypeptides, arged cofpounds or

pol ymers, aleportiaiyain, thesbemehefihometylgnsimoiety therzids: exgyicaiiiol s. In

poly ( akyT engentie By BF o il S8e Shiid e e phisl S0 { gions

al cohol s). {13} sone enbé’ﬂnhﬂhﬂmhawscmmoxmisladEme!bms ipsthepirofiictivont ed t o

pol y(et hyl en ol r.o ne 0 | at

gl ycerol), pfe(; "g(g%&"‘%‘:%‘ﬁy‘g Pé%gm%g%?&ﬁ@p%&ﬁ%g E%‘ea? h a%@%e%lnl?ceoé’g)m and
pol y(vi nyl &lvehboﬁb}defﬁkﬁv&&ﬂhz@ﬁre&@abhﬂﬁre@ﬂmgeﬂﬁdﬁn@ﬁmﬁh@cﬁicwma can be,
for exanple, ol r such. as, pol t hyl ene iz de| ich the

o de o et g RS or st AR RS P 6 TR b K oo,

QI t E [) nagd \éeﬂéj}vaﬁd‘&ﬁﬁﬁﬂprﬁeddfﬁb eanyfr‘rtg a%obﬁteﬁWﬂﬂ L3201 ﬂ)d&rﬁér& aeh Bﬂreh@dtsﬁ&hﬁ@j y E’er
ackbone y nker n sone. e i ments is a straight chain
pol ymer angieli @&ﬁ%&fdﬁaaﬁ%ﬂ%w IATHRECRG) Wﬁ@&&fﬁ%ﬂaﬁmﬁ% fal
groups beyonfh Vehaiiad ffl QR iR difcBi O BBSroR iR Qsth PR eRyIch b SiyPsIh ¥iRArvED 1S a

random or bl ock copol yner_ aor terpol yner.
The present invention fulfils this and other needs.

25 13} SUMMARY OF THE INVENION 7

[14] The invention provides, in some embodiments, 2 water-soluble compound

- that includes a polymer and at least one terminal azide moiety. The compound or polymer
may be selected from a wide range of suitable water soluble compounds or polymers. In one
embodiment the compounds or polymers include but are not limited to nucleic acid

30 molecules, polypeptides, charged compounds or polymers, and linear, branched or multi-

armed compounds or pelymers. In another embodiment the polymer includes but is not

5



11511 n sone enbodi nents, the invention provi des water-sol uble conpounds
that have a dunbbell structure that includes: a) an nide noiety on at

| east a first end of a polyner backbone; and b) at |east a second
functional greup on a second end of the polynmer backbone. The second
functional group can be another azide noiety, or a different reactive
15group. The second functional group, in sone enbodi nents, is not reactive
with azide noieties. The invention provides, in some enbodi nents,

wat er - sol ubj. e, co s, that conprise | east _qne f a branched
mol ecul ar  sYPEG®, %Yagﬁ P&HY{%": %F@%H@Wlﬁb?@@ﬂﬁyﬁﬁe@q%%el%an be
dendritic. $ifkBoSRaRs, %%%m&megams%tﬁﬁﬁs@ﬂo%m&}@m& g@cchj nkage with

anot her 20 reactive nnlet whi ch naéé e on a surfaceé or nol ecul e. For

exanpl e, th@ly@%ﬁmﬁ@i}m,@ﬂ;{%ﬁh& svaeeDypcbreniviyisted smh@olhzu de i ety
can be |'”WB&3&?§a§d?ﬂh%§Fﬁnéﬁéiﬁvﬂyﬂéﬁ S Hitwd %Mﬁ@éorﬁg%dgh gﬁghufm' ety.

I n these en ol yner” can 1 nc ude at east a nctiona
group otsherinv¢yvgipn ednde.fol @emnb:l agoyyiferrsuth askgiotygetydens gidoldzivk &r whidh ey, For

exanpl e, f : pfi.c l.eophi |lic
di spl acene n%“%ﬁ%’qaﬁ e cé%? Q&Qﬁﬁg ?ie}{%y&%%?\ar}f‘)%&u gg&gc’ﬁﬁ' U%fteg%aﬁ V&{I‘;i t% £)rrmodlﬂet y
capabl e of mnmﬂnwm@pmmﬂhmsahdm&UDdhépﬁy@mgmddmnebmahmmﬁﬁnamhodlnents t he

second functlo al up..i. S _am nes: and idlink cl udes
o acti v el 86 orlger i AR i 0o Be Comn it s b st o
can be specwifi re:asftﬁve ﬁm&ﬂmﬁﬁm&beﬁﬁdﬂmﬂém&ﬂﬁ o a dadd¥imean hsioidndri nker

noi ety n Jncl ectro h|||c carbonyl noi ety. For exanple, the
second func?Pf; Pmé? %“@Eﬁwﬁ FERPYE-f or 30reaction with an activated

ester and tfisj | i nker Wm@hﬁeﬁﬁﬁum@ﬁisuﬁea@aﬁaﬁtpkwe@%@ﬁmecﬁ&pa@ﬁ&her
exanpl e, q%§iﬁcon gnctlona roup can be specific for reaction with a
ket one and Be?‘gi’ﬂf’ 7l shmrture st Rqbifee) amagida Bovety opdt Isasht Hetendpbadi nent

the second fokidrib@ikBoneTina B 2i 1&sSREhAd SndtRhall BGpldnQiedtnd Qn@ofttﬂ@ !P'mar
nucl eophile and the Iinker noiety includes a thiol nucleophil he second

functional RpckregeLhe ssepndsymmiions BistiprRER b %moﬁw@em¢QIaOZPWror@ésf€qr¢nbvaph a
hydr oxyjs n gﬁb\gpl@ﬁéée&rﬁ%ch&%&bu%% s a%%a&&ygﬁf %éawgmmlae

nucl eophi | 1711 n sone rent s, e water-so | e conpounds of the
i nvention am@le%qsa’ﬂleen‘ienh@qm@@dﬁs e avine mh@imsntatwas@rpﬂuw cabppundstat or | ess.

G-+ 00- NTEED: L onE bty bR Enailies iRt bR ek Bentl Do

al so provided&mmterm$m¢ubweda@nﬁmated polymers that are
f16] - In some embodiments, the azide moiety forms a linkage with another

(9”

20 reactive moiety which may be on a surface or in a molecule. For example, the reactive
moiety can be an acetylene moiety. The azide moiety can be linked to said polymer by a
linkage that includes a linker moiety. In these embodiments, the polymer can inciude at least
a second functional group other than the azide moiety for linking to said linker moiety. For
example, the second functional group can be specific for nucleophilic displacement and the

25  linker moiety can include a nucleophilic moiety capable of reacting with said funciional
group. In other embediments, the second funciional group is amine-specific and said linker
moiety includes an active amine moiety. As another example, the second fumetional group
can be specific for reaction at an electrophilic carbonyl and szid linker moiety can inciude an
electrophilic carbonyl melety. For example, the second fumctional group can be specific for

36 reaction with an activated ester and the linker moiety can inclnde an activated ester. As

another example, the second functional group can be specific for reaction with a ketons and



10st abl e agai nst hydrol ysis, which activated pol yners have the fornul a:

R- CH2Cl1- 12--(0CH2 CH2).--N3; wherein nis fromabout 5 to 3,000, and Ris
a capping group, a functional group, or a leaving group that can be the
same or different fromthe azide. R can be, for exanple, a functional
group selected fromthe group consisting of hydroxyl, protected hydroxyl,
15al koxyl , N-hydroxysucci nim dyl ester, 1-benzotriaw yl ester,

N- hydr oxysucci ni m dyl carbonate, 1-benzotriazolyl carbonate, acetal,

al dehyde, al dehyde hydrates, al kenyl, acrylate, nethacrylate, acryl arnide,
active sul fsitdinkeniaigy inahilesa@o kytonprio redhes dmberdiment, thy steendifastionst growrsed

hydr azi de, protected thiol, .carboxyl.. ,d,. prote I ylic acid,
i socyanat e,S%Fcé%ﬁ rﬁ’f%ﬁﬂ&@“ ,aﬂﬂglé-fuecl{%?%ge,a%%%hﬁyp%ﬁIﬁf%%%,%glgl&% ﬁ?bg%lyri di ne,

Vi ny: pyri ci ﬁdﬂ?ﬂpﬁﬂe‘dﬂﬁ@%ﬁlﬁﬁ' I ﬁicmaDgp@(di’s,ckiﬂ' sorgd gtmboajz mmasdépeaiﬁsfor me:;oh?t es,
tosyl ates, and tresy]ate, al kepe, .a etone, .1 e invention al so
provi des a W%]FXW{}BF@W%’B{}%&I SLmIIEE PTHEE 2y, FEPCPRES at | east
one acetyl epeg noi ety, wWhehRiehbbdituepR| HRbich-Solid Q8irdGnds LOMR Inlendh @D
consi sting of poly(al kyl ene oxi des), pol ioxyet hyl at ed pol yols), and
pol y( ol ef i n¥blep egrersspviropmenis gt ¢ el bffdesnbodi ments, i s sel ected
ool ) Bl oxy et hyl S e, e o B o)
pol y(oxyet the@%“ﬁ%ﬁ@)—C?%n&%oC%( af&l&h@%rc%r exanpl e, the

compound cajehe a pol yGal AL b YFRkAGEIYIRRS st bRl Ek I AGRL Y1 ene

noiety is ¢ ntly bound to a polyner one via a ther linkage. In
some enbbdi st sgainstipdrotysipovhich 4 divgied petenéry bendheglosredd:) acet yl ene and t he

acetylene noiety is ﬁg@%@gﬁtéj{%%@ggg Qslg5t 1y to a 30 polymer backbone.

Al ternatively, the ace an>be coval ently attached to the
pol ynmer backbone by aislffankeiout 3 1o 3000eameiib i cappitgsgroth e fmofiopaigrovps ora

strai ght chain ol r nctgthe conpaund.i s not . u}?sti'tu ed beyond the
acetyl ene rr%?vé‘? 2 ‘fp?/{g%tc?'flgl?e NsLesil ?e%?“q?ﬁ’é“g%ﬁﬂ“ et PO SREBN Br bl ock
copol yner ofinéth#i@totiRElected from the group consisting of hydroxyl, protected hydroxyl,

15 alkoxyl, N-hydroxystceinimidy] ester, 1-benzotriazolyl ester, N-hydroxysuccinimidyl

carbonate, 1-benzotriazolyl carbonate, acetal, aldehyde, aldehyde hydrates, alkenyl, acrylate,
methacrylate, acrylamide, active sulfone, amine, aminooxy, protected amine, hydrazide,
protected hydrézide, protected thiol, carboxylic acid, protected carboxylic acid, isocyanate,
isothioeyanate, maleimide, vinylsuifone, dithiopyridine, vinylpyridine, iodoacetamide,

20 epoxide, glyoxals, diones, mesylates, tosylates, and tresylate, alkkene, and ketone.
[28] The invention also provides a water-soluble compound that includes a
polymer and at least one acetylene moiety, wherein the polymer is selected from the group
consisting of poly(alkyiene oxides), poly(oxyethylated polyols), and poly(olefinic aicohols).
The polymer, in some embodiments, is selected from the group consisting of poly(ethylene

25  ghycol), poly{propylene glycol), poly{oxyethylated glycerol}, poly(oxyethylated sorbitol),
poly(oxyethylated giucose), and poly{viny! alcohol). For example, the compound canbe a
polv(ethylene glycollacetylene, 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

30  polymer backbone. Alternatively, the acetylene moiety can be covalently attached {o the
polymer backbone by a linker. In some embodiments, the polymer is a straight chain



[21] In some enbodinen.ts, the invention provides water-sol ubl e conpounds

t hat have a dunbbell structure that includes: a) an acetylene noiety on at

| east a first end of a 5 polyner backbone; and b) at |east a second

functional group on a second end of the polynmer backbone. The second

functional group can be another acetylene noiety, or a different reactive

group. The second functional group, in sone enbodi nents, is not reactive

wi th acetyl ene noieties. The invention provides, in some enbodi nents,

wat er - sol ubl e conpounds that conprise at | east one armof a branched

nol ecul ar spd}ytﬁértﬁ;@the Eefipoax@igbiaubstieeDbydadRe acktIdHe euilAin sthéruct ure can
the acetylene noiety forns a

be dendritic. In sone engﬁglnents

| i nkage W tFPl%PdP the BolRpB Tt my OF plp¢k-apolymes of lPRRiPEC ul e. For exanpl e,
the reactivgypoi ety carzn%@&w&ﬁ&ddseﬂﬁ@m@eﬁt%hxpmﬁe@wa@@éoﬂb@&m%@ﬁsy can
be linked to said polyner by a |inkage th i hcl udes a |inker iety.

t
t hese enbodibagnrrea dynhbelhgropiwethat pgly m)lapéa@tﬂqnemetsams%é@ﬁ@&sfe ta onal
rou otafqer et

group oth ﬁf&ﬁga&&%ﬁ&ﬁ?ﬂg%&%&&ﬁﬂﬁ&d@% speC| X Cg?dldflzﬁé y.

For exanpl e, second ctional group can c eophlllc
di spl acemenbackiratet Foe sedonknctivnal gtoppoan be arsithed acetylana slodetip ot ¢ diffenewsi et y

capanl e of KSAGLLNGL Yk Ul Sl LESNRk: URURNd:flofl MOl REROGLARNL S, Lhe

second func “1's am ne-specrfic an nol ety i ncl udes
an active aﬁﬁw&mmmmﬁmaTﬁsmammmhmmnémammmmeaﬁnﬂmwmmwmmﬂmmmmomqﬁmgﬁoup

20can be spgcific .for actlon a h|| arbo

i nker moi oS IR I B ey P B B ooy FRbparye ROty o

t he sectmd hunaﬁueﬁﬁhmgb@uﬁdaammbe specific for reactlon with an activated
ester and t | i nker i et i ncl ude an actlvat d es anot her
exanpl e, Eﬁ§econd f urtefq ﬂ?@ﬂﬁ gﬁﬁ“ﬁ%”?ﬁ%%?¥ ngﬁﬁﬁ?gﬁn with a
ket one and fedtibe hofbseon AHRE)r INGhoidese For KRLPRCHe kAc@RAAQY caiRed nent

t he second funcgtional group is 25specific for reaction with a thiol
nucl eophi | e? £ QR CRERYRgetY ¢ fa biaked to sridpolne by gimkdse hafhe second

functional grRER ﬂlﬁ&eﬂﬁbz&?'ﬁ%%&ﬁ%&;ﬂé@&%& cﬁnﬁﬂ%[ud&@@&isiaod&céﬂdt h a
hydroxyl nucleophile and the |inker noiety includes a_ hydroxyl

nucl eophl | efmesopa) are obEstm by poiyiqrEFaaay SO livkeate wid kevpdes. Brhi ghI y

ff t ng&g@ NensS o

ger:ggfpves of g%%%%m%oluﬁggﬁgg% ouﬁggggg&ggﬁﬁhggg)Q?ﬁcsﬁdlng zﬁﬁt not
limted to Eﬁ@memwbéeam@ﬁ@wmmdﬁﬂﬂmaa@ngmm%m@@nﬁounds or
pol ymers of gl%g;?fh?&tﬁ M&Qttﬁe% yﬁx&a%aﬁﬂ%%‘&PkM p%&%ﬁ{&a%‘ﬁ%?&' si ng

an appropri unc a gr eup. e appropriate tunctional group may be
added to a poiegrpecpitdedm ivemcing moiply . disenaher example, the secand functionial group

20 can be specific for reaction ai an electrophilic carbonyl and said linker molety can include an

electrophilic carbonyl moiety. For example, the second functional group can be specific for
reaction with an activated ester and the linker moiety can inchude an activated ester. As
another exampie, the second functional group can be specific for reaction with 2 ketone and
said linker moiety includes an ketone, In another embodiment, the second functional group is
25  specific for reaction with a thiol nucleophile and the linker fnbiety includes 2 thiol
nucleophile. The second functional group is, in some embodiments, specific for reaction

with a hydroxyl nucieophile and the linker moiety includes a hydroxyl nucieophile.

DETATE.ED DESCRIPTION
[23] This invension provides a highly efficient method for the selective

30  modification of proteins with derivatives of water solubie compounds or polymers, including



nore amno acids of the nolecule at a suitable |ocation including but not
limted to the 5 am no-term nus, carboxyl-termnus, or within the

pol ypeptide chain. The appropriate functional group may be added to a

pol ypepti de by nodifying one or nore side chains of one or nore naturally
occurring amno acids. Alternatively, the appropriate ftnctional groups
may be incorporated into a pol ypeptide using standard chem cal pol ypeptide
synthesis with am no acids having the functional group present, or by the
sel ective 10 incorporation of non-genetically encoded am no acids, e.g.,

t hose ani nobaepdinited i F¥Chienyativesa Zhelderiyatives of yhtersolubii cotnpounidntipopaiei NS

in response . n, e _incorporated, the am aci d, side
chains can t ﬁtg%ﬁgsggéﬁ% ?‘i;ne %%% %ldrtli% 1‘Fsé'ualﬁ?' 5%’? i}rp?oé}%’f %?W%@%\"ﬁﬂ?‘@l
conmpound or gpop.yTempprijratesindphhleroupanty beadtanp o poisieptitie POhYEBIE ondlsd ude
but are not limted to0 ﬁEG erivatives. The.sui a};@%ge reactions that may be
utilized to ST sR ol fas Bplesuls 4t 3 Hytable iorimirAdie Rrbpotyimited i o t he

appropr i At e ahinBedind0g bars:QURemetus [ iRl HPSIH Jefe Ak UTRe RitopAks NOt
limted to, _.e.g., a Hui sggn 3+2] cycl oaddition reaction (See, ‘e.ogf. ,
Padwa, A. iﬁ‘“@%‘?ﬁlrg’é‘?‘l‘@ﬁ%aﬁ’ 47 7 polapptifiely woditynz ong or mewside oimins ofr ost, B,
M, Per ganpege dsfoR dturdly od @891l 1080 288 ARS8 thd dopkdiri ool ar
Cycl oaddi t i on Chem st ry?ro( 1984j Ed?aPa_dvva,. A, {;\VI e@%&é@fﬁﬁg. 1-176)
with, e.g., SREBIAY & Bcgpomiz o goelypentic seing saspdchbmistipolypaitidd 1 Because
the met hod iyasfby ; ; ' iiﬂenﬁxﬁ r i L

substituti onﬁr eac??hoﬁ?ﬁ%g%gg%%&sﬁgcan %%ﬁ%@@g%%tﬁ%g%%%?ﬁ%% hi gh

sel ect i ¥§ t yincorperationat perogeneiienllp enevded dneido acids, at., frosa anEnpasidatcumiaining amqueous

condi tions w:ih. ' - YA 1 1.5), by the.additjqon of

catal ytic a\ré\r%%etr?trs gﬁén%hﬁﬁe}j glg{)? go(?‘ltl%%%ﬁeesi)%%g%ﬁ %ﬁaﬁf ‘f({%dﬁ?'e.éﬁgé%m%’f) 8’

Tornoe, et the aming 260 Sle Dugps chtien bETLAHEY bBAG At keadios wart Shibje et al . |

(2002) Ange ( | i Ed. .41: 2596- 2599. A nol ecul.e.that can be added

to a protei %%Hg?é?@g%%ghﬁhg RO aRvS CqRRo¥ds 87 PPISTRTE; “E“fi‘ff{;l ? es

virtual | y ahmsitedob BEGIderivativdd. The airitatlie redcti@iahal o Be Gelized &1 dtid@: thlhase

nol ecul ma e added to, the appropriate functional group on a nodified

nat ur al ?§ o%&é&?ﬁrﬁoﬁlﬁo ?FodeHYﬁ%ﬂ'egE’ tg‘ﬁawaﬁﬁ cmﬁ‘_?ﬁi ﬁf&u%?fahmﬂm@&ﬁe

acetyl ene gtnembxxemgnotIﬁﬁte@f@@agp,&wk@s@éggy[a%b@l@mm&re&raoayegq.gg@g&%, e.g.,
y

p- azi do- phenyl al ani pe , respectiyvely. The resul ti ngg five-nmenbered
ring that r CRIpeRensve Dreanie; Svihesis. Mohd e drast: BaM-Ferpgmony dhdarg | y

reversibl e hnosediiec] g, aRE RN BDRE: CSShARbeCRIRERS (108l Blaysi s for

extended periQds in aqueous environnments. Oonseg;en;ly, the physical and
cheni cal chér dkeB¥est Yk rod-1360wide ogaerebtignegt agdbdarivaaess, remectivelynodi f i ed

under d@@ﬁﬂ%ﬁg-aqueouaa&%%ém%amvbﬂe%%yc?o%&iﬂﬁ]:BE& st{ir\ﬁ%}eh . 0f the
pr esent |nvent_| on. Evgn rmtg |nportar1t, ecause the azl de an e yI ene
noi eti es ar 8bE{HEen feetiongroigine cambr Medifigdmih eiaremoly, high selectivity. The reaction

can be carried out at room temperature in aqueous conditions with excellent regioselectivity

(1,4 > 1,5) by the addition of catalytic amounts of Cu() salts to the reaction mixture. See,
e.g., Tornoe, et al., (2002) Org. Chem. 67:3057-3064; and, Rostovisev, et L., (2002) Angew.

25 Chem. Int. Ed. 41:2596-2599. A molecule that can be added to a protein of the invention
through & [3+21 cycloaddition includes virtually any molecule with an azido or acetylene
derivative. These molecules may be added to the appropriate functional group on a modified
namrally occurring amino acid or an wmatural amino acid with an acetylene group, e.g., p-
propargyloxyphenylalanine, or azido group, s.¢., p-azido-phenylalanine , respectively.

30 25 ~ The resuiting five-membered ring that results from the Huisgen [3+2]
cycloaddition is not generally reversible in reducing environments and is stable against

9



5 for exanple, react with the side chain functional groups of any of the
20 comon, genetical ly-encoded am no acids), proteins can be nodified in
one or nore specific sites with extrenely high selectivity. [26] The
invention al so provides water soluble and hydrolytically stable
derivatives of conpounds and polyners, including but not limted to PEG
derivatives and 10 rel ated hydrophilic polyners having one or nore
acetylene or azide noieties. The PEG pol yner derivatives that contain
acetylene noieties are highly selective for coupling with azide noieties
t hat have begiolysid foockidel webddt hyedops emironpent. Soneqisntly abpaiysieal kel a

sel ector codon. Sim.larl) EG.pol r.derivatives that coptain azide
noi eti es ar &MY ?W‘%%%P%W&%%ﬁﬁﬁ“ﬁ%%ﬂi&&?@%@ﬂ@ S%‘H“ £t hat
have been i mjueadusRikicean thoweiv PEE depitision feipfesd® RERRAS BvdnGnde S€l ect or

codon. [27] Mre specifically, the azide noieties conprise al k3/| azi des,
aryl azi desTHRH2HdrAPst G 88 doind PRV BN RPEES 2rerfnscifie far pag mplsT @rd dapstal ky |

and aryl 5 az i 8gnfid) rdabiGiidRe SANBE iSRG ohII USRS offly P 26 8o,

acetyl ene-specific reactivity is maintained. The acetylene noleties

conpri se al RE§petiglzrergoged sapine gaidsh psotging cagdre masifiodds onsfor auprhspedifiesites
derivativesya ofGeR A8t MecARg, aryl acetylenes can include other
substituents so long as the azide-specific reactivity is maintained. [28]
The inventi &6} i ncl udes o fjvanjins els ogiovidds staten ealsbih and hydrodticelly sisbleacet yl ene

noi eties w jh. S . .. SUC but. not.limted
o, “PEG pol SEsiREbr SRl R e b HE B SUE Pl el B30 | e
moi eti edl Folasblatpbibiic pipbePR@ingpdneme mocoattylant noazile nasiétde TIFEGY can be
coupled to a.hiologically acti.ve | ecul.e.at a.pgosition in th rotein
that cont ai REVE™Y Yaégﬁse%tSgrftmacgﬁglslbeelamﬁ%?ﬁﬁe%%s%%ﬁﬁ ﬁbc?ﬁﬁ% | ene
functi onal i txde ridietiek thakiage béyt imlotiabed daleciREG Bttthrtkias Miredpoghc &dd dejecREt | Ve
nol ecul e are coupl ed.i ncludes the.Hui sgen [ 3+2] cycl oaciditiqn praduct.
1207 1t i o G Sy RER T i e AP RGO SO ETD S REATY  1 he

30surfaces fk chiplfigivielh hatyfent 5RRGeL 11t havboSen iMAIdBRIA sBie@tBly3Rd hroeli®n

i nventi gg al so incl uges bi omaterials conprising a surface having one or
more reatt i PEPORY & SHFCIACRERM ene sites and one or nore of the azide- or
acet yl ene- cnf ai ni ng palivaspesinedish, b0 A SRR ERL Bl Loidh ey suidace Vi a
t he Hui sgen [3+2] cycl oaddition I};inkage. Bilor nat eri afggyand ot her

subst ances B¥leRYREIRE hesraridse The denativer gbthe aikykend sl avides aan indludeed
pol yner - der by aldNaf bl EORERdnd 4 BKAGR L éreﬁéif’%ﬂygsrh%ﬂ%n&f b a5k ene

| i nkage, such as through a”linkag€ conprising a tcarboxylic 5acid, am ne,
al cohol or mhictigs compbuseyrlkyl and asd vecty linesazd derietivaacé eagh e libe drpivatvgs ez | abl e

for sub | Po] ek nyent kan | hod, of
or sSubgseq “gﬂil ﬁé‘? gﬁ éégt?ﬁ:ges d)glll ;B%:;/JF g%gpﬁfb&&uén%% Y6i%s The TR QSR

synt hesi zi n nd acet
reactiviiy is maintained.
28] The invention inchides conjugates of substances having azide or acetylene

moieties with water solube compournds or polymers, such as but not imited to, PEG
polymer derivatives having the corresponding acetylene or azide moieties. For example, a
25 PE(G polymer containing an azide muoiety can be coupled to a biologically active molecule at
a position in the protein that contains a non-genetically encoded amino acid bearing an
acetylene functionality. The linkage by which the PEG and the biologically active molecule
are coupled includes the Huisgen [3+2] cycloaddition product.
129] Itis well established in the art that PEG can be used to modify the
30 surfaces of biomaterials {see, e.g., .S, Patent 6,610,281). The invention also includes

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

10



cont ai ni ng conpounds or polymers of the invention. In the case of the

azi de- cont ai ni ng conpound or polyner derivative, the azide can be bonded
directly to a carbon atom of the 10polyner. Alternatively, the

azi de-cont ai ni ng conponnd or polyner derivative can be prepared by
attaching a |inking agent that has the azide noiety at one termnus to a
conventional activated polyner so that the resulting polynmer has the azide
noiety at its termnus or any other desired location in the nolecule. In
the case of the acetyl ene- containing conmpound or pol yner derivative, the

acetyl ene cakk ReicRATaRG1b R bbtYichPedmtainiRe FAVRENBLOTV@kioh BRipRA kBT -

Alternatively, the ace;ylene-containinﬂ conpound or _ pol ymer derivative can

be prepar edsisipeeiit e Riuitgend 313 mrrieaddtipeninkegta Blopateripkandpberprbsracesrbt y at
one 1 e1 M NUgid 6 RO HR:ABAY: AELNERANBOLYIEE EthIatayhh  Fls! | NG

polymer has the acetyl ene noiety Wwthin the ecule or at Tts termnus.
[ 31] Mor-e spebefihandhd azide onacetyene divkagsf suchhes thronghea Bgngatonipnigingataboxsd ubl e

20 COMPOUN,Qf RRLY i Bt 38018y RE RAEHE YA Yeoe@iNBhGLy 304l g0l YT
having at | east one active hydroxyl nolr ety undergoes a reéaction to produce
a substi t ut sdsqmotny nmectiohavi ng a nore reactive noiety, such as a nesyl ate,
tresyl ate, yl ate or  hal ogen l.eavin r.oup. ther.eon, The preparation and
use of PEG @@?oteher c SURGBY™ 8#§%§gﬁﬁ’Pf 393%3%%ﬁ?§?ﬁF§§”@%F?ony|
aci d hal i desontdirdihO@@ipodide Bpolytierdbhte idvestionnk thy @S ey @iderbhtaikkitigwn t o t he
skilled 25artisan, The resul ting substituyted | yner then under S a
eact i on t oCSMIEEY TRplTET AT M P et sy he Pt dEY 02 PRIy at ¢ he
ter m nuso of pdifigerD liniBively Nk @Fia8chiBhig compeiing or Sy lieRalyambe havi ng at

| east one active_nucl eophilic or electrophilic noiety undergoes a reaction

with a |i nkPiBretadipge kusagentHhagbasihe ite Mot pt s e@oEhiR® a coval ent
bond is for E@Qaﬁﬁﬁ%ﬁ@d@aﬁ@ﬁ?&éﬂ%g@i&e&ﬁ%*gﬂ&eﬂ&s%ﬁew heazi de

noiety is positioned at t 30term nus of t dgolymar. Nucl eophi l i c and

el ect r ophi | FeEmigs eemeaheridegied bpagoninithamgoleeps. dndre casppffwsrenenc- hy dr azi nes,
al cohol s, C@ér%ﬂé%&rnedr : ?ﬁeﬁdﬁ%éf%g%eﬁi& B@ﬂcﬁd&:ﬂ@t&: olal ke, are

well known to the skrl tisan. re specifically, 1n"the case of
t he acety| esrsbacinmadiibapplioenpsdisthatively dheareiylcterimaatitgempanwkir@riyeel ubl e
pol ymer havj ; qﬂ&§ i reaction
to displace&%gﬁgfgggﬁﬁ%ggggﬁg%'ac |%%é%§¥%qgaviﬁgk%5%ﬁ% -?%%@ﬁ ?%é%?sor

t hat cont ai renians @eetmyerivealmoiietigd polyrharso diat the kepulting pugreer eothe bdetyiqpol yrer
havi ng at'Ig%%h”%_%m&cggﬁgmggpugggg‘gic or electrophilic noiety undergoes
a reaction WEtH a 11 nKkIMRG agent thal Rgs an acetyl ene at one termnus so
that a coval3dht bond i sddresmeitichiy, \Weika cish @f (he bxit®tonaintng Rfted solkkieng agent
and the,acetyl ene. noi ety is, positioned at the termnus of the polyner. The
ise 10075 PR B PRbmEssen B 7 PR ek g cauhe o PssRe el e it

el ect rophi | idtiveBydedyPloikty vhik@goes a reaction to produce a substituted polymer having a more

reactive moiety, such as a mesylate, tresyiate, tosylate or halogen leaving group, thereon.

The preparation and use of PEG or oteher compound or polymer derivatives containing
sulfonyl acid halides, halogen atoms and other leaving groups are well known to the skilled
25  artisan. The resulting substituted potymer then undergoes a reaction to substitute for the
more reactive moiety an azide moiety at the terminus of the polymer. Alternatively, a water
soluble polymer having at least one active nucleophilic or electrophilic moiety undergoes a
reaction with 2 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



context of organic synthesis and the preparation and use of PEG
derivatives is well established to practitioners in the art. [33)Thus the
i nvention provides a nethod for the selective nodification of proteins

wi th water sol ubl e compounds or polyners, such as PEG derivatives

cont ai ning an 15azi de or acetyl ene noiety. The azide- and

acetyl ene-cont ai ni ng PEG derivatives can be used to nodify the properties
of surfaces and nol ecul es where bioconpatibility, stability, solubility
and |l ack of immunogenicity are inportant, while at the sanme tinme providing
a nore sel en;tdmmmmsmeﬁ adohalshéanighxy s, Ridehylies, iviahds Vitibedt@s fldabehins t han
has been known h%{% he E‘%‘Wﬁ Definiti ons [351The terns "functl onal
group”, " ac B VE FBTVEL GSI‘JQ ‘ng group", "leaving group", "reactive

site", "chemgal |y reachdry e eBEREDY, uaﬂiecasebem&ebhaaefceﬁﬁhﬁzgemﬁgﬁuﬁ&& are
used in the art and herein to refer to distinct, definable portions or

units of a AUYEEFEAITHa veiss slublepolyswthamest isat on asivedm=yimoigpr t i ons of

mol ecul es t Bt &l A Mh R WRpRak ar}sﬁifogerhrefhe@&hm&maﬂgdgra{ 9@%& Wy W T H
ot her nol ecules. [36] The term"linkage” or "linker" I's u Into

refer to grBaieenghs posrdzienpmpiator hﬁerm@uvelrfea Vaerselblg polymer hmlat legst ong

chem cal reggtl g@ﬂ; ]mgg I y
stable Ii nkg%gs&%llea é%%%egt ﬁ{ se ﬁ e su%)as antl?ﬁa §’t% %‘Tttg%?%asmter
and do not w&weaetylons atlonmnmnusasta thstafuotraim%lbondes g)rmed,bnﬂmenmeysiynimgmam

condi tions f{ erlod of n_i.ndefinitely.
Hydr ol yti caf %;%sr%g%?(e ore%gmgr"%‘c’i‘a‘gIlsepqSl ngi%gwﬁ%lg%s?% %’1’3 IlL[ﬁ? es are
degr adak? e bﬁhaingeremmemes; aot;mdeamg gﬂougﬁ mmi&phﬁm@h&lﬂbdﬂgphzﬁ@;ﬁoﬁ%ﬁﬂ@ih&

bl ood. Enzynati u stabl e qr abI e lin means th t he

l'i nkage can®P: d‘? F%/?ﬂle 86‘? 8’?1%%"% et l:?d’EP inthe art,
PEG and rel MSH&@{WQIWH%MCIG degradabl e |i nkages in the pol yner
backbone or_jin the I|n rou bet ween t he pal yner ackbone and one or

i
nore of thel3tggr ni nal 'ést WXF“%‘?%%‘@“@P“E‘?‘F@@W&B?%? eRdEcgtian of For
exanpl e, feﬂsmmsammﬁaﬁum poBafekd, %%Pﬁﬁeﬁe@z@%&ﬁeﬁl ?% ds or

acti vat ed P G carboxylic acids with alcohol groups on a biologica

active Rye n?z“&e%é?eé’lkf“? Ty ol Bz iden s aceihlpas- el EG dnbrptves gan he@sqde| ease
the agent. Qledtied Al clegs adRblSs %ﬁ%ﬁ%&gy‘aﬁlﬁﬂl&%ﬁ:ﬁﬂ& bonat e

| i nkages; i m ne f?ll nka es resulted fromreaction of
salubility and lack of immunogenicity are important, while at the same time providing a

more selective means of attaching the PEG derivatives to proteins than has been known in

the art.

20 [34] " Definitions
135} The terms “functional group™, “active moiety™, “activating group”,
“leaving group”, “reactive site”, “chemically reactive group” and “chemically reactive

moiety” are used in the art and herein to refer to distinet, definsble portions or units of 2
molecule. The terms are used herein to indicate the portions of molecules that perform some
25 function or activity and are reactive with other molecules.
{36] The term “linkage™ or “linker” is used herein fo refer to groups or bonds
that normally are formed as the result of a chemical reaction and typically are covalent
linkages. Hydrolytically stebie linkages means that the linkages are substantialiy stable in
water and do not react with water at useful pHs, e.g., under physiological conditions for an
30  extended period of time, perhaps eveh indefinitely. Hydrolytically unstable or degradable
linkages means that the linkages are degradable in water or in aqueous solutions, including
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am ne and an al dehyde; phosphate ester |inkages fornmed by reacting an

al cohol with a 10 phosphate group; hydrazone |inkages which are reaction
product of a hydrazide and an al dehyde; acetal |inkages that are the
reacti on product of an al dehyde and an al cohol; ortinmester |inkages that
are the reaction product of a formate and an al cohol; peptide |Iinkages
formed by an ami ne group, e.g., at an end of a polyner such as PEG and a
carboxyl group of a peptide; and oligonucl eotide |inkages forned by a
phosphoram dite group, e.g., at the 15end of a polyner, and a 5 hydroxyl
group of anfoobﬁagzphun!b@bﬂmzjmaﬁdasﬂxﬂhdﬂe &advgfaﬂémﬁlﬁghg@hdeynsamﬂm&m@eecul e",

ner oi n°noar BRgaE FEE e WA AR SF PREr AP B ISk TRreBoChant cal

properties pﬂy;ﬂerbm;l mgu@aiegx@m&ntﬂﬁgmuﬂ&ktydlyﬂﬁerﬂ@br;hlznyiﬁﬁ%é}g!i,-&; vi ruses,
bacteri a, u%‘? ﬂ@ a*n rral s, and humans. In particular, as used
ft“?ﬁl &P

herein, 20b% © B QLT @01 Qe ferening funstionat sxerms of e ended f or
di agnosiss, Mrmoiebﬂé%%kambfeeé%{dﬁmcage?fmﬂﬁ@ﬁﬁﬂé fe@&mﬁfof %@@ﬁﬁ(ﬁ?rg humans

or other aninmls, or to othefw se enhance physical or nental bei ng of
humans or ARidaT activatsdBRST esbosyligsicidsritcaisaby! a@@soeahwlwm@twmemde but

a1 ML ) kBl froeRohdle oI &l B R TRSpo 1oy TR GG ALHOS

dyes, I|p| nucl eosi des eot | l ruses,
m cropartic Jegrndabipinkages @éhﬁegarb@h@sima@immediﬁﬁ@eswsmsdémnmnang t hat

are suitabl of_limted to,
anti bi ot i csEED éﬁ%“&‘% g&ﬂghé]giﬁ - Vi rg'lLll ?&mb' | 554 Lr#’ganac? fvﬂ’e@ent s,

ant i -t utfor iégmisgfm&rmmsbﬂtagﬁs w@whm reanbnaraﬂmct eftayhydgeis sd dnor mones,
grow h fact al nt and. the | i k he .t er “al kyl ,

"al kene, " aqﬂ!i:f’%}*;ﬂael éoxy |$legl%%§%m§?rr %ﬂ?l’%ﬁﬁ‘&‘ﬁﬁ @S’% aﬁﬂéﬁ‘l@g&ﬁ Bkyl |

a: telne ﬁnmmy?lfgmm}mhmoﬁmarm fct)m&rm@&ﬂ@dzolhﬁll‘ Fépefhrﬂ@g@ - I
al kyl . The al koxy" refers to oxygen. subs al ky or exanpl e,
of the fornrwt.l ?m"ﬁﬁﬁ &t%@?%‘?/ Pﬁlyé‘??as‘ﬁ*" %éaé‘aéh"‘}rﬁ’f&é' b&RgRent | y
sel ect ed aIdfyalpepﬁﬂb,&nﬁergmuclaﬁb&wghﬁﬁnﬁédwapi:@Epﬁaraﬁﬁ’chﬁfgtdu teod Atdeene”
refer t alkﬁ 3 Ik%ng respectively, substituted with one or nore
non- |nt rf et ﬁga i 6 &t lydraygrouR ofpnoligepucieptifier ed to, C3- 06

cycloal lcyl7e. 9., cychRpkuptioiogid @ty e/ hole@R®, 4aSodildif actRE FlolPNE:

cyano; al koxy

zo’ioglcagy active agent” when used herein means any substance which can affect any
physical or biochemical properties of a hxologzcal organism, including but not limited to
viruses, bacteria, fimgi, 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 ofherwise enhance
physical or mental well-being of humans or animals. Examples of biologically active
molecules include, but are not limited to, peptides, profeins, enzymes, small molecule drugs,
dyes, lipids, nucleosides, oligonucieotides, cells, viruses, liposomes, microparticles and

25  micelles. Classes of biologically active agents that are suitable for use with the invention
mclude, but are not limited to, anifbiotics, fungicides, anti-viral agents, anti-inflammatory
agents, anti-tumor agents, cardiovascular agents, anﬁ-anxﬁety agents, hormones, growth
factors, steroidal agents, and the like,

{38} The terms “alkyl,” ““alkene,” and “glitoxy™ include straight chain and

3¢  branched alkyl, alkene, and alkoxy, respectively. The term “lower alkyl” refers to Ci-Cg

alkyl, The term “alkoxy” refers to oxygen substituted alkyl, for example, of the formulas —

i3



5nmet hoxy, ethoxy, and the lute; |ower al kanoyl oxy, e.g., acetoxy; hydroxy;
carboxyl; am no; |ower alkylarnino, e.g., nethylam no; ketone; halo, e.g.
chloro or bream phenyl; substituted phenyl, and the like. The term

"hal ogen” includes fluorine, chlorine, iodine and brom ne. [391"Aryl"
means one or nore aromatic rings, each of 5 or 6 carbon atons. Miltiple
aryl rings may be fused, as in naphthyl or unfused, as in biphenyl. Aryl
rings may 10 al so be fused or unfused with one or nore cyclic hydrocarbon,
heteroaryl, or heterocyclic rings. "Substituted aryl"™ is aryl having one
or nore nonciRrHreRI)R{, iumge@mtﬂasxiase Sl Bidbfon@atis sclected Ad]. THieeriner m

“substituents” |nc| s byt is not limited t nterferjn

15subst i t uenfUgstitst ?%ﬁg'f@ér g §]t1f F?fﬁfetﬁﬁjg‘ypaggéd&%?épe@?ﬁgbs that vyield
stabl e conmpouRElsied with SRR BroRGibmlinteBtfie duB&inshRSiuch Bk Bor k@Rl €aLS

i nclude, but are not limted to, halo, C sub.1 -C. sub.10 al kyl, C2-C10

al kenyl , C2oxsi®ikal Rgngcloropylorrrittussyand te. léfzacaw&nwyano droxge@l karyl
C3- Cl12 | | Rale |
cyc gg{nhyl ag&gh e,cm% Q@J Bl mi;eyeagy cet&%ﬁ%r&ﬂ't@agb A

t ol uoyl , KOXY Cl12 ~al kox aryim Cr-C12
aryl oxyal kyliowem@mrﬂwﬂlyi@lmmce@@ema@# guihicmnyn bror@y, pEEQL; substituted

alkylsulfon aryl
substitut ed arﬁr,gg%%g?{ﬁhﬁéﬁ‘g%%ﬁ%tﬁ*#‘ﬁ%@@@ﬁ%&@ é%%gg%%c |c§rad|cal
substi t ut ed [3¢t er ocycl i“drytadeaalone ni fromatdagtic ringd\l%}l of 5 @GN carbon atoms.
--NRC(0)-(C al.l c 1-.C10 al G102 kyl. thioal kyl,
--C(0)04 Cl%’Bg%P?aW;? )g“}‘a c‘j‘—‘i%s‘%‘oﬁ“ “‘“%‘g‘yg “"gﬁﬂ” ﬁ%ﬁﬁ‘é‘; ‘L’Jg?‘%%ﬁii‘iy o
--C(0) - (C1- elk@botused yt yniGFed with ot 0 €53 cyelS(H)NNERbon, hédrofy ) othieytkgeyells- - 25
(Ce-C10 ary#&, --C(0)-(C1-C10 aryl), -(CH2). -04-(CH2).-0-(C1-C10 al kyl)
wherein eacfis from1 to 8, --C(O)NR sub.2, -C(S)NR2, - S2NR2, -NRC(0)

NR2, --NRC(§0]NR2, sal tsushafeaatyl” angylhheing becor moaCivonBnRSethg@tbupesei n i s
H al kyl or substituted alkyl, aryl or substituted aryl, aralltyL, or
al karyl . SIAPYI e | nvention provides a7i de- and acetyl ene- cont ai ni ng

pol ymer 30 @ﬁpi vatives ﬁe%i“ﬂ&am&mhaﬁd@wmm&amonhﬁtedfé;&ge havi ng
an avera e nol ecul ar vvelg from about_ 800 Da to about 100, 000 Da. The

pol yrer 1Pac kBseends “Nae g SERHBERS” g50hpresrows thabueld siabls gorpaynds.
conmpound.  OkyRBl IR erkRG Hﬂkxﬂgmﬁyﬁr IQ&EaIA nthbe Sl Lo AU GLGLELACHS cEBb gCUl es,

pol ypepti des, char d conpound pol ymers, Iinear, branched or
mul ti-ar med -C.sub.10 1, Co-Cyp aikenyl Cv-Cm allynyl, C]*’C}ﬁ alkoxy, Ci—ng aralicyl, C;-Cy2
alkaryl, Cs-Cya cycloalkyl, Cs-Cy» cycloalkenyl, phenyl, substituted phenyl, toluoyl, xylenyl,
biphenyl, Cjz'.'Ciz alkoxyalkyl, Cp~Cy2 alkoxyaryl, C;-Ciz aryloxyalkyl, C4-Cqp oxyaryl, C)-Cs
20 alkylsulfinyl, C1~Cjo alkylsulfonyl, —(CHz)p —O—(C;-Cyp alkyl) wherein m is from 1 to §,
aryl, substituted aryl, substituted alkoxy, fluoroalkyl, heterocyclic radical, substifiied
heterocyclic radical, nitroalkyl, --NOy, —-CN, ~-NRCZ{O¥-(C;-Cis alkyl), ~-C(O3-(C1-Cyo
alleyDy, Co-Cip alkyl thioalkyl, —CO)O-« C1-Cyo alkyl), ~OH, --80,, .dbd.§, -COOH, --
NRs, carbonyl, ~C{O}—~(Cr-Cio alkyl)-CF3, —C(O)~CF3, —C(OINR2, —(C1-Cyo aryl)}-S—
25  {C¢-Cyp aryl), ~C(O)HCi-Cyp aryl), ~—(CH2}§, b CH ) e G {4 -Cp alcy) wherein
gach m is from 1 to 8, ~C{O)NR.sub.2, —C(S§)NR;, ~ SONRz, ~NRC{O) NR,, ~NRC(S)
NRg, salts thereof, and the like. Each R as used herein is H, alkyl or substituted alkyl, aryi or
substituted aryl, aralkyl, or alkaryl.

[42} The invention provides azide- and acetylene-containing polymer
30 derivatives comprising a water soluble polymer backbone having an average molecelar
weight from about 800 Da o about 100,000 Da. The polymer backbone of the water-soluble
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conpounds or polyners, and poly(ethylene glycol) (i.e., PEG. However, it
shoul d be understood that other conpounds and pol yners, including but not
limted to PEG rel ated 5nol ecul es such as pol y(dextran) and pol y(propyl ene
glycol), are also suitable for use in the practice of this invention and
that the use of the term PEG or poly(ethylene glycol) is intended to be

i nclusive and not exclusive in this respect. The term PEG i ncl udes

pol y(ethyl ene glycol) in any of its forms, including bifunctional PEG

mul tiarmed PEG forked PEG branched PEG pendent PEG (i.e. PEG or related
pol yners hayémgexqza@b@e{nymmiek@m%m&tdr@a@ﬁeawm&gmm TbnitbPtolllSleil Qbiy MEr
backbone), or PEG wi th degrada e |linkages therein. 031As used herein, the
t erm "wat er P8P pOlYRSPYdeR chargicamp oppdsOr polyBrtsniieas, rapchipd orgppitigtreed; n
aqueous ol Yfiloinds'ek PAIGAES Al pdALERLIRIHRLE GROPHER hulberd ijifudRCUT | ©

pol ypepti de can resu iIn changes I ncl tding,” but not limted to, increased
or nodul at edndsysiogdtinbether othpduads ¢ Polopass Sedliding hmhmte@tctm‘f‘é}wame c

hal f-1if r 0

modul at o plperudiulite RS RS By R en RO B hsh BEMBRAG .
mul ti mer f opmeticeofithisahvestiaachnd Goti wse bf thelieng PRGDr adiyEthebine geedtior

di meri zati op, or. ti rlzatlo The water solu may not

0
nve i to onfifed st kL Aot itlilrS8i he R RTTIRY O Y O
i mi téd to, pqﬂmea@hhwglww ughmmflats faﬂﬁspﬁbi)&ﬁh@}éifﬁmﬁo;gl ¥EG) mlliltgﬁﬁie@d peGzdehyde,
nono C10 ive r escrjbed in U S Patent
No. 5, 252, 7?’%@&%&#&% ?%‘y(l Z’PESP ﬁ@%‘e%é‘g%‘?"?ﬁ aving one of more
nonomet Mxywﬁ&ﬁtémwﬁ@dﬁtwm& polpAky WicRYdne ¥F PEG wi@ igzra@@leyimiapgt  al cohol ,
pol yam no aci ds, divinylether maleic anhydride,

Y- (2- Hydr ox yl) - met hacryl arni de, dextran, dextran derivatives

i ncl udi ng degtran sul f@is%ed%ﬁl:e‘(ﬂ?ﬁ@@%ﬁﬁ“@m@% éﬁﬁﬂ@pn ¥ DRPMb 8R\Epotymer
250xi de/ et hyl ene OXIde copol pon et hyl ated pol yol, heparin,
heparin fr atifehtdublyiglagacaus dﬁ@éﬁ&b&é@ﬂ%l‘@%@ﬁ@?ﬂuéél | ul ose
and cel | ul oggyd ﬁaevgﬁﬁt@\mm Qdmm Bt B , Bibrdafal o o tlERL 05
and car boxyne cel | ul ose, starch a starc erivatives, polypeptides,

pol yal k{3 enbﬂ@l c@lmwwemomgr@hmﬂﬁ@wym%mod@ﬂmyl ene

g: %ﬁgl Ee?gdpo%}ﬁ%{%%%&%%g%& ﬁ) I@Qaﬂsparrt%r n&%g&rmggr?ag{%% N ke, or

m xtures t hmaamémmrmmmmcmm@mu yheecsretapok ude but are
not limt edéi&n%riga%lcx gxt I‘Q‘the 0§ goﬁ’ Ci?le a@cer SOEIE)PE: poﬁrmer may or may not have its own
biological activity. Suitable polymers include, but are not limited to, polyethylene glycol,
20 pelyethylene glycol propionsidehyde, mono C1-C10 alkoxy or aryloxy derivatives thereof
{described in U.S.Patent No. 5,252,714 which is incorporated by reference herein),
monomethoxy-polyethylene glycol, pol:yvinyi pyrrolidone, polyvinyl alcohol, polyamino
acids, divinylether maleic anhydride, N-(2-Hydroxypropyl-methacrylamide, dextran,
dextran derivatives including dextran suztfate, polypropylene glycol, polypropylene
25 oxidefethylene oxide. copolymer, polyoxyethyiated polyol, heparin, heparin fragments,
polysaccharides, eligosaccharides, glycans, cellulose and cellulose derivatives, including but
not limited to methylceliulose and carboxymethyl celiulose, starch and starch derivatives,
polypeptides, polyalkylene glyeol and derivatives thereof, copolymers of poiyalkylene
glycols and derivatives thereof, polyvinyl ethyl ethers, and alpha-beta-poly[(2-
30 hydroxyethy!)-DL-aspartamide, and the like, or mixtures thereof, Examples of such water

soluble polymers include but are not Emited to polyethylene giyeol and serum albumin.

15



[ 441As used herein, the term"polyallcylene glycol" refers to pol yethyl ene
gl ycol, pol ypropyl ene glycol, polybutylene glycol, "and derivatives

t hereof . The term "pol yal kyl ene gl ycol " enconpasses both |inear and
branched pol ymers and average nol ecul ar wei ghts of between 1 |IcDa and 100
kDa. O her exenplary enbodinments are 5listed, for exanple, in conmmercial
supplier catal ogs, such as Shearwater Corporation's catalog 'Polyethyl ene
G ycol and Derivatives for Bionedical Applications” (2001). (45]PEG s
typically clear, colorless, odorless, soluble in water, stable to heat,
inert to naj cherri cal Aag&ﬂ&smmgldﬁﬁexﬁo'tpotwdaj@he;@wmﬁgttep&%@tl@m and is
generally ngn-10 c. F]>ol et];]t H ol g consi dered_to be

bi oconpat i bFE® YE’WPY cg éﬁ’ht’ W%P%%‘ 4L, 30g ferieltves Bisteol oR%itEmence wit h
living ti SS%@a&&ﬁwgﬁd&l”%ﬁ&mﬂa&sé@BbthQ@ébilaﬂgbﬁaﬁ’th& &s sReRbhical |y, PEG
I's substantially non-inmunogenic, which is to say that PEG does not tend

to produce &A! @W@gb‘é‘ﬁ%@ﬁ@%ﬁ@ 198 4a. PHsnexsmplastsbodieatsaesl ecul e
havi ng soney;gars ik 8l MGhineRial Quldhe: 2eAVos, SHER $hSarRatll @ér?&h&d’i‘il ly active

agent, the PEG tends to mask the agent and can reduce or efim nate any

i mune r espwe Telyethdencdiyot P emvatiues fooBiemadieel tppliceBons? @98Hce of the
agent. PEG j ugat es t nse or
cause cl ot tl%gg or ot he%ggn Fariép(flg&g%b (}E‘I;Sa()&g%%’ m\}:;tef]%w}[ F}E‘J‘é#‘aﬁge t‘?%op
CH2CH20- ( CRreH203Y cmmmm@s eobdiydicdyeroo feterboait, aﬂd s @erzbdlly tnod- 031,

typically f 0] ol

practice ofﬁtﬁla%?%\lrlgegr@ Bisto ‘ia%%ng’im%?%iﬁﬁéfc{l fﬁgﬁ’t%%?’%ﬁ‘wﬁp But 800
Da to alfoutofboe:ifHo0: Bk hsng fisaueh iof ek gandsis uddbutlcaasghien. podry spRtifi2ybackbone.
[ 46] The pol [ ckbaone can be Ilne or bran Br anched pol

backbones art’ ésﬁb% ﬂﬁ@“ﬁ%&%ﬁ“‘f"ﬁ?ﬁ Pl s gyt ’Eﬂé?g(} dogs 1i5f iR f?@%‘ﬁﬁ yner
has a cent ramluulmr&ﬂ&lﬁpaﬂﬁﬁﬁtlﬁ%b@t SBeChtiacHeH 46 ainbteyuwﬁaviﬂg@eﬁé anetyger chains
linked to the cent ‘ﬁ@ h ore.. PEG i s commngé used in branched forns

that can bePFHOpaR B R54 bplogicalst 47N e ARs G e FEGAendy ta mpsk dhrsepl| yol s,
such as gl yaharcﬁ& redi@e YEQ MDhatOkrly GORRIME resPSIRE AS ML Rlord-Blemansl1ok@4bitkol . The

15 presénca of the agent. PEG conjugates tend not to produce a substaptial immune response or
cause clotting or other undesirable effects. PEG having the formuls — CH,CHL,O—
(CH2CH20), - CHyCHa--, where 1 is from about 3 to about 4000, typically from about 20 to
about 2000, is one uséﬁsl polymer in the practice of the invention. PEG having a molecular
weight of from about 800 Da to about 100,000 Da are particuiarly useful as the polymer

20 backbone.

[46] The polymer backbone can be linear or branched. Branched polymer
backbones are generally known in the art. Typically, a branched polymer has a ceriral
“branch core moiety and a plurality of linear polymer chains iinked to the central branch core.
PEG is commonty used in branched forms that can be prepared by addition of ethylene oxide

b
th

to various polyols, such as glycerol, giycerol oligomers, pentaerythritol and sorbitol. The
central branch moiety can also be derived from several amino acids, such as lysine. The
branched poly(ethylene giycol) can be represented in general form as R(-PEG-OH)y in
which R is derived from a core modety, such as glyeerol, glyceroi oligomers, or
pentaerythritol, and m represents the number of arms, Multi-armed PEG molecules, soch as
30  those described in U.S. Pat. Nos. 5,932,462 5,643,575; 5,229,490; 4,289,872; U.S. Pat. Appl.
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central branch noiety can al so be derived fromseveral am no acids, such
as lysine. The branched poly(ethylene glycol) can be represented in
general formas RIPEGOHymin which Ris derived froma core noiety, such
as glycerol, glycerol oligoners, or pentaerythritol, and mrepresents the
nunmber of arms. Milti-armed PEG nol ecul es, such as 30t hose described in
U S. Pat. Nos. 5,932,462 5,643,575; 5,229,490; 4,289,872; U S. Pat. Appl.
2003/ 0143596; WO 96121469; and WD 93/ 21259, each of which is incorporated
by reference herein inits entirety,can also be used as the pol yner
backbone. 12KBB143IOHSTOPEGIsenaad SO P2 1239  daeh dfovitohat ndorhetkety PEG

r epr esent ed PECEY ere Y I|nk| roup and Z is an
acti vated t%@%ﬁﬁ%PﬂT Cﬂ%ﬁé %ﬂﬁ“b& g ons of defined

l ength. 081Mgt anot her H@i@mwmowﬁt&@&ﬁﬁﬁtﬁ&ﬁ@m@&pﬁéﬁé& e

groups, such boxyl , along the PEG backbone rather than at the end of
PEG chai ns. ’F‘ﬁéﬂﬁ%&ﬁ%‘ﬁ it HURlERS FORR RS B0 petiated traminal genmrinketio al so be

prepar eds W £y pyRiakail bf AGE BRI ibadiikages in the backbone. For exanpl e,
PEG can be Eﬁgepar ed with ester 10l inkages in theQé)olymar backbone that are

subj ect to Hlirol ysis. Yﬁéa@ﬁ@maﬁ@}ﬂé\fﬂﬁ%ﬁiwm G dhsrepctizeigroupsi pudciseavage

of the poly D I . - PEG 0Q2- PEG +H20
-> PEG COZH-EF%I% EEQH% gg?@%%c}b%%llg%\séfood tﬁ&%ﬁgggﬁ%k ed in the art that

the term pol4f{ et hyI ene Iyhddiginyo m%@n&@:ﬂ%‘s&ﬂwlmcamﬁmdeswghhd wite above
forns. 15151 I al 1 for,the i vetlon
h o @%ﬂtleiﬁ%g "’tﬁegacgbcb sfoor I rﬁlef,h?%(}cgn?oprg%x A

Pol yrer back are er-so
term nil0 arbnlqaaﬁsm&}apalufﬂnyrhas@bué tkianarblsﬂnwnuﬂ;tyﬂrm:s. B(ﬂimhesiuﬂfthsw t abl e

uch 2 pol SrirEayPle il ki ot bissime Sm feimmed eEpafgaryd =)
copol yner s &EGCOyPEGeHED e DEGADO pFPPEene gl ycol ), terpolyners thereof,
mxtures t hgﬁf\_of ’ It is understood by those skilled in the art that the term poly(ethylene

..

glycol) or PEG represents or inchudes all the above forms.
15 8%} Many other polymers are also suitable fdi‘ the invention. Polymer
. backbones that are water-soluble, with from 2 to about 300 termini, are particudarly useful in
the mvention. Exampies of suitable polymers include, but are not limited to, other
poly(alkylene glycols), such as poly(propylene glycol} (“PPG"™), copolymers thereof (e.g,
copolymers of ethylene glycol and propylene glycol), terpolymers thereof, mixtures thereof,
20 and the iike. Although the molecwlar weight of each chain of the polymer backbone can
vaty, it is typically in the range of from about 800 Da to about 106,000 Dz, often from about
6,000 Da to about 80,000 Da. _
[52] Those of ordinary skill in the art will recognize that the foregoing list for
substantiaily water soluble backbones is by no means exhaustive and is merely illustrative,
25 and that all polymeric materials having the qualities described above are contemplated.
53] The polymer derivatives of the invention are “multi-functional”, meaning
that the polymer backbone has at 1east two termini, and possibly as many as about 300
termini, functionalized or activated with a fimctional group. Multifunctional polymer
derivatives include lingar polymers having two termini, each terminus being bonded to a
30 functional group which may be the same or different.
{54] In one embodirnent, the polymer derivative has the sucture:
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20 and the like. Al though the nol ecul ar wei ght of each chain of the

pol ymer backbone can vary, it is typically in the range of from about 800
Da to about 100,000 Da, often from about 6,000 Da to about 80, 000 Da

[ 52] Those of ordinary skill in the art will recognize that the foregoing
list for substantially water sol uble backbones is by no neans exhaustive
and is nerely illustrative, 25and that all polyneric materials having the
qual ities described above are contenplated. [53] The pol yner derivatives
of the invention are "multi-fiuntional™, nmeaning that the pol yner backbone
has at |least two term ni, and possibly as nmany as about 300 term ni,
functionalized or activated w Xhaa froictgnaN=gegup. Ml tifunctional

pol yner derwh@éihves i nclude |inear polyners having two term ni, each

term nus being bonded to a 30functional group which nay be the sane or
differeng. [ 54] | R=RAq oot . the polymer derivative has the
structure: B-N=N=N wherein: 5N=14=Nis an azide noiety; Bis a linking
noi ety, which nmay beppy£sRils iR RSIER mayPsd pfcdesit @ aW@fer - sol ubl e
non-antigenic polynmer; 10 Ais a linking noiety, which nmay be present or
absent and which myy@mﬁm&r@u‘gﬁIﬁn%ﬁ%dénfcfﬁﬁ%{&;; and Xis a second
functi op@l group. 15[55] Exanples of a linking rnoiety for A and B include a
g‘r"e} Py yf O Y iy, Wt Dy B presbat of abscat and ihesh may be fhe

same a3 B or different: and

X is a second funciional group. _

15 [55] Exampies of a limking moiety for A and B include a multiply-
fimctionalized alkyl group containing up to 18, and more preferably between 1-10 carbon
atoms. A heteroatom such as nifrogerz, oxygen or sulfur may be included with the alkyl
chain. The alky! chain may also be branched at a heteroato-m.ﬁ Other exampies of a linking
moiety for A and B include a multiply functionalized aryl group, containing up to 10 and

20 more preferably 5-6 carbon atoms. Thie aryl group may be substituted with one more carbon
atoms, nitrogen, oxygéen or sulfur atoms. Other examples of suitable linking groups include
those linking groups described in U.S. Pat. Nos. 5,932,462 and 5,643,575 and U.S. Pat.
Appl. 2003/0143596, each of which is incorporated by reference herein in its entirety. Those
of ordinary skill in the art will recogni=ze that the foregoing list for linking moieties is by ne

25  means exhaustive and merely iflustrative, and that all linking moisties having the qualities
described above are contemplated. |
[56} - Examples of suitable functional groups for use as X include hydroxyl,
protected hydroxyl, alkoxyl, active ester, such as N-hydroxysuccinimidyl esters and 1-
benzotriazolyl esters, active carbonate, such as N-hydroxysuccinimidyl carbonates and 1~

30  benzotriazolyl carbonates, acetal, aldehryde, aldehyde hydrates, alkenyl, acrylate,
methacrylate, acrylamide, active sulforte, amine, aminooxy, protected amine, hydrazide,
protected hydrazide, protected thiol, carboxylic acid, protected carboxylic acid, isocyanate,
isothiocyanate, maleimide, vinylsulfone, dithiopyridine, vinylpyridine, iodoacetamide,
epoxide, glyoxals, diones, mesylaiss, tosylaies, and tresylate, alkene, ketone, and azide. As

35 would be understood, the selected X moisty should be compatible with the azide group so
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. atoms. A heteroatom such as nitrogen, oxygen or sulfur may be included
-with the al kyl chain. The alkyl chain nmay 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, containing up to 10 and 20 nore
preferably 5-6 carbon atons. The aryl group may be substituted with one
nore carbon atons, nitrogen, oxygen or sulfur atons. O her exanples of
suitabl e I'inking groups include those |inking groups described in U S

Pat. Nos. 5 ’ﬂfaa%&(ﬁgg\é’g}? glﬁ %Zlg ‘%néﬂe@' & OQC\§.' Tﬁg %ZI Fangiogop% }ﬁgif]?g g%l%g%ﬂ@g ach of

whi ch i s incorporat ce aeln 1N
ordi nary skinay b¢ hpmdbefummaimnkdanmg&mgthe zeotd ﬁmmidﬁel grmrpe{gm Xigs blksin 44

| i nki ng noi ns: stive,and.nerely .illustrative, and
that all i %t?lcﬁgdrﬁs)elwg @%ﬁﬁﬁa@l nanf ac%g}alse? ngma%gneigrg 53 11gre |

cont enpl at edmcﬂsﬁalmﬁpl es of sw tabl e functi onal gr oups for use as X

i ncl ude # pr ot ted cox such as

N- hydroxysut[,é)’?(nl m dyl ?%S 8T¥t°%%’ﬁzt{6 é“%s %%% R
carbonat e, gusincest aldrdugedng gysspmcnmﬂmﬂchy bre@&i’csbz@ﬁtﬁfbﬂ 8f e d’xeimcaﬂy reactive

30benzotri a car bon tes, .acetal dehy al dehyde hydr at es aI kenyl
acryl at e, %fnﬁ%g?&ﬁré’tpém L AT en Cﬁ' 'g'ﬁl éﬁﬁ‘l“ﬁ’]
protected anm theiypbythmicdley refItios gﬁ@%ﬁgﬁo@&ieﬂ@?{}r%&cm ﬂh&hféhﬂ

carboxylic ac E%‘r ot ect ed car po %ﬁc acid, JIsocyanare, | sothi ocyanate

mal ei m de, PF 578 P8Rt PHE BPRP 630 Yeselerigtiars Bani de.

epoxi de1ogl mmbﬁm-ﬁmt@m@&arbamwmcgsnw-ﬂﬁ Stho:Bastbd e Bl R). B thél Kene,
ket one, and ﬁ'ﬂl dﬁy woul d. .be .under st oo t he sel ected noi eté shoul d
be canpani | &HEN T V&%(}H%%%ﬂ the proteing sFWR Cn bPriipyidyMisulide. dbthgr oup

does not oc eitmncaffflﬁaﬂﬂrb geus BnlcaibdicPit 4Rl WitRhs BlRko¥A: pMRfonB¥dD& o
honobi f unct | that the second functional group (

al so an azi (ﬁ%{ %‘{’T‘g’a&(ﬁ P%ﬁ‘“é"f‘%ﬂf BoTR ?@ﬁ@tbf“’bﬁ’épr ARG ER9H0 Fueh as *Pﬁéyis@@é?ﬁd

functional = griawputyls Obiefprbleing Foubs REdvinin dhe S BMPatscHe24dAB VG e
underst?%d tfgbt he art, the term "piotected" refers to the presence of a

prot ect i up or noiCBES G FEEPis: el femial functenabgrowss e fe liwe sptudg
reactive f UNGléoiaid maﬂséﬁaw(se@ég cgrg ﬁbt”NB@%&%l eok, gqaﬁh?g)%ﬁllxe dhe

prot ecting up Wi lJ_ vary endi ng_on the type of chenica Festtive
group bei ngg é{ﬂM”%ES’F“ ?FBi B 3379{3”?@123%??113&1&1 grpl. E%B?lb’mef g?élﬁ? is an
amne or a mw)ﬁﬁyﬁmdet@& QQQE&ﬁEéZ%aIQW&bM@hQﬁ BRLRG | REgHI om the 10

group of tert oxycar bonyl (t-Boc) and 9-fl uorenyl rret hox car bonyl
(Fnoc). |If ’E‘ﬁ@méi*é' hPregionse ?Té‘a‘.‘é‘tciwc@’ﬂ é@f@uqase (8=t hg-oPison ¢ieat. mmiﬁgﬁwln:g: gr oup

can be o0 t hgpsnichensics W BibRgical dppiibions, pp 170-181, Harris & Zaplipsky Eds., ACS,
Washington, I3.C., 1997; see aise UJ.S. }‘ét No. 5,672,662), succinimidy! succinaie (See,
e.g., Abuchowski et al. Cancer Biochem. Biophys. 7:175 (1984) and Joppich et al. Macrolol.
Chemy. 180:1381 (1979), succinimidy! ester (see, e.g., U.S. Pat. No. 4,670,417),
benzotriazole carbonate (see, ¢.g., U.S. Pat. No. 5,650,234), giycidyl ether (ses, e.g., Pitha et
25 el Eur, J Biochem. 94:11 (1979), Elling et al., Biotech. Appl. Biochem, 13:354 (1991),
oxycarbonylimidazole (see, e.g., Beauchamp, et al., Anal. Biochem. 131:25 (1983), Tondelii
-et al. J. Controlied 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:A5 (1991)), aldebyde (see, e.g., Harris e al. J. Polym. Sci. Chem. Ed. 22:341 (1984), U.S.
30 Pat.No. 5,824,784, U.S. Pat. No. 5,252,714), maleimide (see, e.g., Goodson et al.
Bio/Technology 8:343 {1990), Romani et al. in Chemistry of Peptides and Proteins 2:29
(1984)), and Kogan, Synthetic Comm. 22:2417 (1992)), orthopyridyl-disulfide (see, e.g.,
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chemcally reactive group is a carboxylic acid, such as butanoic or .
propi onic. acid, or a hydroxyl group, the protecting group can be benzyl or-
an al kyl group such as nethyl, ethyl, or tert-butyl. O her protecting
groups known in the art may al so be used in the invention. 15[581Specific
exanples of termnal functional groups in the literature include
N-succi ni m dyl carbonate (see e.g., U'S. Pat Nos. 5,281,698, 5,468, 478),
am ne (see, e.g., Bucicnann et aI Makromol . Chem 182:1379(1981),

Zapl i psky et al. Eur._Poly 1177 (1983§ , hydrazide (See, e.g.
Andresz et &@gh}gqncqta%ﬁ}ow@,n@ﬁn 155280 varyl) (see, §dc SFWM G4l pr opi onat e

and succi ni ma&wno#aaﬂs%rmm {(%ﬁ;w@iﬂfen@(s%@% getU QlPat N‘b obo/das, *Mi&ffih% 20
glycol) Chemistr & Bi ol ogi cal "Applications, pp 181, Harris

Zapl i psky E#fgvere, ceara?slﬁqu@qrﬁﬁﬂhw@yrq@we see aI so U S. Pat No

5,672, 662) , jBJICCI Ni Mi Ayl o SRELLNFHERRER, th pSymerARHEAANS] Cancer
Bi ochem Bi op ys. 7:175 (%984) and Joppl ch e%’m& N&cro%ﬁq}“&f%léon}% 180: 1381

(1979), $ucequirias sy bagkbprsdeyingthystrugius:  pat No. 4, 670, 417)
benzotriazol e carbonate (see, U S _Pat No. 5,650, 23 gl yci dyl

et her (see, e g, Pitha et 2§&rC%éH§CHﬁQQﬁQﬂ£§%“Qﬁﬁ%ﬁC@?MQN Eni ng et
al ., BiotecWker#ppl . Bi ochem 13: 354(1991) oxycar bonyl i m dazol e (see,
e.g., Beauchanp, et gli, #5A08ha R gﬁ§d£$g (d983), Tondelli et al. |
Control |l ed Rel ease 1: 251(1985)) nltrop enyl "carbonate (see, e.g.,

Ver onese, et al. AﬁpmabBﬂ@@ﬁéﬁmﬁBp%lech 11: 141(1985); and Sartore et
al ., Apps. Biochent { gé%% Harris
et al. J. Polym Sci. %E’l Iog%jfgts% %’% ﬂe@ %%g%’g%ag&%ﬁ%mcgggﬁsf 784,
U. S. Pat.IwmﬁM¥mZﬁgb@mdﬁwngﬁw@ﬁmmde (see, e.g., Goodson at alL

Bi o/ Technol ogy 8:343. (1990), Romani et al. in Chenistry of Peptides and

Proteins 2:29 (19843-—CHpCHKegdH,CH9Rh REH,CHEO M-(0H,) 2% B44AN( 1992) ) ,
ort hopyridyl -disul fide (see, e.g., Wghiren, et al. Bioconj. Them
4:314(1993) ywhereinr yl ol (see, e.g., Sawhney et al., Macronol ecul es, 26:581

(1993)), vinylsulfo se 5, 900, 461) . of the
above references arg%l%] ?elg’g?%ﬁ%é?ﬁ%?%ﬂlﬂﬁ?ff%mgg%f%ﬁﬁ'liéczﬁg’%lf erred
enbodi nent, the polymnmsderlvatlves of the invention 5 conprise a pol yner
backbone haV|ng the str Y gﬂ%pll 0--(CH2C1120) n -CH2CH2 - N=Nr- N
wherein: Xis a func??&H éﬁﬁﬁ &%€ri bed above; and n is about 20 to
about 4000. 10In anoxhﬁﬁﬁmmgm@tgsdég&gbmbw@r derivatives of the

I nventi ’961 Cf) r’rPr Ise a The azide-containing PEG derivatives of the invention can be prepared hy
at least two methods. In one method, shown below, 2 water soluble polyvmer backbone
having an average molecular weight from about 800 Da to about 100,000 Da, the polymer
backbone having a first terminus bonded to a first functional group and a second terminus
bonded to a suitable Jeaving group, is reacted with an azide anion (which may be paired with

25 any of 2 number of suitable counter-ions, mcluding 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 polvmer: '

X-PEG-L + Ny = X-PEG- Ny,
[61}] As shown, 2 suitable polymer backbone for use in the reaction has the

30  formula X-PEG-L, wherein PEG is poly(cthxylene glycol) and X is a finctional group which
does not react with azide groups and L is 2 suitable leaving group, Examples of suitable
functional groups include hydroxyl, protected hydroxyl, acetal, alkenyl, amine, aminooxy,
protected amine, protected hydrazide, protected thiol, carboxylic acid, protected carboxylic
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pol ymer backbone having the structure: X-CH2CH20-(CH2CH20)n --CH2CH2 -

0- (CH2) m WN=N=N 15wherein: Wis an aliphatic or aromatic |linker noiety
conpri sing between 1-10 carbon atons; n is about 20 to about 4000; and X
is a functional group as described above. 70 M The azi de-cont ai ni ng PEG
derivatives of the invention can be prepared by at |east two nethods. In
one net hod, shown bel ow, a water sol ubl e pol ynmer backbone having an
average nol ecul ar wei ght from about 800 Da to about 100,000 Da, the

pol ymer backbone having a first term nus bonded to a first functional
group and aacidowiegnite diiopysidiendd ditydpyaidse irdiikend. EMindls 6f Ditible | S react ed

w th an azigde .ani on I,C be ir wi t h 25any. of number of

sui tabl e coﬁeﬁ‘firégrgr?%’ﬁg&fi%%lwh © %’Wﬁi%epﬂﬁ‘ﬁ?ﬁﬁ laeefd #3180 annoni um and
so forth). [ |eavi ngmmdmwge@rm&%%;hg%ﬁﬁ%% t and is
repl aced by the.aziﬁgynniet , .affording the desired azi de-contalning PEG
pol ymer: X- %ﬁ."e?ro > Vel _mﬂ%.g aﬁ@i?%ﬂ%ﬁ%m@e fgpaignalifibis sonfentefreth a
backbones f OwaibiR pbih e R BRoLOR: Pl Verad0mbREMM Weight BHF dbous $9FDELN PEC

i s poly(ethyl ene I%éol) and X is a finictional group which does not react

with azide BWQ%Q a, Whergin-the liking pgent ears athemicd dimctisbedipths svibh feasiui t abl e
functional giERSy wiBC] MESiMVHE@XYAtity Bh Bl ﬁo@?{e@!é} X ’36;%%1[%%.%'?11 2kt cenyl,

am ne, am nooxy, protected amne, protecte azi cted thiol,
car boxyl i ¢ BRAY#ERr dpivetienrresticicvalreriix e azide acdegyratadifren thege|ymdt binkb@eibiydi ne,
and vi nyl pyl’iﬁkﬁig wpgnd ket one. Exanples of suitable |eaving groups include
chloride, bromvde, "I odide, nesylate, tresylate, and tosylate. [62]in a
second et hi#dl f or pr epénatampiarpfeartion ahemeiscbewmsbatiwig pol ymer derivati ves

of the inveptdsei A klRking:.. j an_.azi.de functionality is

cont act ed \?\?th a v@ét er syﬁﬁgs%Q"gﬁgﬁé%%%%“ﬁavi ng an aver age

Irrpl Ecul ar vwimyiin: ?E@imp&b@ﬁtyiﬁ?@lfy&’ﬁl}?@dXbﬁ)@lfap@?@gﬂﬂ@t .sﬁ,ag M@;{St ed'rrgl t h;a. I

i nki ng age ears a chenic unct.i.ona .that will react selectively
i th 8 chortbeER e EaEReEE skt e NDEE iplihelaroup it st etve i he

?zi de- cont aiﬂﬂeﬁ@acgmiayl;ﬂgﬁﬁt th N R tVSFHpeRlUG sBaiv el Rih iR R Ed8odBersgpar at ed
rom the pojgyrer backbgne DY odsuimble functional groups include: M being a carboxylic

acid, carbonate or active ester if N is an amine; M being a ketone if N is a hydrazide or

aminooxy molety; M beirig a leaving group if N is a nucleophile.
165] Purification of the crude preduct can usually be accomplished by
precipitation of the product followed by chromatography, if necessary.

20 o8] A more specific example is shown below in the case of PEG diamine, i
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-NE, + HO»C-(CHg)s-N=N=N,

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

25  group using 2 variety of activating agents such as thionyi 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. Afiter successful formation
of the amide bond, the resulting N-tert-butyl-Boc-protected azide-containing derivative can
be used directly to modify bioactive molecules or it can be further elaborated to install other

30 useful functional groups. For instance, the N-+-Boc graup can be hydrolyzed by treatment

with strong acid o generate an omega~amino-PEG-azide. The resulting amine can be used
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| i nki ng group. 10[ 63] An exenpl ary reaction schene is shown bel ow X-PEG M
+ N-linker-N=N-N 3 PG X-PEG | i nker-N=N=N wherein: PEG is poly(ethylene
glycol) and X is a capping group such as al koxy or a functional group as
descri bed above; and Mis a functional group that is not reactive with the
azide functionality but that will react efficiently and selectively with
the N functional group. 15 [64] Exanples of suitable functional groups

i nclude: M being a carboxylic acid, carbonate or active ester if Nis an
am ne; Mbeing a ketone if N is a hydrazide or am nooxy noiety, Mbeing a
| eavi ng gr ofy? YRR hendle tedrestalinsisn vseful Baitpositf suchbs maleinfidd greupsy dsthensar oduct

chr orat 001 ARt T NG SIER oY o FE b0 B e ! Chown
bel ow i n t heagea®e of PEG di amine, in which one of the amines is protected
by a protecting group e such tert-butyl-Boc and the resulting
nono- pr ot ectégg PEG di ag‘lpn a“%%é’g@f‘%ﬂv vﬁ?ﬁpﬁﬂ%ﬁd‘s#ﬁﬁ@?ﬁ%éﬁmﬁi@ars t he
a7i de funct atbxiaifbynt idtehivs BRGeNkrhRus oMER SR 3 NENFN the fifdzh It hi s
i nstance, the. am ne u ? be_coupled to the carboxylic acid 25 group
using a varietry 6?368%?&/‘2?‘1 "ﬁial" g%‘ﬁtagg‘%iﬁ‘&‘i*f of & MolrcRig evinsAnpcHsedor
carbodi i m déemﬁﬂ.@ﬁuzﬂMhHSﬁyﬂ&wﬁ,%%ﬂiaﬁﬁﬂ%d%e%mwﬁﬁ&%g{lcg {?azol e

e

to create aﬁ) ﬁm de bond between the nonoam ne PEG derivative an [

azi de- bear i WW§™ P ARCFOHSE ot (e PEFrand apeleilediaying po pestiisno mronp 1o fhe ot de bond,
t he resul tignibhdSidePaut yl - Boc- prot ect ed azi de-contai ning derivative can
be used directly to nodify bioactive nolecules or it can be further

el abor at%d 8l i nstal | Btamethermbadingtpfie invertin, the polpser degvativabisalmce, t he
N-t-Boc groypemah be hydrolyzed by treatnent with strong acid to generate
an onega- am no- PEG azi de. The gesylt] anm n be used as a synthetic
handl e to install other useful %ﬁ%ﬁ%@ﬁgﬁ% as rnal ei m de groups,
activat ed d¥agii des, activated esters and so forth for the creation of
val uabl e heterobifu | [ ent s..«[ 68] Het.erobi fincti gnal derivatives
are particularly usenl?%n%\r%h%{gﬁer??&i%%l%ﬁ%e’t %Xyaf’rtaégcr&%s’i‘%?gﬁ’fﬂ nol ecul es
to eachidt erm nus. of getwg; pol ymer. For exanpl e, the onega.-N

B is a linking moiety, which may be present or absent:

POLY is a water-soluble non-antigenic polymer: -
A Is a Iinking moiety, which may be present or absent and which may be the
same as B or different; and |
20 X is a second functional group. _
[y - Examples of a linking moiety for A and B include multiply-
functionalized alkyl group containing up to 18, and more preferably beiween 1-10 carbon
afoms. A heteroatom such as nitrogen, oxygen or sulfur may be inchuded with the aikyl
chain. The alkyl chain may alsc be branched at a heteroatom. Other examples of a Iinking
25 moiety for A and B include 2 multiply fimctionalized aryl group, containing up to 10 and
more preferably 5-6 carbon atoms. The aryl group may be substitiged with one more carbon
atoms, nitrogen, oxygen or sulfur atoms. Other examples of suitable linking groups include
those linking groups described in U.S. Pat. Nos. 5,932,462 and 5,643,575 and U.S. Pat.
Appl. 2003/0143596, each of which is incarporated by reference herein in its entirety. Those
30 of ordinary skill in the art will recognize that the foregoing list for linking moieties is by no
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am no- N-azido PEG woul d all ow the attachnment of a nol ecul e having an
activated el ectrophilic group, such as an al dehyde, ketone, activated
ester, activated carbonate and so forth, to one term nus of the PEG and a
nol ecul e having an acetylene group to the other term nus of the PEG
101691i n anot her enbodi nent of the invention, the polyner derivative has
the structure: X-A--POLY- R can be either H or an al kyl,
al kene, allcyoxy, or aryl or substituted aryl 15group; B is a |inking
noi ety, which may be present or absent; POLY is a water-sol uble
non- ant i genirean exhangive and neselnitigtritivagroddios bl linkikg mbietiva Yiatiey the gudinés or
absent and whiehy ?ﬁg&nl@&r% as B or different; and 20X is a second
B P e

-functional group. es of a |inki ng noiety for A and B include a
mul ]E i pl %l iEEIth i on(ill Emmbi@lokyﬁtfbrﬁumz\mﬁﬂtgadum fwuﬂé&s Kﬁna‘i&e@f&@xﬁpr e
refera et n 1- ar bon. at ons. roat om such as nitrogen,
gxygen orys%"f}ﬁ‘emxﬁlgalg%f?ﬁ%éﬁeﬁe’f’ﬁ“%%ggwxyﬂ?wdﬁﬁﬁ%ﬁq@ﬂ'gchai n may
al so be Sbr drahrdazalyl arheidtivoaiiRmt B hs R4AERK S R imdiyl bR 4201 ety for
A and B include.a | tiply ftnetionpalized aryl group, containing up to 10
and nore pr f“é??f’{)w‘?rb@ r 8 %%@eﬁlﬁ@yﬁgﬁfd‘ ﬁgﬂlﬂhyﬁﬂé‘iﬁsubstituted
W th one NDhEhKAARERRHaRIR, achid HFBRE anfky H8Mo&ly, ﬁﬂd%e{:ﬂéhiazﬁlhg rﬁ?f her

exanpl es of suitable [inkin roups_incl ude those I ng gfoups described .
~in U'S. PatProRged h@@@%p&%@%eé olpCahandizacidrtoterta] carhpiylicApid) isocyanate,
2003/ 014353 otniBa et mahitd) i 9ishiRGR BRGALEY EDGSshgLeln. in its
enti ret%. Those 30of or_diinary§ski I'T"1'n the élrgivxl\g/&ﬁ}ltﬁdpg’égdgoﬁ%aam?%at t he
f or egoilfg 19Pe¥idy. glyokaly fioray, mesyisies. ctosylated gndnigesylate, 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 oceur. The acetylene -containing

polymer derivatives may be homobiftinciional, meaning that the second functional group
(ie., X) is also an acetylene moiety, or heterobifunctional, meaning that the second
15 functional group is a different fimctiomal group.
{72} In another preferred embodiment, the polymer derivatives of the invention
comprise a polymer backbone having the structure:
X—CHCH0~{CH> CH2O)n —~CHCH; — O-(CH,) - C=CH

wherein: _
20 X is a functional group as described above;
n is about 20 to about 400¢; and
m is between 1 and 10,
Specific examples of each of the heterobifimctional PEG polymers are shown
below.
25 {73} The acetylene-containing PEG derivatives of the invention can be

prepared by at least two methods. In & first method, a water soluble polymer backbone
having an average molecular weight from about 800 Da to about 106,660 Da, the polymer
backbone having a first terminus bonded to a first functional group and a second terminus
bonded to a suitable nucleophilic group, is reacted with a compound that bears both an

30 acetylene functionality and a leaving group that is suitable for reaction with the nucleophilic
group on the PEG, When the PEG polymer bearing the nucleophilic moiety and the
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means exhaustive and nerely illustrative, and that all |inking noieties
havi ng the qualities described above are contenplated. [71] Exanples of
suitabl e functional groups for use as X include hydroxyl, protected
hydroxyl, al koxyl, active ester, such as N-hydroxysuccinitnidyl esters and
1 - 5benzotriazolyl esters, active carbonate, such as

N- hydr oxysucci ni m dyl carbonates and 1- benzotriazolyl carbonates, acetal,
al dehyde, al dehyde hydratec, al kenyl, acrylate, nethacryl ate, acryl am de,
active sul fone, am ne, am nooxy, protected am ne, hydrazide, protected
hydr azi.de, piclede beging i diaving ghobp ripl combined. dhe lpavingertwpdimdandexy! i ¢ aci d,

i socyanat e, p s J., €L 7] I nyl.sulf.one,. dithiopyridine,
vinyIpyridiﬁ%?&%g%gg%éggﬁggggﬁf8%%%%?8%%E6¥§8%§ﬁ§FKH¥% ; egireds |
tosyl ates, as¥¥levceoythiningpoiminétene, ket one, and acetyl ene. As woul d be
under st ood, the selected X noiety should be conpatible with the acetyl ene

group sosthat reaction w Ghprdenasetakese . grom.-dogg ot occur. The
acetyl ene - tai ning pol yner derjvatives be honobi functional, neaning
that the js_e@gpu_d funct i &?a??é‘“{ﬁ 685@?:@% _oilyrr% Srbopedes uhindiereydtionbastor et y, or
het er obi fi i fchile XaPEG Meawkdigh PHEts bl cBoRAO gydddf, NG d ARRL ety nd
di fferent fgnctbgggl %ggugi [ 72] I n another preferred en%o I ment, the
pol yner der Pk nafrerqup Ehat des BT SRt REHPI Ler the gestyjensdutstionelione havi ng
the structufm] X- CH2CLE20nfitH2 1208 ag};,é,]agg;;jl sl (%. oo wher ei n:
20X i s zofunctio al group as descri bed above; ﬁ%P%_gbou ’?%%gbout 4000;
and m i bef%’é‘ﬁi. o @%&ﬂﬁe.m%}ﬁ& irups Bneipiié sagiorisatly vif 2 $f2type
het er obi f ungtdnamiah. ReGiaRl %88HiSs 8f Ru SR DG Wbse functional groups that would

react primarily via an nucleophilic addition reaction. Exampies of L groups inchide

chloride, bromids, iodide, mesylate, tresylate, and tosylate and other groups expected to

undergo nucleophilic displacement as well as ketones, aldehydes, thioesters, olefins, alpha-

15 beta unsaturated carbonyl groups, carbonates and other electrophilic groups expected to

undergo addition by nucieophiles. ,

[76} Ina prg:ferred embodiment, A is an aliphatic linker of between 1-10

carbon atoms or a substifuted aryl ring of between 6-14 carbon atoms. X is a functional

group which does not react with azide groups and L. is a suitable leaving group

26 {17 In a second method for preparation of the acetylene-containing polymer
derivatives of the invention, 2 PEG polymer having an average molecular weight from gbout
800 Da to about 100,000 De, bearing either a protected functional group or a capping agent
* at one terminus and a suitable leaving group at the other terminus is contacted by an

acetylene anion.
25 [78] An exemplary reaction scheme is shown below:
X-PEG-L +-C=CR’ - X-PEG-C=CR’
wherein:

PEG is poly(ethylene glycol) and X is a capping group such as alkoxy ora
30  functional group as described above; and
R’ is either H, an alkyl, alkoxy, ary! or arytoxy group or a substituted allky],
- alkoxyl, aryt or aryloxy group.
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25[ 73] The acetyl ene-contai ni ng PEG derivatives of the invention can be
prepared by at least two nethods. In a first nmethod, a wsiter sol uble

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

nucl eophilic group, is reacted with a conpound that bears both an
30acetylene functionality and a | eaving group that is suitable for
reaction with the nucleophilic group on the PEG Wen the PEG pol yner
beari ng the[miicl eophi | iis teBk@hyleabsiel fe leatinl gup B shaad bargricheny fadtivag
group are conbi,ned he | eavin roup under.goes a_nucl eophilic ,

di spl acemenf® BHFEP §N?@6>P&E§‘a°%$€ﬂ?w§€ %P@??B%‘Ptgiaé“%wgt%ﬁ}%%’“@? 8f#hy t he
desired acebyneaeakiont BickddfoR ebiRhs ﬁ&ﬁ&@wmﬁl&-s&ﬁj@&mﬂéﬂ As .
shown, a preferred paol yner backbone for use in the seaction has the

formul a X- PEGYIRG oMY SRy ipecaians gt WeldeRppanie gitycol ), Nu is a

nucl eophgl i iety an & i s ag%f-ﬂ% : eact with
Nu, L or thzswgg_etyl ene%ﬁcﬁ?@ﬁgﬁgﬁﬁgﬁgﬁac%(lgsual:i%sse 0 &E&%ﬁg ude am ne,
al koxy, ar yPessipitation of ty mrogict f@hﬁ“r?d,b}fﬂmcﬁmwagt})m@%ﬁy}dr azi de, ani noxy
"groups that would react primarily via a SN2-type nechani sm Additi onal
exanpl es of Nu groups include those functional groups that woul d react
primarily vi#lan nucl ed@AMPCESdditi on reaction. Exanples of L groups

i ncl ude chl gk de, brom i odi de | ate. .tr | at and.tosyl ate and
ot her group xpect ed tlg’%gor%ig‘%n e"rﬁ‘}ﬁ%é’ﬁh “f“gt%l?]i]éfagﬂcgﬁélﬁ&og 91 as

ket ones l0al dekapdimsentivhi oest ers, ol efins, al pha- 15 beta unsaturated
carbonyl groups, carbonates and other el ectrophilLic groups expected to
undergo addition by nucl eophil es. [7£)Jmll N g Pr eferred enbodi nent, Ais an
aliphatic Iinker of between 1-10 car or a substituted aryl ring
of between 6-14 carbon atons. Xis a functional group which does not react
with azi de SEER +&dCH- R soiREBPLIFolb i gr oup 20 [77] 1 n-a second

met hod for preparati én of the acet W ene- cont ai ni ng pol ymer derivatives of
the invention, a PEGiggl yrRpoiviiyhedfycaMBLRYEs Fabies ' : about
800 Da to ahout_ 100, % Da, pbeari ng égiﬁ{t her a prot ect{gg??llent liq%%%@gr@oup or
a cappi hy afEmihehes . dnthpre SoEpapisen i§ gn inipgeefrom ape waingeed B’ em beBe ot her

term nus i s ueadkas bRt oRih, AaRk¥LER AnSRIrRBd C1, to C20 alkyi or heteroalky! group.
R’ can also be a C3 1o C7 satzirated or unsaturated cyclic alkyl or cyelic heteroalkyl, a

b

substituted or unsubstituted aryl or heteroaryl group, or a substituted or msubstituied atkaryl
(the alkyl is a C1 to C20 saturated or unsaturated alkyl) or heteroalkaryl group. Typically,

20 P-OH is polyethylene glycol (PEG) or monomethoxy polyethylene giycol (mPEG) having a
molecular weight of 800 io 40,000 Daltons (Da). |

Example 2
mPEG-OH + Br-CH; -C=CH - mPEG-0-CH,-C=CH

25 [84] mPEG-OH with a molecudar weight of 20,000 Da (mPEG-OH 20 kDa;
2.0 g, 0.1 mmol, Sunbio) was treated with NaH (12 mg, 0.5 mmol} in THF (35mL). A
solution of propargyl bromide, dissolved as an 80% weight solution in xylene (0.56 mL, 5
mmaol, 3¢ equiv., Aldrich), and a catalytic amount of KI were then added to the solution and
the resulting mixture was heated to reflux for 2 h. Water (1 mL) was then added and the
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25 [ 78] An exenplary reacti on scheme is shown bel ow. X-PEG L +X- PEG CECR
wher ei n: PEG i s poly(ethylene glycol) and X is a capping
group such as al koxy or a 30 functional group as described above; and

R is either H an alkyl, allcoxy, aryl or aryloxy group or a substituted
al kyl, al koxyl, aryl or aryloxy group. [79]1n the exanple above, the

| eaving group L should be sufficiently reactive to undergo SN2-type

di spl acenent when contacted with a sufficient concentration of the

acetyl ene anlon The reaction conditions required to acconplish SN2

di spl acementolvgrt was FomAYEdgn éﬁﬁﬁc%‘?l éf@ébeylre@ﬁ@e waFi agfedl GHRELRI kLkandwke i n t he
art. 51801P‘%M gﬁ;rlvpégs%uct Iovve 389 tN&@@ Mi&“ﬁe‘? gg&gpdt!)shed by

precipitation of chromat ogra necessary.
[ 81] EXANPUEBKF&EFﬂ$ﬁem$dEMGﬁEﬁ@ awampwesa&kéﬁmmﬁhﬂeﬂwt@5®tiy&mpaﬁ@, hut

not to lim ’E‘he é&&hﬁ%@r&%ﬁﬁ{e %ra%\égpetc{eﬁ,nwasm Eeve*%%o%gns oP cold(dgjgm)i gthecr R 3

PEG 0- (CH2) n
5 and dried to afford propargyl-O-PEG.

Example 3

mPEG-0H + Br-(CHy)3-C=CH -> mPEG-0-(CH,):-C=CH

10 185] mPEG-OH with 2 molecular weight of 20,000 Da (mPEG-QOH 20 kDa;
2.0 g, 0.1 mmol, Sunbio) was treated with NaH (12 mg, 0.5 mmol) in THF (35 mL). Fifty
equivalents of 5-chloro-1-pentyne (0.53 mL, 5 mmol, Aldrich) and a catalytic amount of KI
were then added to the mixture. The resulting mixture was heated to reflux for 16 h. Water
(1 mL) was then added and the solvent was removed under vacuum. To the residue was

15 added CH,Cl; (25 ml) and the organic layer was separated, dried over anhydrous Na, SO,
and the vohume was reduced to approximately 2 mL. This CH,Cl, solution was added io
diethyl ether (150 mL) drop-wise. The resulting precipitate was collected, washed with
several portions of cold diethyl ether, and dried to afford the corresponding alkyne.

Example 4
20
(1)  m-HOCHCsH4OH + NaOH + Br- CH;-C=CH = m-HOCH,CsH0-CH,-C=CH

(2}  m-HOCHCHAO-CH-C=CH + MsCl + N(Et} 3 > m-MsOCH,CsH,O-CH-C=CH .
25 (3 m-MsOCH;CH4O-CH,-C=CH + LiBr = m-Br-CHCeH.0-CH.-C=CH
4)  mPEG-OH + m-Br-CH,;CgHWO-CH,-C=CH -> mPEG-0-CH,-CsH,0-CH-C=CH
[86] To a solution of 3-hydroxybenzylalcohol (2.4 g, 20 mmol) 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 i xyiene (3.36
mL, 30 mmol). The reaction mixture was heated at reflux for 6 h. To the mixture was added

10% citric acid (2.5 mL) and the solvent was removed under vacuum. The residue was
extracted with ethyl acetate (3 x 15 mL) and the combined organic.layers were washed with
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[ 831 The polyallcylene glycol (P-OH) is reacted with the alkyl halide (A
to 15 formthe ether (B). In these conpounds, n is an integer fromone to
nine and R can be a straight- or branched-chain, saturated or unsaturated
Cl, to C20 al kyl or heteroal kyl group. R can also be a C3 to_C7 saturated
or unsaturated cyclic alkyl or cyclic heteroal kyl, a substituted or
unsubstituted aryl or heteroaryl group, or a substituted or unsubstituted
alicaryl (the alkyl is a O to C20 saturated or unsaturated al kyl) or

het er oal karyl group. Typically, 20 P-OH is polyethylene glycol (PEG or
nmonomet hoxys 9‘&1{;919@ oy (ifoul.), frivEepr MiaSOhandroneheas aeivweieght of 800 to

40, 000 Dal t 2 MPEG OH Br- Cl - 12nPEG 0- CH2- G- aCH 25
[84]|nPEG—o’?‘J-a%‘r ' bﬁ%@@hﬁf'ar wei ght of 20,000 Da (nPEG OH 20 IcDa; 2.0

g, 0.1 nunol87} Sunbi o) Wdsthiremaforgl] chdride {425,132 niol) Dami ind @ STHE (35

nth). A solgéi on.. of ‘gr%{g‘yl l&r on'}de, di ssol ved as an 80% wei ght sol ution

in xylene (0 BEORTrsGRDP 2 sobhop o cpripomdf 201y 118 mupck ie STy ek Canbunt  of

| Cl wer & t hikaracieovisldebPmInd iR e 16he Arassldd ' eat ed

to reflux for 2 h._ Wat gr,x,gg) vvasgait:hhen added and tﬁ%g%%ﬁ?&m{\%zw%eni oved
prls YeHEw el Thiget!

under vacuuff? Wad sadidBanodppas tissqlys imillF &0dnh)ved bilr4ho

layer was sgpanaiRel) wif ddd OVIRY reAB0Y HHQUS &J{ﬁhwas
reduced to app. oxi mzitel y 2 nL. This CH2d gjé%o ut i't%%ﬁg\xiafgpggé%j o di et hyl

et her (150 ?ﬂ%%rmgxwwwgowwm@m@émwm $cbenedss washed
W th sever alembB@idtunhg I: | [4 st ried to.affor

pr opar gyl - O PEG. %2%?%‘“%%%“%%3% @a%%ﬁi‘?‘gr%y ?‘?"f’t-%i# 215 WLE@%G’“( CH2) 3- H
10 [ 85]WWPEGreming preagicipiescuirarashed with safra2@ NOODolso (IPEE)@redBvdrcDa; 2. 0
g, 0.1 molpmpRUghi i, ¢ H.(12 .0.5 nunol) in THF (35
m). Fifty aon val@%?@gg?ééﬁ‘?%ﬁ%%egﬁgﬁ%%y m‘éggg‘z‘%m, 5 mmol, Al drich)
and a catal§8i ¢ anount mFEG-OH ekien (i 0ex) 0.06 desbltSunbibpwaidicbsNed.in THE (20

resul ting heat ed eflu o] h. ter (1 L) was then
added and %@%ﬁlfé@@ﬂﬁ%@ﬁ?@ﬁ%@amaﬁaéwfw&e%%ﬁn&- a0l g el Wi 16
added CH2CIgor@$ stiiring caerch fidfied of gREhIGmhaREfolIWE 15aaaTaT 8Ure Wohd over
anhydrqgs %SO& and th ol wa reducgd to approxi nateegl%‘[bggm. Thi s
CH2C12 'Sol UPTgRewe %’8&%@%&3@?‘?@) %’@ﬁé’?ﬁﬂbﬁsemﬂw%ifoﬂh&w@gmé

resul ting pracinmvbaad iha fesGRink 6484 wadBShRdo Wkl (3 9Y 8 §lad Old)2B8aRf col d

diethyl ether,, and dried to afford the correspondi ng afi cyne.
y hto ¢ mixture and the solvent was removed under vacmem. To th% residue %lvas added

CHCl; (25 mL) and the organic layer was separated, dried over anhydrous Na;80,, and the
volume was reduced to approximately 2 mL. Dropwise addition to an ether solution {150
20 mlL) resulied in a white precipitate, which was collected to yield the PEG derivative.
Example 5
mPEG-NH; + X-C{O)(CH>) ,-C=CR’ > mPEG-NH-C(O)-(CH,),-C=CR’

25 [89] The terminal aﬁcyng-containing poly(ethylene glycol) polymers can also
be obtained by coupling a poly(ethiylene giycol) polymer containing a termina! functional
group to a reactive molecule containing the alkyne functionality as shown above.

Example 6
30 (1)  HOzCACHp)-C=CH + NHS +DCC> NHSO-C(O)-(CH)»-C=CH

(2)  mPEG-NH; + NHSO-C(O)-(CHy) 2-C=CH > mPEG-NH-C(O(CH),-C=CH
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20 Exanple 4 m HOCH2C6HAOH +Na01-1 + Br- di2-C. 11 3

m HOCH2C61440- CH2- CCl | m HOCH2C61140- C112- CeCH + MsCl+ N(Et) 3 ->

i n- MsOCH2C6H40- CH2- CeCH m MsOCH2C6H40-Cl - 12-C-H + LiBr ->

m Br - CH2C6H4O- CH2- C- CH nPEG OH + m Br - CH2C61- 140- CH2- CaCH - >

nPEG- 0- CH2- C6H4O- CH2- CECH 1861To a solution of 3-hydroxybenzyl al cohol
(2.4 g, 20 mol) in THE (50 30 nL) and water. (2.5 nal) was first added
powder ed sodi um hydroxide (1.5 g, 37.5 mmol) and then a sol ution of
propar gyl brom de, dissolved as an 80% wei ght solution in xylene (3.36 ni,

30 mmol ). THOIreaction fibRatymaic wid(2da e mmi)effdsmssm@ﬁ ECHRCIT (2 Striie.

m xture vvas i ent ved
under vacuum The res?u%hteié\t/\sclags@%ggr acgizg{yvé)%%@%g amnél ‘fqge?‘ggimﬁf%g‘%i 1)

and the con’mlutmaWMO%ME%M&@&MWW@M@RHMMSOI ution
(10 ni), ConC r.at e ive the 3- :

proparul oxyginz L@%ﬁ“ q‘@?ﬁ?@? %@W‘Fﬁ?ﬁ&chl oride (2.5 g, 15.7

i nnol ) Sﬁg i et hyI am nmPEG-BI—Imz;thiﬁmml :Izr%w Cefsaoh@qud x (%rﬁE@-IVE@, %ltyl on of
conpoun a an e reaction was
placed in t ’é" %ﬁsé%sﬁ‘gf’%g:of%ﬁ@%nﬁgmﬁ%ﬂ%{?gf@ﬁﬂlﬂkc%&é&ﬁc&chégF% "nesyl at e

as a pale yeiob(mg, 0id mmd was 8dded partifn-Yise Hitd VBRI sy, dins SRt dab N THE (20
m.) and LiB 23. 0 nmmol ) was added. e reaction m xture was heated

to reflux f8 (WdeP SHdOTmR Whle FaeBg 19d0oqms erusire M eerd mia wasigen addedri xt ur e
was added Waidathe fobvént Was demdReh drlder BELME N, M@&sfdémé{g%dédrtgﬁb}%ﬁﬁgﬂ% jThe
n 1 con‘f)l

resi due_was extracted with ethyl acetate (3 InL) a i ned
or gani c1¥ ay B¢ srampiedayee sRwPoRich digd G?%F@UdmwaMd &mv@lme wes fedubed v er

[BBInPEG, G 20 e g T GBSk i Rs hifa R Ao RO MR Rber e 50

resulimg precipitate was collected and dried in vacuo.

Example 7
[92} This Example represents the preparation of the methane sulfonyl ester of

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

. mPEG-0OH -+ CH3S0;Cl + N{Ef} 3 > mPEG-0-SOQ.CH; = mPEG-N;

{93} - mPEG-OH (MW = 3,400, 25 g, 10 mmol) in 150 mL of toluene was
azeotropically distilled for 2 hours under nitrogen and the solution was cooled to room
temperature. To the solution was added 40 mL of dry CHoCly and 2.1 mL of dry
tricthylamine (15 mmol). The sohstion was caoled in an ice bath and 1.2 mL of distilled

25  methanesnifonyl chloride (15 mmol) was added dropwise. The solution was stirred at room
temperature under nitrogen overnight and the reaction was quenched by adding 2 mL of
absolute ethanol. The mixture was evaporated under vacuum to remove solvents, primarily
those other than toluene, filtered, concentrated again under vacuum, and then precipitated
into 106 mE of diethyl ether. The filtrate was washed with several portions of cold diethyl

30 ether and dried in vacuo to afford the mesylate.

28



rnL) and the solution was cooled in an ice bath. NaH (6 ng, 0.25 nunol)
was added with vigorous stirring over a period of several mnutes foll owed
by addition of the brom de 15obtained from above (2.55 g, 11.4 mmvol) and a
catal ytic amount of EL 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 renpved under vacuum To the residue was added
CH2C12 (25 L) and the organic |layer was separated, dried over anhydrous
Na2SO4, and the volume was reduced to approxi rrately 2 inL. Dropw se

addi tion to Bl et her solltt mswiga B9 s2dmme)) wasdiskabesd I 75 ml ofiEFenptheci pi t at e,

whi ch t | H2 +
X (0) “’?&Sf%%‘ﬁ%éi"%é*&ie“ﬁ%% e R e SR i 8 e
al kylne cont aimio glmw@nmmwwmmm;y@nmaw 'E&J:Qﬂ)vdﬁﬁwfbhiftﬁd;mted byI
coupling a rmi nal functiona
grogp tg a Pngg {I‘%&;Mﬁo ecu congw%&%ﬁgﬁﬁ g@ﬁgfgﬁiﬁﬁ GUSREPT V4Phes shown
RS C(E)é)f1 ( e o 02 T2t et o oy 5 e p 2y and

+ —_
nPEG- NHC(O)@M%‘FE&PI%E%B?R?%‘P@ C&%’EC@ZS g, 3.0 nmol) was
dissolved in CH2C 2 (25 nL). N hydroxysuccinimde (3.80g, 3.3 nmol) and

DCC (4.66 g, 3.0 mmol) were added andEidmepts®l uti on was stirred overni ght
at roomtenperature. The resulting crude NHS ester 7 was used in the
foll owing redti oh-Culli-BOu 3 biHECIROK fication. 5 [91]rnPEG NH2 with a
nol ecul &0 wei ght of 5,000 Et (nmPEG NH2, 1 g,

(2) N3-CeH4CH0H = Br-CHp-CH-N;

(3) wPEG-OH + Br-CHz-CsHy-N; - mPEG-0-CHp-CeHy-N; -

15 [95] 4-azidobenzyl alcohol can be produced using the method described in
U.S. Patent 5,998,595, Methanesulfonyl chloride (2.5 g, 15.7 mmol) and triethylamine (2.8
mi., 20 mmol} were added to a solution of 4-azidobenzy] alcohol (1.75 g, 11.0 mmol) in
CHxCly at 0 °C and the reaction was placed in the refrigeraior for 16 h. A usual work-up
afforded the mesylate as a pale vellow oil. This oil (9.2 mmol) was dissolved in THF (20

20  ml)and LiBr (2.0 g, 23.0 mmol) was added, The reaction mixture was heated to refiux for
1 b and was then cooled to room témperatm‘a. To the mixtture was added water (2.5 mL) and
the solvent was removed under vacuum. The residue was extracted with cthyl acetate (3 x o
15 mL) and the combined organic layers were washed with saturated NaCl solution {10 mL),
dried over anhydrous Na,SOs, and concentrated to give the desired bromide.

25 96} mPEG-OH 20 kDa (2.0 g, 0.1 mmol, Sunbio) was treated with NaH (12
mg, 8.5 mmol) m THF (35 mL) and the bromide (3.32 g, 15 mmol) was added to the mixiure

~ along with a catalytic amount of KL The resulting mixtare was heated to reflux for 12 L.

Waier (1.0) was added to the mixinre and the solvent was removed under vacimm. To the
residne was added CHoCls (25 mL) and the organic layer was separated, dried over

30  enhydrous Na,8O,, and the volume was reduced to approximately 2 mL. Dropwise addition
0 an ether solution {156 mL) resulted in a precipitate, which was coliecied to yield mPEG-
O-CHy-CoHNs, |
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St mbi 0) was dissolved in THE (50 nL) and the m xture was cooled to 4 C
'NHS ester 7 (400 ng, 0.4 nmmol) was added portion-wi se with vigorous
stirring. The m xture was allowed to stir for 3 h while warm ng to room
tenperature. Water (2 rol ) was then added and the sol vent was renoved
under vacuum To the residue was added CH2Cl12 (50 nL) and 10 the organic

| ayer was separated, dried over anhydrous Na2SO4, and the vol une was
reduced to approximately 2 nmL This CH2Cl2 sol ution was added to ether (150
m.) drop-w se. The resulting precipi t% § collected and dried in vacuo.
Example 7 [92] This Exanple represents e preparation of the nethane

s the met ﬁ%ﬁgﬁg@%@ﬁgéﬁ%@%&%ﬁﬁ@%ﬁé%?@%@#ﬁ%er eate

correspogdi n e and the halides can be prepared by simlar
procedurés. i nPEG OH + CH3S02Cl+ N(Et) 3 3 nPEG 0- S02CH3 -> nPEG N3 20
[ 93] nPEG OH¥IMWN = 3, 400{HZECHO-CERCHECOH (MWL, 1§ )X wds dessavaids a

azeot ropi cal | istilled.for s,.unger._nitrqgen _and glution was -
cooled to ro%%‘\‘#eer?ﬁg?aéff ERlgon gN?%dgé%gpﬁ{?” 35‘?‘}5‘%1538%5’33’&5 wtle:&;éfgo#' %i'ry CH2C12

and 2.1 nil oidodry-HyfdogfsnydidntatrofidSedifagpiv.) Waeadtied with tigorsasstiatgl ediet N an

ice bath and, 1.2 f _distilled. 25 pethanesul fon chlagrid 15 mmol) was
hdded i opwi ETHLmE s S ons ot ST BHIET SRS R FMarionE ‘0 AR &

Ni t r 0genigoV b Gdiipeniiete ! Tie: giPRGladRBelVBS €HIL0.S NE™,SDY Rl §radaddbd Rfa

absol ute ethanol. The m xture was eﬁva%gr ated under vacuumto_renove

sol vent s, pr‘f"ﬁ%ﬁnF‘?‘?Pntqgé%"’%’PFFE‘V 1§%ﬁ:t FIREFEN MEFe YR g Ira vERtFEtled again
- under vacuungo@id <388l bP& NS ESlcdnBlBaik@0 Afk: Reciithi@nMith Blddnyt The

filtrate was washed W th several portions of cold diethyl 34 ether and

dried in vacdlertthe prefust Was ¢oleqigddy| firation apddyefpadersacyug tevigld hegmega-mmpl| )

vas di ssol vedy iAqdp @gm%’égvsand the solution was cooled to 4 C. To the
sodi

cool ed sol ution was adde umride (1.56 g, 24 nmol). The reaction was
heated to reflux under nitrogen for 2 b. The solvents were then evaporated
and the ¥esidue diluted with CH202 (F¥amPfeThe arganic fraction was
washed with NaCl solution and dried over anhydrous MgSO4. The vol une was

reduced to ZOPHF-QMu+ HReCht oontiC-WacHp ettt ed by addition to 150 m of
cold dry ether. Exanple 8 N3-C61-14-CO2H 3 N3- C6H4CH2COH

98] _To a solution of lithium acetylide (4 equiv.}, prepared as known in the art
20 and cooled to -78 C in THF, is added dropwise a solution of mPEG-OMs dissolved in THF
with vigorous stirring. After 3 hours, the reaction is permitted to warm to room temperature
and quenched with the addition of ! mL of butanol. 20 mL of H20 is then added and the
mixture was stirred for an additional 45 mimzes at room temperature. The pH was adjusted
t0 3 with 0.5 N H,SO4 and NaCl was added to a concentration of approximately 15 wt%.
25  The reaction mixiure was cmacteé with CHoClo (100 mL. x 3), dried over NasS0.4 and
concentrated. After precipitation with cold diethy] ether, the product was collecied by
filtration and dried under vacuum fo yield the omega-carboxy-azide PEG derivative.

Example 11
99] The azide- and acetylene~containing amino acids were incorporated site-
30 selectively into proteins using the methods described in L. Wang, et al,, {2001), Science
292:498-500, I.W. Chin et al., Science 301:964-7 (2003}}, J. W. Chin et al., (2002), Journal
of the American Chemical Society 124:9026-9027; 1. W. Chin, & P. G. Schuitz, (2002},
ChemBioChem 11:1135-1137; 1. W. Chin, =t al., (2002), PNAS United States of America
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N3- C6HACH20OH 4 Br- CHr C61- 14- N3 nPEG OH + Br- CH2- C6H4- N3 3

NMPEG 0- CH2- C61- 14- N3 4- azi dobenzyl al cohol can be produced using the

nmet hod described in U S. Patent 5,998,595. Methanesul fonyl chloride (2.5
g, 15.7 mmol) and triethylamne (2.8 nL, 20 nunol) were added to a

sol ution of 4-azidobenzyl alcohol (1.75 g, 11.0 nmol) in CH2Cl12 at 0 C and
the reaction was placed in the refrigerator for 16 h. A usual work-up
afforded the nesylate as a pale yellowoil. This oil (9.2 rnnmol) was

di ssolved in THE (20 20nT,) and LiBr (2.0 g, 23.0 mml) was added. The
reacti on mputeoEs2head, &d Wang réeP) GoSchdtz, 002 Cidmwasminh e 0cOotegtle t 0 room
tenperature. To the m xture added ter (2.5 ni an e | vent was
r enoved undép”?%%ﬁm@%@@é%m%ﬁ’gcﬁ?d@f’?% @ H ‘E’{W@Ta'glc‘@‘%@e’(ns x 15
nL) and t he ;¢ Hbmerbudk-o0@n) GH S KEhs prefhes WASHIECPEY delvart,Umaliemsta Gid
solution (10 ni), dried over anhydrous Na2Sa4, and concentrated to give
the desi f ed Bt ewire SBHISPRAEE €H 20 IcDa (2.0 g, 0.1 rmol, Sunbio) was
treated withygfaH (12 nuMaQyémmﬁbnéﬁd%rézﬁ&ame}mmeﬁd%@n@ﬁm&ﬁne(é- 32 g,

15 mmol) was added to the m xture along with a catalytic anount of 1Cl.
The resul ti rmejndrioxana sidliofhis trecaitie which thisipyeption priaing hyying g bepeft of wichiggs added

was added CHBGTAR B EREEReLHE Bl fitnd FERKALREAUNARY Mool [ BROTES! Cler
30anhydr ous Na2&@@dod thatdhe iecrtion is met tabs imiet fode sperifteepbosineuts disgjosed .

wht oh vas. cot EeR P ootk o Rl st Bl of Ftbcdialnd BpEGH P {20
N112- PEG00- Ghi4gpi0eR HainsNHIEhRICHRGER tehiSare 2mpliBy CHRCH theY G MdRES- 0-

N a satur atERTEANL GHETROP ACF oL P EEB Pt fiptem AU SREealf: {on was
cool ed to O getent3; and phtdtr-appidationd chodiRtNcira herlsy ildonidityeeftranedoriall. ) was

added with vigorous stirring. After 3 hours, 20 nth of 1120 was added and
the mxture R¥EEStirred for an additional 45 minutes at '
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10 roomtenperature. The pH was adjusted to 3 with 0.5 N 112504 and NaCl
was added to a concentration of approxinmately 15 wt % The reaction m xture
was extracted with CH2Cl12 (100 nL 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

onegacar boxy-azi de PEG derivative. 15Exanple 10 nPEG OMs + HC=- CLi

i NPEG 0- CH2- CH2- CaC-11 [98j To a solution of lithiumacetylide (4 equiv.),
prepared as known in the art 20 and cooled to -78 Cin THF, is added
dropw se a s@guirirQeifiviifEfs. OV di ssolved in THE with vigorous stirring.
After 3 hours, the reaction is pernmitted to warmto roomtenperature and
guenched with the addition of 1 nth of butanol. 20 m _ of H20 is then added
and the mixture wab st PRipreplit copORfdmPETRg 2 Rl ANt 2 Last ong GEmipal

tenper at ur e, Jhe il dhdas sAPhdhth& s deRetdd Worh theQrdpNoiiifo g (AigGheWas
added to a concentration of approximately 15 wt% 25 The reaction m xture
was ext r act esfdes).tielyGpraindatedpiyal). aad gyly(ogpiinis@leehady). Na2SO4 and
concentrated. Atter precipitation with cold diethyl ether, the product was
col lected by filtrati9owaedssiibleSripBefiofr ¥Rst L MhbRinydaRl|pdlyibeis selected

onmega- car boxy-azi de PEG derivative. Exanple 11 1991The azi de- and

acet yl ene- c famdhnirpep Wasirive aEpdyethlers glyrebr pobileropsdensislysol). 30sel ecti vel y

into protei i %é@; 0. i i 1),

Sci ence 292?@5@%%%@\]. j 8?1" ] ﬁﬁ%@f%ﬁ&la&%g?ﬂgﬁcgié p%l%&g%hﬁe%%z%%’)%?g 1. W
Chin et al . pely@@@23icohdbur nal of the American Chenical Society
124:9026-9027; J. W Chin, & P. G Schultz, (2002), ChenBi oChem

1L 11351137, 3. W Gl atebol bl oonib 8RR claRNAS HeRir 81k pohleingfisdrer | ca
99:11020- 11024: and, L. Wang, & P. "G Schultz, (2002), em mm, 1-10.
Once t he anpelp(edwiedesixealde i ncor porated, the cycl oaddition react was
carried out with 0.01 mM protein in phosphate buffer (PB), pH 8, in the

presence of 2 mV REGTHefbialdine colnptiddet Siathn 3, 3hereinlsaliofeboiill tompks 4 hour s
at 37C. 5 [100] Many nodi fications and ot her enbodi nents_of the invention

Wil come tgolieilonggierbaziie suddhp azdempietyjscotalyniinptarbadidirectly iQ e PRy
pertains hayilg.lhe benefit of teachings presented in the foregoing
descriptions and the associated drawi ngs. Therefore, it is to be

understood that the invention is not to be limted to the specific
enbodi ment s di scl osedhanaertekbleRompeind af claie 3. AErest 12l coOBRYBE CHEBPHSES ar e

i ntended to aygreh@fehyg@amiwm VB RGRREy RlcovknliPRrRRRSNE Sy G NS,

Al t hough spgm IC terns ‘are enployed herein, they are used in a generic
and descri pbackbongeimsalingal y and not for purposes of linitation. All
publications, patents, and patent applications cited herein are hereby

i ncorporated by ref engpasief @ubk donPuidfdQFRim 1, wherein said polymer comprises a
straight chain polymer and the compound is not substituted beyond the azide moiety.

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

block copolymer or terpolymer.

8. The water-soluble compound of claim 1, wherein said compound comprises a
dumbbell structure comprising: a) said azide moiety on at least a first end of a polymer
backbone; and b) at least a second functional group on a second end of the polymer
backbone; wherein the second fimctional group can be the same or different from said azide

moiety.
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VWHAT IS CLAI MED | S: 1. A water-soluble conmpound conprising a

pol ynmer and at | east one term nal azide noiety, wherein said polyner is
sel ected fromthe group consisting of poly(al kyl ene oxi des),

pol y(oxyet hyl at ed pol yol s), and pol y(ol efinic al cohols). 2. The
wat er - sol ubl e conpound of claim1, wherein said polynmer is selected from
the group consisting of poly(ethylene glycol), poly(propylene glycol),

pol y(oxyet hyl ated gl ycerol), poly(oxyethylated sorbitol),

pol y(oxyet hyl ated gl ucose), and pol y(vinyl al cohol). 3. The

wat er - sol ubl e conpRuMHe @htefbohibi dompBdiIod tiBinSA nthefRBl YRBECORO AREHEEIS

pol y(et hyl ene gl ycol) .. ) .. 4. The wat er-sol ubl e conmpound of claim3,
wher ei n sai §WBHFELIEIYS AR AEES™AHS( et hyl ene gl ycoDazi de and the azide
noiety is covalently attached directly to a pol yner backbone. 5.
The wat er - sol ubl e WoMTROWEEr-Qfluild @inifowhd ofbigihe]l, WheRinthaidQBREINE cEaFREd &5 €S

pol y(et hyl ene gl %/coD%zi de and the azide noiety is covalently attached to a
pol ymer bac 38NEE FPLPt 4 braneedymoiecular structigs:  The™ wat er - sol ubl e conpound of
claim1l1, wherein said polynmer conprises a straight chain polynmer and the
conpound is not suilsThé whedsdhefeitehpblird ofizleel 0yahetiyt.said branched mblecilize
wat er - sol ubl e co und .of claim1l, wherein said polymer is a random or

bl ock copol fIWEFF‘“gﬂg%fIg]F’BBI yner . 8. The wat er-sol ubl e compound of
claim1l, wherein said conmpound conprises a dunbbell structure conprising:
a) said azi de npi eRy Thnwatbr-bohitdd compbindf cleindl, ofheinpaidyride mookibame; and b)
at |least a cond. functional grou n a.second end of the pol yner
backbone; &f /' ﬁéeagtévf%(aetgﬁ}h?:?‘ir%ﬁea‘fr"b?’%%mﬂ%n be the same or different
fromsaid azide noiety. 9. The wat er-sol ubl e conpound of claim 8§,
wher ei n sai d seconid. Thnetteoshiblgrooppundsf viein e wbéremeaidirdabtiamadey e et | es.
10. The wat el ﬁ‘%leu%lie conpound of claim1, wherein said conpound conprises
at |east on&RIWEY branched ol ecul ar structure 11. The

wat er - sol ubl e conpound of claim 10, wherein said branched nol ecul ar
structure i s dendri4t iTke water-soluble cofpodfidet viaitrel, wheleinsad agidepoishyds biked| ai m 1,
wher ei n sai e i e fo a linkage wth a reactive npjiety on a
surface or ?OnS%gdp%@fngg%ﬂ gel?{nkag“ﬂgt comfgg.‘ls arﬁlgke\l;\%l? léepr-aggl‘}%%ﬁs%l Sglg polRd of claim
12, wher ei ncoapries 2 &edtiavecond fumtionhlgraup oieethyl sibazidingtigty for linking to sdid. The
wat er - sol ubl. conp}%,und of claim1, wherein said azide noiety is linked to
sai d pol yme P8P nkage that conprises a |inker mpiety and wherein said
pol ymer conprises at |east a second functional group other than said azide
nmoi ety for |inkind5t dhsaater-folublerompoundtoy claim 14, whereih 5aid $dvendvhaionsol ubl e
conmpound of cl aim 14. wherein.sai.d,second functjonal gro is specific for
nucl eophi | i gour Eﬁ?"acg‘iéﬁ%"n’%“cg"ﬁﬂnfz°a| %)lﬁc?rﬁ é?ndﬁﬁlﬂg%ﬂinhoéqtﬂﬁlggﬁﬁ ®nucl eophilic
noi ety capahhobeoplhilic maietyl capabld dftesengdwiftuaitinatiadal groapp.

16. The water-soluble compound of claim 14, wherein said second fimctional

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

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

electrophilic carbonyl moiety.

18. The water-soluble compound of claim 14, wherein said second functional
group is specific for reaction with an activated ester and said linker moiety includes an

activated ester.



16. The water-sol ubl e conpound of claim 14, wherein said second functional
group is amne-specific and said linker noiety includes an active am ne
noi ety. 17. The water-sol ubl e conpound of claim 14, wherein said
second functional group is specific for reaction at an el ectrophilic
carbonyl and said |inker noiety includes an el ectrophilic carbonyl noiety.
18. The water-sol ubl e conpound of claim 14, wherein said second functional
group is specific for reaction with an activated ester and said |inker

noi ety includes an activated ester. 19. The water-sol uble
conpound of cl ai m 19 Thuwekpiouttadshpsaniofdiafn ns; Whesialsaig k@it fusctmpaci fic for
reaction with a.ketone and said_|inker quSEy i nc] udes an ket one.

20. The wat &8 4H BEFLE PLHRBOA G B ketong and s2d lipkremaiely raclvdes sHe®E f unct i onal
group is specific for reaction with a thiol nucleophile and said |inker
moi ety includes a 1thiTht watetiehdidicmpound of claim 14 WherdinGaidadconid madtishile

conpound of claim 14 erein sajd _second fynctional group is specific for
reaction wi tgﬁouﬁlwwfb%g\;ﬂ TeRTHOP & 9P Rilp naﬁ'ao ?ﬁldIS?JH%BIFGIFPSFe@EWCIP%PHH@s a
hydr oxyl nueh&ephiid. e. 22. The water-sol ubl e conpound of claim 14
wherein said linker noiety is selected fromthe group consisting of:

--NH CO CH2- - CH2- -, -+ S-CH2--CH2-; an . 23. The t er-sol ubl e
conpound of clai mX: T&?l‘é’?%gﬁ'??hg% ‘iﬁm’é’BW%ﬁfﬁ]&m? Lt whezgip %?IJ]WC‘VH@MH%MI

envi r onment graub issp@uifictbr reltioh with a@fdrbBs Sucleophile and sai@Hnke mbRlySkcniiled 41bl e
activated p%I ner thaHHks stabl e agai nst hydrolysis, said activated
pol ymer havi ﬁéo‘fﬂluﬂucfleé’? ta: R--CH2CH2-- (OCH2 CH2).--N3; wherein

nis fromabout 5 to 3,000, and Ris a capping group, a functional group,
or a |eaving group2t Th watamsdhbld doepsdideof olaintli 4 HiRramntaid ke hbieyazi de.

25. The water l.ubl e acti vat.ed | ymer of claim 24 wherein Ris a

functi onal 5?%%%%@%?8‘8??‘?“6‘%@%% group consisting of hydroxyl, protected
hydroxyl, al koxyl, Nhygr-a@xystELIiOH.n dyl ester, 1-benzotriazolyl ester,

N- hydr oxysucci ni m dyl carbonate, 1- benzotriazolyl carbonate, acetal,

al dehyde, al dehyde hy‘%t@%‘:c%“ﬁhyi , acrylate, methacrylate, acrylam de,
active sul fone, am neg-.ap,.NOQXY andr Ot ected am ne, hydrazide, protected
hydrazi de, protected thiol, carboxylic acid, protected carboxylic acid,

i socyanate, isothi ocPatdbkeCHeal ei ni de, vinyl sul fone, dithiopyridine,

vi nyl pyri di ne, iodoacetam de, epoxide, glyoxals, diones, nesylates,
tosylates, and tre3yira Raterddoh®RNBmptE of BLBNE wherein said compound is stable in

aqueous environments at a pH of about 11 or less,

24. A water soluble activated polymer that is stable against hydrolysis, said
activated polymer having the formuia:
R--CH,CH»--(OCH, CHz),--N3; wherein
n is from about 5 to 3,000, and R is a capping group, 2 functional group, or a

leaving group that can be the same or different from the azide.

25. The water soluble activated polymer of claim 24 wherein R is a functional
group selected from the group consisting of hydroxyl, protected hydroxyl, alkoxyl, N~
hydroxysuccinimidyl ester, 1-benzotriazolyl ester, N-hydroxysuccinimidyl carbonate, 1-
benzotriazolyl carbonate, acetal, aldehyde, aldehyde hydrates, alkenyl, acrylate,
methacrylate, acrylamide, active sulfone, amine, aminooxy, protected amine, hydrazide,

protecied hydrazide, protected thiol, carboxylic acid, protecied carboxylic acid, isocyanate,
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26. The water soluble activated polyner of claim?24 wherein nis from
about 5 to 2, 200. 27. The water sol uble activated polyner of claim
24 wherein n is fromabout 34 to 1, 100. 28. The water sol uble
activated polyner of claim24 wherein n is fromabout 45 to 110.

29. The water soluble activated polyner of claim?24 wherein R is rnethoxy

(CH30--). 30. The water soluble activated polyner of claim?24
wherein R is carboxylic acid (1-102C-). 31. The water soluble
activated polymer of claim?24 wherein Ris amne (H2N--). 32. The

wat er sol ubligthielindal adeipddsy viayisdfone [dihiopRldinahdnydpymidiRe, isdoaedtaeiiad, de.
33. The water solubl e agtivate ol r of ,claim24 wherein Ris reactive
with anmi nes.ep‘mé%’ éiyoxa%%ﬂ‘ﬁorﬁeﬁén‘?ﬂg'f“gsr t%{ﬁrl%ﬁfjla%d ‘5%??11?*\761 g4°-58¢ gﬂ‘E’F of claim 24

wherein Ris reactive with an el ectrophilic carbonyl group. 35.
The wat er sol ubl e X Thy atedsohbleyangvatedfpolylrat of cBd4m 24 evherein nfs frem piemcs iove with
t hi ol s. 36. The water soluble activated polyner of claim?24
wherein R i £%%active with hydr oxyl s. 37. A water-sol uble

conpound conprising a polyner and at | east one acetyl ene noiety, wherein
sai d polyner is selkedhedater inbldretigladpolyoensictim 3¢ whéreipal iy {rarh hisopk he

oxi des), poI&g et hyl ated pol yols), and pol y(ol efm c al cohol s).

38. The wat &t 80} ubl e conmpound of claim 37 wherein said acetyl ene noi ety
is a termnal acetyl ene group. 39. The wat er-sol ubl e conmpound of
cl ai m 37 wher ei n s Thpehygnehublencielagobthef oiohaim B¢ wheromm i o pbauk 4y of

pol y(et hyl ene, gl ycol ), pol y(propyl ene glycol), poly(oxyethylated

gl ycerol), 6%} (oxyet hyl ated sorbitol), poly(oxyethylated glucose), and
pol y(vi nyl al cohol). 40. The water-sol ubl e conpound of claim 37
wherei n sai d pol yndk The wpist sofublerptieatrd nglyyrsoeficlaim 24 wherein Rqis methiowy

wat er - sol ublﬁH%)__rSpound of claim40 wherein said conmpound is poly(ethylene
gl ycol )acet)g ehe ’and said acetylene noiety is covalently attached directly

to a pol ynmer backbone. o o
30. The water soluble activated polymer of claim 24 wherein R is carboxylic acid

(HO.C~).
31. The water soluble activated polymer of claim 24 wherein R is amine (H;N--).
32. The water soluble activated polymer of claim 24 wherein R is maleimide.

33. The water soluble activated polymer of claim 24 wherein R is reactive with

amines.

34. The water soluble activated polymer of claim 24 wherein R is reactive with an

electrophilic carbonyl group.

35, The water soluble activated polymer of claim 24 wherein R is reactive with
thiols.

36. The water soluble activated polymer of claim 24 wherein R is reactive with

hydroxyls.
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42. The wat er-sol ubl e conpound of claim40, wherein said polyner is

pol y(et hyl ene gl ycol )acetyl ene and wherein the acetylene noiety is
covalently linked to a pol yner backbone via a |linker noiety. 43.
The wat er-sol ubl e conpound of claim40 wherein said polyner is

pol y(et hyl ene gl ycol )acetyl ene, wherein said acetylene noiety is
covalently bound to a pol yner backbone via an ether |inkage. 44,
The wat er-sol ubl e conmpound of claim 37 wherein said polynmer is a straight
chain polyner that is not substituted beyond the acetyl ene noiety.

45. The wat er - sol uPl. & wAEPRUBE cefnp&h]alcﬁm@%mgﬁ%@mr @@Iaﬂiea@bﬁer@étyleﬁo
random or bl ock copolyner or terpoly The wat er-sol ubl e

conpound of TGN ¥ Wlﬁ&ﬁ‘éﬁélyﬁleéléls?}e%ﬁﬁ’@lfhﬂg@wié% %Pﬁﬂﬁ%@m oxdgetlict ur e
conpri sing: paliok ﬁﬁlﬁg@ﬁw&@%@bi%kﬁgl@aggh&?ast a first end of a polyner
backbone; and B) | east” a second function group on at |east a second
end of the polyner_ backbone; wherein the second functional .group can be
the same or diff er3ntlhf Wair-solitle comppyndeR elaim? foyierem said acetylepgmoiplygs 2

wat er - solubkgmg@ﬁggﬁggaggu | ai m 46, wherein said second functional group
is not reactive with acetyl ene noieties. 48. The wat er-sol ubl e
conpound of cIa|n137 erein S%ﬂm on conprises at | east one armof a

branched nol ecul ar3%stLPg@pigr-gptuble compourd WRAER SIS 156 nd of
cl ai m 48 wheoRi the S0k ;dcoﬁﬁﬁﬁ@b?golﬁ(f@ﬂl?ﬁhé @iwgtﬁoﬂﬁbﬂﬁﬁedesglﬂ@lﬁld“ tic.

50. The water-sol ubl e conpound wherein said acetyl ene noiety
forms a |i nialgexystinhated gleceral) pay(epyedivatedsorkitaly pplytoaydhylaied %uwm)@e@ e.
51. The wat ghrapluRE&osoMPound of claim 46 wherein said reactive moiety is

an acetylene noi ety. 52. The wat er-sol ubl e conmpound of claim 37
wh d tyl t | i nked 't d I b l'i nk t hat
Compri Ses a 11 niker nerge N EEPHAOF AT o YHET SUITES at | oast a
second func%bggﬁkkgggyaﬁpther t han sald acetylene noiety for linking to
said |inker nole 53. The wat er-sol ubl e conpound of claim 46
wherein said secon nctlon roup is_specific for pucleophilic

i spl acenent_and sfﬁl Y Ftesro e e PREEY wiaeit Fb MR ot ot y

capabl e of l?(éiﬂy[bﬁe WytdNaBit@bneatll k@addBicBE Moiety is covalentB bitachd@ av@tig ks S0l ubl e
conmpound of claim52 wherein said second functional group is

ami ne- speci PPR™ERICEPY | i nker noiety includes an active amino noiety.
55. The wat er-sol ubl e conpound of claim52 wherein said second functional

group is specific 4£0mhe gaet-bdibiedonpbufl of a0l whéreinGat BepMEr iand sai d
| i nker noi ety includes an el ectrophiljic carbonyl noiety.
poly{ethylene glycol)acetylene and wherein the acetylene moiety is covalently linked to a

polymer backbone via a linker moiety.

43, The water-soluble compound of claim 40 wherein said polymer is
poly(ethylene glycol)acetylene, wherein said acetylene moiety is covalently bound to &

polymer backbone via an ether linkage.

44. The water-soluble compound of claim 37 wherein said polymer is a straight

chain polymer that is not substituted beyond the acetylene moiety.

45. The water-soluble compound of claim 37 wherein said polymer is a random

or block copolymer or terpoiymer.

46. The water-soluble compound of claim 37 wherein said compound comprises a

dumbbell structure comprising: a) said acetylene moiety on at least a first end of a polymer
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56. The wat er-sol ubl e conpound of claim52 wherein said second functional
group is specific for reaction with an activated ester and said |inker
noi ety includes an activated ester. 57. The wat er-sol ubl e
conmpound of claim52 wherein said second functional ' group is specific
for reaction with an ketone and said |linker noiety includes an ketone.
58. The wat er-sol ubl e conpound of claim52 wherein said second functional
group is specific for reaction with a thiol nucleophile and said |inker
nmoi ety includes a thiol nucleophile. 59. The water-sol uble
conmpound of p&dkBénd d by &gl Abesdid ureaaNgoip Gk (cafalsecghOed of the ppEBES | C f Or
reaction with a hydroxyl nucl eoph| | e and sabd | i nker noi ety ing¢)Judes a
hydr oxyl nubkbRsi yherein the second ggetionplgropa cah edhy QT &ERES Bt claim 52
wher ei n sai gcewlé}llé%{melgl)l ety is selected fromthe group consisting of:

-NH - 00- - CH2--"CH2-; &and -CO -NH-Cl12--Cl112--. 61. The

wat er - sol ubl e corrpound of claim37 wherei n said acti vat eg%do
stabl e in aqueous EnVhs BHeFRsRiuRleHEmEOwnd of flaim i, Whergin ggid fog fional 62. A

wat er sol Ubb%u GlrloMadcatk PRh ¥d¥Blienk Rtetibs St abl e against hydrolysis, said
activated pol yner havi ng the formul a: R- CH2CH2- (OCHZC112) -C=-CH

wherein n is from agbout 000, a roup, functi onal
group, or a | eavirftf @%ﬁﬁerf HS’%CQHIPB‘E‘E}{OE%P‘ %?g“’ @%QWC?WW% %e
azi de. feast onam of B 8raneHe inciRhibdi@ciafet | vat ed polyrrer of claim 62

wherein X is selected fromthe group consisting of hydroxyl, prot ected

hydroxyl, al koxyl drox cinim est 1- benzo 1l .ester,

N- hydr oxysucci ni m‘@;lﬁrg COTPB‘@%i’SFI %Fi %?ﬂmt‘%&z %ﬁaél

al dehyde, alstd.fthﬂdi@d&lmdﬁ@t es aI kenyl , acryl at e nmet hacryl ate, acryl arri de,
active sul fone, am ne, am nooxy, protected am ne, hydrazide, protected

hydr azi de, protect rbox li.c.aci r ot.ect rbox ic acid,
i socyanate, isot hlsg]t:;g %%‘J SOH& und\?lff?l\?ﬁ"ﬁﬁ‘?kbﬁeénsm atoﬁtyopyrl%%’

vi nyl pyri di fems b Gtleaceitanicdaiveamisy oeg sugfayeotad smoldoudnes, nesyl at es
tosyl ates, and tresyl ate, aI kene, and ket one. 64. The water

sol ubl e acti vat edu%OIFMeW ter SOU llf dV\I? _rFI%.{ v@her%%z%ﬂ?%c%pgr%gle%/ IE %{r (2);’T'|200

65. The water sol [ e aC|va n s
about 34 t 0adetyl&@ moiety. 66. The vvat er sol uble activated pol yner of
claim62 wherein nis fromabout 45 to 110.

52. The water-soluble compound of claim 37 wherein said acetylene moiety is
linked to said polymer by a linkage that comprises a linker moiety and wherein said polymer
comprises at least a second functional group other than said acetylene moiety for linking to
said linker moiety.

53. The water-soluble compound of claim 46 wherein said second functional
group is specific for nucieophilic displacement and said linker moiety comprises a

nucleophilic moiety capable of reacting with such active moiety,

54. The water-soluble compound of claim 52 wherein said second functional

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

55. The water-soluble compound of claim 52 wherein said second functional
group is specific for reaction at an electrophilic carbonyl and said linker moiety includes an

electrophilic carbonyl moiety.
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67. The water soluble activated polyner of claim®62 wherein R is nethoxy

(CH3O -). 68. The water sol uble activated pol ynmer of claim62
wherein R is carboxylic acid (HRC--). 69. The water sol uble
activated polymer of claim®62 wherein Ris am ne (H2N-). 70. The

wat er sol ubl e activated pol ynmer of claim62 wherein Ris naleimde.

71. The water sol uble activated polynmer of claim®62 wherein Ris reactive
wi th am nes. 72. The water sol uble activated polynmer of claim62
wherein Ris reactive with electrophilic carbonyl groups. 73. The

wat er sol ubl e act i s@Rtraewaet-yoiEle @mpeindioftian yelicpdimsai deSondGaktibnse W t h
t hi ol s. . 74. _The water sol uble activated polynmer of claim62
wherein R i SR isSPesiae iaf TGPICt’rW ity grg,iicgllvated ester and said linker moiety includes an

activated ester.

57. The water-soluble compound of claim 52 wherein said second functional

"éi"oup is specific for reaction with an ketone and said linker moiety includes an ketone.

58. The water-soluble compound of claim 52 wherein said second functional
group is specific for reaction with a thiol nucleophile and said linker moiety includes a thiol

nuclieophile,

59. The waier-soluble compound of claim 52 wherein said second functional
group is specific for reaction with a hydroxyl nucleophile and said linker moiety includes &

hydroxyl nucicophiie.

60. The water-soluble compound of claim 52 wherein said linker moiety is
selected from the group consisting of:
—-NH--CO--CH,—-CH;—; and
~CO--NH--CHz~CHp.

61. The water-soluble compound of claim 37 wherein said activated polymer is

stable in agqueous environments at a pI of about 11 or less.

62. A water soluble activated polymer that is stable against hydrolysis, said
activated polymer having the formula: 1
R--CHyCHa~(OCHCH)o—C=CH
wherein n is from about 5 to 3,000, and R is a capping group, 2 functional

group, or a leaving group that can be the same or different from the azide.

63. The water soluble activated polymer of claim 62 wherein X is selected from.
the group consisting of hydroxyl, protected hydroxy!, alkoxyl, N-hydroxysuccinimidy] ester,
1-benzotriazolyl ester, N-hydroxysuccinimidyl carbonate, 1-benzotriazolyi carbonate, acetal,
aldehyde, aldehyde hydrates, alkenyl, acrylate, methacrylate, acrylamide, active sulfone,

amine, aminooxy, protecied amine, hydrazide, protected hydrazide, protected thiol,
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carboxylic acid, protected carboxylic acid, isocyanate, isothiocyanate, maleimide,
vinyisulfone, dithiopyridine, vinylpyridine, iodoacetamide, epoxide, glyoxals, diones,

mesylates, tosylates, and tresylate, alkene, and ketone.

64. The water soluble activated polymer of claim 62 wherein n is from about 5 to

2,200.

65. The water soluble activated polymer of claim 62 wherein n is from about 34
to 1,100.

66. The water soluble activated polymer of claim 62 wherein n is from about 45
10 110.

67. The water solubie activated polymer of claim 62 wherein R is methoxy

(CH30--).

68. The water soluble activated polymer of claim 62 wherein R is carboxylic acid
(HO,C--).

69. The water soluble activated polymer of claim 62 wherein R is amine (HN—-).
70. The water soluble activated polymer of claim 62 wherein R is maleimide.

71. The water soluble activated polymer of claim 62 wherein R is reactive with

amines.

72. The water solubie activated polymer of clairn 62 wherein R is reactive with

electrophilic carbonyl groups.

73. The water soluble activated polymer of claim 62 wherein R is reactive with
thiols.

74. The water soluble activated polymer of claim 62 wherein R is reactive with

hydroxyls.
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