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co- pend A0 BENTAG: <l onal ” patent Appl i cat o Ser i ai KbUUSaAIEhs 111 ed

on May 12, 2003. The contents of this 10 priority application are hereby

i ncorporated into the present disclosure by reference and in their
entirety, 1. MELD OF 'F RE I NVENTI ON The present invention relates to

nodi fi cati on of peptide-based co: pounds wth poly(ethylene glycol) or
"PEGS." In particular, the invention relates to peptide 15 nononers,
dinmers, and oligoners that are nodified with PEG preferably a |linear PEC
noi ety between 20 aand 60 KDaltons. Irr addition, the invention relates to
novel ther 2oV PeIhyds THVidiNE 6:IPEGC Gbdi VIEH IRIRD WV P UBASKGROUND
OFTHE 5| NVENTI ON I n recent year suw tigpderdgvekepgent of research on
proteins, a g eat nunber 20 O%‘%SEW ri ous actions have been
found. Wth the progress of genetic reconbination techniques and organic
synt heti c nethods of peptides, it has beconme possible to obtain these
physi ol ogi cal | y agti ve(Qrep$$-REFERENCRED REUATED AP PYIC ATEONFOUS
conmpounds in a |large anount. Many of these peptides having speci al

activity are extrenely usetlr|l as pharmaceuticals. 25 Exanples of such
pepti des i ncl udePpenbi edaimmst uiordSt §-er ¥l hPEp oo eoimendiERc).S. iRsesipiontls
(EPOR). EPOis a glycoprotein hornone with 165 am no acids, 4

gl ycosyl at i Batesti Agsicatio@Bend MNei69/470 2406 ifdeso2¥a38.,2, 8603.aMke codénts anitlisa

nol ecul ar wei ght of about 34,000. It stimulates mtotic division ;aid the
di ff gent i at}; : t : r;

pr odﬁlé)f ion gﬁ@y@%%@&%&%@%@i 1553 %@eﬁﬁge?r%ﬁgﬁgggﬁy ge?er%e bl ood
cell format-:,0on, .., the ho none has potentially useful 4tao 2003/ 101600
PCT1US2004/ 8 1@3@‘3“ I?)tbrleﬁ'(“,ati ons in both the diagnosis and the treatnent. of
bl ood di sorders characterized by lour or defective red bl ood cell

production. A nunber of pepf i despigigd grRFERIVINGION

The present invention relates to modification of peptide-based compounds

with poly(ethylene glycol) or “PEG.” In particular, the invention relates to peptide

15 monomers, dimers, and oligomers that are modified with PEG, preferably a linear
PEG moiety between 20 and 60 KDaltons. In addition, the invention relates to novel

therapeutic methods using such PEG modified compounds.

2. BACKGROUND OF THE INVENTION

In recent years, with the development of research on proteins, a great number

20 of peptides having various actions have been found. With the progress of genetic
recombination techniques and organic synthetic methods of peptides, it has become

possible to obtain these physiologically active peptides and their structurally
analogous compounds in a large amount. Many of these peptides having special

activity are extremely useful as pharmaceuticals.

25 Examples of such peptides include peptides that bind to erythropoietin (EPO)
receptors (EPO-R). EPO is a glycoprotein hormone with 165 amino acids, 4
glycosylation sites on amino acid positions 24, 38, 83, and 126, and a molecular
weight of about 34,000. It stimulates mitotic division and the differentiation of
erythrocyte precursor cells and thus ensures the préduction of erythrocytes. EPO is

30 essential in the process of red blood cell formation, the hormone has potentially useful



the EPO- R have been discovered. (See e.g, US, Patent No. 5,7%3,669 to
Wighton et ad.; US. Patent No. 5,830,851 to tr righton et al., and WO

01/91780 \g,ﬁ 2&&}]1511305 Swi nt osky at al. However, the clear ?E‘fﬁls%mﬂ?ﬁgé des,
y Iy

parti cul ar en admnistered in the circulatory system 1S genera

very fast, Thereforee, it is desirable to inprove the durability of such
peptides, In addition, when the peptides are obtained fromdifferent

speci es of appliratiens indsilythediagrgsipend thddrepinaané phblengidireedarneharantadized havi ng
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al so desi ralﬂieGEFO-RHNeQ)é@nHﬁ@oxi’dﬁécgqlﬂ'ieéié.g—X[m.Pa%iﬁ'NoPSFWB%-toWH msgr to
use these peptides as pharnmaceuticals, It is necessary to have %)oth
| npr oved ahel ger PetenyNantSaus abia Weightomieeal Xl W 1) K0 torbrsth-t he

pepti des w t.h.macronol ecul ar conpounds such 15 as pol y{ ethyl ene glycol)
has beéen sh§\mntf)§c)l(ybeg%éffecti ve to inprove the antigenicity and durability

ol yeor) or Punt | HESiavss dbe sib ettt bepule el T RE Rl S e
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veory "has paaprt SARARLS. ecilrally® P iy ARERLICOI IS oY (P hilio8 the
omega- di hydrdosapllitpor ycatreptiéese Iglayditibi, velem the peptales esesittaided frobr dibrehor t e

as 110-PEG O f .where.it. is understood.that .the.-PEG s o] represents the
fol | owi ng sEPHEISHAMIMYYH; eﬁl@@ﬁ?&m@% prptejt eygIpecsns, P@gr f@@/ﬂﬁ St Yei ng

[imt to rdd : i : s

chai o ke D e o e e T BN o iara 28 %ana i n
rapi d noti othegredudtiona aatiebess Hemed) itim alsbhiesiratdpita impioivethd antigeticiey e t o
cause the PEG to sweep out a |large volune and prevent.s the approach and
interfer encéu‘gf PRKET %ﬁﬁf‘iﬁél}P es® %}ﬁe /% WP%E?PCH{I?%I%H&(}F B%eéﬁ‘*?b’f fer
chem cal entib{ybdis WaBrodsd &n di%%d d3Qnitk( pol ymer chains can protect such
chemical entity from i mmune Tesponse ang ot her cl earance nmechani sns, As a

result, Pl-Gylation.l Sy: & Pr Qv d I 1106
PCT, US2004l 01498?}‘%%%‘32’%%‘1(%{1{/%8;3 Ogg‘%‘? @Fﬁ%&gﬁ%ﬁn‘}é’éﬁﬁ%ﬁ%?@éf ‘F‘ﬁ%‘%“éjés?}‘ﬂlg
bi oavig | ahr ki yolygdiByldes EB@86)) M@s been shown to be effective to improve the antigenicity
and durability of various peptides. Thus, poly(ethylene glycol) and poly(ethylene
glycol) derivatives have been widely used as peptide-modifying macromolecular

reagents.
In its most common form, poly(ethylene glycol) has the following structure:
20 HO-(CH,CH,0),CH,CH,-OH

The above polymer, alpha-, omega-dihydroxyl poly(ethylene glycol) can be
represented in brief form as HO-PEG-OH where it is understood that the -PEG-

symbol represents the following structural unit:
-CH,CH,0-(CH,CH;0),-CH,CH;-

25 Without being limited to any particular theory or mechanism of action, the
long, chain-like PEG molecule or moiety is believed to be heavily hydrated and in
rapid motion when in an aqueous medium. This rapid motion is believed to cause the
PEG to sweep out a large volume and prevents the approach and interference of other
molecules. As a result, when attached to another chemical entity (such as a peptide),

30 PEG polymer chains can protect such chemical entity from immune response and

other clearance mechanisms. As a result, PEGylation leads improved drug efficacy

-



i .mxur_ogerricity and dosing ti ccquencye For exanple, sone active
derivatives of PEG have been attached. to proteins and enzymes with

benefi ci 3o h@3Hbicse PEG i s soluble in organic solvents. pPEgsafsdidached to
enzymes can result in PEG enzyme conjugates that are soluble and active in

organi ¢ solvents. Attachnment of PEG to protein can reduce the
i nmmunogeni ci t% and rate of kidney clearance of the PEGorotein conjugate as
conpared t o 2pheafetyunnertinizeg phesnesokinelps, dtereasingriganailabibity ead deeressded | y
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tl-ie surfacemo8ifiudl molen, PEGhantached 20rammticalhosmressed drosdsuttlaiion a
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t her eby posst Bl REFELZERERSE r ut|I|ty for drug delivery. (.T, M Harris,
Ed., "Bionedi cal and Bi ot ecan)kal i cations of PoI yet hyl ene d ycol
Chenitry," Pl eﬁamexmﬁ)ey&wale@g@@c egf, of Pb&i épitheyapicomgteles Jéindon at

at, disclos EPO- R
The di mer i zai AL (LGNS (BAEY BRI iRl a0REeS, e B Bk S e
preferred | nketitréledfReleast N898li IBansy), uiE&éerBEQﬁiltaiQeCdtfall g:EIrthesemeltvtaqr ein

have a nol ecul ar 5gtc);ht of only 3400 or 5000. WD 01/91780 t
Smi t h- Swi nt 38Ry ®t 140, cadplaw Gishewslieps eanl hulBiol- n@h@noi977p@é@1 des8Dnat

exhibit bin I o] f V}d_;tl]l t r 4,0 30
".rho Ilnkeghlggg)g?gggsl I'S égfgyelth%&lb’egegg 5(?:18 ﬁﬁﬁ?é} e?‘/ ﬁﬁ d&?ds
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selecting the appropriate si

been reported to extend theLr half life in vivo, and/or reduce their immunogenicity and

antigenicity.

In addition, PEG attached to surfaces can reduce protein and cell adsorption to
the surface and alter the electrical properties of the surface. Similarly, PEG attached
20 to liposomes can result in a great increase in the blood circulation lifetime of these
particles and thereby possibly increase their utility for drug delivery. (J. M. Harris,
Ed., "Biomedical and Biotechnical Applications of Polyethylene Glycol Chemistry,"
Plenum, New York, 1992).

U.S. Patent 5,767,078 to Johnson et al. discloses dimerization of peptide

25 monomers which can bind to EPO-R. The dimerization is based on covalent linkage

of the monomers. PEG is the preferred linker to form the dimers. The PEGs
specifically used therein have a molecular weight of only 3400 or 5000.

WO 01/91780 to Smith-Swintosky et al. discloses dimers and multimers of

peptides that exhibit binding and signal initiation of growth factor-type receptors.

30 The linker disclosed is polyethylene glycol. The linker disclosed is polyethylene
glycol. However, the reference offers no guidance for selecting the appropriate sizes

or classes (e.g., linear) of PEG.



or classes (e.g., linear) of PEG WD 20049401600 PT T/ US2004f 014C$FS U. S.
Patent 6,077,939 to Wi et al. discloses conpositions consisting

essenti al j | ypepti de and a wat er-sol ubl e pol yne / bound
] z%gﬁ@f Bc?%‘é?do%ygéép

thereto a erm nal z-carbon atomvia a hydrazone or re

hydrazone bond, or an oxinie or reduced oxinme bond. The nol ecul ar wei ght
range of the water soluble 5 polynmer is in the range of 200 to 200K

Dal tons. PEG is dl.8clfased @874M3Lxanilee of alt Hisclaatsercosphositibes pohsisterz  The

mol ecul ar wei ght .of the PEG,is fromonly . 700 to 20K | tons d PE

noi eties of © P@algkoﬁﬁpf’ gpt}ﬂ%eanggi Hatf”éig%'é&ﬁlpggg??’rec M %bﬁf’%ﬁ’freﬁ%%%i u
et a], di schRsRSteAnHal BesarfRr M8 P¥ & hGirazold BKdEcBPSHMzohd Blhd)hrt WO
peptide chains. it indicates that the temuini of the dieter may be 10

PEQ yl at ed, okioweveneduché opirht bead.i drhedmekscwlet vepetimygd hé tivovetan|sakublei ght
of th PEG used or.indicate t.h ptois i .or. bhranched. Saifer.er
2. (Rav, eRpbSGed ool OZakmitys T2k i fisds SR B S e

of bovine apg waeRENLRNEHLIYMITBRThE oleb01a8 WRESHR¥T B T0i S MU&8 &n( tol20K Whi ch
1-9 strands of high nol ecul ar wei ght (35K - 120K Dal tons) PEG are coupl ed

of 15 SOD. SwitnagknétPEH maieties of Raly, SKRegltorsommsrid tq h@pEferretl2- 13: 553- 562)
describe SOD adducts containing | to 4 strands of high nol ecul ar wei ght
(41K - 72K Dal t o8 01PE342 tdBaluhe il disclohesedinve foreicrignc €5 tledkdipasoiety
nodi fying a_peptide with PEG Moreover, i is helieved that the PEG

moi et i es us&RKING F¥fe8ePidndsingds warcalss éf%@h@a,Nd§H@ﬁb@£éae diger mR¥ale PEG

20 ite n I 16 2 J (B i ased
corpounds, ¢ Aol BRI ERE b BB BB ol el P Al B e T
i nproved aRBEG gediot itdicandhettiesibis lirey: orHrenotied.at i on ar_d; or di scussi on of

a reference in this section, and throughout 25 this specification, "hall

not be construedgsageak @zd(mssim@. INIGE, BS6IC N1 9% e3@NTE7-RF) idsk@be PAGYI14&Q t he
present 'invention. SU M VKR OF THE | NVENTI ON The present invention rel ates

to a pepti dedbuwsed woymrountrasompitiast hgman 301, pep sirkeoxidpidemyutaged(SOD) in
pol yethyl en%vh%lyf-gls}rann&)si cﬁl Mgﬁ"i%%feglillgr \t«vgl%hp @ISY{e-t %IKG Bglt&lls‘f ?’%IG) are coupled of
15 SOD. Somack et al. (Free Rad. Res. Comms: (1991), 12-13:553-562) describe SOD
adducts containing 1 to 4 strands of high molecular weight (41K - 72K Daltons) PEG.

Neither of these two references teaches modifying a peptide with PEG. Moreover, it

is believed that the PEG moieties used in these compounds were branched, as opposed

to linear PEG.

20 Despite the advances made in the area of the PEG-modified peptide-based
compounds, there remains a need for novel PEG-modified compounds with improved
antigenicity and durability.

* * * * %

The citation and/or discussion of a reference in this section, and throughout
25 this specification, shall not be construed as an admission that such reference is prior

art to the present invention.

SUMMARY OF THE INVENTION

The present invention relates to a peptide-based compound comprising a
30 peptide moiety and a poly(ethylene glycol) moiety wherein the poly(ethylene glycol)

moiety is linear has a molecular weight of more than 20 KDaltons.
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nmoi ety is linear has a nol ecul ar weight of nore than 20 KDaltons. _4.. WO
2004/ 101600 PCI TS2004/ 014888 Preferably, the poly(etylene glycol) noiety

has a ml‘?‘gg{mghgy‘\ig{)ght of from about 20 to 601 Daltons. Pg/?msz&ﬁmﬁggabl Y,

t he pol ye ycol) moiety has a nol ecul ar wei ght romabout 20 to
40 'Dal ton. Most preferably, the PEG has a nol ecul ar wei ght of about 20
K-Dalton. 5 Preferably, the poly(ethylene glycol) noiety has a

pol ydi spersity valreferab{yyihd pdly(etfyldne gbycohamoidty2ds amnsleciparefepabifyfrdness t han

1.1., and nost preferahly |es t han LO5. Preferably, the peptide noiety is
di menc and H‘H%O§Q§OS€BXIFR¥HO§@9rF Bre_r}ﬁé}b]b’i %P?I}i??tﬁl@l@ée gyegD I%“ﬁf@ adi et y?/
Moreover, s H&J]eéﬂld}%é%}g'lﬁ R 85Ul ES R DTRYns. mo%rgﬁ}ﬁﬂﬁ%WE@ HaS a

heteromultiners. In o enbodi ment, the peptide noi'ety is selected from
pepti des whinediecubirnekightmfabyuttofDakdrsn- r ecept ors. Non-limiting exanpl es of
such BPt O-R bi nding peptides include those disclosed in published

i nternational apmréfeablyiise RXGF(ctiEpOQl oD drdiety(HawalpobatidpesityaaliéD 01/ 38342
A2), PCT/ 4596/ 09810 (publication no. WO 96/40749) 15 and PC T/ 4JSOl/ 16654
(I nubl i cati éW=A¥y) ofdesthan 1.80, tpre:preferably Ipsjitben & 1sardbmposigeteraglyriess 569,
5,830, 851, 3, O 947, Still other exenplary EPO R binding peptides which
may be used as '%é peptide noiety in the present invention are described in

U. S, Provisional | i cation rial No. .60%479,245 filed May 12, 2003.

StiT1 other  exerBPEryVERRS PYETEF A SSLBETEEse SHREHS Sy BoNGEEHCas « he
peptide moi ebyiiddd 1fnREd BY 2 BnRSEMbicty MEBh 0, &1c8 dHBSS nl Sther hiRers ma
Provi si onal "Application Serial No.” 60/469,993 filed May 12, 2003. Yet

stil |1t her bexetrpddmyrsERthetdromittidieny pepti des whi ch nmaybe used as the
peptide noiety in the present invention are described in U S. Provisional

Appl i cation Seri dh ol emB0didEdt, 2Hdpdptiie ehohday islslec20Bom lpepdi@tfleth bind
enbodi ment, the peptide noiety is selected frompeptides which 25 blind to

t hr ombopoi ettd Axytiseppiedr-geceptonpt pRiipiting @emiplemi spelyEBRaRbindinearepideh TPO R
6. 506, 300 1850 Tol NI R BT Ba s U G Repiiod2E
6, 083, 913, Fp@&Irkafdbno. WO 01/38342 A2), PCT/US96/09810 (publication no. WO 96/40749)
15 and PCT/US01/16654 (publication no. WO 01/91780 Al); U.S. Patents 5,767,078,
5,773,569, 5,830,851, 5,986,047. Still other exemplary EPO-R binding peptides
which may be used as the peptide moiety in the present invention are described in
U.S. Provisional Application Serial No. 60/479,245 filed May 12, 2003. Still other
exemplary EPO-R binding peptides which may be used as the peptide moiety in the
20 present invention are described.in U.S. Provisional Application Serial No. 60/469,993
filed May 12, 2003. Yet still other exemplary EPO-R binding peptides which may be
used as the peptide moiety in the present invention are described in U.S. Provisional

Application Serial No. 60/470,244 filed May 12, 2003.

In another embodiment, the peptide moiety is selected from peptides which
25 bind to thrombopoietin-receptors ("TPO-R"). Non-limiting examples of such TPO-R
binding peptides include those disclosed in U.S. Patents 6,552,008, 6,506,362,
6,498,155, 6,465,430, 6,333,031, 6,251,864, 6,121,238, 6,083,913, 5,932,546,
5,869,451, 5,683,983, 5,677,280, 5,668,110, and 5,654,276; and published U.S. Patent
Applications 2003/0083361, 2003/0009018, 2002/0177166 and 2002/0160013.

30 Preferably, such peptide-based compound further comprises a spacer moiety
between the peptide moiety and the poly(ethylene glycol) moiety. More preferably,
the spacer moiety has the structure:



5, 869, 451, 5,683,983, 5,677,280, 5,668,110. and 5,554.276; and published
U S. Patent Applications 2003/0083361, 2003/0009018, 200210171166 and

20021016QQ&3004;?1{;}1%)’5erc erably, such peptide-based corrpoungC les% gﬁ)l&%rprl ses
a spacer noi et etween the peptide noiety and the pol _ yiene glycol)

noi ety, More preferably, t he spacer noiety has the structure -5 WO
20041101600 VCT/1JS2004/ 01488 wherein a, S,and a are each integers whose

val ues are i ndependent-Ny-E&&lge{©dCH, Hlicbs-§fEagel -noi ety is described in nore
details in U S. provisional patent application Serial No. 60/469, 996,

filed May 12yneZ@0%, @ntibhede arbeye i eerthy ellivesPRE iRdRRhYd Rl életae
dycol) Modified Pepf i de base Corrpoun s" referred enbodi nents, ais

ar i nteger, Suckspacer Boietiisi dgsertbedrin egae detmls ml < pegvisiena patent mrérgetrqn | <

Cer tan pr orgrleNoesmerRhr 914 apiian 203 TMhaa Rt Spiee Mbiefy 0 "

prefery ed eﬂ%metﬂ?l@he G}ﬁo?zﬂﬁaﬁﬁa Pepbldelbaséﬂ,@m Whids'vl-1. In other
enbodi nent s, 70 <a ; 5; and Vi sCO In certain

otlrerfj errbodr rreri]t1 ﬁrefer?e'ﬁsenfédd?lﬂ%tgp Y is CO
o is an integer, 1 <o <6;
B is an integer, 1 <B <6;
¢ is an integer, 1 <g <6;
10 disOorl;
v is an integer, 0 <y < 10; and
Y is either NH or CO.
In certain preferred embodiments, =2 wheny > 1.
In one particularly preferred embodiment,
15 a=B=¢g=2;
vy=06=1; and
Y is NH.
In other embodiments,
7T=8=0;
20 2<o+e <5;and
Y is CO.

In certain other embodiments,

a+e =3;and
25 Y is CO.

The present invention further relates to pharmaceutical compositions

comprising one or more of the peptide-based compounds described above.
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The present invention fnrtherrelates to pnranraceutic.al conpositions
conprising one or nore of the peptide-based conpounds descri bed above. -6

VO 20041?@%0%@%0 DETAI LED DESCRI PTI ON Definitions Apr-oRsafififkgsi dues
in peptides are abbreviated as follows: Phenylalanine is ¢ Ph-1 or |~

Leucine is Lou or L; Isoleucineis Ile or I; -Whioaine is Met or Tao;
Valine is Val or V. Serine is Scr or S; Proline, is Pro or ly; Threonine is
Thr- or 1; Atanin.e. is Ala or A Tyrosine is Tyr or Y,- Histidine is H's
or H Gutarnine is Gn or Q Asparao ue is .Asu or N, Lysine is Lys or

k.; Aspatic Acid is Asp or D, DERAMEIRDESCGRIIIGN or E;, C ysteine is Cys
or C; Tryptophan is Trp or W Argirune is Arg or R and Aycine is 10 illy
or G The uDe@Aimsi onal am no acids in peptides are abbrevi ated as
follows: 1- naphthylalanine is 1-nal; 2-naphthylalariine is 2-nal;

| O -inethyi gl yci ngningl201 #8@WEs ASpeptidss %1 db8levitedVBGHHIRGRE Phat@alagthy ¢d ne
(N-acetyiglyrcine) is AcO hoinoserine nethyletlrer is Hsm "Peptide" or

" pol ypept i d&€he peFeLencing ia Lgo by hizksolencinhiiche othle Mashionmeds dta or B Valiphas ami no

aci ds joi neq, toget her through.am de bonds. Peptides.are two oft.e nor e
2 na act d VAOAD e EIOHG EES o RITG & MRk PusBoTACApGREMR T RHns it AL
context of of e TREQSRNS Ty eV FRRidiAOR Hi8oR H; RaRfahfge (8GRI & O.0ASaragine

pol Yypeptide that is only a few amno acid residues in length. In

particul ar, ipépn pubs Lysine el py esénisparire Acidow Aspeor Ipr efuwstrais] Acidas fbr er t han
about 50 am/n cid.residues..in | engt ang,,are.nore 20 preferably. between
Sbout d anaEABYARIHiGE G B FobhaireBRT e TG MEARC fofe: P e A po Bt veen
aboutygl 7 and;¢@r &m T @odvéRDhaUSSinb Acide MbEptidBY afOMbiAsited 8s fIRMEPEPt | de
may conprise any nunber of am no acid residues. Bence, poiypep:ides

i ncl ude pepniplsBylakninelis lagl;|Zongdithyddegune cesnolf Namietiylglyéids (alsulshovas as

teins which .can.b d ¥ id resjdues.in,length. 25 A
et i do usetuT RN HG iy ekt SCALAL | R BanCRe U B0l ~aEF1 YR EFN o

| onger pol ypeptyidgesiediance, such as the sequence of a protein. As used
herein, the phrase "pharmaceutically acceptable" refers to nol ecul ar

“Peptide” or “polypeptide” refers to a polymer in which the monomers are

15 alpha amino acids joined together through amide bonds. Peptides are two or often
more amino acid monomers long. Generally, when used in the art and in the context

of the present invention, the term "peptide" refers to a polypeptide that is only a few

amino acid residues in length. In particular, peptides of the present invention are
preferably no more than about 50 amino acid residues in length, and are more

20 preferably between about 5 and 40 amino acid residues in length, even more
preferably between about 17 and 40 amino acid residues in length. By contrast, a
polypeptide may comprise any number of amino acid residues. Hence, polypeptides

include peptides as well as longer sequences of amino acids, such as proteins which

can be hundreds of amino acid residues in length.

25 A peptide used in the present invention can be part of or "derived from" a

longer polypeptide sequence, such as the sequence of a protein.

As used herein, the phrase "pharmaceutically acceptable” refers to molecular
entities and compositions that are "generally regarded as safe", e.g., that are
physiologically tolerable and do not typically produce an allergic or similar untoward

30 reaction, such as gastric upset, dizziness and the like, when administered to a human.
Preferably, as used herein, the term "pharmaceutically acceptable"” means approved by
a regulatory agency of the Federal or a state government or listed in the U.S.
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entities and conpositions that are "generally regarded as safe", e.g., that
are physiologically tolerable and do not typically produce an allergic or
simlar 1 reaction, such as gastric upset, dizzi , he
I'ike, mggbgg%/lﬂf@?er ed to a human. Preferably, as use h@f%?"ﬁ@? 1§e term
"pharmaceutica |y acceptable" neans approved by a regulatory agency of the
Federal or a state governnent or listed in the US 7. WO 20041101600
9't; rlUS20ha0t45H8ia Ghathmagepeilly meogtiher pipgmecaidiy foreesegmi @eohals, and
phar macopeia for use in anijals, a nore, partjcularly in. humans. The term
"carrier" r é’F“_érFsp%rBfmal_aﬂYI‘Be = o ] E‘g‘ﬁnfte,rm é%E‘l“Hl erﬁ%e,rs 6% § dfivente ﬂ%‘{"ﬁmmi ch
the compound:ipifiirichioR! fflh vHHATMLRRBABBERLLI AflniseRI | Sich fhathaBficl o7l | €
liquids, such as water and oils, including these of petroleum 5 aninal,
veget abl e orcagyang hat be strilgiinuids,uwih as wiéanul ais, indodibg dmseidf petrnieney al
oil, esane oil and the |like, Water. or aqueous %ol.tti on sal Lne. sol utions
it o

and aquieous Bt FEERARR P GIYLENGPTEEr §PTTHAS PEH BBy ABRyOle BRS¢ las
carriers, pakdncbardng fherlikd Nveséadl 6nRehiitdansn sPHhd aOLBoRhAMdBGRMLE cal
carriers are described in "Rem ngton's  Pharmaceutical Sciences" by E-W
kdartin. 10 dastrozeghdhglye¢m! sdiatiomwsrare ‘pagforablt émplofied gs carmrhipettoglackyl foy

ti Ii d. whj ch I nd it I tary biol pgically acti. :
eceptor andakebeeldiofi SlabER ERTRER A CLCRTO e HghC B B phse | n

the recept orphaffadefri ENRRAGEP LIS Mdgn bi ol ogi cal  activity of the
receptor. 15 The PEG noiety uséd in the present invention is |linear and has

a nolecular weig f : S : Pr ef : .

nol ecg(?:ar wei ght A())Stf u%dol‘:?egelﬁﬁéo% 26g§%§28&?55at{) 1(:-2l obﬁél%%‘\(%lrl%tagtr%é%g@%g@ﬁghl he
PEG has a mijiedubdts suhgbhembryf tioksgicaltp uttiéOret eptdiOartf atitvares thdVasitr either
preferably, the PEG has a nol ecular weight of 20 | shone. 20 The PEG

noi ety is cdV&RasH ¢ PiUpgiselEsPanse ihEhecSRpion 3 tefenparee; preerstingnbiologiqaher
directly to a.peptide i.ety, a linker noiety, or a spacer noiety. In one
enbodi nment , agtl Lffrr‘g‘ré%bﬁ% attached to at '!east one termnus (N terr_inus
or C term Lsé f. a peptide nonomer or dieter: for exanple, each

N-t ernzi nus —e?—ﬁ%@%i de dieter may have an attached PEG noiety (for a

total of two PEG noieties). In One ) R
15 The PEG moiety used in the present invention is linear and has a molecular

L

weight of 20 KDaltons or more. Preferably, the PEG has a molecular weight of from
about 20 to 60 KDaltons. More preferably, the PEG has a molecular weight of from
about 20 to 40 KDaltons. Most preferably, the PEG has a molecular weight of 20
KDaltons. :

20 The PEG moiety is covalently attached to the compounds of the invention,
either directly to a peptide moiety, a linker moiety, or a spacer moiety. In one
embodiment, a PEG moiety is attached to at least one terminus (N-terminus or C-
terminus) of a peptide monomer or dimer: for example, each N-terminus of a peptide
dimer may have an attached PEG moiety (for a total of two PEG moieties). In one

25 embodiment, PEG may serve as a linker that dimerizes two peptide monomers: for
example, a single PEG moiety may be simultaneously attached to both N-termini of a
peptide dimer. In another embodiment, PEG is attached to a spacer moiety of a
peptide monomer or dimer. In a preferred embodiment PEG is attached to the linker
moiety of a peptide dimer. In a highly preferred embodiment, PEG is attached to a

30 spacer moiety, where said spacer moiety is attached to the linker Ly moiety of a

peptide dimer. Most preferably, PEG is attached to a spacer moiety, where said



25 enbodirnen.t, Pt G may serve as a linker that dinerizes tw peptide
nononers: for exanple, a single PEG noiety may be simultaneously attached
to both N¢gnLpiMp1@h @ peptide dieter. In another enmbodi,p®RlsndileRsks
attached to a spacer noiety of a peptide nononmer or dinner. 1n a preferred
enbodi nent PEG is attached. to the linker noiety of a peptide dinmes. In a
highly preferred enbodinment, PEGis attached to a 30 spacer noiety, where
sai d spacer Shisicermpidaty issitegladrel@ a reptiAedimes e the RamyenB aprlsin of a lyaipe figker,

di eter. Mbst ferahly, PEG is.at 0 a spacer noiety, were said -8
WO 2004/ 101868{6%&8§%§%§fﬁb§§% aé%g%grr(?ketrrmi ety is attached to a peptide
timer via the carbonyl .carbon of a lysi.ne linker, or tae am d.e njtrogen
of & Iysine am dd P PFPIdE D20 camplmdt a6 e puesenE bivenlit s corpespraliey
invention nay Mgl bi Bl @, oPERAPI &hiRfakCembodidient: 1 PRG MBLH) - LN
certain enmbodinments the Pf-' G noiety 5 conprises two |iInear nononeric PEG

chai ns$. Pr etemabbep tivodinteannionnesric PEG chudisnsPrafesatly mlkeetiva tigesr RHG thaicugh
| ysi i due,. | ysi j ) l.ysi i due. A t. b I
ot oup. has. bebnitiserd By i Eh Mainssesifer Bt o DEBEATSY & o reiifGe SPERRY ¢ ne

two PEG chaigs cai8x{i Hk&sh tHas! shNeorveAbPhd andufis! hfettMQLYY OUpBre Whi | e
the carboxylic group i's activated as hydroxysuceinirnidyl esters for

bi ndi ng t o bpeefetablys mdwo Bb ehyins Forlinkgd tplysinelshaphaandgisien amittegdoipk s
the, two nmonq.leric PEG,.chains the dimer, nay be il.lustrated.structurally
s Shown | n HUIGY SO X UGS R AT 260 S EREURCC VOIS [0 DHGhHR & 1
Formyg@ |1 thes acqrmoiety. For exafiple, when wlysing alideN&fKs- the thEREnEmeLEPEQ |
"PEG A gl zC - 1 'PE

chains the dimer may be illustrated structurally as shown in Formula I, and

summarized as shown in Formula IT:

Formula [ Formula II

0
CH
CH, -PEC

H,C
| >\PEG

(I:H2 0
Hz(\l
O CH—N'H_ 0
>/ PEG
15 In Formula I, N represents the nitrogen atom of lysine’s ¢-amino group and

N' represents the nitrogen atom of lysine’s o-amino group. In preferred
embodiments, the C-terminal lysine of the two peptide monomers is L-lysine. In

alternative embodiments, one ore more lysine residues can be D-lysine.

Where the compound comprises more than one PEG moieties, the multiple

20 PEG moieties may be the same or different chemical moieties (e.g., PEGs of different
molecular weight). In some cases, the degree of PEGylation (the number of PEG

moieties attached to a peptide and/or the total number of peptides to which a PEG is

attached) may be influenced by the proportion of PEG molecules versus peptide
molecules in a PEGylation reaction, as well as by the total concentration if each in the

25 reaction mixture. In general, the optimum PEG versus peptide ratio (in terms of
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UH2 PEG 15 In Fornmula 1, N2 represents the nitrogen atomof lysine's f.
amno group and [INI represents the nitrogen atom of |ysine's x-am no
group. | RVBES‘&%{(,%Q enbodi ments, the Cterm nal |ysinepph b6 o RsPeEPti de
nmononers is L.-lysine. Ira alternative enbodi nents, one ore nore ?ysi ne
resi dues can be D-|lysine. Wiere the conpound conprises nore than one PEG
noieties, the nultiple 20 PEG noieties may" be tthe sane or different

chemi cal noireacties e(r‘fgcl@cy tpEosyige fori 1q exasnt Wnmeitet Deridofangler PE@nvEbbe
cases, tthe I t [ ftyached to a
pepti de andfigr Oﬁl%d%& IF&& S%tc ggt%ef&ggg#lgpo%s ?ICF)P%E?}: e (%?G%?%I?o ?t gghed)
may be infl uem)c;&;t ﬂm«ﬂebdﬂer PERPOLE therpolfmdrECleirideelibibsr ﬂer@mﬁnmptblrzdﬁhed

nol ecules in a .|l"EGylation reaction, as well a.s by the total

concentrati @hunbra@cé@ﬁ qud thiy geagon epnditions for amaihelay aﬁta@@ﬁ@me{peth@que opti mum
PEG versus peptide ratio (in terms of -i9 WO 2004/101600 PCT%JS2004/074888
reactison efisi. eerlyretaJe@rI@Wbﬁé df&EQQttWSWﬂméa@V@dﬁbé@m thyes sldeld or PEG)

PR e P A e B e R S
sel ected, whgthalkiiher el QIWs%llaﬁoﬁ’ RO 6hedsite0dird A AN EkbsisANEP toheoTr 8@t i on
conditions fir aparticular attachnent nethod. 5 There are a nunber of PEG

att acl vnent (emiphiogsPEWaio 4bC8F);0 Mdlihs ezt siii,| (1842) Exp hdematol.[ 864 02& 1035

at s ol yesSybiin & FORGREIRGe Bal, dlbatmitl kel 5, OHSH
384 fcoupl i G ok Bf @y%g]%meﬂ}@bérﬁmnﬁi a"%co&&%&?ﬁ @éﬂ%duééded'ﬁfeﬁle residue
20: 1028-103 EGyl ati on GwW CSF using tresyl chI ori de); ub, No. WO

90/ 12874 10 u(sms@ﬁﬁtmrmasmfnﬁ@rmf’ﬁﬁocmvetwei UcS1tP&|t nNegs5,a57, @%&ﬂ?ﬁ(ﬁmlatldny of

U's, Pat Nodh peishs | pech NP1 o 240 BT CaRRhuey f ChGatalge (gl

5,612,460 ( I of
Pol ypept i degg%egtg&g??@@& %tndg %ZSZW{PS]IH;(S ?{VE\?% grge)ggllze;%%%é %%gébr&g}at ed

pol yners rmmcisﬂcﬂstqumtredanspbqjmtpd onitlc poypidrue andiutarmed deidarddf fungtatmiabnal
150(71(7:'l ggvat ! \éggvétﬂgg eaIergo?’r orI Ott)i%%cﬂxrﬁlcglalappp galtljo%st ! %n§ ) Patg S‘No Paé 017\?939

(PEGylation of an N-terminal a-carbon of a peptide); Veronese et al., (1985) Appl.

Biochem. Bioechnol 11:141-142 (PEGylation of an N-terminal a-carbon of a peptide

with PEG-nitrophenylcarbonate ("PEG-NPC") or PEG-trichlorophenylcarbonate); and

Veronese (2001) Biomaterials 22:405-417 (Review article on peptide and protein
20 PEGylation)].

For example, PEG may be covalently bound to amino acid residues via a
reactive group. Reactive groups are those to which an activated PEG molecule may
be bound (e.g., a free amino or carboxyl group). For example, N-terminal amino acid
residues and lysine (K) residues have a free amino group; and C-terminal amino acid

25 residues have a free carboxyl group. Sulfhydryl groups (e.g., as found on cysteine
residues) may also be used as a reactive group for attaching PEG. In addition,
enzyme-assisted methods for introducing activated groups (e.g., hydrazide, aldehyde,
and aromatic-amino groups) specifically at the C-terminus of a polypeptide have been
described [Schwarz, et al. (1990) Methods Enzymol. 184:160; Rose, et al. (1991)

30 Bioconjugate Chem. 2:154; Gaertner, et al. (1994) J. Biol. Chem. 269:7224].

For erxample, PEG molecules may be attached to amino groups using
methoxylated PEG ("mPEG") having different reactive moieties. Non-limiting

examples of such reactive moieties include succinimidyl succinate (SS), succinimidyl
-10-



(IDEGvl a-tion of an N-term nal o,-carbon of a, peptide'); Veronese et al.,
(1985) !Lppi. Biochem Bioecinrol 11:141-142 (PEGyl ation of an N1-term nal

cX- car boRy@booa1peps i de  Wth PEG nitxol | eny |cazbr_rnpteusafohnsRC) or
PEG- trichl orophenyl carbonate); and Veronese (2001) Biotrnterials

22:405-417 (Review article on peptide and protein 20 PEQ/I ation)7. For

exanpl e, PEG nmay be coval ent bound to am no resi via a, reactive
gr oup. Reacf’iar\b@nﬁ?o(ﬁfg)’ pEE dﬁ%‘gétet PaARHNIEIPPEEN i‘@?‘i"?}’&fee nBceatRd ﬁa

be bound (e a I I al
am no acid pﬂ)&l% g@dgﬁ}d;%;ag{én&a?gﬁgés/:Nﬁ e@ﬂﬁ)n\ge ?ggﬁg{rha}nlgﬁjg?gtﬁmand C
t ermi nal anrgwotiaci tho2dick e scludes hBEE- sacdmmady]ardnomylategr(m]i’@G-SEI),f Iyl G

groups (e.g,, as f nd on c i ne es l.so e used a
reactive gr 6UpHBY ttac‘Fﬁﬂi’Fé1 %’E m’r{)géd?% %gﬁ %vssi s@%‘?ﬁbds
for t r odu F RS 3 ‘gﬁ%mé@ AP am no
gr oup?) spegt@ggﬁlij/%g{)ﬁ?%g C-te:rN?n nus of Su&i Sg[rlo @H ave been@A)

descri bed [ Sochw@EG-ceinualctch{oii@d®0) Met hods Fnzym)l 184: 160 ' Rose, et al.
(1991) 30 Bioconjugate Cheat, 2:154; Gaertner, etaI (1994) J. Biol. Chem

269:7224. For exawére,atﬂaa@neml 6CtHeEBEGRY héh- @iebﬂﬁh@l‘ih taOp&¥ideoccifamipg 41Si ng
nmet hoxyl at ed PEG %EWPEG' having different reactive noieties. Non-linmting

exanpl es of sgaséfic chtﬁam%ﬂ%mse@d,l the Hefded SFcailated prapouniaey haperi{iss) |

7PEG nni dat Ao 488 TR ALK ERFeT ook P ey IR RBrkivhn)

(SP. A, and P@@Mxe@p@m defié desiretiofhe IN-fernirady @BTAES ferin B1d¢beiptREES foit h
reactive noieties include i nPEG succini m +dyl succinate (rnPEG.SS), naPEG

succi ni mi dye pearlsaawré r@dﬁ%@é@ylatmndﬁs -catseparfiEEdipaoity from other
ni t r ophenyl carl lggg@& %@Efetll N'PC), ani'EGfur cif imdyl propionate

(naPEG- SPA) , -cya uric chloride. Wiere attachnment of the PEGis
non- speci fic and eptj de c i i.fic PEG attachnment is
desired, the des@@ﬁ@%@?‘%‘?%ﬁm&% gélg(g%%ftacﬁ‘éfi“ﬁesl’ﬁ Cf %H’aP?FB{‘}%et fLfe-
mixture of EErAAbedyEATRaY ALNAERN®Y 3Rl cGainl inACANHRIaLARbnd Ghaloe
PEGyl| at ed peptide Is deS|red the NNté ninally a EG/lated form may be

puri flised fr ofrgrowth hormone-releasmg factor has been performed through solid-phase synthesis
[Felix, et al. (1995) Int. J. Peptide Protein Res. 46:253]. Another site-specific method

involves attaching a peptide to extremities of liposomal surface-grafted PEG chains in

a site-specific manner through a reactive aldehyde group at the N-terminus generated

by sodium periodate oxidation of N-terminal threonine [Zalipsky, et al. (1995)

20 Bioconj. Chem. 6:705]. However, this method is limited to polypeptides with N-

terminal serine or threonine residues.

In one method, selective N-terminal PEGylation may be accomplished by
reductive alkylation which exploits differential reactivity of different types of primary
amino groups (lysine versus the N-terminal) available for derivatization in a particular

25 protein. Under the appropriate reaction conditions, a carbonyl group containing PEG
is selectively attached to the N-terminus of a peptide. For example, one may
selectively N-terminally PEGylate the protein by performing the reaction at a pH
which exploits the pK, differences between the g-amino groups of a lysine residue and
the o- amino group of the N-terminal residue of the peptide. By such selective

30 attachment, PEGylation takes place predominantly at the N-terminus of the protein,
with no significant modification of other reactive groups (e.g., lysine side chain amino
groups). Using reductive alkylation, the PEG should have a single reactive aldehyde

for coupling to the protein (e.g., PEG proprionaldehyde may be used).
-11-



a popul ation of randomy PEGyl ated peptides (i.e., separating this -noiety
fromother nonoPEGyi ated noieties). In preferred enbodi nents, PEGis

att ached \ght pfically to a peptide. Site- specific i t the
N-term nu\zb zg({%gﬁs??lai n, and C-term nus of a potent anal 85%@&&%}19?%?%\/\& h
hor uaone-rel easi ng factor has been performed through solid-phase synthesis
(-Felix, et ai, é_1995" .Int. J. Peptide Protein Res. 46:2531. Another
site-speci fic mePHeEPedlRG BIWESIENT BehiuFgcaappEeash wuckh sayyae esil e sxcpare

i posomal syj - f | 0S._ i te- cifl - raugh a
reactive al géeéqu%g tg% %’tljt%)' g?gﬁgepco@b ée}r ?rét%arsn%géne%ft glg }nglilh%ggglf‘ %Jr%g%ré&r !&8 ate
oxi dati on ofeqiehi®r ¢ff D1péptiderie desipeed] tdahi@pdiyite 2t apiropr{ald éaktivd gioup @0 fje.
Chem 6:705]. However, this nmethod is |imted to pm eytides, wth N -ter
ni nal se nedgfiregdpositionr Wilin tag papfede. Koy eéﬁ@ﬁﬁ@t‘ﬂ@d?odzéf e igsgabeg the sigmal

PEGyatd on ' scffg ?ﬁiﬁl ' -at i ' '

di ffeisenti gpx?ﬁgdcglﬁ\e/i&[gﬁoof ??tfb%lrsé% t%@éﬁ‘gﬁhg‘%ﬁﬁa@@yﬁ%ﬁg“gﬁhggTm(sel ysi ne
versus the Bisdtutionadf)othstaickiabbsefol aystdiae irvdticezat Tion publicatjoar dlic désarib&b
protein. Under the appropriate reaction conditions, a carbgnyl grou

cont ai ni ng PEGPTeparaden el it -enfhrapsiedn t GmPRE-ERO o by Frasting aa%%?ig?‘de.

F | 1] : i nal: : i b

ber for i g PRETRIBEC BENERL U Y I iddodleiy b Autnt REREBHEND, 2

bet the c-am f.a lysi i d d the.rx- _amino. f
the N term nal - r SUIAUECAIEG ROigh R RSNy A Rareany st ViAo MRS Lt
PEGyI @t i on hakdsheRl AetoRs 8f9MHNARL.| 1 tBs chfte ti I R bNYsacef cdiifndd RLEH

with no significant nodification of other reactive groups (e.g., lysine

si de chai n. gmiupoandgro pesyatedsififg meldude icortaaling Vi rpproprisitecPEdeshaatyd have
a single reactj.ve al dehyde, ,fo oupl.i to th otelLn PEG, ..

or opr | onal dBRYGE BRYPHS ekl o Polronusybii o8 wercirethsstios tosisss

Si t e- speci f LigrerdagRBaSIRcti® gobplit RekrRRRr f@e@véﬂgf&@ (B, RRIt1496d af the
prepare peptides for site specific poi,nner attachnent. By this method, the
am no aci d temguesnd ¢heolinker pegracet® i s designed to incorporate an appropriate
reactive group at the desired position within the peptide. For exarnpie,

WO 901512874 descPeptides] péptitlet Emdrsdindesthedhdgiybatddomoktules of ehaBrvemitnf i ed

by the insertion of cysteine residues or the . .
can be attachéd to water-soluble polymers (e.g., PEG) using any of a variety of

chemistries to link the water-soluble polymer(s) to the receptor-binding portion of the
molecule (e.g., peptide + spacer). A typical embodiment employs a single attachment
junction for covalent attachment of the water soluble polymer(s) to the receptor-
20 binding portion, however in alternative embodiments multiple attachment junctions
may be used, including further variations wherein different species of water-soluble
polymer are attached to the receptor-binding portion at distinct attachment junctions,
which may include covalent attachment junction(s) to the spacer and/or to one or both
peptide chains. In some embodiments, the dimer or higher order multimer will
25 comprise distinct species of peptide chain (i.e,, a heterodimer or other
heteromultimer). By way of example and not limitation, a dimer may comprise a first
peptide chain having a PEG attachment junction and the second peptide chain may
either lack a PEG attachment junction or utilize a different linkage chemistry than the
first peptide chain and in some variations the spacer may contain or lack a PEG
30 attachment junction and said spacer, if PEGylated, may utilize a linkage chemistry
different than that of the first and/or second peptide chains. An alternative
embodiment employs a PEG attached to the spacer portion of the receptor-binding
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substitution of other residues for cysteine residues. This publication also
describes the preparation of nzPEG erythropoietin ("rnPEG EPO') by

reacting \@oGysil@idag- specific nPEG derivative with ar i
i ntroduced eysteli ne residue on' JEM Wiere the PEG noi ety%lﬁgmé?@g@%@gﬂo a

spacer nmoiety or linker noiety, simlar 10 attachnment nmethods maybe used.
In this case, the linker or spacer contains a reactive group and an

activated PEGTipblaadu diffesentavaemiplutie palypies i¢ Batecaebnipiderentanysateddact i ve
group is usedet, aigfoff:@ﬁé ofﬁl‘é%ﬁ%& 284 gt[ctﬁgﬁ] ﬁciéilelp'&rtpc{ ciGhE Ghi&apodi ment s the

| i nker or spacer reactive group I1s ate reactive group e(a.e.,
positioned at th t.ernunus of. the |inker or. s r). 15 Pept. des epti de
di nners and. ot hé‘r "Y)‘Sf)t\'aﬂléf%é’éeﬁoqw{%l%q &Lvegt (?ﬁgﬁl &t B l?:eaﬁls‘ffi_el%lp

at tached t0PE@y@iti‘oﬁoéfU@kereQéﬂtUﬁﬁh§mFEbogﬁon BRbiesi Pdo@ny Rbs@niAly ﬁi&y of
chem stries to’link the water-solublle polymer(s) to the’ receptor-Dbinding

porti dn of wshigablavdaettvd BEGereggent pepthedsed pde @roferr®l emppilmadnts o chantevet

I i tt . Pent _ | ti f | t.attach t of th
vater” sof ubPELeRgi FtLyer ) el BRE G S 8 R TR O AR
al terative eiodiERLSHAMIAY PhifioA! Sﬁ%ﬂ@f’gacﬂiWPEGoﬂz%ci@%icﬂaSe,L!ﬁﬁdare not

including further variations wherein different species of water-soluble
pol ynmer ar e liatited chethos® wihieéh areceptladrle imstint {porPiugnDelivealy Systects catder hnent

junctions, i.ch i ncl ude. coval ent attac nt,.junctj on( t he spacer
and/or to or@%é? Ongﬁblzj ﬁ@BW%FéOfb P qaaﬁée?o CEn"‘B{%‘?rn@er Ea%q’t‘eadiﬂlﬁ%’te or

hi gheyy or dex i i [FES S id ﬁfg@&é’ 0 ta chair?
(1. e?l,o a hetS gfr%%l W?Olgsr/& ol'tsﬁ}gfirﬁ@gg{ngr%ﬁudl}dt%ﬁcim}er) 3 5;?}1%\%@{/%%‘8 Ee{%gﬁ?gl giaand
not | i m tat Nekfar Zheliaptrgics 890 Dowprarg Oravef Hustsvillpeptabama SH&06). Ravixagpée PEG

attachnment junction and the second jde chain may, either lack a PEG

at t achnent ﬁuﬂd}qtolﬁngeﬂq&,i , llgvan ?@%ﬁ@agqnwka&e ofisBr? 1Pt HaryafiAes
first pepti i nd,,i Y valbati | t ) r c i | ack
o PEC 0. b R (AL RO 20T PRuRPARRL TR, CHPIROEDY e
I i nkage chemPHGI(MAILY, fePEM-NHhamREGSPA; mRABGFSBAS naPldGeahiosgesndnfiept i de

chains. An alternative _enhodine enpl o a ched to the spacer
portion of ﬁ?@%@é@%&d@%&?&fﬁgﬂ%@ﬁm@ﬂfﬁgﬁ&@, Bt*te@fymm%l}l%&
41014388 PRHHILARDOHAIEPERINNA! Girctob eSO NITBIPHEE, | NBS-PEG-
car bohydr at conjugated’'to a
MAL), PEG acrylates (ACRL-PEG-NHS), PEG-phospholipids (e.g., mPEG-DSPE),
multiarmed PEGs of the SUNBRITE series including the GL series of glycerine-
based PEGs activated by a chemistry chosen by those skilled in the art, any of the
20 SUNBRITE activated PEGs (including but not limited to carboxyl-PEGs, p-NP-
PEGs, Tresyl-PEGs, aldehyde PEGs, acetal-PEGs, amino-PEGs, thiol-PEGs,
maleimido-PEGs, hydroxyl-PEG-amine, amino-PEG-COOH, hydroxyl-PEG-
aldehyde, carboxylic anhydride type-PEG, functionalized PEG-phospholipid, and
other similar and/or suitable reactive PEGs as selected by those skilled in the art for

25 their particular application and usage.

Peptide Moiety

Any peptides derived from various animals including humans,
microorganisms or plants and those produced by genetic engineering and by synthesis
may be employed as the peptide moiety. Examples include peptides that bind to

30 EPO-R and peptides that bind to TPO-R.
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side chain of one of the amno acids of the peptide portion of the

nol ecul e. A wide variety of polyethylene glycol (PEG) speci es may be used.
for P EGyloadobH1v16f0 t he receptor-binding portion : Pep tlptangEO@mﬁmg)
Substantially any 5 suitable reactive PEG reagent can be used.

preferred enbodi nents, the reactive PEG reagent will result in formatlon of

a. carharnate or bond onju atioon to the rece |ng
portion. Suitabl r%ﬁg’ﬂ Pﬁ%‘dg BJSCOWS%B“G B{Jp}or%pgpt}fﬁg &eq?‘?ﬁ?

those whi ch are anfdel @98 thal 5@%@1«& amamn&k%@%w%m&r%&mwa{@wg
(2003) of NOF Cﬁrporatl on (Yehi su Garden Pl ace Tower, -3 Ebi su 4-chor ne,
10 Shi buya- lkmind ekiys aﬂl&ﬁ}oet)m@ferdﬂﬁbcﬂweeellmledml@ranﬁnglan@er| ng cat al og
(2003) of Ncktar Therapeutics (490 Discovery Drive, Huntsville, Al abama

35806) . For exanquhene aredernat erhbaditartt ﬂia,peph&- fﬁlOiet}OwisB@cEE(ﬁdmpgﬁrﬂes that e
often ﬁref rred in var| ous enbodipents; nr PEG2- ALD mul ti-Arm
r

PEG rhPEG Dy EPO-Rpseh (asvihase shisclosed UE@BJh‘P?e d}?ClﬂEésl SpAJ-S. ReEQIaSEA,
" PEC a1 00t sy s PR S RSk er B WEDRRE I, pLOTRE Rt ydbBynnPee

NHS- PEG- VS, tO\N®ri PEGh - e MAL YIS % Hor §,767,638 (nkt PBII-PutPNd. 96/448)2 to Johnson

PEG- phosphol i pi d t d PEGs of the SU, DDRI TE
D B ik PN A ey #@iuaéﬁﬁgw/%ﬁéﬁ BmYaaBYYa

et vat oo PRERET LR RAPREEAbYERAbE SR R s AURMEY B SR
Tre. sy - PEG&’roﬁlsﬂﬁhlyd@pBEﬁﬁm SeﬁilalNd:’m@amm(ﬁlRECMayt 111 olzeﬁﬁ%d U.S.

mal ei m do-. PEGs, . hydr oxyl - PEG a anmi no- P dr oxyl - PEG
al dehyde, cd’rrwwpﬂe‘\@nmw %@iatlweﬁﬁfé@ 264 ﬁk—‘étMahé%. é PEC

3- phospbolipid, and other simar and/or suitable reactive PEGS as sel ected
by those skill ed Inanother preferfedrembpgirnéns the peptidecubiaty lapplept@étfromp%mmlemsage

Pept i de_ th S rived fr ol IS|nc rrans

i croor gani s Xkbﬁ"él tﬁﬁﬁgoné 801%858"?}0683(%‘&/? g‘?&q léllggefxrafg’é’ 03958

synthesis nepO-ReriatRL P¥SEHA N RERL disi8oRRIIS TS, HaXeHiPdb 852 0S| dKiR 3&8“ des

that bind to 30 EPO and peptides that bind to TPO-R WD 2004710160

PC Ti 15 v2a0:641U8a86,465,430, 6,333,031, 6,251,864, 6,121,238, 6,083,913, 5,932,546,
5,869,451, 5,683,983, 5,677,280, 5,668,110, and 5,654,276; and published U.S. Patent

Applications 2003/0083361, 2003/0009018, 2002/0177166 and 2002/0160013.

In one embodiment, the peptide moiety is a monomeric peptide of 10 to 40 or
more amino acid residues in length and having the sequence X3;XyXsGPXgTWX;Xg
20 where each amino acid is indicated by standard one letter abbreviation; X3 is C; X4 is
R,H, L,or W; Xsis M, F, or I; X4 is independently selected from any one of the 20
genetically coded L-amino acids; X; is D, E, I, L, or V; and Xy is C, which bind and

activate the erythropoietin receptor (EPO-R) or otherwise act as an EPO agonist.

In another embodiment, the peptide moiety is a monomeric peptide of 17 to

25 about 40 amino acids in length that comprise the core amino acid sequence

LYACHMGPITX;VCQPLR, where each amino acid is indicated by standard one

letter abbreviation; and X; is tryptophan (W), l-naphthylalanine (1-nal), or 2-
naphthylalanine (2-nal).

In yet another embodiment, the peptide moiety comprises one or more TPO-R

30 binding peptides with sequence such as Ac-Ile-Glu-Gly-Pro-Thr-Leu-Arg-Gln-Nal(1)-

Leu-Ala-Ala-Arg-Sar, or Ac-Ile-Glu-Gly-Pro-Thr-Leu-Arg-Gln-Trp-Leu-Ala-Ala-
Arg-Sar.

-14-



Preferably, the peptide noiety conprises one or nore peptides, the length
of 11 each peptide is less than 50 am no acids, snore preferably between
about 10 ppdodnoe1aaei no acids, and nost preferably betweepraRoutnl@ssl8 am no
acids. In one preferred etnbod r:ent, the peptide noiety is selected from
peptides that 5 bind to EPO-R such as those disclosed in (e.g. those
disclosed in U S. Pat. Nos. 5,773,569; 5,830,851; and 5,986,047 to
Wighton, et al.AcPEpipude e \sobodimaars el this ' Iy eiene v oo T ginore, g, pat |

No. Vo 01, o RSAa IEhE v T AGHTEE R BRI AN oy S
Provi si onal oAfiRl 20c gédedibalSecddetl INamirdOdcA 245 sferdodbuidric D2miRO@S8Ids,UvE 10

Provi sional Application Serial No. 60/469,993 flled May 12, .2003;, and U. S
Pr ovi si onal PRSErPedt 'iooﬁltIS‘ér‘?raLOtNo?ndéo()Q%, g s,egp%ewéff{sqéedm_e. afor

pepti des whtHE Ty R0 SRRy Sobenty Btk TR b it R b BElMethre
exanpl es of sauehces TR ehn Benthesipepthicdestidesc| Ticepretums énvdbingoh aserovided. S.

Patents 6,552,008, 6,506,362, 15 6, 498, 155, 6, 465, 430, . 6, 333, 031,
6, 251, 864, Gonivgatenef theseypeptidesandylegystiveignd pspiadiminestics f gppepgdes thal

7,280, 5, E68..1 . +.@nd published U S. Patent Applications
2003/ 008336%%8%%%@8@%%&%&%%&%166 and 2002/ 0160013. |In one

enbodi nent, the ti.de ' iety.1S.a nw ric.peptide of. 1Q to 40 or nore
oo achd res: daERyiR TGt R Dt ARG Chah S ol bt ditmde o
~X5 IZ)Q V\heﬁﬁnmb aﬁﬂﬁ@@ci@_@lsdch 8s aRdiisaseshtday mﬁi@ﬂ&aﬂg Niaﬂcyll &intifb acids,
abbreviation; X3 is C X4is R 1, L, or W Xsis M F, or I; X5is

i ndependent lagtig arisl; tand oftres naenyeotienad mitee agids myperdsd balshijabdo de@poneaid no
acids; X., i.s D_E or_V,.and Xs is. C ich bind and , activate the
ari thr apoi £ Prsneds ob o Bt e drviinel bt mhe ity Gk & | ¢
anot her enbagi RNyt he nBERifR PR MnihS, 3-pYRRgARNILE, RERSdreyRblk! 30 25
about 40 amno acids in length that conprisé’the core am™no acid sequence
LYAC | HvTGGPhospXadétn€) PLR;muthgiptycamch ahaaetylscind, i sNHodingmatdiobinest adrdar d

one |etter ahbreviatiop.; .and XCis t it opha , .1-napht hyl ai ani ne
(1-ndP), or mst Yﬁ%ﬁﬁ‘ﬁﬂ?l g1hé(ﬂ’|’°|’f¥lyﬁﬁey§?r‘%8‘f‘ﬁePncgr?%i NPT aPH’éX p“@]éﬁi 6‘&
moi ety conpii,ggS,cRRe or nore TPO-R

In preferred embodiments, the peptide moieties of the invention contain an
intramolecular disulfide bond between the two cysteine residues of the core sequence.

For example:

LYACHMGPITX;VCQPLR
|

1
20 LYACHMGPITX,VCQPLR

-15-



30 binding peptides with sequence such as Ac-Ile-Crlu-(sly-Pro-Thr-Leu-
h-g _Crhl-\atf | )- Leu-Ala-Ala Arg-Sar, or Ac-lle-(rtu f=1ly-Pro-it r-Le.a-A
g-t ~ha- Tipphedngl@o Al a- Arg-Sar. -14 WD 2004/ 101600 PCT@H'?RQ%MB%%}SS
According to sortie enbodinents of this invention, two or nore

preferably between two to six arnirro acid resi dues i ndependent |y sel ected
fromany of the 20 8 netically coded L-am no acids or the stereoisomeric
1) - ani no aciligerigpng Oligameidafe@édaso either or both ends of the core
sequences descri bed above. For 5 exanple, the sequence GG w Il often be
appended to eith&he grefouth.embodirnernt, tf mheommcepelstetPJmW@Sforthe@ggenm

synthesis of the tides. .The resent vent.i on OVI des conjugates
of these pept H%%IP%{%& IRERFSIA Ol gm%dﬁ%[rg ‘@‘F}ﬁ' the pepti des that
retain the property of EPG R bindi ng. Stereoi soners D-am no aci ds) of

the twenty conveRti@alertivdiBeiciths;Peplifle WMARIREH aP a‘ili*FnHlVQB'il% Y Peas
a, a- dissuhst 'ohgcﬁrﬁéhz%ﬁ' xﬁ?ngaﬁi ﬁlOtIMS&%Ih%‘Jldlﬁrng@ C'B‘?@trnrrgflét@&tahﬁlogﬁwggﬁgg% ot her

unconventi onaf amno acids may al so be sui't abl e conponent’s ounds

t he present nionvelts may lﬁxaymh@szedfbyustmmycemdmnmbs arﬁdimexaﬁip&s the meptitbe, but
are not limted to: P.--alanine - ryr | ai ari i ne, ydr oxypr ol i ne, 0-
phosphoser i FONOKEH BEXPE §f %mﬁeilyrhl amy s“e“h@Sﬁé’lotH?y(L%tfs¢ VICWQE!CFﬁ Bhithen - 3-

Lo met iyl Biiath i P ARy IutE] Dhed\atin Gl B s RAC:QLRGRAS! A1 gk, an w0

acids and mne aci rred e e noi eti es of

the inventi empedttei in sdsphait baffolee caligs (RBSub:f HEPESQﬁdfeb@i REBA ibduinno
cystei ne resi dues of the core sequence. For. exanple: LYA In. V.3P TX V

i Q' UR 20 (epeorendiar- 1 hoxlvobper asation 51 \Wisaobadines sy Riab ootids 4888
Dineric andmgnblgl%ﬁeriﬂa%/ B@%l‘l&ﬁﬁeﬁzed by incubation with any one of a number of

commercially available anti-biotin antibodies [e.g., goat anti-biotin IgG from

Kirkegaard & Perry Laboratories, Inc. (Washington, DC)].

15 Linkers

In preferred embodiments, the peptide monomers of the invention are

dimerized by covalent attachment to at least one linker moiety. The linker (L)

moiety is preferably, although not necessarily, a Ci.;p linking moiety optionally
terminated with one or two -NH- linkages and optionally substituted at one or more

20 available carbon atoms with a lower alkyl substituent. Preferably the linker Ly
comprises -NH-R-NH- wherein R is a lower (Ci) linear hydrocarbon substituted

with a functional group such as a carboxyl group or an amino group that enables

binding to another molecular moiety (e.g., as may be present on the surface of a solid

support). Most preferably the linker is a lysine residue or a lysine amide (a lysine

25 residue wherein the carboxyl group has been converted to an amide moiety -CONH,).
In preferred embodiments, the linker bridges the C-termini of two peptide monomers,

by simultaneous attachment to the C-terminal amino acid of each monomer.

For example, when the C-terminal linker Lk is a lysine amide the dimer may
be illustrated structurally as shown in Formula I, and summarized as shown in

30 Formula II:

-16-



The preferred enbodi nent, the nononeric peptide noieties of the present
invention are dincrized or ohgonrerized to formdinners or oligomers. In

one enbodygBif4y10idd6 PePti de mononers of the invention May¥-rhR,0R/014888
oligomerized using the biotin/streptavidir, system Bioti nylzat ed anal ogs

of peptide nononers may be synthesized by standard techni ques. For

exanpl e, the peptide nononers C-terriinally hiqtinylated. These
liiotinylated. nononers are the%" omerized by i ncu&f‘;?ﬁléﬁﬁ/vi th

strepta-vidin [e.g., at a 4:1 nolar ratio at room tenperature in phosphate
buf fered saline (PBS) or RERES huffer RPM nedi um @ (l.nvitrogen) for |
hour.]. In a variation of thi soenbodi eIrr\t(iétlﬁlt bi oti nyl at ed ﬁeﬁt\iqu& nononer s
may he oligonerized by incubation w thy*any one of a nunber 0

commercially available anti-biotin amtbodi es [e.g.,Mng ““anti-biotin Igts
from Kirkegaard & Perry | aboratori es,éﬁnc. (Washi ngton, DC)_j. 15 Linkers
In preferred enbodi nents, the peptide m)znorrers of the invention are

di nerized by covalent attachnent to &Cleasy one. linker noiety. The |inker

(LK) noiety is prefenabl al tho _not nécessarily, a C _12 |inking

noi ety optionally ter%&ﬁ%%%d Wi tﬁgfgneé%rgf%ﬁ -11- linkages and optionally
substituted at one or nmore 20 avail able carboh atons with a | ower alkyl
substituent. Preferably the linker LK conprises - IFt-1t- 111- wherein F.
is alower (G-F) linear hydrocarbon substituted wth a functional group
such as a carboxyl gr oup or an am no group that enables binding to anot her
mol ecul ar i doymle. . 1N espresaytsbidie prisgant atom vhéyséng’§ eamiop @ospland N
support). Most preferably the lipker js aly nme re Ld e or a lysine am de
(a |ysine 25CHesn R WhOEeR Aloih amsammgwo%ﬂumai qé%@r}foﬁw Yot an

arni de noi ety..- 2; referre O'H%Pt | r_brides.the
Cteil (I:S”I iri. t‘%}ﬁe% '%Bg)ﬁ{qejfg yfgr'oaﬁlé(?reegos(,ﬁjen%%ga géf nu th’HS%E‘E bgtt{] g%harrgrﬁé tgl&] I%én_e
C-term nal amupe GIClysinef of 8B PRI ys-ahAde X ABRGS, anieRhiRI ack§ldted i nal
linker LKis a lysine snide the dimer may be illustrated structurally as
shown i n Fopmiide ’ﬁpulahdpsboﬁhaﬁhez@d zad showp igrouBQoFolysmea or1BAsAGEptide,
20041 10160%is§%rd]éﬁ %9—%igelﬁ>8§enote an N-terminally acetylated peptide bound to both the
o and ¢ amino groups of lysine with each peptide containing an intramolecular
10 disulfide loop, or [Ac-peptide, disulfide],Lys-spacer-PEG to denote an N-terminally
acetylated peptide bound to both the o and € amino groups of lysine with each peptide
containing an intramolecular disulfide loop and a spacer molecule forming a covalent

linkage between the C-termius of lysine and a PEG moiety.

Generally, although not necessarily, peptide dimers dimerized by a technique

15 other than formation of intermolecular disulfide bonds, will also contain one or more
disulfide bonds between cysteine residues of the peptide monomers. For example, the

two monomers may be cross-linked by one or more intermolecular disulfide bonds.
Preferably, the two monomers contain at least one intramolecular disulfide bond.

Most preferably, both monomers of a peptide dimer contain an intramolecular

20 disulfide bond, such that each monomer contains a cyclic group.

Peptide Modification

One can also modify the amino and/or carboxy termini of the peptide
compounds of the invention to produce other compounds of the invention. Amino

25 terminus modifications include methylation (i.e., -NHCH; or -N(CHj3),), acetylation
17-



Foramla | Fornmula Il Mononmer | N2I13 Iloaornerl C 3, FI2C, Monoi ner 2f
0112 IL~C Mononer2 WH -CFl C In Fornula 1, N2 represents the nitrogen atom

of lysinew® Boamhd@ group and N, represents the nitroggp A QM RfisdsySi N€' s
a-am no group. The dinerie structure Can be d witten as

[ peptidej 2L. ys-am de to denote a peptide bound to both the a and e am no
groups of lysine, or [4c-peptide]2Lys-amde to denote an _V-termnally
acet yl at ed ep%pWithé‘Cﬁmm‘d‘E pha BaloBenatas desivaive Beret Aerhgisotnsblospaceieptid, or

Ac- tid di sul fde] 2 -am.,de t.o d t.e. | -t i.nal | tyl at ed
bept Do boulidPEOBIH s 0 PRI aro s ery i Raow ESEkERhept i de
contai ni ng ghpldeking Mk eetthéfertudihudive! 4l o!:l@ﬁ'@%r&fp E&ﬁai?.;ﬁ/:@lt h A@rboxylate

di sul fi de] 2Lys-spacer-PEG to_denote an termnally aoe ated peptide
bound to bofimctibealidy defined, byaRCAW gercupenyf fuhgtginabtyvd afined &ynR pBPt- tibere

contai_ning gn. intr ecul ar disulf.ide | and ace l.ecul e rmng a
coval ént 1 R Blee Bt e st it R B e SRS BN Y Byt e
General |y, 8ké hQu@imiatgrH@tesoR danlalsoP@pdhheRidi deasish A8l iaZ 6 W¥ethinus
technique 15 other than formation of internolecular disulfide bonds, wll

al so cont ai frodhet therenpne N-timirial paéncogrndp) theteorsese ByeIsibHEY tepiaderses of t he

B Phror e |t S Tt resoTAERPh 46 roRtrde TRRBPEIS AR preBites PRES UBliethe” O
contain at NeRghinfhes hedty1aRm. emUhdst pleekbd icddolRishts aMSkeRfi®fl N Ay is bot h

mononers of a peptide di  mer contain an internolecular 'fl disulfide bond,
such lfhat eagstylated dorpelCiSracalyigdyane(/dGle coup. Peptir:'e Mdi ?ricati on One
can al so nodify the am no and/or carboxy term ni of the peptide conpounds
of the inventi onCathopyottuamuet medifratigpeu nddudef reghecingviiat fred.acimwith a2d
term nus nodi Li cations i nclyde, rnet hé/l ati.on (lLe.. - tTCld_ or - %S_I—B) 2) .,
aeetyl a-ti of@r p)_(amlde group or forming a cyclic lactam at the carboxy termimus to introduice
structural constraints. One can also cyclize the peptides of the invention, or
incorporate a desamino or descarboxy residue at the termini of the peptide, so that
15 there is no terminal amino or carboxyl group, to decrease susceptibility to proteases or
to restrict the conformation of the peptide. C-terminal functional groups of the
compounds of the present invention include amide, amide lower alkyl, amide di(lower
alkyl), lower alkoxy, hydroxy, and carboxy, and the lower ester derivatives thereof,

and the pharmaceutically acceptable salts thereof.

20 One can replace the naturally occurring side chains of the 20 genetically
encoded amino acids (or the stereoisomeric D amino acids) with other side chains, for
instance with groups such as alkyl, lower alkyl, cyclic 4-, 5-, 6-, to 7-membered alkyl,
amide, amide lower alkyl, amide di(lower alkyl), lower alkoxy, hydroxy, carboxy and
the lower ester derivatives thereof, and with 4-, 5-, 6-, to 7-membered heterocyclic.

25 In particular, proline analogues in which the ring size of the proline residue is
changed from 5 members to 4, 6, or 7 members can be employed. Cyclic groups can
be saturated or unsaturated, and if unsaturated, can be aromatic or non-aromatic.
Heterocyclic groups preferably contain one or more nitrogen, oxygen, and/or sulfur
heteroatoms. Examples of such groups include the furazanyl, furyl, imidazolidinyl,

30 imidazolyl, imidazolinyl, isothiazolyl, isoxazolyl, morpholinyl (e.g. morpholino),
oxazolyl, piperazinyl (e.g., 1-piperazinyl), piperidyl (e.g., l-piperidyl, piperidino),
pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl,
pyrimidinyl, pyrrolidinyl (e.g., 1l-pyrrolidinyl), pyrrolinyl, pyrrolyl, thiadiazolyl,

18-



WD 200411101600 PCT/ L 520041014888 w th acetic acid or a hal ogenated
derivative thereof such as cr-chloroacetic acid, a-bronpacetic acid, or

a- i odoaceypnG@citdoy addi ng a benzyl oxycar honyl (C bz) gr%LIL s20f 01{%?“' ng
the amno termnus with any bl ocking group containing a ca oxy
functionality defined by RCOO or sulfonyl functionality defined by R--S(3;
-, where 5 Ris selected fi-orx the group consisting of alkyl. and,

het er oar yl , tpgo)yl, ahienyhndiarherrhelingd  (egnd tpmipiraelige o s t@?@bdan Thieso

i ncor por at ey ( a

Vet nat "eRRSShs BuP P51 G EbaliBataBu Mo ‘%?I‘e“aér bR auhEae,
restrict t hﬁlecmbfs@ﬂueﬁtt ¢a@rbe<>incy1h@ucp>epthadge@cxm§/rgum10br sJuBstttu&ﬁerrnmdubstltuted
enbodi ments, the Ntermnus Iis acetyla ed. in nost preferred enbodi nents
an N-term nﬁbergllym ne is 10 acetylated to yield N-acetyl giycine (AcG.

Car hoxy term nus nodifications include replacing the free acid with a
carbo)s: . am de gr up cnn filso meaglyamogidy ithe pegtidemnaietieh dycpirdsogrytationi mus t o

| nventi on,  BIPet SCISE A A & AORBRSH RE B, 60 EAREL R e baBs B Phe torm ni

of the peptide, so that 15 there_is no termnal am no or carboxyl group, to
decrease suscept iHeIAcPde BoHitiss eRTEINEITon AFRdse pEYe ahSTEEHROHIPIER dAr of

t he peptide h sent

i nveﬁt |pon i ncﬁggg@me}?n%ghpogﬁ%%lg&ﬁomr al Eﬁ]ig?éa E‘tgv ?ﬂomy%?f SQ"Ifukfnlgf‘1 ower

al koxy, hvdi@xsgnizangateavdaexy of aoithiyies alr@WﬁﬁlaBRtiBr cdﬁ’d’clfu‘vtahg ¢espbleikenth and

t he phar rraceutl cally acceptabl e salts thereof 20 One can repl ace the

nat urdl |y oduserieay ssmelar ¢asaphBiodrgiqah actpotypsiibe fead peptidesriserddabititaci ds
or the ste S 0,ac t e a o]

st ance.w £ gy AOEDle by By R TRty {spEdCle, BbBED B g,

rner nbered @hdcﬂ)tlblhﬁ}m&hydlﬁmsiieaddoﬁdﬁteowsi@y[See,aMdigard lafodl afiora{108h) AnhQWE'I’

al koxy, hydr oxy, carboxy and ower ester derivatives thereof, and with

4-, 5-. 8. Mefenbaerad Zﬁéﬁ%ﬂé%kcﬂ}@se zgzhmuﬁ&rm g aepla%ng)lthweah@ﬁ ogues
in which th%an%)%ges%ﬁ ];b%aér% oyegh{b(é\/é(;(]leﬁ)i: gﬁ Onaq&angﬁgi orgagam% ers to

4 6, or can can sa’[urat

unsatugr at ed sul&b"ﬁilmﬂes,l@@@hdldrgtaﬁﬂmespﬁfd Ibemetlﬁtylmﬁtd &id¥ non-aromatic.
Het erocyclic groups preferably contain one or nore nitrogen, oxygen, and/or

sul fur  het er oat Qi Sy of%ABIY, ESinffic SHCHISAURS pbiifdcUgiRiding hayF azamkhed Ur y! .

i n-idazolidirtyl,
dlrectly to the PEG moiety or it may be attached to via one or more spacer moieties.

Spacer Moiety

20 In embodiments where the monomeric, dimeric, or oligomeric peptide
moieties are attached to the PEG moiety via a spacer moiety, the spacer moiety may
be a moiety optionally terminated with -NH- linkages or -C(O)O- groups. For
example, the spacer could be lower (Cy.12) linear hydrocarbon optionally substituted
with a functional group such as a carboxyl group or an amino group that enables

25 binding to another molecular moiety, or one or more glycine (G) residues, or amino
hexanoic acids (Ahx) such as 6-amino hexanoic acid; or lysine (K) residues or a
lysine amide (K-NH,, a lysine residue wherein the carboxyl group has been converted

to an amide moiety -CONH)).
In preferred embodiments, the spacer moiety has the following structure:
30 -NH-(CH2)o-[O-(CH2)ply-Os~(CHz)e- Y -

wherein a, B, v, 8,and ¢ are each integers whose values are independently selected.
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30 iniidazolyl, imdazolinyl, isothiazoi;yi, isoxazolyl, norpholinyl (e.g.
nor phol i no), oxazolyl, piperazinyl (e.g., 1-piperazinyl), piperidyl

1- pi peri dyb.2004/R€Edpdi N0),  pyranyl, pyrazinyl, pyxazohdhgﬁhjzgﬁhﬁﬁﬁklnyl,
pyrazolyl, pvridazir.yl, pyridyl, pyriFrndinyl, pyrroli |nf1 (e.g., 1l-pyrr
olidinyl), pyrrolinyl, pyrirolyl, thiadiazolyl, -1R W 20041101600
PCT1US20041014958 thiavolyl, _.thienyl, thionorpholinyl (e, g.,

t hi onor phol i no) , lanteferredeBbqdimentaese het erocyclic groups can be
substituted or urisubstituted.. Wiere a group is substituted. the
substitucnt can be al kyis anantResty! <laf @gen, oxygen, or substituted or
unsubstituted phenyl. 5 One can also readily nodify the peptide noieties
by pbGsphoryl atjon, afiidanattbgar, hefhoes (e.g., as described in Hruby, at
cu. (1990) F3iochem J. 268:249-262). The peptide noieties of the invention
may al so serve as str gt uhalteggpdiek s f@r non-peptidic conpounds with simlar
bi ol ogi cal activity. Those of skill in the art recognize that a variety of
techniques are avail alyligofgrn;constructing compounds with J the same or
simlar desired biological activity as the | ead peptide conpound, but with

nore favorable activity L W%ﬁ respect to solubility,

stability, and suscegtlls%????%é?’foo“ﬁ}g]ro yas1i s and proteolysis [See, Mrgan

and. Gai nor (1089) Aur,%l. .Re Chem 24:243-252]. These techni ques
PRRNEE

i ncl ude repl acing the ‘p&pt 'one with a. backbone conposed of
phosphonat es, am_dates, carbamates, 15 sulfaonam des, secondary am nes, and
N-net hyl ani no acifdsertarngratemgsherbedimgntsndt T € V819081 Pdomeri ¢ peptide noi eti es
may be attached. directly to the PEG noiety or it nmay be attached to via
one or nore spacér onppaticelerly peercatembagirgenty | n enbodi nents where the
mononeric, dimerie, or oligoirteric peptide noieties are attached to the
PEG ntl ety via a spacer=fizciety; the spacer noiety may be a noiety
optionally terminated with -NH |inkages or -C(Ot)- groups. For exanple,
the spacer could be | gweg=1;ehd 12) linear hydrocarbon optionally
substituted wth a banctional group such as a carboxyl group or an am no
group that enables 25pingigng to anot her nol ecul ar noiety, or one or nore
glycirre (C) residues, or an no

In other preferred embodiments,
v=8=0;
15 2<a+g <5;and
Y is CO.

In one embodiment,

o+eg =5;and
20 Y is CO.

According to the invention, a water-soluble moiety (preferably PEG) is
attached to the NH terminus of the spacer. The water-soluble moiety may be attached
directly to the spacer or it may be attached indirectly, for example with an amide or
carbamate linkage. The peptide moiety is attached to the Y terminus of the spacer.

25 The spacer maybe attached to either the C-terminus or the N-terminus of the peptide.
Hence, in embodiments where the spacer is attached to the C-terminus of the peptide,
Y is NH. In embodiments where the spacer is attached to the N-terminus of the
peptide, Y is CO. In preferred embodiments, a spacer of the invention is attached to a
-20-



hexanoi ¢ aci ds (Ahx) such as 6-am no hexnoic acid; or lysine (K) residues
or a lysine amde (K NH2, a. lysine residue wherein the carboxyl croup has

been convgigt Ry 1digyean am de moiety -COIN-112) In pref _erfr%%%gg&?nt S,

the spacer noiety has the :following structure: 30 I i CH-ia'r
Ca (t H2) .. wherein a, 03, y, S ,and a are each integers whose val ues are
i ndependently selected. -19 WO 20041101600 PC %4JS2004; 014588 I n preferred
embol i eat speriide slimer, bhitadyipe linke degscribpd belosy. j b wighjembeginenty the spacegis ¢ j s
an integer, : i spar.1-. i ] < : 0:; Yis
ei ther NH opﬂe&% ﬁ?’%ﬁg%llret(i gloghir et %??é%bgﬁg%ﬁ%gw’ aAhg g 1\%\/“?\]6}%. %n gﬂﬁhefr In
one parti cupefdriedpnsiodimed, grlzpaierenthe ilGentpd FaatBichey &8z pemiit asYaitoflaN- 11,
In other preferred enbodi nents, 15 2<+e and y is CO_1ln one

enbodi ment , nfincfignal fnker (aI%d@iSCﬁ?g;:thgg}t&ié:@% dieh gbediRRa] Ade¥ lF 69 apgd ¥
the Space: T Eh A B R X TRork ARk 07 Bty o the
spacer or it may;pe atiachedy My Bt inforphRted X RTPHE Y ihARAT 98 e
synthesis. For example, where a spacer contains a free amino group and a second
functional group (e.g., a carboxyl group or an amino group) that enables binding to
another molecular moiety, the spacer may be conjugated to the solid support.
10 Thereafter, the peptide may be synthesized directly onto the spacer’s free amino
group by standard solid phase techniques.

In a preferred embodiment, a spacer containing two functional groups is first
coupled to the solid support via a first functional group. When a dimer peptide is to
be synthesized, optionally a linker Lx moiety having two or more functional groups

15 capable of serving as initiation sites for peptide synthesis and an additional functional
group (e.g., a carboxyl group or an amino group) that enables binding to another
molecular moiety is conjugated to the spacer via the spacer’s second functional group
and the linker’s third functional group. Thereafter, two peptide monomers may be
synthesized directly onto the two reactive nitrogen groups of the linker Lx moiety in a

20 variation of the solid phase synthesis technique. For example, a solid support coupled
spacer with a free amine group may be reacted with a lysine linker via the linker’s

free carboxyl group.

In alternate embodiments where the peptide moiety is attached to a spacer

moiety, said spacer may be conjugated to the peptide after peptide synthesis. Such

25 conjugation may be achieved by methods well established in the art. In one
embodiment, the linker contains at least one functional group suitable for attachment

to the target functional group of the synthesized peptide. For example, a spacer with a

free amine group may be reacted with a peptide’s C-terminal carboxyl group. In

another example, a spacer with a free carboxyl group may be reacted with the free

30 amine group of a peptide’s N-terminus or of a lysine residue. In yet another example,
a spacer containing a free sulfhydryl group may be conjugated to a cysteine residue of

a peptide by oxidation to form a disulfide bond.
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carbamate | i nkage. The peptide noiety is attached to the y' term nus of the
spacer. 25 The spacer naybe attached to either the Cterm nus or the

N-ter m nusvordood/NAedeEPt i de.  Hence, in enbodi nents where ghe;

attached to the Ctermnus of the peptide, Y is NFl. 111 e od| rren s wher e
t he spacer is attached to the Ad-term nus of the peptide, Yis CO In
preferred enbodi nents, a spacer of the invention is attached to a -20 WO
20041101+00 PC 8 /US20041014888 peptide dinmer, by a lysine |inker

descri bed bel oW I'n such errbodl ment, the spacer is preferably attached to
t he ' -term Eoamgicen e — Si and Y is NH In another preferred
enbodi nent, the spacer of the invention is attached to a peptide as part of
a, trifunctionalln bndstkefasﬁ)aitsxﬁtltbemeselnbﬁﬁlreﬂ&hp‘phamiaaemthal cenperdiiorentf theand Y
is COand Y 5 fornms an_am ecgog\qoslf‘%nath an | ei aton he trifuncti, cal

[ ker - The ool e o drs At de DOt Bk
pepti de §¥ rf? Sdiated P ﬁ%ad"ﬂﬁluﬁx(strm&{ of %u&P%S&@PQHB‘ﬁsaH%%& g8 i AQ 9r oup

and a secon unct 1 on group (e.g., a carbox group or an am no group)
that enabl eabdiendi Hight pharﬁmudnh&al rompositiats miegi bbyfortdtthnimmtaétmrt@y ok,
conjugated to the sol id surf ort, 10 Thereafter e pepti de may be
synt hesi zed P&icREER! | ((RUgRNS Y He négREEPNE ’fmgeve&ﬁilsn é}ﬁ)ﬁuwe@%samaﬁmsol id
legts ?0;2 |C hg‘rag%t@n?ﬂs tﬁergdagil%lg %f u%ﬂ? ?&{t S Bt o?;R{b&lZ tfﬁn?ﬁu&c%@l
functional @uesulp.vayihen rectal mmenbhnm:ral)oheutes dfmd:ﬂumssrymmesmﬂtg biopbidtal |y a
i nker. L noi ety havi ng two or §(§ functional groups 15 capabl e of sew ng

r

as inidiati &eds B9 £t Y5efRrmated iR ndsREe JREMSA APPEIaLS (fﬁralea%r{%‘ieo%l
group (e.g. xfi&wf&%&y' 18" SHARra9T c@xﬂg&ﬂkd;ﬂ@d%g%ﬂé hhalidgnat ﬁﬁaﬂa@@ﬂt@gl to
anot her: nDI ec noi ety Ts caonjug 0 spacer Vvia the spacer

second f uncbompaéltlgmsmmmprﬂﬁ@ dffeetivé ﬂhellints of dﬂtHechpfetimpepmlal(e ar peqjmdes that
Thereafter, {%eptl de nonqQ; tiers “¥l synt hesi zed directly onto the
t wo reactlv@m@it Odbloupathof Phan@asquiikally L ageepighlst ydijusnts, 2presaFpétason of
the solid p t C e ol | ed
spacer Wt hQgﬁﬁlr%éﬁa%eﬁﬁggh%leugeﬁﬁegge(gc;éég}%\%&e t h§u clogl % ﬁl iérrlcq]\ﬁl)(jifbg t he

linkers' s f daeegabb@xydusgiudtep .cohena(d €f mﬁbﬂ(ﬁnbmﬂate;epﬁcspm&te)r oM hel pept | de
noi ety is attached. to a spacer
strength; additives such as detergents and solubilizing agents (e.g., Tween 80,

Polysorbate 80), anti-oxidants (e.g., ascorbic acid, sodium  metabisulfite),
preservatives (e.g., Thimersol, benzyl alcohol) and bulking substances (e.g., lactose,
mannitol); incorporation of the material into particulate preparations of polymeric
20 compounds such as polylactic acid, polyglycolic acid, etc. or into liposomes.
Hylauronic acid may also be used. Such compositions may influence the physical
state, stability, rate of in vivo release, and rate of in vivo clearance of the present
proteins and derivatives. See, e.g., Remington's Pharmaceutical Sciences, 18th Ed.t
(1990, Mack Publishing Co., Easton, PA 18042) pages 1435-1712 which are herein

25 incorporated by reference. The compositions may be prepared in liquid form, or may

be in dried powder (e.g., lyophilized) form.

Oral Delivery

Contemplated for use herein are oral solid dosage forms, which are described
30 generally in Remington's Pharmaceutical Sciences, 18th Ed. 1990 (Mack Publishing
Co. Easton PA 18042) at Chapter 89, which is herein incorporated by reference.

Solid dosage forms include tablets, capsules, pills, troches or lozenges, cachets,
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noi ety, said spacer may be conjugated to the peptide after peptide
synthesis. Such 25 conjugation may be achi eved by nethods well established
in the ar{wo oy QRgpeebodi ment, the linker contains at |egst, 806, J gtional
group suitable for attachnent to the target functional group o e

synt hesi zed peptide, For exanple, a spacer with a free am ne group may be
reacted with a peptide's C-term nal carboxyl grou anot her exanple, a
spacer wi t hP&ll§ts,eROvedarn Xy ST g e p Ay | %@S%&rdﬁo%ﬁ%d eRe2perldonmayhthe
group of a t A u

exanpl e, aﬂgégaﬂgcekgng%l}ld a@%:ﬁ#\ég&g% C?En gglgﬁiﬁ %aﬁdﬁ 3 e&ﬁﬁ 1% ﬁrotéﬂ%}g‘%&%ﬁi@ﬁﬁ ated to
a cvsteine rgsir@denaf.S. RafpapNodé,IDy,6TH dapbmdlmnbmslmamodlrﬁw be descband, - 21
WO 20041101600 PCVUS2004/ 014588 PliallXi aceutical eimrl 7sitji.ons_In

anot her aspd lippsames BrR¥skhUervRiERL Wil VgHarRebuRsTe dk-Soolpost4FEnYoof t he
above PEG [ pep

al | ewszt ed %B 5%%21 ?“?ésgg]ﬁp&[ﬁgo&%ﬁ?%dg g g% 8 é’foqgﬂe th%?r%ogﬁ% Ven

i ncl ude those Mm@hﬂatled[n Mm\tm Pﬁmamcpzh&rsrmﬁmdtbycels aunResrtd OIS Rm;zlesbe for
adm ni stration by parenteral . (intranmuscular, ili traper| toneal

i nt ravenous heRiFT égr 155?7196 h@@ﬁb@ﬁ%rppﬁf“é’clﬂ Eigrence; r Mngsaarabi e Tpaipign will

passively o p.

(nasal, vagl!‘l na GW?E(;E?E? & %ﬁa Bﬁ? ngugr%%%%%gg%#ﬁﬁédmf&r#@mﬁ%%ﬁobn lﬁtsi ng
bi oer odi bl e ingr¢dibmts evltish allsly anproeeclien agdiat ele stondols @geirdrindi®, apprlpsd at e
for each route of —admnistration. In general, conprehended by the

i nventl on aPéthsthielesically pere matenal s theilBi&in€onpr i si ng ef fecti ve arnounts of
a therapeutic peptide (e.g. peptides that bind to EPOR), with

phar maceut i cal | yﬁdsmemrmmlelat&ﬂl d@ntuse bereislerawat liged: dosaﬂenlﬁ)rlrriszefms oral

emul sifi ers, adj. nts a ner h cm tions jinclude 15

G Luent s of “0BdiEour Aot fha ﬁ?femea@egwa P ricetaaley | sete, SHiShat ¢)
pH. and i On'sﬁs eﬁ§16§§‘9£r{21 b e hc@saidebiilg cﬁﬁ@ﬂtssgicmadg Ziehd
agents (e.g. Tween ol ysorbate 80), anti-oxidants (e.g., ascorbic
aci d, sodi undllmlm,aaﬁm\mnts $ush, as was@agaﬁs,\ﬁamliléngg and hummémlg agoeing yid

al co ) and bl.{| l.ri ng substances. (e.qg., {act ose, mamitol); incorporation
of the mat eflVEF R PRPLPcHY 441 ons of pol ymeric 20 conpounds

such as polylactic acid, polyglycolic acid, etc, or into hposones
The peptides may be chemically modified so that oral delivery of the

derivative is efficacious. Generally, the chemical modification contemplated is the
attachment of at least one moiety to the component molecule itself, where said moiety
permits (a) inhibition of proteolysis; and (b) uptake into the blood stream from the

20 stomach or intestine. Also desired is the increase in overall stability of the component
or components and increase in circulation time in the body. As discussed above,
PEGylation is a preferred chemical modification for pharmaceutical usage. Other
moieties that may be used include: propylene glycol, copolymers of ethylene glycol
and propylene glycol, carboxymethyl cellulose, dextran, polyviﬁyl alcohol, polyvinyl

25 pyrrolidone, polyproline, poly-1,3-dioxolane and poly-1,3,6-tioxocane [see, e.g.,
Abuchowski and Davis (1981) "Soluble Polymer-Enzyme Adducts,” in Enzymes as
Drugs. Hocenberg and Roberts, eds. (Wiley-Interscience: New York, NY) pp. 367-
383; and Newmark, et al. (1982) J. Appl. Biochem. 4:185-189].

For oral formulations, the location of release may be the stomach, the small

30 intestine (the duodenum, the jejunem, or the ileum), or the large intestine. One skilled
in the art has available formulations which will not dissolve in the stomach, yet will

release the material in the duodenum or elsewhere in the intestine. Preferably, the

release will avoid the deleterious effects of the stomach environment, either by
-23-



[l'ylauronic acid may al so be used. Such conpositions may influence the
physical state, stability, rate of in vivo release, and rate of in vivo

cl ear ancew@f0b1fpeSENt proteins and derivatives, See,,&ygksBalsRgt on' s
Phar maceuti cal Sciences, 18th Ed. (1990, Mack PUb|IShIn éo as? on, PA
18042) pages 1435-1712 vihich are herein: 2.5 |ncorporated by ref erence.
The conpositions, may_ be prepared in liquid form dried powder
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I | d Il R t X
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18042 t Chapt which js. i Lid
) at Chapt et degnspraebfu%[ %dsﬁqchfee%ﬁ,faﬁc ”Co{nﬁnsgf &[Bfe? Y16 G ?é‘a%te% g 9k

dosage forns i ncl'd capsules; S or 0zeéen

cachets, . sskntiMD RRRAH1O60L Mcld &éﬁ&ﬁ@ﬂﬁ&wﬁ@edlmb ltiedt are REMNOSY Snterdy
granul es. Al so, liposoinal or proteinoid encapsulation my be used to

formulate tiseatBiessaist celbHpessiacrisis tr(uaglhtat@r(%%)wphl)@rom@mlmmlceﬂulose
nm cr ospher L Rat 4 i
encapsulpatl g’ﬁthng%jgﬁzusea ang)%c]t) 2 I po@gggspﬁég 'ﬁz:%gtra#ev [ zg% QXII

various pol \Bier t(IE.’»O@ ,Adda&ncpéélﬁllﬁse Blestate phthalkde E5AP), BAdERHCT, | Btdagt SI

possi bl e solid dosage forns for the therapeutic is given by Nfarshall, LC
I n: Mbdern Pﬁ@&hﬂé@&c&@ﬁ;%@alaag& Bdy by ugadgs neaekBimand C'...'1'. Rhodes
Chapter 10, 1979, herein incorporated by reference, In gener al, the

f or mul ati on will A cortingde mhéuER@Raéggsmmt alpepe judeds ofidabletaewhehl drg not

nmodi f ] forrﬁse%#ﬁge eof%} and |nertt r edi Lr%fwhic cﬁue(iOme rotection
agai n t he'S eP i h@RInS atrk}ﬁ UPELse * Ho“Br ebfurﬁa’bﬁf’ &y Ohct i ve
material inchiggs rmﬁs,ﬁ inftke tHE $4b160RLIRF fmmﬂ@bv& OICApS e @Kl Ehndise of b duid
dosage forns for oral adm nistration, including pharmacéutically

accept abl e ehell Sudnss gslelmbt foodsliverg géémhm@p@ltwa(md BW@FIIS fomhqw formys a
contai n ot her_conpo cIudln val S as
Wetting agentt CEROIGH Jrgeaiits qeparl macgbit eheRab s hRar g
flavoring, angrRAMHEPa P& a%mpsus lefen@edotm@ha@d TR et €orC HBHt QﬁhirMebest ed so
that oral delivery of derivative is efficacious. CGenerally, th

cheni tal nodidssioatdconiqoentaansiweéd is t he

The peptide (or derivative) can be included in the formulation as fine
multiparticulates in the form of granules or pellets of particle size about Imm. The
formulation of the material for capsule administration could also be as a powder,
lightly compressed plugs, or even as tablets. These therapeutics could be prepared by

20 compression.

Colorants and/or flavoring agents may also be included. For example, the
peptide (or derivative) may be formulated (such as by liposome or microsphere
encapsulation) and then further contained within an edible product, such as a

refrigerated beverage containing colorants and flavoring agents.

25 One may dilﬁte or increase the volume of the peptide (or derivative) with an
inert material. These diluents could include carbohydrates, especially mannitol,
o-lactose, anhydrous lactose, cellulose, sucrose, modified dextrans and starch.
Certain inorganic salts may be also be used as fillers including calcium triphosphate,
magnesium carbonate and sodium chloride. Some commercially available diluents

30 are Fast-Flo, Emdex, STA-Rx 1500, Emcompress and Avicell.

Disintegrants may be included in the formulation of the therapeutic into a solid

dosage form. Materials used as disintegrates include but are not limited to starch,
24



attachnment of at |east one noiety to the conponent nolecule itself, where
said noiety permts (a) inhibition of proteolysis; and (b) uptake into the
bl ood S”fi@'ﬂoﬁa{/)fb%(fohe 20 stomach or intestine. Al so desiggtdgodgskncrease
in overall stability of the conponent or conponents and increase In
circulation time in the body. As discussed above, PEGylation is a prefer..
d chem cal nodification for pharmaceutical usage. Qther noieties that may
he used i nclipdedingtepyparergp dismicgypobapad 0s %ﬁw& Ry plib. g1 Spdaim sigeh
propyl ene gl cay. ne C n, i . al ,

pol yvi nyl 2 %?Aa’rt%n ongef?{{ebo%g%é%l ?%%U*)gggchy@ag%%r o%gﬁgﬁ&%gn’ SN

pol y- 1, 3, 6- tal b€, apetatinf e€range Peel, Rblichovskhetand cBlvbse, (d81) spSadeubhd

Pol ynmer - Enzynme Adducts,” in Enzynes as Drags._ Hocenberg and Roberts, eds.
(Wiey-int e?lb@eqoaﬁway Rievsek, TReslispriesrany magalso berasol fignic gxchapge

(1982). J. . | X L. tLons,. 4 : ion
of r elseas eAQng%l/nsb? ({Qﬁc{é]j%g %‘1 nng%#%%b?]e glgédn%{ 1sm§é('§?:llnrt]{ %é@n@h??héanél u%gelhn(aﬁ]@é t he

j ej unem or pbliderct guiiks,sucl aé Bgar| Hagga ontegidanty. Apeniskild 2d itsi ddivaesglrt has
avail abl e forrmul ati gns which will not dissolve in the stomach, yet wll

rel ease t he 2ffatleq psgfuliap disitHegraiisdenum or el sewhere in the intestine.
Preferably, the release will avoid the deleterious effects of the stomach
envi ronment , ei t inddsymay 28 up@l ROIEA{ HENEPOdPET| derilv 8200 4geR1a8B%r tpf@mect i on

f th ti i,vat.i . I f.t tid deriyati
beyond | he. & GRACH DR SR oSBT S T oG SRS pgUoReGraul |
gastric resisgha@Ngfl gt Oiers TRALIEARISG] EQLASsel 1, Fh1 R11810s8 (E€pasNti al .
Exanpl es of the nore comon inert I n&edients that are used as enteric 5

coati ngs ar eabekjmbtbge acttkse t (CMEDI it atRoly\@Mll) , pyrrolidone (PVP) and

ol yvi ! BEESEOR AL < BRI A AR be Sive] H HepRs PEOEE i ose
oat ings may be e e O SO E: A'Coati ng or mi xture of coaiings can
the. stomah. i caeagidith abe ey B nehiel 8 AN BRI R b RE, 1

tabl ets easi geritaivayVed beswentCeruskin e guriey theofshslatioh prodeas.d.Lubsib@itt m{:sueh as
gelatin) for delivery of dry therapeutic (i.e. powder), for liquid forns a
used as a layer between the peptide (or derivative) and the ‘die wall, and these can

include but are not limited to; stearic acid including its magnesium and calcium salts,
polytetrafluoroethylene (PTFE), liquid paraffin, vegetable oils and waxes. Soluble
lubricants may also be used such as sodium lauryl sulfate, magnesium lauryl sulfate,

20 polyethylene glycol of various molecular weights, Carbowax 4000 and 6000.

Glidants that might improve the flow properties of the drug during formulation
and to aid rearrangement during compression might be added. The glidants may

include starch, talc, pyrogenic silica and hydrated silicoaluminate.

To aid dissolution of the peptide (or derivative) into the aqueous environment

25 a surfactant might be added as a wetting agent. Surfactants may include anionic
detergents such- as sodium lauryl sulfate, dioctyl sodium sulfosuccinate and dioctyl

sodium sulfonate. Cationic detergents might be used and could include benzalkonium

chloride or benzethomium chloride. The list of potential nonionic detergents that

could be included in the formulation as surfactants are lauromacrogol 400, polyoxyl

30 40 stearate, polyoxyethylene hydrogenated castor oil 10, 50 and 60, glycerol

monostearate, polysorbate 40, 60, 65 and 80, sucrose fatty acid ester, methyl cellulose

-25.



soft gelatin shell may be used. The shell material of cachets could be
thick starch or other edible paper, For pills, |ozenges, nolded tablets or

tabl et trifgHoad/RRcooni St 15 massing techni ques can be Ysedyshhg k&Rt i de
(or derivative) can be included in the formulation as fine

mul tiparticulates in |.e formof granules or pellets of particle size about
Intrr,. The formulation of the material for ca;i)sule adm_nistfration coul d
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peel , acid carboxy~nethyl cell:close, natural sponhge a entonite may all
be used, Thepdiisg duegroaamiosic gffgctal so, be i nsol ubl e cationi c exchange 5
resins. Powdered guns nay be used as dishitegr<ants and as binders, and can

include powder edtBar®atistiCapHeagad forlAe AWanaktidr. agaeRNbblude A. Ygichi 6f aci d
and its sodiumsalt are also useful as disintegrants. Binders may be used

to hol d t hespeaps Whishcorldderapphied ied caaiaapan.oflet pritide 4o drriyative) could also
15 be given in a film coated tablet and the materials used in this instance are divided into

2 groups. The first are the nonenteric materials and include methyl cellulose, ethyl

cellulose, hydroxyethyl cellulose, methylhydroxy-ethyl cellulose, hydroxypropyl

cellulose, hydroxypropyl-methyl cellulose, sodium carboxy-methyl cellulose,

providone and the polyethylene glycols. The second group consists of the enteric

20 materials that are commonly esters of phthalic acid.

A mix of materials might be used to provide the optimum film coating. Film
coating may be carried out in a pan coater or in a fluidized bed or by compression

coating.

25 Parenteral delivery

Preparations according to this invention for parenteral administration include
sterile aqueous or non-aqueous solutions, suspensions, or emulsions. Examples of
non-aqueous solvents or vehicles are propylene glycol, polyethylene glycol, vegetable
oils, such as olive oil and corn oil, gelatin, and njectable organic esters such as ethyl

30 oleate. Such dosage forms may also contain adjuvants such as preserving, wetting,
emulsifying, and dispersing agents. They may be sterilized by, for example, filtration

through a bacteria retaining filter, by incorporating sterilizing agents into the
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a hard tablet and include materials from-natural products such as acaci a,
tra-gacanth, 10 starch and gelatin. O hers include nethyl cellulose (MO,
et hyl cel and cat boxynet hyl cellul ose (fMb P i yrr.ol i done
(t""~"'P) glr?d%ﬁyg@ypr opyl met hyl cellul ose (1-1PM) coﬁ%‘éﬁh%h‘”@égs&sed in
al coholic solutions to granulate the peptide (or derivative), An
antifrictional agent nmay be included in the fornulation of the peptide (or
15 deri vat i velpeatipise beriradigfiek thegogpositigns, e Wydrasting thopoppeseeds. They

Lubri cants sed t n_t i LG i_vati.ye) and
the. di o wai P gRGoe HEEHeEEe® bPtaRRHRER L AP SRH ARl S AobI B RL T

i ncl udi ng i iEmRBRREEbefrend. cal cium salts, pol ytetrafl uoroet hyl ene
(PT"PE), liquid paraffin, vegetable oils and waxes, Soluble |lubricants my
al so be used such as sodium |l auryl sulfate, magnesium | auryl sulfate, 20
pai yet hyl en. e gl ycol of various nol ecul ar weights, Clarbowax 4000 and 6000.

G@idants th ] L. ITRr Q) he flow properties of the drug during
for mJI%ati on%eg%gf{éa%l d(rg)éger’ angenent during conpression mght be added,

The glidants may - include starch, talc aogeni..c silica and, hydrated

si |i coal uni nat e. Cﬁglpé’lsﬁloﬁf i%rorleffﬂ GnVasfial ﬁé’nﬁgﬁ[ﬁt’% af%pre%gp?lqupgf}és?topﬁs[ o the
agqueous enviyHNRAY combindinddd{tamtte e SigObuttinad dedipamtAsubRlak cHhaa@est -
Surfactants may include anionic detergents such as sodiumlauryl sulfate,
di octyl sodbum ppésBUE Weikn&oepasitiont dutngsal eosliblingeall doraiseati@atieonic
detergents m ght .be. used, and coul d include.berizal konium chloride or
benzet hom uﬁﬁe%émdo‘yliﬂb%t@dﬁﬁ eﬁlg@n‘[&weglgingwpilaﬁqen ionic detergents that
could be iceluded. in the fornmulation as sir-factants are | aurornacrogol
400, lﬁ)ol yoxyl 30 40 stearate, pol yoxyethyl ene: hydrogenated castor oil 10,
50 and 60, glycerol rnonostearate, polysorhate 40, 60, 65 and SO sucrose
fatty acid ester, nethyl cellulose ?s_ WO 200411E31600 PC1711 S20041014888
and carboxymet hyl cellul ose. a hese surfactants could be present in the
formul ation of the protein or derivative either alone or as a nnixrare in
different ratios. Additives which potentially enhance uptake of the peptide
(or derivative) are for instance the fatty acids oleic acid, linoleic acid
and linolerue acid. 5 Controlled release oral formnulations may be
desirable. The peptide (or
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derivative) could be incorporated into an inert matrix which permts

rel ease by either diffusion or |eaching mec hanis}ins, e.g, gums. Slowy
degener at| es may also be incorporated into th tion. Sone
enteric c‘!gg% %@E%ﬁso have a del ayed release effect. %&HEWL“@H%%& a
controlled reI ease is by a nethod based on the Oros 10 therapeutic system
(A za Corp), e. the drug is enclosed in a sesnipenneable nenbrane which
al | ows wat ePufnm@m@lehmm push drug out through a single snmall opening due
to osnotic effects. Qther coatings nmay be used for the f; mulation. These
i nclude a vari et \laf coawgqﬂa;edlvﬁemdincisubmmmaazpﬁbﬁedyi of ahe:cﬁ?tﬁ)-ﬂﬂg aganist The

peptide (or derivati coul 15 be, g n.in, [ te t.abl et and
Phe. i er | aP s o GrrvA e Hepalio ThEPePGIAtPHERFITANE) 1 SHSERE 0 FISRES st
are the nongpj gy a&zﬁnﬁ%‘ﬁ[e‘ 1%§1u1°g"aﬁhd'n%§éﬂtéﬂs%[c?&% Iy luﬁgkhﬁﬁaﬁﬁ}lnﬁFWthe blood

cel l ul ose, hydroxyethyl cellulose hydr oxy- ose,
hydr 0xXy pr opylreanc ek, d. @sA,den,yﬂ)ab@%iByhmtwwtyzlal Reéelau:lho"s%S SojiAyel, er al.

h - I 1yl I h
cecond” or oub 8 Eitsl PTeraseBigh LRI E1 2D Heatt i skl BYockit BBhbtie) Test er s
of pht hal i ¢ @ﬁfﬂoYaﬁcﬂhﬁ( P?farrﬁ'%c%gyal1§(s'ifb9)hf43b?4615(@ﬁjdotﬂ?elﬁlr pvi depihe eptdmum

filmcoating. Film coating nmay he carried out in a pan coater or in a
fluidized béd8oy Ahrylalsmf[intesml dfedidfgatadlndl, [pS20aLedt(et ahtitgpsive Synith, e
Preparations _according to this invention for parenteral adm nistration

i nclude staki(l 88%)qtﬁe - dAVesbn844 Lo Lkt b6s Gr-dthretsnase)y sPerriioas al-orl 990)

I hi cl
ol yoold ol vAERYY EuSh oL oRHECPRBRE T Shnifd' BT, SeBIeDRIS,

oi |, gel ati melitetd I K SEtoab) @ol@f@i@%&oﬁﬁhﬁhﬁhﬁlﬂ&h gaSy Bt it ode); Pedat & a/Such
dosage forms may al so contain: adjuvants such as preserving, wet t | ng

]?N}JI si fyi ng(l%ﬁ)j Tdirspenel. ng0z48AE488 ﬁmeayfe;mlw lbad Stueor Inegreeis Hgpstof ow); @)darrpl e,
ert o g Gu RonsaRBit 805t g b BarngiSho Bl CS0B%5 R0 ey o

conposi ti ONgetY hﬁd %Qh@%blﬂgntﬂaﬁ paBReFY tdeﬁ{"é?' OF dR¥sNRRLdRBmil hﬁfeepmﬂpos

tions. They can also be manufactured using sterile water,” or sone other
sterilSe i nj dexcabtdimEd. Bat. No. 5,451,569 to Wong, et al.

Contemplated for use in the practice of this invention are a wide range of
mechanical devices designed for pulmonary delivery of therapeutic products,
including but not limited to nebulizers, metered dose inhalers, and powder inhalers,
all of which are.familiar to those skilled in the art. Some specific examples of

20 commercially available devices suitable for the practice of this invention are the
Ultravent nebulizer (Mallinckrodt Inc., St. Louis, MO); the Acorn II nebulizer
(Marquest Medical Products, Englewood, CO); the Ventolin metered dose inhaler
(Glaxo Inc., Research Triangle Park, NC); and the Spinhaler powder inhaler (Fisons
Corp., Bedford, MA).

25 All such devices require the use of formulations suitable for the dispensing of
peptide (or derivative). Typically, each formulation is specific to the type of device
employed and may involve the use of an appropriate propellant material, in addition
to the usunal diluents, adjuvants and/or carriers useful in therapy. Also, the use of
liposomes, microcapsules or microspheres, inclusion complexes, or other types of

30 carriers is contemplated. Chemically modified peptides may also be prepared in
different formulations depending on the type of chemical modification or the type of

device employed.
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i mredi ately before use. 5 Rectal or vaginal deliver,v cc-rnp ositions for
rectal or vaginal admnistration are preferably supposito:nes which may

cont ai n, WBZ@M Edo@n to the active substance, excipient §,Csrm;$? @a&ggoa

butter or a suppository wax. Conpositions for nasal.

adm nistration are also prepared with standard excipients well known in
the art, 1. t1 -27 WO 2004/101600 P' TIUS20041014888 Pul nonary Z)elivery
Al'so cont errpl at eHomaatiisi glifgblenfonasy wddl # viepylizsr, Aiter EpA- ulRasseo rividh
peptirl. rj 0 h Rﬁ:Rl rl i

del i vered tf:}'% Cﬁ% CO&;’HSX%%F)E@& (grr @%“aﬁa“&ﬁ ﬁ?ls In ﬁ WQ{&E g%t r a@é}rﬁslagl)sona%fr 0SS

the | ung ephbdigbilab 25 mE 0@ bictodib]ylcaoslptdih paamL[cﬁ"eelun@ng The Adtjneilatioat al .
(1990) Pharnmaceutical Research 7:565-569; Adjei, et at. (1990) hit. J.
Phar maceut i By gEsol 38ludesa (Quies rasdi 4 simpletsaed, (& plerg peteinestabylizationggd) 3.

at (100 AAEPaR I FRNAR ol ﬁﬁheelﬁ%)#ﬁgrwff&%‘fﬂ%%e% yho BT <

(al.-an(itrypsicant, Sniréduce edr pﬁivel(ltlﬂﬁr&)cede@ednaggiegz&ﬁ)n oB4hd peptidel 46
(cr.-l-proteinase); Oswein, et al. g11990 10 "Aerosolization of Proteins”
Proceedi | ng@erb‘fatlS?)rﬁ?B%quhﬁ FAmRasen phthssgluben g forwingBe yemsolkey st one,

Col orado (reconbi nant human growth hornone); Debs, ei al. (1988) J,

| mxnunol . 140 348@141311&8)1(Si fiiren$ee voth p atredidene mdeleosdeyidactibr g@@erallalnd

US. Pat, 284,656 to .Pis: at at nuI ocyt |.ony stinmul atjng
factor)| A corbifid Gne ebviubpora Bl MbmePide b Gersited siraded B

syst qmi ¢ ef hegdp e'llﬁnt Wwih 48§ Gid QPQ suffadkdntS- Tf@?rop%ﬁ’ant@n %e 289 Joﬁvé@@ﬂ%ﬁal et

al . Cont enpl ated use in the practice of this invention are a vide range
of mechani mtendbvww@}@éa @Jmedhfsorptprpbsmnaugh debi eer yhiofoftuvesapen i @

products, [n¢luding but not I|mt t o nebulizers dose, i.nhal ers,
and powder hﬁaﬁﬂ?@%uoawb% whi d rﬂé‘o?oﬁ?ﬁ Par o o tﬁéefé@cg P e’ﬂwluﬂmtghe
art. Sone spesidblutsABibags ficidbroagNRIkstRide aféﬁldr@tlalrﬁﬂﬁ’@rkﬂétﬁ%ls%fdam e
for the practice of this invention are the U travcnt nebulizer

(Mal i ncl codlt,li,retrafigoroethang.s or MOmbindiencibersofil Hehale zenfactants include

15 sorbitan trioleate and soya lecithin. Oleic acid may also be useful as a surfactant.

Formulations for dispensing from a powder inhaler device will comprise a

finely divided dry powder containing peptide (or derivative) and may also include a

bulking agent, such as lactose, sorbitol, sucrose, or mannitol in amounts which

facilitate dispersal of the powder from the device, e.g., 50 to 90% by weight of the

20 formulation. The peptide (or derivative) should most advantageously be prepared in
particulate form with an average particle size of less than 10 mm (or microns), most

preferably 0.5 to 5 mm, for most effective delivery to the distal lung.

Nasal Delivery

25 Nasal delivery of the EPO-R agonist peptides (or derivatives) is also
contemplated. Nasal delivery allows the passage of the peptide to the blood stream
directly after administering the therapeutic product to the nose, without the necessity
for deposition of the product in the lung. Formulations for nasal delivery include

those with dextran or cyclodextran.

30
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(M arquest Medical. Productts, Englewod, CO,- the Ventolin netered dose
inhaler (daxo he,. Research Triangle Park, NC); and the Spin hal er powder
i nhal er (& rp., Bedford, TA/Lk). 25 Al such deyj Yo [1] t he
use of fo&%ﬁgﬁ%ﬁg suitable for the dispensing of pep?kggﬁe@rﬁﬂwsgf
derivative). Typically, each fornulation is specific. to the type of de ice

enpl oyed and may involvb the use of an appropriate propellant material, in
addi tion tbHosagesusual diluents, adjuvants and/or cadgers usefiui in
t herapy. Al so, the use of |iposones, mcrocapsules or rricrospheres,

i ncl usi on conpl eKes,allorofothve peptigre scoafpoddss aay ifertben stuzhest empl atnddcted,
Chemical ly m%di fied pti des rraﬁéi. al so be. prﬁ&%rgeg i L%@di fferent .

for nul ati on¥! YEREARR g,m&ﬁrg‘? TGRREING JHPEORgFalG peaf’e  {eaRso 9t §7i9e type
of _device gmaplaneml vadfi R0 4018000 Rk LI AARAOHLAI SRS FONS the
lations suitable for use with a nehulizer, either jet or ultrasonic, wll
typi cally ctwppese penditdege( end derdraldtealile pf thiessableat] witl hatlde tatscartain
concentration of about, (c)l1 to .25 of bi ol ogi cal I tive prafein per
o ol UBR. dostHie. Tt Fed gciemdgoans aoph et ke pierrer g Snhpl e
sugar (e. 9" irQbuiR @t Rinfini kA, l28@lhdhe alditn LeUW ALIRRIPHSRAO G&erally
pressure.). The nebuhzer fornulation nay also contain a surfactant, "to

- educe or pdeagnievsisrof dctvdendduiEdoddgnegggtof dbndfveight dpidp tifecmin(inistered to
derivative) caus?d @g atlﬁ,m zatjon of the.solution in form n% tlhe aerosol .
For mul at i on@2FEHI%SeRGEHR: LB RYBEUIGESIPHPT W EHOHEQTER MAY e 1g¥Hter 19 y
compipse a f4ael sondivth dag. R 8 RicGrch bR BRI, LRr hdesiyaliove)
suspended in 10 a pr oggdlsl'l ant WIb?h the aied gf aosurfact ant. The pr o;g)el | ant
may be any esdventional material enployed for this purpose, such as is

chl ur of | uorocaabon, a | ay%lrochl orotl uurocarbon, a hydrofl uorocarbon, or a
hydrocarbon, i ncTheli mgtided | €l ahorgbianor @peitRinhdme "their derivatives) may be

di chi orodi ft uor on- Eet hane, di chl orutetral uoruetlaanol, and |.,I,1I,

- t eaat | uor uedmiEéseG rincerBIAION oWht g @61 MSHe radFenalupstas argredipHe| aide 15
sorbitan trj and .decithin. AOeic acid my al so be useful as a
sur fact ant .ﬁﬁgﬁ%r%‘gneﬁﬁtlgaicgﬁg’% 1(tjlrog%i spensing froma powder inhaler device wll
conpri.se a finely divided dry powder containing peptide (or derivative)
and ﬁﬁy al so include a

EXAMPLES
The following Examples illustrate the invention, but are not limiting.

EXAMPLE 1: Synthesis of H-TAP-Boc¢ molecule

Step A: Synthesis of Cbz-TAP

INH, NHCbz
Cbz-Cl, DCM

—_—
20

(TAP) (Cbz-TAP)

A solution of TAP (10g, 67.47mmol, purchased from Aldrich Chemical Co.)
in anhydrous dichloromethane (DCM) (100 ml) was cooled to 0°C. A solution of
benzyl chloroformate (Cbz-Cl, Cbz = carboxybenzyloxy) (4.82ml, 33.7mmol) in

25 anhydrous DCM (50ml) was added slowly to the TAP solution through a dropping
funnel over a period of 6-7 hrs while the temperature of the reaction mixture was
maintained at 0°C throughout. The resulting mixture then allowed to warm to room

temperature (~25°C). After another 16 hrs, the DCM was removed under vacuum and
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bul ki ng agent, such. as |lactose, sorbitol, sucrose, or manmaitol in amounts
which facilitate dispersal of the powder fromthe device, e.g., 50 to 90%
by wei ghtyefothe149 formul ation. The peptide (or derivatj | d_nost
advant ageousl yﬁ@e prepared in particulate formwth an%@%@@ﬂ%’gﬁ cle
size of less than 10 nm (or anicrons), nost preferably G5 to 5 nm, for
nost effective delivery to.the distal Iungir Nasal Delliveiy Y5 Nasal

del i very of thenssigppvrsappstiionsd brbwesngdl 16t ap@ efigat | Viss pycouglaygrs were
contenpl ate - Nas i | gyws Lh f j 0.4 he

bl ood str ea%oueé%\ér%e%q g&g#ﬂ ‘tﬁg%(ya m %W;tagf ?\Ir?gﬁf E@gﬁgﬁa%%ﬁteggg%%(gg\ﬂ%t etﬁ‘gl t he
nose, W thouadetdithe Mheeskil yicethtor lageposist il ofet hahpirodudia,S0,t hed Ithurg.
Formul ati ons for nasal delivery include_ those with dextra

or

cycl odext r afPncguiratod uadem BerAD I 0PVl tesonda menoashy-l O9ut §P%al | of
t he peptide o] , t.her i r .ondilc ek g Wil
ener gg rega‘rﬂglﬂﬁg 31313%8@8@ d‘ggsaggé#g@gl%%@frgarc ??e%ﬁt tr%%t BofVOIE/}gul ousﬁé}
condi ti ons pwifi@tioaus patients, and the ordinary skilled worker,
considering the 5 therapeutic context, age, and general health of the
recipient, wll Reppble tgyagesikbfiObzPARBY: dosing. The sel ected dosage
depends upon the desired therapeutic. effectt, on the route of
adm ni stration, and ofcihe duration of the tregigepnt desired, Generally
dosage | evels of between 0.1101 toB;l,‘g ngLkg of bpd y weight daily are
adm nistered to manmals. Generall y,‘E’o_L?g.\ra nous injection or infrsion
dosage may he | ower 0. Ihe degi ng schedul e may vary, ~de jc.hg on the
circulation half-l1ife, afd the formulation used. THE p€pti des of the
present invention (or their derivatives) may be admnistered in
conjunction with one or nokEbaddiP)i onal active i ngrédbetAP-Boc)
phar maceuti cal conpositions. 15 EXAMPLES

10 Boc,O (3.86g, 17.7mmol, Boc = tert-butoxycarbonyl) was added to a

vigorously stirred suspension of the Cbz-TAP (5g, 17.7mmol) in hexane (25ml).
Stirring continued at room temperature overnight. The reaction mixture was diluted
with DCM (25ml) and washed with 10% agq. citric acid (2X), water (2X) and brine.

The organic layer was dried over anhydrous Na,SO4 and concentrated under vacuum.

15 The crude product (yield 5g) was used directly in the reaction in Step C.
Step C: Synthesis of Boc-TAP
NHCbz
NHZ
H Pd-C, H2, MeOH H
0\/\0/\/NH_Boc » O\/\O ~_-NHBoc
(Cbz-TAP-Boc) (H-TAP-Boc)

The crude Cbz-TAP-Boc from Step B was dissolved in methanol (25ml) and
20 hydrogenated in presence of 5% Pd on Carbon (5% w/w) under balloon pressure for
16 hrs. The mixture was filtered, washed with methanol and the filtrate concentrated

under vacuum to provide the crude H-TAP-Boc product (yield 3.7g).

The overall yield after Steps A-C is approximately 44% (calculated based on
the amount of Cbz-Cl used). ‘

25 EXAMPLE 2: Attaching Spacer to Peptide with C-Terminus
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The follow ng Exanples illustrate the invention, but are not Imiting.
EXAMPLE . 1: Synthesis of H TAP-Pure nolecule Step A Synthesis of Chz-TAP
Ni I NH(A) &o fbz1dedeo DCINI O 20 (TAP) (Cbz-TAP) A. sol (101;,
67.47nrnol, purchased. from Al drich Chemcal Co,) it. Li;(%ﬂﬂsz%&/(ﬁpgés

di chl or onet hane (DCM (100 n1) was cooled to OC. A solution of henzyl
chloroform ate ( z-C Ch rhoxybenzyi oxy) S2m, 33. 7unraol), in 25
anhydrous DG v° rrﬁﬁ()tloﬁlég ‘g°‘§ll \{ﬂtr}?tetsémi”ﬁ@ &ftg\éh & SPRFCT Bhe PRI )ﬂh

dr oppi ng f@féﬁhuﬁ\é.er a period of 6-7 hrs while the tenperature of the
reaction m xture was naintained at OC throughout. The resulting m xture

t hen, allomegpttdgwmfrggég”ﬁlggm tenperature (-250C). After another 16 furs,
t he DCM was rem)ve under Lvacuum and -30 WO 20041101600 P* I/H

?2004/ 014488 th ue was p P?Blogl ofled? bet®een. 3N 1-1d Hand ether. The
aqueous | ayers eﬁ& and—neu | I PB0% a0 MG 4G pll 8-9
and extracted withet yIR acet ate, The ‘¢t hyl mcetate |ayer wa® dried over

anhydrous Na2S( ; and there concentrated under vacuuns to provi de t he
crude nono- Cbz-T. AP (5g, about 50%5 yield). This eonponnd was used for the
reactlon in Step B W|thout thlther purification Step B. Synthesis of
Cbz-'i' AP-Boc NHgbz NI Y 1 3ac0, Hexane 2‘ (Cbz-'.TAP) (Cbz-TAP-Boc) 10
BocZO (3. 86g, ﬁ.—?-’mm%tN %NW?VHUD/WcaZr bonyl) was added to a
vigorously stirred sus 'ensflroﬁ of the Chz- TAP (59, 17.7mmmol) in hexane
(23rd),

H-TAP-Boc was prepared according to Example 1. DCC 1is N,N-

5 Dicyclohexylcarbodiimide.

EXAMPLE 3: Attaching Spacer to Peptide with Free Side-Chain Acid

The reaction scheme below illustrates how to attach a spacer to a peptide with

a free side-chain acid.

Peptide with free side-chain acid:

o R 44 O R
N N N NH, DCC, NH,
H H H TAP-Boc
n Om H
0O~ "OH

bo) N/\/O\/\O/\/N\n/o
H o}

O R 4 O R
/‘%NMN N/Hr)NHZ

TFA H H
On o

O NH
1 o N/\/ \/\O/\/ 2
0 H

TFA is trifluoroacetic acid.
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Stirring continued at roomtenperature overnight. The reaction m xture was
diluted with DCM (25m ) and washed with 100/ % aq. citric acid (2X), water

(2X) and Wan®o4/10ll® organi c | ayer was dried over anhydr /&e}g@g}‘tﬁgd
concentrat ed under vacuum 15 The crudeproduct (yield 5g) was use

directly in the reaction in Step C, Step C. Synthesis of Boe-TAB F[CS)z

Pd-C, FI2, iJted~=H ---- ---- ---------------- (Chz- T AP-Bcc) (H
- T. AP- Boc) $W§@4@2-T Bot Br-RUGs. PIGE "i- /ed i n nmet hanol
(25nml) and _20 hydrogenated in presence of

P L TR b F

_ 5% Pd on Carbon (5 ; s, ww
under ballo MAE hrs, The mixture was filtered, washed with
nmet hanol and the filtrate concentrated under vacuumto provide the crude
11- TAP-Boc. producto (wi ehdo3.7g). The overall 'm%g-S}lCd after Steps A -Cis
...)proxi mately 449 (caht ed%asgeh oz t he—ampunts..of Cbz-C used). 25
EXAMPLE 2. AttacbangHS r Ho Peptide with C Permianus -31 WO 20041101600
PC7' / US20041014 E88 The reaction schene below illustrates hcrvv to attach
a spacer to a pcpti chvithoC-tterm' nus. Peptide with free Gtermnus: R H
JCC, CR\N, H TAP-Boc f“/a)j\ o NN WHP ,Gt o~ O0 RO TFA'NH
I1-T P-Hoc was pre ﬁélan’)a coﬂﬁfﬁg%@ﬁanlﬁlé/i./\[‘x}pi s NN- 5
Di cyci ohexyl car bodr oni den R

wherein mPEG-NPC has the following structure:

/0\6/\ O):)\/O\Q)/O\@
NO,

mPEG-NPC

EXAMPLE 5: PEGylation of Peptide, with mPEG-SPA

Peptide with TAP on C-terminus:

O R 4 O
/“CN)H()N\,)LN/\/O\/\O/\/NHZ mPEG-SPA
—_—
H os R H

DMF, DIEA

O R y O
%EmNﬁENOwONNH g(\/O\/\(OK))S\
wherein mPEG-SPA has the following structure:
0 o o 7
SRS S

MPEG-SPA

10
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AM C C13: At$aa ,, SpAce Spa& r tru P ,pure with Free Side-Chain Acid The
reaction schene belowillustrates how to attach a spacer to a peptide with
a free si b cid. Peptldewhfree si de-chai n aci
CR NT, Ko ahanfieRc! o T 2 BRBER R o
011'N O R?-I CRTI=P, H l[tt ~~12IH :ri ----- == I~ .,0,.. . ~~ NH7
.. IN1I0OH 'TTA s t||f|uoroacet|c aC|d V\DZE0041141600
1PCT/ US2304F09ABHELE BxAVPL EAYachiny or jand Syafhesizing Beptidg t h axaPEG 1'w ' C
Peptide with TAP on CGtermnus: O le 0 VH---- J| C OROHDTIrHIr RHO

wher ei n i n- PEGWPQeheisont hehefsl bdowniglustratéschaweto attach & gspheed th4or solidro/ 11

2 nPEG NPCSupport and synthesize a peptide on such solid support.

S 0
H /d‘\H NaCNBHj, H '\ﬁ‘
H-TAP-B 0
O/N\n/\/\o Cl) ____*_OC* O/ \g/\/\ (|3 H
o}

acid-sensitive resin

~0 "
. . /@\ANQYNMSJ‘K
— > N R
solid phase O 6]
srase TN

eptide synthesis

TFA )JtN )\@N\,/‘LN/\/O\/\O/\/NHZ
H o) n R H

5
EXAMPLE 7: Synthesis of Peptide Dimer with Spacer, Attached to Resin
Step A: Synthesis of TentaGel-Linker:
o 0 ~So o0
=4 jon
HO (0]
y Br ! " "0 0
|
KoCO3, DMF
(TentaGel bromide) (TentaGel-linker)
10 TentaGel bromide (2.5 g, 0.48 mmol/g, obtained from Rapp Polymere,

Germany), phenolic linker (5 equivalent), and K,COs (5 equivalent) were heated in 20
mL of N,N-dimethylformamide (DMF) to 70°C for 14 hrs. After cooling to room
temperature, the resin was washed (0.1 N HC], water, Acetonitrile (ACN), DMF,
MeOH) and dried to give an amber-colored resin.
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EX MPLE 5- PE( httion of Peptides wth tnPEG SPA Peptide Wth TA'' on C
-terminus: v RH9 N -, NF-PEGSPA A-"12 Hof RH M 71FA. ORIi-t 4

Y ~yla.i ~N.r Kk '"H04 R}t 0 wherein nlP

Fo1 i WOk R K 35 Rah W 5004s 101600 T 0B 05 488
EXAMPLE i: Attaching SDacer : ud. Synthesizing Peptide The reaction schene
below illustrates how to attach a spacer to on solid support and

synt hesi ze P. peptepdd: on sSwhthesisiofl Tentaéial-linker-TAF A L I A T
H-P-3-m L./~ ~Ty ~tJ OH p 3Cli-senslhve res n C O CROIIl Hrl

Nir.Y.?2~ll x~. sodoph%se'.N.~, CR . H peptide synciesis r7 o Np C
NaCNBH3, NH
H H-TAP-Boc
e E—
OO S 1o
| ~No N T W<
(TentaGel-Linker) (TentaGel-Linker-TAP(Boc)) 0

2.5 g of the resin from Step A above and H-TAP-Boc (1.5gms, 5 eq.) and

5 glacial AcOH (34 nl, 5 eq) was taken in a mixture of 1:1

MeOH/Tetrahydrofuran(THF) and shaken overnight. A 1M solution of sodium

cyanoborohydride (5 eq.) in THF was added to the mixture and shaken for another 7

hrs. The resin was filtered washed (DMF, THF, 0.1 N HC], water, MeOH) and dried.

A small amount of the resin was benzoylated with benzyl chloride and

10 diisopropylethylamine (DIEA) in DCM and cleaved with 70% trifluoroacetic acid
(TFA)-DCM and checked by LCMS and HPLC.

Step C: Synthesis of TentaGel-Linker-TAP-Lys

~
0 1) Fmoc-Lys(Fmoc)-OH
NH DIC, HOBt
2) Piperidine
SAREE : H H
O\//\O/\\/NT(O\f: O\J/\ /A\/Njfo\f:
0 0
(TentaGel-UnkET-TAP(BOC)) (TentaGel-Linker—TAF’-Lys)

15 The resin from Step B above was treated with an activated solution of Fmoc-
Lys(Fmoc)-OH (Fmoc = 9-Fluorenylmethoxycarbonyl, prepared from 5 eq. of amino
acid and 5 eq. of HATU (N,N,N',N'-Tetramethyl-O-(7-azabenzotriazol-1-yl)uronium
hexafluorophosphate) dissolved at 0.5 M in DMF, followed by the addition of 10 eq.
of DIEA) and gently shaken for 14 hrs. The resin was then washed (DMF, THF,

20 DCM, MeOH) and dried to yield the protected resin. Residual amine groups were
capped by freating the resin with a solution of 10% acetic anhydride, 20% pyridine in
DCM for 20 minutes, followed by washing as above. The Fmoc groups were
removed by gently shaking the resin in 30% piperideine in DMF for 20 minutes,
followed by washing (DMF, THF, DCM, MeOH) and drying.
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RHTFA .NH_ c¢c EN MPLE 7e 5yl atlaesis rxf Peptide YAirtaea wth |aacer,
Attached to Resin Step A, Synthesis of TentaGel-Linker: jj~ ~,n". KZCCB,
Br .0 OVRy | bromide) fentaGel-:inter) 10 Tent (2.5 g,
0. 48 r nnol Pé]zjﬁségib(ﬁlgﬁed from Rapp Poh here Ger nany) , pﬁ"e%ﬁ‘lév%m g@ér (5
equivalent), and h Ct3- (5 equivalent) were heated in 20 1nL of

N, N-di nethyl tbn amde (LIMF) to 70Cfor 14 his, After cool|n to roorn
tenperature, theStepsPn was Swatiesis of (It | ker-haite Reptidelatril e (ACN),
tIVIF, M'-)H) and dried to give an a Aber c bred resin. -34 WO

2004/ 101600 P{"9'1D52004; t40~8 Step B: Synthesis of T a FP“% nkex '
(T3ae ."O 0 H; I-TAP- |§Boe rt o (Ten aCel - Li nker)\( IB |3 HLj_Pep“de
ar TF P(~oc}) o g ofy thé resfn from Ste A above a

(L.5gms, 5 eq.) R gbacial Ac()Il %? the]s,s 5eq) n|na

m xture of 1: @ etrah.ydrofirra nilght. A 1M

sol ution of (sbdPum ‘ﬁ/ nobor ohydtide (5 eq.) in ﬁ Fowas af) d to theH

m xture and shaken for a it The resin was filtere Wééhf\d/

T. P, 0.1 NHAO, water, MOR) andddrifed. A snmall anmount of the resin was
beuzoyl ated with benzy! Chloride and

(TentaGel-Linker-TAP-Lys)

(TentaGel-Linker-TAP-Lys(Peptide),)

The resin from Step C above was subjected to repeated cycles of Fmoc-amino
5 acid couplings with HBTU/HOB activation and Fmoc removal with piperidine to
build both peptide chains simultaneously. This was conveniently carried out on an
ABI 433 automated peptide synthesizer available from Applied Biosystems, Inc.
After the final Fmoc removal, the terminal amine groups were acylated with acetic

anhydride (10 eq.) and DIEA (20 eq.) in DMF for 20 minutes, followed by washing as

10 above.
Step E: Cleavage from Resin
Peptide-Ac
o HO Ac-Peptide—NH
HN N—U—Peptide-Ac
TFA NH,
———————
a .
H 0
O _~q~~_N_O e HN —
0 TO( 7< Ac-Peptide—NH KO
(TentaGel-Linker-TAP-Lys(Peptide),) (Peptide Dimer with Spacer)

The resin from Step D above was suspended in a solution of TFA (82.5%),

15 phenol (5%), ethanedithiol (2.5%), water (5%), and thioanisole (5%) for 3 hrs at room
temperature. Alternative cleavage cocktails such as TFA (95%), water (2.5%), and
triisopropylsilane (2.5%) can also be used. The TFA solution was cooled to 5°C and
poured into Et,O to precipitate the peptide. Filtration and drying under reduced
pressure gave the desired peptide dimer with spacer. Purification via preparative

20 HPLC with a C18 column yielded pure peptide dimer with spacer.
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10 diisopropylethvlamne (DIE..) in DCM and cleaved with 70%
trirluoroacetie acid ('T T,A)-DCM and checked by LCMS and H TPLC. Step C,
Synt hesi Sw@ﬁ%‘d?io%@@' - Thinker- TAP-Lvs \r' ~ Hr2) Pk)e(lng: oo v0
-------------- O O; Ter7~CGel -Linker-TAP(Bce)) (Tenn @T-/l@r% Oe%yl‘—xkﬁ-L ,
15 The resin from Step B above was treated. with an activated sol ution of

Fanoc- Lys(Fraoe O—| (Froc ::: 9-f Ix::>renylmethoryca b+ nyl, prepared
from5 eq. of anPH®F ‘aci d Ahddafiany  of HAT U 1, NI ]';F
'-'"Tehan~et]lyl-(~-(;'-aza! eruatri zcs' - -pl) iron utn

hexaf | uor ophosphb)an@)c diepd¢ eltrched 0o Spedrh VDbhf Feducefl | aintrtnchyesidves adai ti on
of 1.0 eq. T and gen K r 4 bra. The resin was then
washed (DATR ‘Fﬁétog‘@% &F%@-%W@?@ gl:ﬁldgﬁ yield the protected resin.
Resi dual am ne groups were capped by treating the resing wlth a solution of
10% aceti c, q@hydrﬂ%e, 20' % % pyridine in DCMfor 20 m utes fol | owed by
washi ng as above e annoc groups were renoved by ggnt Cspam ng t he
resin in 30%piperiZddirhe in DAU for 20 minutes, followed shing (DM,

TTY, DCM Me-0OL) and/dryi ng. -35 V\D 200%@ oo PC flU82004' 014888 §hep
D Synt hesi s oTentaGel-1-,inke '-Lvs HU. \ (E\Y\
U

( ) d? ‘epUde 0=
Hytd, .V - \.~’\~./FvI 0'0 NS~\ ~Pept|de 9{id :~hnebi
sm—ﬁ_aywée&- LI aker - TAP- Lys! PeptApm(sm%Z- NH ”N_Lof/

pepti de synthesis ..! ~ rwg J. 1100 ry ~0OTv
(rertaCel - Li nkgr~FAP-
HS SH

Dimeric peptide (XYZ) containing Dimeric peptide (XYZ) containing
reduced cysteine residues oxidized disulfide bonds

The dimeric peptide was dissolved in 20% DMSO/water (I mg dry weight
peptide/mL) and allowed to stand at room temperature for 36 hrs. The peptide was
purified by loading the reaction mixture onto a C18 HPLC column (Waters Delta-Pak
C18, 15 micron particle size, 300 angstrom pore size, 40 mm x 200 mm length),

10 followed by a linear ACN/water/0.01% TFA gradiant from 5 to 95% ACN over 40
minutes. Lyopholization of the fractions containing the desired peptide yielded a
fluffy white solid product.

EXAMPLE 8: PEGylation of Peptide Dimer with Spacer, with mPEG-
NPC

Ac-Peptide —NH Ac-Peptide—NH

0
NH; HN/[L

MPEG-NPC ‘\‘ O~-mPEG

O

Y

0
DMF, DIEA O

]
Ac-Peplide—NH HN™\_ Ac-Peptide—NH HN—  /~7

15 o

for example,
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The resin fron:a Step C above was subjected to repeated cycl es of
Frnoc-amno 5 acid couplings with HBT TJI OBt activation and FFnoe renpval
wi th pi pewdi %6y i09s00bUi | d both peptide chains sin, ul tang,c&n.ﬁlJ g Vas
conveniently carried out on an ABI 433 aut omat ed pepti de syn%ea zer

avai l abl e from Applied Biosystens, the. After the final Fnoo renoval, the
termnal am ne groups were agylated with acetic anhydride (10 eq.) and

DI E11(20 eq.) in D Neecforyv2Qeodpues.—fholteued Dy.aashing as 10 above,
Step EE Cleavage fromResin Pepi de-Ac 0=1r; O PeFa,gLe -r~l<s o\,
HN N-- ---Peptide-Ac no- ----- TFA K ra {~rn aa

- Li nker - TAP- Lys{ Pep?i de) 2) (E egt-rd-e—a—nﬂe wth ‘Ik'dne resin fro-nn
Step P above was su&pérded 11~ “M?Gf*dﬂ”'b“r”(”‘b'f""“'rl'fﬂs? W 15 phenol (5'%,
et hanedithiol (2.5%, water (5%, and thioanisole (5% for 3 Irs at room
tenperature. Alternative cleavage cog¢ktails such as TFA (95%, water
(2.5%, and triisopropylsilane (2.5 can al so he used. The TFA sol ution.
was cooled to 5C and poured into Et20to precipitate the peptide.
Filtration and drying under reduced jpressure gave the desired peptide
dinner with spacer. Purification via'preparative, 20 1-1FLCwith a d 8
columm vyi el ded pure peptide dieter with spacer. -36 Wa 2004/101600

PCT/ US2004/ 014888 &t-em-Ev-Otidatd-on-DigvrenicLpepiNide (atd ached to spacer)
wi th reduced cysteine residues was oxidized to yield. giterdc peptide with

di sul fi de bonds. s-s Asti , sae -~ } s 0

Ac—G—G—L—Y—A—C—H—M—G—P—I—T—Np-V—C—Q—P-L—R—ScNHHN‘\_ ~°

The dimeric peptide attached to the spacer was mixed with an equal amount

(mole basis) of activated PEG species (mPEG-NPC manufactured by NOF Corp.,

Japan, available through Nektar Therapeutics, U.S., (formerly "Shearwater Corp.")) in

S dry DMF to afford a clear solution. After 5 minutes, 4 eq. of DIEA was added to
above solution. The mixture was stirred at ambient temperature for 14 hrs, followed

by purification with C18 reverse phase HPLC. The structure of PEGylated peptide is

confirmed by  Matrix-assisted-laser-desorption-ionization ~ (MALDI)  mass

spectrometry.
10 mPEG-NPC has the following structure:
e 0.__0
RS
o
NO,
mMPEG-NPC
EXAMPLE 9: PEGylation of Peptide Dimer with Spacer, with mPEG-
SPA
15
Ac-Peptide—NH Ac-Peptide—NH o
NH, L PEG.SPA HN/U\AO—mPEG
S S
DMF, DIEA 0]
Ac-Peptide—NH HN—\_Of—/ Ac-Peptide—nNH PN~/

Q
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e sScxtHmNF 2 10 i~ HN-.... Ac-X.-CGY-CG?---Nl A Ac-x-cv-~z ;~Noj o
Hs' SH s-s Einerc peptide (XYZ) containing Dirneric peptide (XYZ)

cont ai ni cysteine residues oxidized disulfid h inme is
pepti de maggzg@g@gél%ged in 20% D VMSOiwater (I nig dry wei S‘ﬁ?mg‘z%{zi‘@é?m and
allowed to stand at roomtenperature for 36 hrs, 'The peptide was purified
by | oading the reaction mxture onto a CIS I--PLC coi ntrm (Waters
Delta-Fair ClS, PEGyhiionof arneptfie dsngewitBopacangsnr das byosasried pat waD ni n x

200 [riny le 10 I | i near ACI N wat eri 0.01% f MA gr adi ant
from5 to Qﬁ%ﬁ%EAo@ﬁéﬁ\oﬁgﬁﬁ%{%&nOW%ﬁC Stion of the fractions
containing the desired peptide yielded a  fluffy white solid product.
EXAMPLE 8. P1Gy' | ationgf, Pepti depi ner ovvijt hS racer,with nPEG NPC

Ac- Pept i de- NH AcPeptid/e-mg M \u/.n%({ +hFl i-1NS ' 0 -ntPB3 nPFC-. - N2t.
e e e n,. of ' nix >t o I< Ac-3' eptfde---tH

HN--., C ".... Ac-Peptide-Ni HN- - - +~ for exanple, 37_ WO 2004110 1600
P(PUS20041014888 s y Ac V C™5¢R'i= R 5ck;{

EXAMPLE 10: Ton Exchange Purification

S S
Ac-G-G-L—Y-A~C-H-M-G-P—I~T-NpV~C-Q-P-L-R~ScNH o
HN"0-PEG
s 3 '
The A¢-G-G-L-Y-A-C-H-M-G-P—I-T-NpV-C-Q-P-L-R-SeNHIN"\_

sample
obtained in Example 8 was used to identify ion exchange supports suitable for

purifying peptide-Spacer-PEG conjugates.
The general procedure was as follows:

the ion exchange resin (2-3g) was loaded into a 1 cm column, followed by

10 conversion to the sodium form (0.2 N NaOH loaded onto column until elutant was at
pH 14), and then to the hydrogen form (eluted with either 0.1 N HCl or 0.1 M HOAc

until elutant matched load pH), followed by washing with 25% ACN/water until pH

6. Either the peptide prior to conjugation or the peptide-PEG conjugate was dissolved

in 25% ACN/water (10 mg/mL) and the pH adjusted to below 3 with TFA, then

15 loaded onto the column in separate experiments. After washing with 2-3 column
volumes of 25% ACN/water and collecting 5 mL fractions, the peptide was released

from the column by elution with 0.1 M NH3OAc in 25% ACN/water, again collecting

5 mL fractions. Analysis via HPLC revealed which fractions contained the desired

peptide. Analysis with an Evaporative Light-Scattering Detector (ESLD) indicated

20 that when the peptide was retained on the column and was eluted with the NH;OAc
solution (generally between fractions 4 and 10), no non-conjugated PEG was
observed as a contaminant. When the peptide eluted in the initial wash buffer
(generally the first 2 fractions), no separation of desired PEG-conjugate and excess

PEG was observed.

25 Ion exchange supports were chosen based their ability to separate the peptide-
PEG conjugate from unreacted (or hydrolyzed) PEG as well as their ability to retain

the starting dimeric peptides. Mono S HR 5/5 strong cation exchange pre-loaded
-39



NH, :ac-GGL-Y-A-N.ScF,E}Nf3~c¢c" Q 5 Ac-ii-GL..Y..Ai:Hryp_Pep.V.;

;. .1- Eg.-SCN6i 0 HN' -OPEG G Ac-Gti-"L-Y-A The dineric peptide
attached er was mxed with an equal anount ( i of

acti vat ed“g)E%h@ggg@ices (mMPEG NYC manuf act ured by NOF mr‘g@.)‘f’ﬁ@g‘z@ag”

avai | abl e through Nektar Therapeutics, U S., (fornmerly " S hearvJater
Corp,!")) in5dry DNT to afford a clear solution. After 5 mnutes, 4 eq,
of D11EA wasolitde dAmershapb\RiosEeIcaDi orE>3THe N 9sE upicrpasnglar r SlERLaralifibi ent

tenperature r.14 hi Y i.f 1 cati i se H
PLC The st FEarirashiy (huRRg B Mok B A AT TN M AR ER el

ssi st ed- | asenppdeiS@mpirslomn: BossceatdspweleNiddtiDlell agasisabls mcdxchmmiersyppdl .

m PEG Nf PC has the following structure: 0 0. nPEG P{PC EXAMPLE 9,

PEGvl eti oaa of 'epode lairrrer witia Spacer, witianPE-G SP 15
AaP?:nfl ~Q -N6i Ac-Pepiide-NH7 W HN nPEG'SPA\ 1 J A. PFI'rJ... i

nu. - C3\"—n<|—|El>M{M|iJL\‘E 11: - QSvnthesis of Trifunctional Molecules based on a-Amino

Acids:
Trifunctional molecules having the structure
BocHN
S\)n
O l\?IH 0
O %
) X
X
m=1-5, n = 1-14, m and n are integers
wherein
Q K F
X= OH O—Ni\; 0 )NO; OQF
10 o) ' F F

Y
0 3 PN 0 o
)"1 OEt - o / 1) NaOH )"l x
), OEt

EtO m 2)DCC, X-H X

m=1-5, n = 1-14, m and n are integers

Such trifunctional molecules can simultaneously act as a linker and a spacer.

15 EXAMPLE 12: Synthesis of Trifunctional Molecules Based on Tertiary

Amides

Trifunctional molecules having the structure:

-40-



38 WD 2004/ 101600 PCT US20041014885 PEGyl ation of the peptide diner wth,
spacer can also by carried out wwth nPEG SPA. nPEG SPAhas the follow ng

st ruct ur ewgolhooddo1600™PEG SPA EX "- IPL J ttie lon Excha rifi iou
oo o U Swoanedione e W G
Aa--GGL-Y-Ai'.-HN-GP-t-T-NP" J-C-ta-P-L-R-S041H ca HNKQ- PEG C 5----

SR . 0 Y-~5The Ac nr--v-A-c-Hrr cs-Pf t r~~v r.-Q P-L-R ScNFNM
sanple obtained in Exanple S £ used to identify ion exchange supports
suitable for purifying pepti Spacer - PEt conj ugates. The gener al

procedure was as follows; t i dGHgxchange resin (2-3g) was |loaded into a 1
cm colum, followed by Id Nersion to the sodium forni (0.2 N NaCH

| oaded onto col um untgghbnHR ﬁnt\CW@,Sn at pll 14), and then to the hydrogen
form(eluted with. either 0.l Cl “or Ol M HOAc wuntil elutant matched | oad
pll), followed by washing w tcggg?% AN water until pH 6. Either the peptide
prior to conjugation or the pepti‘de- PEG conjugate ,vas dissolved. in 25%
ACN water (10 ng/ni) and, the pHadistedel.d below 3 with TFA then i5

| oaded onto the colunn in séparate experiments. After washing with 21-3
colum vol ﬁ,rﬁg%-nof 25% ACN water and collecting 5 nL fractions, the peptide
was rel ease "om t he col um by elution with 0.1 MNH440A. c in 25%tl.C %
Pa#er, again Collecting 5 reL fractions. Analysis via HPLC reveal ed which
fractions contained the desired feptide. Analysis wthRanMEvaporative

Li ght-Scattering Detecter OEBLIR)-N ndi gagec 2904 hat_ M@L@pepti de was
retai ned on the columm and was el gted witH the ,NH QOAc ution (generally
bet ween : Suctions 4 and 10). no n@n-conjugated PEG was F F

were synthesized according to the following reaction scheme:

Y O

BocHNY /i i
CO,Et COEt 1) NaOH CG—X
HN N * N Nﬁ" 2DCCXH WNMI
( CO,Et BOCNH(/\)WI( (\ﬁ—COZEt ocNH ( C—X
m 0 m o) m |
5 m=1-5, n= 1-14, m and n are intcpers

Such trifunctional molecules can simultaneously act linker(s) and spacer.

EXAMPLE 13: Svynthesis of Homotrifunctional Molecules

Homotrifunctional molecules having the structure:

0]

[
O
H 0O
N
BocHNV%\,( o+/),/”Lx
0 @]
O
10 m=1-2, n=1-6, m and n are integers

wherein
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observed as a contam nant. \Wen the peptide eluted in the initial wash
buffer (generally the first 2 fractions), no separation of desired

PEG conj ugat®ofidsexcess PEG was obsel ved. 25 |on exchanges M@Q% Ls were
chosen based their ability to separate the peptide- PEG conj uga ro
tinreacted (or hydrolyzed) PEG as well as their ability to retain the
starting dineric peptides. Mno HR. 515 strong cati on_exchange

pre-|l oaded. -39,. WO 2004/10160 d:" 1 /USZ(C) Cbl 014 8 ol unm ( Aner shana
Bi osci ences), SES33 OS{J-UI@ r@ﬂi:)q rongocdtipn- exchange
support (Whatman), and SP Sepharo Fast™—Fl o~. %gw strong # i on exchange
support (Anmersham Bi oscienc.es) wWere identified as suit@bl & i on exchange
supports. 5 EXAMPLE .11.: Synthesis of Trifunetional Ml eeudes based on

a- Ami no Acweas:sylithefisedidcortahg wohe tlloedndhepattngn 4chemst ructure BocHN. a \ |.
[>...; X Anl-5 n- t-i 4, msnd ncrei..teges Werein 01, F 10 0 F
F Were synthesi 2ed according to the followong reacti on schene: B%g\HNL

izN, "? 6"~ HNBt ' ( u N-Et 7 CCC, X{H“d@--4,v i-1A inaninyg-d uteocr
Such trifunctiogpal nol e%toJcL . can sinmul t anesu usly act as a |inker d a
spacer 15 LE 12: yumls of ' 1n i fgnctaonat Ml ecutds Base¢d on
1..'e.rt ar{" CNOEt —————— BocHNVTN‘E\OHI/?\OE,——* socHNV\ﬁ(N o X
0 0 0
(L)rl/ost (L}hgoa (LPT'Y(X
0

m=[-2, n = 1-6, m and n arc integers

o]

5 Such homotrifunctional molecules can simultaneously act linker(s) and spacer.
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Am des Trifnnctional nol ecul es having the stuctur e: -40 %4 Q 200311016074
PCT/ 1J820041014885 X Q Al f CHBocHN--E--"j n {i H2)rn x rn 1-14, mand n
ar integew® 2016600 G RE =OHOr ¢ \--NO2 :rrr

synt hesi zed according to the follow ng reacti on schene: Pr W%@‘@%&?ﬁ" ~~'
(-i{ iJyet i a G -3 ~-rCr|yE F mf lec" --------------------

'y. .N [-- NI.r (,.C x, C
rru -s, a= 1-@(5‘43’1%&4\/ ux 3 %) 1 A

si mul taneouqir)fuﬁgﬁoddlmg{@&(lg) and spacer . EXAMPLE 13: Synt hesi s of

Hoi notri functional NbIecules Honolritunctional nolecul es having the
Structure: Tyl % Boci¥hOndieadle ha\Qné the structure
NHBoc

5 was made according to Example 12.

This trifunctional molecule was used in C-terminus dimerization and

PEGylation according to the following reaction scheme:
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Ul Jnel -z, n=1-6, mand n are Eategers ,'herein - 1 W 20049401600
PCT/ US2004/013888 F F A X=OHO0%$1 ) 0... ~ -{~\\ j-. ;1 \\o_. i NCr~.

or 0 r "twdabs 1M synthesized according to the follo
schene: pal G SI4" t 1. net ~9 2) EVC, XAr ft 6ec’ n%ﬁ”gﬁ;&{%“%

3acHD<' ~~ "d " y'-; Q&t li7~aet ('Y ,aE ~ T X is n=k Q Il in cxe
Lqg; cgca Such honD r|I|unct|onaI nDIecuIes can sinultaneously act |inker(s)

and spacer. %isto QOB/ 10 d $20tal; 014Rz58 EXAMPLE 14.
".-"fl ermnu sy 8?a’1?{50% )1 9 Bﬁé é’ei Al ]F\(fsi n" 1 i f nnet i onaal
Mol ecul e A trifiinctional nolecule haV| ng the st ruct ur e |_ NFI F3o0o0.

NH,

Ac—I—E~G—P~T—1-R-Q~W~L—A—A—R-A—K~NH,

5 - HNTOO
I:fwo N*"“NHBoc
0 °
o 0 NH
o N—(__\
S=0 NHBoc
N-o Ac—|—E—G—P—~—T—L—R-Q—W—-L—A—A—R—A—K—NH,

Ac—I—E~G—P—T—L—R-Q—-W-L—A—~A—R—-A—K—NH;

TEA HNfoo

Y

Ac—I—E—G—P—T—L—R-Q-W—L-—~A~A—R—A—K=NH,

Ac—I—E—G—P—F—L—R-Q-W—L—A—A—R—-A—K—NH,

HN_O o
o)
mPEG-NPC - TNJ\/\N J\o~PEG
- OY H
NH

Ac—I—E—G—P—T—L—R-Q—-W—-L—A—A—R—-A—K—NH,

EXAMPLE 15: N-Terminus Dimerization and PEGylation Using A

Trifunctional Molecule

The trifunctional molecule was made according to the following:

O  CO,Et
0

SN HNBoc N

N

5 CO,Et

To a solution of Boc-BAla-OH (10.0g, 52.8 mmol) (Boc = tert-

butoxycarbonyl) and diethyl iminodiacetate (10.0g, 52.8 mmol) in 200 mL of DCM at
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lam C° '"NHO Qi ' Nd O 5 was made according to Exanple 12. This
trifunctional nolecule was used in Ctcrna nus dinerization and PEGyl ation

accor di nGyhosfR1deg! | OW ng reaction schene: -43 WO 2004/
. US20041014888 sol i d phase pepti de synt hesis A r.-7-E- 5}35‘5@&“5’ 1888

Ac- I---E—G--P—-T-L--R—-ld--L"d--f “HRA-K N2 (N ci ], ( NO
He-1---fr-GP- A -A--h Ac- 1 - - E{3PTLR—L-- h --C
“A-A--R--0u0. C_y(as Riged EE@ (.]ﬁéggé09 mmol) over 5 min.. A whitegreqirptpte foymed j

125 S s i i et o g el

----------- was stirred for24h- The urea~waN fNt@ed E’E@Ath a sintered filter (medJum porosity)
and the solvent removed under reduced pressure. The residue was taken up in 500
5 mL of EtOAc (EtOAc = ethyl acetate), filtered as above, and transferred to a
separatory funnel. The organic phase was washed (sat. NaHCOs3, brine, 1 N HCI,
brine), dried (MgSQy), filtered, and dried to yield a colorless oil. The oil solidified to

yield a white crystalline solid within 10 min.

O CO,Et O  COH
NHBoc N — NHBoc N
CO,Et kCOzH
10 The crude diester was taken up in 75 mL of THF (THF =

tetrahydrofurane) and 75 mL of MeOH (MeOH = methanol) and 50 mL of water was
added. To this solution was added a solution of KOH (KOH = potassium hydroxide)
(8.6g, 153 mmol) in 25 mL of water. The reaction mixture turned light yellow in
color. After stirring for 12 h (pH was still ~12), the organic solvent was removed on a
15 rotary evaporator and the resultant slurry partitioned between Et;O (Et,O = Diethyl
ether)and sat. NaHCOs;. The combined aq. phase was acidified to pH 1, saturated
with NaCl, and extracted with EtOAc. The EtOAc phase was washed (brine), dried
(MgS0,), and concentrated to yield 13.97g of product as a white solid (90.2% for 2
steps).

20 Notes: the yield dropped to 73% when the DCC reaction was
performed in ACN. When using DIC, the urea byproduct could not be removed from
the desired product without chromatography; the DCC urea can be quantitatively
removed without chromatography. The reaction also works well with water-soluble

carbodiimide.

CO,H 0 oj/O‘Ni 7
NHBoc/\/U\ J —_— NHBoc/\/“\N 0o

k o]
CO,H K”/O‘N
o]
o
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1i H (NHAc: '- EEG 7--L- -F,-HR H-1,:---,VI-?2 EXA 3 LTPLE 15;
N- Term nus Dhneri zation and PEGyl ation Using A Trigs]nctlon | Mol ecule The

trif i netW@%Mﬂm(ﬁcul e was made according tot e foll OWSWUSZQM ~
v ! Eft2 : t JAN}3;>c' J . N R HBac' OH H C)2Et Toasolutlon
of .Boc-i Al a O—I (10 Og, 518 mm]) (boo tert- butoxycarbony_) and diethyl
|mnod|acetate(10 00. 52.8 in 200 rnL_of DC il at = 44 WO

2004/ 101600 PCTI Tszoolpoai&@]%% Oéd&@&@ Shed DECme) 38d Y%Yﬁwyméﬁ/er 5
mn. A whit @.@4%'8@1t1§hﬁ>1)f QF SRAT Y A@'I\f'w%s Tided Boe Qg%;g[ @ Mméﬁr
war n or ar ea

allowed to 0 roomtenperature and :vas stirr
was filteretimof A whitdps fsmnﬂz@nvded‘iatb}tyem(ermmtmrmmm\mswtay)stlrrahmh el waed vent

renoved und duced Ti c resi due was takers utp.in 500 5 mL of
O (Bt OnBereg iy pnabe e B0C - Spe SoNE oy By P A
separatory fhg emdi[@?ak@ﬁ%%%t@@@s(%m)‘“ﬁﬁhﬁﬁl Csald: to'\?ﬂ,%{a}atorybﬁlhﬁ@: 1N

| TA ; brine) ried Itered, and dried to yield a colorless oi'l, The oil

solidified ﬂ“be oygaaiab}mse/vmaas Washe;is(lsal NaH@CB,dmed: Wi BGl, Wing) adaed ((M@ZEI a

O2H R1HBoc' = OrH The, crude ester t aken
Do T 75 mOEng ponipptaiperto pOM Whits solicht e ey s akEn P s p A,

(Ivie(. 1 H  flteredBifiedabdnt AR té%é?&l@fs WabRIdu¥es a@ﬂi@@ﬂ)hd 9, 2%‘?1%1(?0' ution
stias added a solution c+t'.1 011 %H = potassitm hyd I‘OXI de 153

mol) in 25 tul. of wefgls, tﬁ@"%efcﬁ%ﬁ%b&é& 1% ¥EArie FMENGS anBW%MtH%I'd‘
10 instead of DCC), and 57% in DCM/DMF. The starting diacid is soluble in ACN, so if
there is any material which has not dissolved before the DCC is added, it may be

filtered off and discarded.

This trifunctional molecule was used in N-terminus dimerization and

15 PEGylation according to the following reaction scheme:
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color, After stirring for 12 h (pH was still .-12), the organic solvent was
renoved on a 15 rotary evaporator and the resultant shrry partitioned

bet ween ExdhdoFid@e= D ethyl ether)ane sat. aNaHCO3, T hhed.&ad.
phase was acidified to pH 1, saturated wth NaCl, and Zﬁﬁg%gﬂﬁgﬁah

Et OAc. The Et CAc phase was washed (brine), dried ( fgS®™), and
concentrated to yl(@lf 13.97g of product as a white solid (90,2%for 2
steps). 20 Not e§ept, they,gel d 0, 73% when t he DCC reaction was
performed in . HdN E)Oéu%’esjhteT ﬁr gaa\t,)@plf o/%jtr}ct cou'{'-g not be renoved
ftom the deS| red product W|thout chromat ogr aphy; the DCC urea can be
quantitatively renoved w thout chromatography. The reaction al so works

well with water-soluble carbodiimde. 011 NHBoc''" . | CQaH | H25 C
-45 WD 2004/ 101600 PCT/ U82004/ 01488 gd%olgggT__ shhjynide _ —QA—NI-S|OI ution
of diacid (1,00y, 129 mmol) and § 4%9, 21 nu Wl n 5 rnL, A. CN

was added DC T 1,367G, 6.59 mobd) over 5 nin. Awhlte ppt forrred

i medi at el y, e reacti ons#eNKt ure—mas stirred 22h and was filtered to
remove the Urea. The solv removed under reduced pressure 5 and
t he residue take in EtOAc (268KnL) and transferred to a separatoryy

funnel. The org phase was washed (&Sai—PNaHER Q- W i-re;A+tR-M-HE,, bri ne),
dried (I\/g80ai<{< ;r‘r .ntrated to afford a white solid. The solid was
taken up i.n of A( N, filtered, and concentrated to yield. 1.28¢g
of product as a V\/m te solid (78.2%yield). _Notes: the yields dropped to
_~1%in TifF, 68%in DM (with DIC 1.0 instead of DCC), and 57%in

DM )M-. The starting diacid is sol ulﬂ_q_JEnGépQr ~3.g-90w-f st hege i guany

mat eri al which has riot dissol ved=gefore the DCC is added, it may be

o)
TFA H,N \_>~N
o=
HN——E—G—P—T—L—R~-Q—W—L—A—A—R~A—NH,
HN—}—E—G~P—T—l—R-Q—W—L—A—A—R—A—NH,
PEG (o)
mMPEG-NPC o o
IR
o)
o)

HN—I—E—G—P—T—L—R-Q—W-L—A—A—R—A—NH,

EXAMPLES 16: Synthesis of mPEG,-Lysinol-NPC

Commercially available lysinol is treated with an excess of mPEG, resulting
5 in the formation of mPEG,-Lysinol. Thereafter, mPEG;-Lysinol is treated with
excessive NPC forming PEG,-Lysinol-NPC

EXAMPLE 17: PEGylation Using A Trifunctional Molecule (PEG Moiety
Comprises Two Linear PEG Chains)

10 A trifunctional molecular having the structure
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filtered off and discarded, This trifunctional nol ecule was used in
N-tenrir:us dinerization and 15 PEGylation. according to the foll ow ng;

reaction W@Q%ﬁﬁmm{w WO 2004% 10 4600 PCTAI S2004/ 014838§@&H ?04@?8% peps

de syithesis H2N- ~ .~P=-L-R:~ 4V -Ar? ANH

39N—I-E-|I-P-:--L R-Wi-A-f3-R--A---- M-Ep ~o0 nrurr

N. L-.PG--P.. T-_i-Q_bvw_ "--A- "A-R -A-- NHY. -CFA(c) > H2N,
>--N PEG H6-|--E-GPf L-F .-Q-W1-AA-R-RNH2 nPeG;3PC a 0 ~~}-PdFi
~P3 O HV-F--E--3-P---T----- - R-Q4d 1: :4 '( R 9----NH2 EXAMPLES 16

Synt hesi s of tPEQ-Lysinol - NPC (Co ially available lysinol is treated
with an excess of nPFG/ resultin id=phe formation of nmPERX2- |, yai nol.
Thereafter, roP.F, &-L,ysi r.oi igytreated with excessive NPC form ng
PEGz- Cysi nol - NPC EXAMPLE 17; PEC | ati Sin2 A Trifunctional Ml ecule PEG
Moi ety Conprises Two |inear PEG Gyhai p9 A. tri.functional nolecul ar

having the structure --47 WO 20047101608 PU}d520041014888 sJ
N—O

@)
Was made according to Example 15.
Step 1 - Coupling of the trifunctional linker to the peptide monomers:

For coupling to the linker, 2 eq peptide is mixed with 1 eq of trifunctional linker in

5 dry DMF to give a clear solution, and 5eq of DIEA is added after 2 minutes. The mixture is
stirred at ambient temperature for 14h. The solvent is removed under reduced pressure and

the crude product is dissolved in 80% TFA in DCM for 30min to remove the Boc group,
followed by purification with C18 reverse phase HPLC. The structure of the dimer is
confirmed by electrospray mass spectrometry. This coupling reaction attaches the linker to

10 the nitrogen atom of the €-amino group of the lysine residue of each monomer.
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-7 NQ o b Ws made according to exanple 15. Step

trlf usetion al
i nker,
DMF to give a clear solution,
m xture is
under reduced pressure and
DCM for Omn to renove the Boc group,

and Seq

stirred at anblent tenperature for
b@gngkgggﬂp&p Heind s dissolved in 80% TF. A in

Coupl i ng of'the

litdkor to the peptide sssotoarzerse For coupling to the
2wexpopghib@e is nixed with I eq of ttifiunctiongl

5 dry
The
is reaned

| ?BA i s added (:lfrll/béj‘zg&:{/01 ?e
1412. The sol vent

of

owed by purification with CS

reverse phase HPLC. The structure of 1h§:d|ner is confirmed by el ecfosp
ray mass spectronetry. This coupling tmp attaches the linker to tQ
the nitrogen atom of the s-am no group oPo_g Wgine resi due of each
nononer. -48 %O 2004/ 101600 PCT d 20it 32 8 taCG GYacfMI P[
(E-n, nvCl QPLRX-rr, ,oK~On6;ﬁI'&{OC "JMS, ni;:a
i AaG)i nLY' ACBLML2GP: 1 ([-nnn"i OCQFLR-\"1{ ~~ -Nf:2 Pl}:~i U NH)))I~ (
AcQ?GLYAOHMOPI t (t-va7l VCQPLR-}i N NHE P77 gn (nd)(iLs.ctiliMfP [
t-nz! ~~i 7+.<"-?2.0ii-\"H NELJAcG)N_EJACHQGPITQ nabVcQpLR-NE {NH
NH O
\ﬁ 0
0 NJK/\NHBOC
NH
(AcG)GLYACHMGPIT(1-u:11)VCQPLR—HN/{NHZ
(AcG)GLYACBMGPIT(1- ual)VCQPLR—-NH {»N}u
NH o
\ﬁ 0
o N’lk/\NH2

NH

(AcG)GLYACHMGPlT(x-ual)VCQPLR—HN/;m

0]

Step 4 - PEGylation of the peptide dimer:
PEGylation via a carbamate bond:

The peptide dimer and the PEG species (mPEG,-Lysinol-NPC) are mixed in a 1:2
molar ratio in dry DMF to afford a clear solution. After 5 minutes 4eq of DIEA is added to
above solution. The mixture is stirred at ambient temperature 14h, followed by purification
with C18 reverse phase HPLC. The structure of PEGylated peptide is confirmed by MALDI

mass. The purified peptide was also subjected to purification via cation ion exchange

10 chromatography as outlined below.
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N ) (ACG GLYACHh4GPt T(E.m) VCQPLP.-:1N NK2 i7 Step 4 -1'13CGylation of tho
peptide dine,-: PFGylation via a carbamate bond 5 The peptide di ner and
the PEG s@Rfigs1dikgePEG2- Lv' sino! NTC) are mixed in a 1:2 tig in dry
D,IF to afford a clear solution. After s m nutes 4eq ofP(gﬂ’l_‘%rOPIé(ﬁé%sged to
above solution. The mxture is slined at anbient tenperature 14h, foll owed
by purification wth C 18 ievexse phase HPLC. The structure of PEGy| ated

peptide is con.-Pi S. urified peptide was al so
subjected to pufﬁcpmquo%(i&%‘&@é‘F%\é#@gﬁN% 1 {t chromat ography as
outlined bel ow. _4c} WD 2004/101600 (AcG G, A TFIiGP |'T(z-n:~i )V QPIR NF1
ALL 12 { NHC . 0 ONH NY. (AcG GYAGCH Ni GPIT(I-naf VCQPLR-; fN ; - NH?
npE 2-Lysrrol-NPC DIEA, DNTIF C (a {;(;

)@l , YAE Fd WEf-r Pf t
(x-nal)VG}' I, RNHN12 1 O---FEDZ C. i[lf: 4r .. NH YOY HN
0- - - - PEG20h sﬁ

(AcG)GLYA(IZHMGPIT(l-nal)VCllQPLR—HN NH2
o)

mPEG,-Lysinol-NPC
DIEA, DMF

0
(AcG)GLYAc!;szPIT(Lnal)QQPLR—NH NE2

(AcQ) GLYA(IZHMGPIT( 1 —nal)\ﬁ?QPLR—HN NH2
o)

PEGYylation via an amide bond:

5 The peptide dimer and PEG species [mPEG,-Lys-NHS] are mixed in a 1:2
molar ratio in dry DMF to afford a clear solution. mPEG;-Lys-NHS may be obtained
commercially, for example, from the Molecular Engineering catalog (2003) of Nektar
Therapeutics (490 Discovery Drive, Huntsville, Alabama 35806), item no.
27Z3X0T01. After 5 minutes 10eq of DIEA is added to above solution. The mixture

10 is stirred at ambient temperature 2h, followed by purification with C18 reverse phase
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[ C(,cQCL;~AC}flIvtGPIT(1-nai)VCQPLP, HW '"NH2 t | (3 PEGylation via an
urni de bond: 5 The peptide dieter and PEG speci es [ MPE&Q-Lys-NHS] are m xed
ina 1:2 wash@hei@hi o in dry OW to afford a clear sol utPiCq/ SZOJIE'E%?& Lys- NHS
may be obt ai ned1 commercially, for exanple, fromthe Ml ecular Engineering
catal og (2003) of.i+telctar Therapeutics (490 D scovery Drive. Huntsville,

Al abama 35806), itemno. 273,1 FO. After .5 minutes |0eq of DA is added
to above solfffiGn Iherénging of ®Efylated pentidestpsago f et PRfur éhoh,

fol | oned by Lfi ian_wit 18 1 r .= 50: 4{10

PCT/ uszoozlé’?#gg‘izzﬁe%ﬁﬂgc%hglsgt rgﬁb@%’?e%gf %%@ﬁﬂé"éegm\ﬁgéﬁ?ﬁe{%‘a?%%ﬁ ¥rmed
by MAI M : : as&ronddiegraphyr asf drelingdepiowle was al so subjected to purification via
cation ion exchange chronmatography as outlined below. 0 4cG G.YACH el

Pf'3' (1-naf | V( QP R H~ 1 t7 NOL12 'Y (A cG ULYACHNI GPI T(1f)V
1, QPLR-hf: N. H2 (AdG)PEGCHYEPINHSa) DE@AR-BV -Jxpz-- | 0 (ACC
LYACEI ?, 1GPI Tl 1-ne" QPLR NFLNUJ. NH c¢) ~yy(PE&QOK NI - '"OK NH
NH. 0
i
o) NH,
NH

(AcG)GLYACHMGPIT(1-nal)VCQPLR—HN" )~ NH2
0

mPEG,-Lys-NHS
DIEA, DMF

I )
(AcG)GLYACHMGPIT(1-na I)V(l} QPLR-NH NH2

NH O PEG
\ﬁ 0 0 e) 20K

HN

(AcG)GLYA(i'IHMGP IT(1 -nal)V?QPLR—PH\I NH2
o)
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0 (AcCI1CFi :7ix~l HArYCQt'1')'(1l-nai )4CQPL: R-HN~j- 1*TI12 a _al _ WD
20041101600 PCT/ US2004/ 0l . 4888 The present invention is not to be linited
in scope By hhgeseci fic enmbodinents described herein. l;tq‘?l?% us

nodi fi cations of the invention: in addition to those descri eoi1 (ﬁedrsgl nwill
becone apparent to those skilled in the art fora. the foregoing
description and the acconpanying fg zres. Such nodifications are d

intended to fall Tt IﬁFeﬁe*ﬁthén‘é‘i‘@B% i6f nohdo appeiaer chaiseare Kindcoggecific
references, . pglith A0 4P d@c g& }ermt %gee%m%tldﬁ&?st hQAfrcaRhRE BE RS H?Jéﬂtloﬁ’ qfious

publlcatlons are cite I scusse e descriptiron of this i1nvention.
The citati caddmtm horthddesdesssbahhatinswih beeher epspmmtlts thosevsidBel rettel attt o

ption of the present invention and iis not an adm ssion

clarify the _ de
t hat axy sudipm @wéj%ﬁge@g. @s&zﬁgtlon&nﬂéhe ACOMPRRYTRE BTG A bAoA dICaHoNsage
hereing All éﬁt‘é‘ﬁc?e'fi% e%'fﬁféﬁa@?@x%e’d%lm s specification are

|ncorporate herein %y re eren Int r entlrety and to the sane extent

f h f di d d f
50041102600 PO v L ESatE A bt pREREDGH A EBp MRl ShERES i@] YO

conpound CORR@fibsd fihlieatReat W%lte@hﬁ&is@fsseﬁlﬁt}ﬁ@d@cﬁ adh@ﬂxmtmé&moﬂmm@ aci ds
and a pol yet hyl ene gl ycol 5 wherein the poly(eth | ene g, ycol) is linear and

has a nol ec@it@ionwidytdissssion ef ush relpEnemds povidedamery O@Mbm@d of claim

tom 20 to A0CKRayhPF Bir ooyt iod ISR b IR el end B O

pol y(es hyl ergribx golt) tm@in%ﬂudha@esczmkimfesmemuéfeyenwaé ueed(a;hﬁ discindsetl i0fhid ess
than 1.20. 4. The conpound of claim1l; drhereiu the Pe ptide noiety is

pepti de monépesificationaspinceipatpted kirpig b rpfepceln they eptiremendiorposaies of cl ai m
1, wherein t Q%mo a % 9(:% r%?e'reelgc% wllass u?dlgﬁeal }ﬂ ﬁcorp%pa?ed by reference.
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conprising two peptides linked by a Iinker noiety. 6. The conmpound of claim
4 or 5, wherein each peptide conprises. no nore titan 50 amno acid
nononers. 7. The compound of claim®6, wherein each peptide conprises

bet ween ab@ut, 0@ oi6ho @Nd 25 am no acid nmononers. 8. The @0126@ | cl ai nv,
wherei n each pept |16§?a conprises between about 12 and. 1 mrgtﬂégm%

nmononers. 9. : d ofclaim1l1, whereinthe peptide noiety conprises
apepti de mﬁﬁgﬁfbﬁ@%% eryt hropoi etin-receptors. 20 10. The conpound of
claim1l1, wherein the ptide noiety conprises. a peptide which bjnds to

t hr omhopoi €hn-r é\qr&@f'egg?semmwdé@ HEiAE 2BEP! earwty,ofmm%ﬁ?aeahw@i ng a
spacer noi SfY"betided & Rely(cHufrnieddyseb) wigreiankbe pelzcHse &l ¥apehdingaryasd) )

moi ety. 12.hasheokshisbwadhos! mergitian20KDglinasei n t he spacer moiety has the
structure: 25-df?-(CH, )~ L s.CH)~lr ~_ (f==3E vy whereinn., p3, y, 5, and

a sine each |ntegers whose val ues are independent | el ected. . 3. The
conpound ofc?'ai mf%cqmﬁﬁ?ﬁa%l’%efwg@‘%?&?eﬁg e’{e %}’c NBYIHA1101600
PUPUS200. 111@bid¥Rar Reight #6mi20t8@¢KDator®. r- 6; SisOorl; Y is an integer, 0
<y =@ 1(); and 5 Y is either NH or Co. 14. The conpound of claim 13,

wherein f > 3 andrid cupouhd of AuBNENREANI pol @TBANILIMMGRRREL S ng () a

pepti de-based cot)I pourid, said peptide-based conpound conprises at peptide
moi ¢ y of nopolydieparsianvaiusdM./BE) eniesschaci 45 and a pol yet hyl ene g scol i
ivhetein the polv(ethylene elvcoi) is |linear and has a nol ecufa.r weight
of nore than?( KDO&h¢ amsyouaddf ¢lhin htvwhereor thaperideharialyaceantide mlohemerccept abl e

di luents, preser~atives,, SO (f iihzers,
coniprising a single peptide.

10 5. The compound of claim 1, wherein the peptide moiety is a peptide dimer

comprising two peptides linked by a linker moiety.

6. The compound of claim 4 or 5, wherein each peptide comprises no more than

50 amino acid monomers.

7. The compound of claim 6, wherein each peptide comprises between about 10
15 and 25 amino acid monomers.
8. The compound of claim 7, wherein each peptide comprises between about 12

and 18 amino acid monomers.

9. The compound of claim 1, wherein the peptide moiety comprises a peptide

which binds to erythropoietin-receptors.

20 10.  The compound of claim 1, wherein the peptide moiety comprises a peptide

which binds to thrombopoietin-receptors.

11.  The compound of claim 1, further comprising a spacer moiety between the

peptide moiety and the poly(ethylene glycol) moiety.

12, The compound of claim 11, wherein the spacer moiety has the structure:
25 -NH-(CH,)o-[O-(CHz)g],-Os-(CHz)e-Y -

wherein a, B, v, 6,and € are each integers whose values are independently selected.

13, The compound of claim 12, wherein

o is aninteger, 1 £a <6;
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enukstliei's, adjuvants and/or carriers. 16. The conposition of claim 15,
wherein the poly(ethylene glycol) noiety has a nolecular weight from20 to
40 Daiior_s. 15 17. The conposition of claim 15, wherein the poly(ethyl ene

gl ycol ) moiyet¥od@seo POl _ydi spersity value of |ess than ﬂc@{?szg&%us@e
pepti

conposition of claim15, wherein the peptide noiety is e nonomer

conprising a single pep tide. 19. The conposition of claim15, wherein the

peptide noiety is a peé)tide, dimer 20 conprising two peptides |inked by a

linker noiety. 20. TheP &owdBsesti bAaPstOclaim 18 or 19, wherein each peptide

conprises no nore than 50 am no acid nononmers. 21. The conposition of

clai m 20, wherein eacht FéptMe&clorpFifses bet ween about 10 and 25 ani no

acid nononmers. 25 22. The conposition of claim2l, wherein each peptide

conpri ses between abou?is U land | S amino acid nonomers. 23. Tie

conposi tion of claim15, wherein the peptide noiety conprises a peptide

whi ch bind:, to erythropoinéaegardteptdisand 54 WO 2304/ 701600 pc

/uS200410148s8 24. The conposition ofcl_aim 15, wherein the peptide

i noi ety5 conpri ses a pejstis digher Whi @i nds to t1 ronbopo etin-receptors. 25.

The coinposition of claim 15, further conprising a spacer noiety between

t hee pepti dé4[ noilet gorspraint béclpiol 13, ethtmid ené agliicol.) noiety. 5 26. The

conposition of claim15, wherein the spacer noiety has the structure: rlx

(CH2)c<'[O(c.'x )~]rCaiC1I )r ' wherein a, P, y, 3,and e are. each

i ntegers V\/nol\ﬁg vg}l iL):hes are independently selected. 27. The conposition

of ' cl ai n26, er Pnagedtic] cpmpegyien comprisings; 10 'f is an integer. 1 s P

<6'; F. is an i@v)t@&@?'?e-ha&ed £8mgogrd, said peptide-based compound comprises a peptide
rrlﬁletyhof; no more thgn .about 50 amino acids and a poly(ethylene glycol) wherein the

10 poly(ethylene glycol) is linear and has a molecular weight of more than 20 KDaltons; and

. (b) one or more pharmaceutically acceptable diluents, preservatives, solubilizers,
emulsifiers, adjuvants and/or carriers. |

16.  The composition of claim 15, wherein the poly(ethylene glycol) moiety has a
molecular weight from 20 to 40 KDaltous.

15 17.  The composition of claim 15, wherein the poly(ethylene glycol) moiety has
polydispersity value (M,/M,) of less than 1.20.

18.  The composition of claim 15, wherein the peptide moiety is peptide monomer

comprising a single peptide.

19.  The composition of claim 15, wherein the peptide moiety is a peptide dimer

20 comprising two peptides linked by a linker moiety.

20. The composition of claim 18 or 19, wherein each peptide comprises no more

than 50 amino acid monomers.

21.  The composition of claim 20, wherein each peptide comprises between about

10 and 25 amino acid monomers.

25 22.  The composition of claim 21, wherein each peptide comprises between about

12 and 18 amino acid monomers.

23.  The composition of claim 15, wherein the peptide moiety comprises a peptide

which binds to erythropoietin-receptors.
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~isoor t, 'yis aninteger, O '; y  10; and 'f' is either Ill or CO 15
28. The conposition of -1 aim27, wherein { %I and (3 = 2. 29. The
conmpound of claim 1, wherein the polyethylene glycol) noiety has a

nmol ecul ar m 20 to 60 Il)altons. 30. The conpound of cla

wher ei n thgﬂp%wl(ﬁe(’?jﬁl yl ene gI ycol) noiety has a rmt ecat’ ¥ VS "éﬁ‘f‘s of 20 |

Dahons. 20 3 0 rei n et h | ene col)
noi ety corrprl ses r%% éfnﬁzglrwjlb%ffl?/ eﬁ)ﬁ) %Igsz/c%’fr)pncef‘?a Pgé%z The
conpound of wh@dhrﬁmds tefiebbopdidig-pelpyre: hyi ene gI ycol) is termnally
attached to the peptide noiety. 33. The conmpound ofal ain: 11, wherein the

pol yet hyl ene 29| ycahg cofipds@ioni df 0Rirh ys fatticaeb@gridifg b Bfacstasiety B’éﬂ»&hyhe 34. The

conpound of etaint 1, wherein the polyet h){l ene glycol) is nmPEG .55
peptide moiety and the poly(ethylene glycol) moiety:

5 26.  The composition of claim 15, wherein the spacer moiety has the structure:
-NH-(CH,)o-[O-(CH2)ply-Os~(CHy)e- Y -
wherein a, B, v, 8,and ¢ are each integers whose values are independently selected.
27.  The composition of claim 26, wherein
a is an integer, 1 <a <6;
10 B is an integer, 1 <P £6;
g is an integer, 1 <g £6;
disOorl;
v is an integer, 0 <y < 10; and
Y is either NH or CO.
15 28.  The composi.tion of claim 27, wherein y > 1 and f = 2.

29.  The compound of claim 1, wherein the poly(ethylene glycol) moiety has a
molecular weight from 20 to 60 KDaltons. '

30. The compound of claim 1, wherein the poly(ethylene glycol) moiety has a

molecular weight of 20 KDaltons.

20 31.  The compound of claim 1, wherein the poly(ethylene glycol) moiety

comprises at least one linear poly(ethylene glycol) chain,

32.  The compound of claim 1, wherein the poly(ethylene glycol) is terminally
attached to the peptide moiety.

33.  The compound of claim 11, wherein the poly(ethylene glycol) is terminally
attached to the spacer moiety.

34.  The compound of claim 1, wherein the poly(ethylene glycol) is mPEG.
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