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USES THERE 0ss- Reference to Rel ated Applications

application is based on and clains priority to U S. Provisional Application
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[04]  The present invention is also related to the field of recombinant peptides and proteins, as well as
methods for preparing these recombinant peptides and proteins. In particular, analogs of natriuretic peptides

25  and proteins are disclosed herein. The analog natriuretic compounds of the invention may be described in
some embodiments as having an amino acid sequence that has at least one substituted amino acid relative to
the native sequence of the corresponding natriuretic peptide. In some embodiments, the analog natriuretic
compounds of the invention may be described as having a pharmacological activity of native forms of brain-
type natriuretic peptides (BNP), especially human BNP (hBNP), urodilatin, canine brain natriuretic peptide

30 (cBNP), atrial natriuretic peptide (ANP), especially human ANP (hANP), dendroaspis natriuretic peptide
(DNP), or C-type natriuretic peptide (CNP), particularly human CNP (hCNP).
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{08] | Brain type natriuretic peptide (BNP) is one of a family of peptides that are invoived in
cardiovascular, renal, and endocrine homeostasis. 1t was discovered in 1988 (Sudoh, Kangawa et al. 1988),
almost a decade after the discovery of atrial natriuretic peptide (ANP). Although it was first isolated from
30 porcine brain, it is known for its activity at receptors in vascular smooth muscle and endothelial cells. BNP
is an endogenous peptide produced by the heart. It is first produced as prepro-BNP and is subsequently

shortened twice to the active form, a 32-amino acid peptide with one disulfide bond.

[09]  As illustrated in Figure 1, BNP binds to the natriuretic peptide receptor A (NPR-A), a membrane
bound protein on the cell surface. The binding event triggers the synthesis of cGMP in the cytosol by
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f11]  BNP functions to relieve cardiac decompensation in several ways. As the name implies, BNP leads
to the excretion of sodium and an increase in urine output, which lessen congestion. It also functions as a
30 vasodilator, the effects of which are enhanced by several other actions. Most notable of these functions are
the roles BNP plays in the interference of the renin-angiotensin-aldosterone system (RAAS). It leads to
inhibition of renin, which is a key enzyme in the generation of the vasoconstrictive peptide angiotensin. It
inhibits the overgrowth of epithelial cells lining vascular tissue, which left unchecked, can greatly reduce
blood flow. A final way that BNP functions to relieve cardiac decompensation is its lusitropic effects. It

35  improves myocardial relaxation of the ventricles, resulting in lower diastolic blood pressure.
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5. Semmary of the Invention

{16]  The present invention broadly comprises variant and modified forms of several naturally occurring
natriuretic peptides, proteins, analogs, and chemical conjugates of these natiruertic peptides, that posses one
or more advantages over their naturally occurring counterparts. By way of example, some of these
30  advantages include an increased resistance to proteolytic degradation, an improved time of persistence in the

bloodstream, and/or an improved ability to traverse cell membrane barriers.

{171  Natriuretic compound conjugates according to some embediments of the present invention comprise

a natriuretic compound that includes a natriuretic protein }eceptor A binding motif (an NPR-A), at least one
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descri b¥d dgtrigfetiq epmppund Jo,targrt o certzim geceptyv, celi Gisgue.0goersan b and ’GPTOWGW@JD‘BC@(@B@Q%
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| mpr oved abl triuretic dto ss t h the Gl tract
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abili(y of the natriuretic conpound to cross cell menbranes;

[19] Natriuretic peptide conjugates of the invention may induce the anti-hypertensive, cardiovascular,
renal, and/or endocrine effects that are associated with the native peptide. In some embodiments, the
modification of the natriuretic peptide will protect the peptide, such as hBNP, from proteolysis and facilitate
30  delivery into the systemic circulation through the gut wall, resulting in natriuresis, diuresis, and/or
vasodilation. Natriuretic peptide conjugates of the invention can therefore be effectively delivered as an oral
formulation (instead of by continuous intravenous infusion for days in a hospital setting). This advantage is
expected to reduce hospital costs associated with other CHF therapies by enabling self administration, which
has not heretofore been possible, and is expected to expand the therapeutic use of natriuretic peptide,

35  especially hBNP, to include early stage (e.g., class 1) and chronic CHF as well as acute CHF. A preferred



i mproved abMQ 34/8f78thhe natriuretic compound to traverse tHe/BSHBUIBI%i n
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nodi fication of the natriuretic peptide will protect the peptide, such as
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especially hBngqpéo i ncl ude, ear| XAE’Y gl 6%’? class 1) and chronic CHF as
wel | as acdf@veRpded Arugs feppd 1g geret RS R PO R 71 PCT/ US2003/ 037996

enbodi nent of the present invention is a non-inmunogeni c peptide conjugate
that has i riz2] eaSieghlardemmstahta”, dnd “dtiey amdatendectodnchydrtie: pwra forms a5 welhbintssst the
oral deld ver Q{eﬁa&@gﬂmp&ﬁmﬁgg oss the intestinal epithelium [20] The

i nventi 6n al'so provi des several nethods for the preparation of the
natriuretic conmpound. conj ngat es. These nodifying noieties exa
take the fd?3h ofs psed inthe speeificstionnd the ciaime sej forthhgisin, the f%‘awﬁm@m& 'S&

Def i ni ti ongpdicatkh: Unl ess ot herwi se defined, all technical and scienti f| c
terms used herein have the same neaning as commonl y understood by one of
ordinary s Ihe | ti r

used in thﬁb'gescrl f)'?l on of&eﬁlﬁe |rﬁ@ea%1t| l eulcﬁpllmg’ #rgl?&% at hehggg‘ng%lﬁgy
descri bi ng dgiartitsc Ul er Desttremdiomenic @mnlwﬂeasootémwlscsﬁpmem nﬂ'@m@@d tﬂ%fldb isi wed | ng
of the i, I iR heili®f, SltioR N a
are al so noﬁéﬂc%?% tg?gfi{ﬁ R | m t?"ﬁ’fS a?& ?ﬁg&?%%ﬁ%@gﬁ%ﬁﬁﬁigﬁﬁuﬁgg“ ons,

pat ent applm*@aﬁqqmgeofamnem@s and other references nmentioned herein are

i ncorporated herein by reference in their entirety, as are the package
inserts ofpsny Amraamnsedidcbbgsation’redie thistdsclo@redrnithby atdepted bybthatuited &tuizs Patent

and Trademark Office as set forth in 37 C.F.R. § 1.822(b). The following one-letter amino acid designations

are used in the description of the present invention. Xaa is used to designate an unknown or undesignated

6

25  amino acid. The integers above specific residues of the structure provided herein define the residue position
number. This residue number is used in conjunction with the one letter amino acid nomenclature, described
below, to designate the residue at which a substitution is made in the natriuretic peptide analogs of, for

example, hBNP and ANP.

[26] Thus for example, when a mutant hBNP is synthesized in which arginine (R) replaces lysine (K} at
30  residue position number 3 of wild-type hBNP, the nomenclature “BNPK3R” or “hBNP{1-32)K3R” is used.
Multiple substitutions are designated in the same manner with a comma separating each substitution as

exemplified below.
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[22] Singul VMUY "an", and "the", are intended to FEILREMOBEDI ur al
forms as well, unless the 15 context clearly indicates otherw se. [23] As
used in the specification and the clains set forth herein, the foll ow ng
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NENP and ANPeask2Bbardfiie 10 exanplgonuhaigfi ant MBS nSYBEARGL 20 TN

which arginine (R) replaces lysine (K) at 30 residue position hunber 3 of

wi | d-tyHe HBNSD= ashatinafiéncl at ure "%mmﬂsbenﬂalamheBNP( 103-2=)¢(8ﬂfme s used.
Multiple s A s are design e sane nmanper a_conma
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PCT/ U 2003/@@'1’!9’95)%{"21?) The term "SfBNP(s&m&Z) K3R, Kl 4phg Kyl ghgdiegnat es a
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nut ant s%ar inen"an anal ogou% Arfiasine 5 [ 28] The {‘@F?ﬁWtﬁ‘BNP(l 32) K3R,
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at residue 3 and 14 of hBNP. A=al a= al anine L=1eu= | euci ne nl e= Norl euci ne
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phenyl al anifze oramptiphilict fkdhe the GBIy SF dBOHE B Bith WRE! MF LiPee bhd8e RARS “@mphiphilic
peni ci |1 am nleety” and “amphiphile” means a moiety which is amphiphilic and/or which, when attached to a
20 polypeptide or non-polypeptide drug, increases the amphiphilicity of the resulting conjugate, e.g., PEG-fatty

acid oligomer, sugar fatty acid oligomer.

[30] “Biologically active” refers to an agent having therapeutic or pharmacologic activity, such as an

agonist, partial agonist or antagonist.

[31] “Effective amount” as provided herein refers to a nontoxic but sufficient amount to provide the
25  desired therapeutic effect. As will be pointed out below, the exact amount required will vary from subject to
subject, depending on age, general condition of the subject, the severity of the condition being treated, the
particular biologically active agent administered, and the like. An appropriate “effective” amount in any
individual case may be determined by one of ordinary skill in the art by reference to the pertinent texts and

literature and/or by using routine experimentation.

. 30 [32] “Hydrolyzable” refers to molecular bonds which are hydrolyzed under physiological conditions.
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T=thr- threonine npa = nercaptopropionic acid G=gly= glycine Warp =
tryptophan a =al a* =D al ani ne 15 H=hrs=hi stidine Y=tyr=tyrosine
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20  limitation, any of the standard pharmaceutical carriers such as phosphate buffered saline solutions, water,

emulsions such as oil/water emulsion, microemulsions and various types of wetting agents.

[38]  “Polyalkylene glycol” refers to straight or branched polyalkylene glycol polymers such as

polyethylene glycol, polypropylene glycol, and polybutylene glycol, and includes the monoalkylether of the

polyalkylene glycol. In a particular embodiment, the polyalkylene glycol is polyethylene glycol or “PEG.”
25  The term “PEG subunit” refers to a single polyethylene glycol unit, i.e., -(CH;CH,0)-.

{39] “Prodrug” refers to a biologically active agent that has been chemically derivitized such that, upon
administration to a subject, the prodrug is metabolized to yield the biologically active agent.

[40]  *“Treat” or “ireating” as used herein refers to any type of treatment that imparts a benefit to a subject
afflicted with a disease or illness, including improvement in the condition of the subject (e.g., in one or more
30  symptoms), delay in the progression of the condition, prevention or delay of the onset of the disease or

iliness, enhancement of normal physiological functionality, etc.



[37] "Pharmaceutically acceptable” with respect to a conponent, such as a
salt, carrier, excipient or diluent of a conposition according to the
present i nveWi28W/ 444874 component that is conpatible with t RETASAWS037PRE
ingredients of the conposition, in that it can be conbined with the
natriuretic conpound conjugates of the present invention wthout elimnating
the biological activity of the biologically active agent and is suitable

for use w tf subBdeilEsaiptionolikdditalvéiieei N Wi t hout undue adverse side effects
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PCT/ US2003/ 037996 7. Brief Description of the Drawings [41) Figure | -

illustrates,the f actjon the regulation of BNP. [42] Figure 2 - A
represent at¥ve 5‘8&%‘&8%‘ péﬂ”f‘@ﬁﬁ’é&“‘éﬁ!‘f‘f’\‘/atl on and conjugation follow ng a
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hBNP conj ug’&f’é"s""‘éﬂ“’ 8|”? g"dt ‘ﬁélgesa'?"f Inelude. 2, fmo @é”igr{b"“i asr%?f‘“é’ eq fprein. pRy way o

example and not limitation, and as described more fully herein, the modifying moiety may take the form of

an oligomer of any variety of sizes, shapes, substitutions, and configurations.

( 81 Natriuretic Compound

{477  The natriuretic compound conjugates of the invention include a natriuretic compound which
includes a binding site for a natrivretic peptide receptor, such as NPR-A, as well as a conjugation site for

25  coupling a modifying moiety thereto.

8.1.1 Native Natriuretic Peptide

[48]  The natriuretic compound may have the amino acid sequence of a native natriuretic peptide such as
ANP, BNP, CNP or DNP, urodilatin, from any of a variety of species, such as humans, canines, and rats.
Preferred native natriuretic peptides are human BNP, rat BNP , canine BNP, or hANP. Native sequences are

30  also intended to include pro-natriuretic peptides and pre-pro peptides.
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I nvention [46] Natriuretic conpound conjugates according to sone enbodi nents
of the present invention conprise 15 a natriuretic conpound that includes a
natriuretic peptide receptor A binding notif (NPR-A), at |east one

nodi fying gppety CRijiSHt CoHbpounl Rnalgtd at | east one nodifying noiety
attached to said nodifying noiety conjugation site. By virtue of the

nodi fyi ng {@#8j etThe adttiaioeonfoondssdychisn dt # bikogitdllg agivemalep df emtipatatrivedic pdpide (a

conj ugat e, i.fied hydr lic
characterlstpg?ggg%%reﬁﬁto %npgﬁggfégqﬁggﬁkﬁf%tlgpgégwg%gﬂ YA oeggﬁ%t

i ncl ude a tHindations, drletings weeytionss substiiations, eaplapraents.side Bbﬁlwyeﬂmnsmd ésmnploginar not
L' m tat § oneonitkhidas ofis @Jregbﬁg wiRh Qo fnbd émhun?ertﬁe Biolokitt aBRA G | th@ gmgimu brkpdiRY, .

take the formof an oligaoner of any variety of Sizes, sha

subst i t ut i Breterablthe analag Wil jpciide & pative gr aptifigial NPRpAdinding motifend rmﬂrefampmfrn@aﬂof .
natriureti fhe ciN@Oind@MNPHgAt es of the invention include a natriuretic
conmpound whi ch includes a binding site for a natriuretic peptide receptor,

ch as NP at L& for di fyin
ot ot vt noP Bl o. i opliep s SR B b Pt i T8 iS: miappf BT ane
conpound nagjdsivan/te Stlltmtuadrfon athax@miho aciduio rthcemt@b natrivretici pepida structure eithow efimipttinge
such ag, ANkrachi¥fing ﬁ&E:ng‘ﬁ”somU Q! ét Qe bebh QLAY irCthe G, VeAH ﬁwﬁcgﬁoﬁﬂ ' €s,

such as hunans, cani Pre erred native natriuretic peptl

are human Bsybted rnapcrw affinity, for APRENPelatiye thHRESC, e clegance egeriancesitiag & exyededl so
i ntended t gufige! ude pro-natriuretic peptides and pre-pro peptides. 9 WO
2004/ 047871 PCT/U82003/037996 8.1.2 Natriuretic Cowpound Analogs [49] The
natriureti sa, be bi ol oqi ca i ve .anal.o tlve
nat 11 ur et Bty de lee e e Folepds SadonrmeE o g sl iy
active analogf. can be a native natriuretic conpound wth truncatlons

del etions, insertions, substitutions, replacenents, side chain extensions,

and fusison jotﬁie%nufarcpépuﬁpm RRLI0PR l.ﬁfdeﬁnlé@bgftﬂés%gﬁhd%g whi ch do not

elimnate ghe bi'ol ogi cal’ activity of the origi'nal compound. Preferably, the
analog wll include a natlve or tifl R i.ng notif and wll
retain some or all of thelakt |qwgfgﬁsﬁg ﬁg(sél%%ﬂg F=50] Natriuretic
pol ypepti de anal ogs can be obtai ned by various neans. For exanple, certain
am no  aci @] cawhetin X ishstmpoutdshch evanatineacid reside, iadhctl@ainndifmiag maiety genjugation
natriureticg,p S .ol i ding

el R il Wine Sl ool RO Uh afflnb T2 LR gngodify%%emfay 5 dibeThe}

capaC| ty n sone cases, escri be
modi fi cat i exemplealanay @gmrtstet!be AMInp geid éa%@d?yam Whigh ym@ﬁ/lrﬂmw mpebegaitached. t iy

NPR-C, Jyhe ofdi@biddGifers: O AR Wlothef BAMYsideNE tHelk bbbl the unconjugated peptide is also an
aspect of the invention where X is arginine or and amino acid other then lysine to which a conjugation site

may be created. An alternative structure for these embodiments is:
{55] CFGRX'MDRIX*GLGC,

[56] where X' is lIysine, X? is one to four amino acids. X* may be S, SS, SSS, $SSS, K, KS, KSS, or
25  KSSS. Where K is included as X? or part of the sequences of X*, a modifying moiety conjugation site.

[57]  The natriuretic compound may, for example, have the structure:
[58] X'-CFGRX’MDRISSSSGLGC-X? (SEQIDNO._ )

[59]  wherein at least one of X' and X? is present, X' is a peptide of from 1 to 10 amino acids, wherein X’
is a peptide of from 1 to 6 amino acids, and wherein X? is other than lysine, such as arginine. For example,

30 X' may include all or a C-terminal fragment of the 1-10 amino acid residue sequence from the N-terminus of
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half life. [51] Preferably, the analog will include a natriure el eeul e
i f

bi nding notif, such as an NPR-A binding notif. 15 [52] The natriuretic
pepti de may, for exanple, be defined by the sequence: [53]

CFGRXVDRI SSigGLGC (SEQ 1 D NO 2), [54% wherein X is a compound, such as an
ami no acid MB8T-difeoneieRbedimenh gC dnchiskes FR% MY QRSP eSHQIBMQgati SFZ MYIQGe SPEMVY,

some enbodi SERHY, sﬂmm; SESPEIMVQ@SGOZ'@N(EGS‘GOWM% ?hs @mmﬂ h,fgy.tnegwmle g V\% Iﬂ‘ﬁé/ a

attach. For am no Cys to
modi fyi ng noi e?ymg mo'ewbconjag%é’% ﬁ’lregc]i‘s p’i"?’l'deégeiﬁﬁ'ﬁ‘ffﬁ’e?m 8%’6‘6}1 ﬁeﬁ?'“dexa%ymb‘&t‘*ﬁﬂlﬂ%r
than |ysine fraamnitdf dsé -bemrsdicidgesidss seyirace frachy Ogahiacs FRBNP R dns edbdaneRX’ is

Tyeine Lo whpeef kel SRFIE o S PEURKES PIRLS 2R RO RED) o
for these e#Hbe#Yveh%sverrgz fan e lyerr@txrgim m&s IypiBG h mokifying noiety G)njugmmmke X
is one to f@urovisd, nWhe?&Z'q§ lysn?l%XIZnBXy ﬁbeotl'ﬁr th§§¥su§5§d whete 27 1slﬁr§yfn|§% nﬁgﬁe otgn{

KSSS. Wiere K is included, X sequences
moi ety conj U§REi Hiematively, X} apdX W%b?l%’rﬁ tgrmina] and Colpyminah il aino aﬁlélseqemmﬂt@ed
have t he st Ifrthﬁtauj? aatm[réiﬂ]peﬁﬁde %@%&%&m SenikaPERd/dr - Mﬂnhds t:[lﬁ ueYiéé%e' n

at | east,.on etlde of froml 10 am no
aci ds, wher reSem)@‘mj 4 sspeé%cﬁ!-%f’&cfﬁ ﬁfte@f"girﬁ“f‘ al, it seare of hBNFY °'i/\ﬁi¥rf@ﬂ‘1€r$(
i s other t hanrebfyklwriel;e apme;:lratasmaﬂhgummmated:mnu&ﬁamﬁpamd 1s3£);o)§1aspa;yoﬂtmhvdﬁkan al |
or a CGtermnal fragnent of the 1-10 ami no acid residue sequence fromthe

N-t er i B0 ] e nbodi ment ,

ép Z?Lgpgg%gémwg%e é sg;c\gﬁf%%é' g@%ﬁ%ﬁ‘%@ﬁ% %\ﬁ%ﬂﬁfi sgz! M
ere ne or |n| ne. ere is

| ysi de, a modi fyi ng et W‘Qﬁ@%sﬁ@% SviSEQAD NGh_anot her

enbodi nent, X2 includes all or an N-termnal fragnment of the 1-6 am no acid
resi due seq(6@hcewlersinii't XfenCxt &e eich indepaddeiBNTected fromnie: gedﬂbfaﬁhsmmtof Ly&Zand 8mino

sequence; Z2 ) ZZV ),
e Y bRy iRV ) 60 e e oy, oS

| ysine, a n@reimi}ciweﬁbﬁnéwand)nj ugation site is provi ded Wiere Z' is

| ysine, Z2 may be other than lysine, and where Z2 is lysine, Z°' may be other

than |ysing3) Al¢'erdet iry efsitines<andamg bxzomw bP € dBMAdNbchE" Wit ibe g;ywecf&ea ehahoal
n sone

tail am no acid sequ bt.ai ned o) natriuretic pepti
enbodi ment s MCRHUERE ‘?P‘fﬂcﬁ%ﬁ? gaﬁ*f’dﬁ"&?‘”@“f%‘m ‘é‘l‘“"f'ai | sequence is 10 present and
is specifically not the NNtermnal and Ctermnal tails sequence of hBNP or
any fragmeni64] t Hepeainbodimenpjiat keashencap Kt, &6 bt X8 ds Atgafn anothenembodiergaX'édLys, X is
natriur %5' CA&%@ el 'ﬂ;dArb.s Tﬁ]ls %ﬂbd%ﬂne%?ﬂ%%lsoqgch}dg?m i i g&ﬁ Qéauence as described herein, N-
terminal to X' and/or C-terminal to X®. For example, the N-terminal tail sequence, when present, may be S-
or SP-, and the C-terminal tail, when present, may be -VLRRH, -VLRR, -VLR, -VL, or -V. In some
embodiments, the N-terminal and/or C-terminal tail sequence is present and is specifically not N-terminal

( and C-terminal tail of hBNP or a fragment thereof.

25 [65] In another embodiment, the natriuretic peptide analog inciudes an amino acid sequence:
[66] CFGRX'MDRISSSSGLGCX® (SEQIDNO: ),

[67] is wherein at least one of X' and X? is an amino acid comprising a modifying moiety conjugation
site coupled to the modifying moiety and the other is any other amino acid or an unconjugated Lys. In one
embodiment, X' is Lys coupled at its side chain to the modifying moiety and X is another amino acid, for
30 example Gly or Arg. Alternatively, X* is Lys coupled at its side chain to the modifying moiety and X' is
another amino acid, for example Gly, Arg, or an amino acid other than Iysine. In another embodiment, X' is

Lys coupled at its side chain to the modifying moiety and X* is an unconjugated Lys. Alternatively, X* is

11



[60] In oneVOMBHMIEM: . the natriuretic conpound anal og cdnpr LS B &mi no
aci d sequence: [61] X MVQGSGC FGRX2MDRI SSSSA.GC2X' (SEQ ID NO. ), [62]
wherein X1, X2 and X' are each independently selected fromthe group
consisting of Lys and amno 15 acids other than Lys, and wherein at |east
one of X', Lycxoup aiits sids chajnsto shrednadifyingmeiety andeX’ éf amnconjxgatesiets. Xt willsbeappreciatridn o
aci d ot her wh\Bdunbfbiat @ pldd Maissan ARG GaheahvBnoy St €i nes and may be coupl ed by
a disul fide bond. It wi | ]i) be appreci ated that the unconj ugat ed pepti de
analog is 0 & pect of the jnven Ln one enbodi nent, at | east
one of X, g (Ir;l ‘i’ys“aKf“Qet“: IPRPSH BE, m%dr%% OQ' © presenf jpyention, B wayf A g
and X' is A{agxple'lﬁqptde/mbmdlthmmt smyle&hmhiateﬂﬁir mdwdlﬁeammmerﬂascﬁbdddn Qequmc'essas

d bed

e o ar i spechoaly hinhed el v, BNEE Ahor s BT IATR

C-t er mi nal Datiyp sequepgedit W@@bbftsewmﬁlebenjmmtﬁs fﬂr\ﬁ_mgomer/Lh somaﬁ_mbolbmentmf then
sone  enbogi.tRMhentidn e which BRBIN@E nﬁi@g f)%ﬂdecit biay B Hh@#rabie"% Lenﬁ@tgélﬁl'}&guéaﬁmﬁftés ent

and is specifically not N-term nal termnal tail of
fragment t ﬁfeméle*ffbmd'%feglesrf the-peptiflsonte climing et pindingtsite. ¢ Whergibis Aesirpdathat an qligprper get

anal og | NChttdR & aRrticuEr DGs raGidud oBMEl A& ue:ic@Eiﬂe @E%M&B&m&m{ﬁﬁ@dl D
671 hvaﬁ\/\herel n_at | east one of %( am no CId.CO ri sing

a m)d|f i n Gt AR N ABPTB coRjugation Ayith ’é’Er ¥‘{5<%¥Sﬁ% BMEL Ryt ﬁﬂf’%‘f’&/c n¥ t he
ot her is amytrimértabto activity)chongti ttle applicants have eumprisipgly dislcolvyred thit nm@rgmonamy@'ﬂiemuﬁm X'
is Lys coupls kde. . LR.to e of

am no aci dIg gglﬁ%bd&)ﬁ('grsro}% galléggkt%}w’A?%“.g’ Per nd\g B@%&D}e&% S&ﬂ%ﬁg% coup d at
its side chainatid tiahwversoildrehemjcamproperties bt dre Xot réadily WBMr Femwtmphamltbb hBNgr
exanpl e G Yequé me%sl%y%mugn@@a Qmpm%dh@m ﬂavo'i tétfugatlon oﬁ'ﬂ@{:éisﬁ&e £EDLg pEnt

X is Lyscou dat its side chain to the g‘;grmle and X2 1I's_an
unconj ugat élupegﬂée semetw@rf?fa@twaw Aypnojagid sqbeW%@ degihe r Lysy#loayasro96

Lys coupl edci@tha il ot @AdH@ coifiahtabit.0 t he nodifying moiety and X is an
unconjugated Lys. It wll be appreciated that the unconjugated peptide |s

al so an as f the nyentjo | t
be nodifi eggggcc ek ehf;asets ?1%& &r%ggaélg? J' ‘i‘dg‘,ven °m¥ %n%r coﬁh%afugn eéor g”l%gﬂ 'hg&n
pept i de/ pr enbodirgents vepositivaly dmgeébhmo etamttmdtwtsesplh@rl wﬂbdu Iiys cearﬂneo fipr axaelpﬁemdhq bed

in PCTUS021, tide @attVd k&lerc Clofde Gidtaboa Wil gy por at ed herein by reference.
BNP, for exa pfc:é?\c éé‘eﬂs %y'g@?esnl giu%sa | n]thgsr native sequence that

preferably serve as the onJu ation Slte% r the PI‘?;E'I[
Brbodi i 1 * Frtoms .8t cPHGEHER U ¢ e SRS SR i FUBOREDER a8t 1 ¢
may be deSIenﬁifahteufeacﬂvﬁmﬂtﬁe &i@l)ltuigm’&pti@abﬂjﬁgﬂte Sdindl ﬁSpartfc’ﬁlﬁlﬂil t hifinibi focl NPRIAr dgiomn Of

t he peptlde r.to I red
ol i goner 8 éﬁ'ﬁ T‘"’%‘%ﬁ?‘ﬁ“gﬂ]sg%ﬂ’@%s tgeé’g e of'ml 8 %m&is%lf ew'Ishg g%%%g)ée
the Lys na;Lyb&sndapbraundteMﬂnnahedtBﬂ@rse@mcn ondépe adfied to an end of the hBNP sequence, and/or

one or more native Lys residues deleted or replaced with conservative substitutions. Preferably such

25  substitution or insertion is in one or more of the tail amino acid sequences of the natriuretic peptide.

[71]  The conjugation site may in some embodiments be inserted, replaced or added at or near the N-
terminal tail, e.g., an insertion or substitution within the N-terminal tail amino acid sequence, preferably at
the N-terminus, or positioned 1, 2, 3, 4 or 5 amino acids from the N-terminus, or alternatively, positioned 1,
2,3,4,5,6,7, 8, or 9 amino acids in an N-terminal direction from the N-terminal Cys that forms a part of
30 the Cys bridge creating the loop. In a preferred embodiment, the natriuretic compound is defined as the
native hBNP sequence with one or more mutations selected from the group consisting of Lys;=?Arg,
Lysis>Arg, Argso>Lys, and Lysy;—>Arg, which one or more mutations do not eliminate the biological
activity of the natriuretic peptide compound. Addition of more than one modifying moiety, such as an

oligomer, may improve enzyme stability and/or enhance absorption.

12



10 such as avgheusmers7For exanpl e, conjugati on wi th non- hydproryszios/es7996
oligoners in this region can be detrinental to activity, though the
applicants have surprisingly discovered that conjugation at Lys" results in
a significant anmount of retained activity. Thus, it may be desirable to

repl ac;a S UCE'EZ] COMhMgﬂtthd)ﬁhn&iéétiie%eré lﬂnalo@f\wﬂpmlélzﬁde(:tﬁe Iobﬁt:on%}f&t %{]érh%]i% g&ﬁlﬁmccal
Cequonce. - PR R o Sy i ot WP I MG G P15 it it e therehy

conj ugat i orforming kHeppdip tintkecass, thmbopl_ma&nﬂﬁde]sﬁbsﬁtbﬁma&ﬁtehd@ HEBURRABNS damflRt | Ve
BNP. = Am no aé}&s' ﬂffé?l“%ﬁ&dﬁ métnlam%eq%@:{'% 0 l§ng[agéljc Isubstétgtf,?gg gagtgogs % c[/gl\ﬁﬂtﬁ%l%g dca)' %”O

acid that is not conju
desi r ablse ﬁbmla%thaﬂcuatwdpﬁ the native sqqtleeceﬁ oExaywpitp afyarch diered Faup sequanpd @n bé fousbie

entodi ment %cho?nfé?&se't b, Wﬁbt‘z{n&x? ﬁirlﬂﬁige ﬁmuﬂeﬁc ﬁ:‘ﬁf((ﬂ n{eﬁlﬁﬁx‘%qgcetér- g?icﬁ\i&d igﬁé Eet% Lys

resi due, for exar% native -se can

repl aced wit4{19875263287, F‘F(Yf‘“"ﬁ/ﬂls‘a?s}“@ ﬁ%""!’ﬁl ’&HﬁP’H’%rﬁFﬁqgé’V mremmdescmwmts Of
sel ect ed s®NPhRd: pragaatidlg bR EhufRRAE B gﬂa ¢ QeptiRANGIPR-A) doH?pBé’J ﬁ) lte na@t(NFIk?:

meo:]gsul t |Igg Pr%'tﬁﬁ ng??é itj%a]{'ﬁ?eé‘[‘ia arti cuI ar it's af for

IMPIPleibe Pfﬁf@ﬂeﬂa‘éow ey H'élt"?exﬁélatﬁ’BNP
am no awi dlephavdizose i mhre(l:n$el®aitlvﬁrﬁib€htutin§(§w]m&ﬁdodufSlm'ilﬁa&e the sefitreid dofiditnion tehe

hBNP sequepge . ‘ﬂ(s%e sl 13, 3 G08mole &ence ?%';'Pﬁﬁ,gg}ég gcge,apge r{ytéve?mp of RN}’

nore native reS|dues ele ed or rep 5%
substituti @Wshﬂvqﬂr, éfletab by’ g ¥chnserBivg ﬁllettutlmst ilamother ambgdimerit e ldop isi shorene! byr

nore of t h@epfoRihd 2 SFbNMiRFAcths %ﬁgfﬂﬁpﬁﬁ §Iuﬂi‘1até ];]QOM 5&1 éﬁ g, SHGD&H)L Qtt the J%étl Ihe

COI’]] ugatlon site may in some enbodi nents I nserte ace or a

or ne@nr t hanaige "Ef@%d?ﬁ theafysioafyfs:s 1Qop pf hBNR, iny ‘ﬁ@@r%ﬂi‘n‘s éwlas%\slm Glytor Hre- m}ntfnpthert he

N-terimnal eqbidmeaheS8SEGhilpdesl YEMEBop iPilRic8bdtleiédat the N-term nus, or
positioned 1, 2, 3, 4 or 5 amno acids fromthe N-term' nus, or

| t ti
N tor mnal (Yt &R Bl P e ol o oF nebs il oo Y IR B R pid "
bri dge cr eédliandjortafeteimajog) tail, puch apihe falls ofedtn@rrbmdnemepﬂptlde‘s,m EBINPj méhBli(Pm 32

conpound i | ons
sel et ed f?gﬁﬁisa%%ai‘gﬁ';*‘@%ﬁ%{%%ﬁgwmﬁ% Biolil oty oS gl el

Lys3-
and Lys. 73mpyinclyeiserstingings. delcings. fngartianp ef womfis @%@rm fram thempiive B’-l‘lbqn?ﬁﬁslséal
anl ;“ t Ofonf &esu&ﬁduﬁsht#ﬁ@isl dbleﬁ@ﬁt dndBr mRAPALIGot Atftiatel Mbeﬁéﬁcﬁpicﬂvriyrb@&eﬁﬁlﬁrél
modi f yi ng noi et such .a rove enzynme stabjlity and/or
enhance ab&ﬂ?"ﬁf%ow O“TT‘RR% L%ga;”g aﬁé‘ﬂ’{g?gg 5168 YEB “‘[‘5‘2‘1‘“6%9}’8& mpTfe
natri ur et i emipe ptidsd eFon Radngplrs thmNiem:nﬁltuhimhemaedempmay: sdigeed divin hé faloninp IBEP

natriureti gpgggrﬁpé %?? ?u."cd% &%;né’yz[s% d%& %IQC} a?n& o%%reg@n#l%%ts%%hlgh g}{gq’r %@26

are coupl e SONE cases,
| oop may i P rasi@&%lab@ﬂac@dmiﬂbhﬁly @reﬁretrfrszﬂn@ Slmﬂd’IYoﬂ G- tn@’el!a! fainwhen fpresent, meny bam ds

differing tdie@u &S 'i‘lﬁNP‘é@gn%ﬁ@Q?—@@eﬁQQSﬁ dOOMIa%dSMCﬁ §rh!lba%9 ok H1E 'f ing hBNP
del etions, and/or insertions do not 5 elimnafte the act|V|t§ e native

sequepces. seEREMpIRsEingpe & faqre byspresiduet i rersed Wi Ay aranAprepiduey "’F Rf preferred
loop-plus-tail natriuretic peptides include hBNP segment 1-29; hBNP segment 1-26; and either of the

foregoing hBNP segments in which one or more Lys residues are replaced with a Gly or an Arg.

{741  In addition fo the foregoing analogs, a wide variety of analogs suitable for use in the invention have
30 been described in the art. For example U.S. Patent 5,114,923, issued May 19, 1992, the entire disclosure of
which is incorporated herein by reference, describes a peptide having natriuretic activity of the formuta R’-
Cys-Phe-Gly-Arg-Lys-Met-Asp-Arg-Tle-Ser-Ser-Ser-Ser-Gly-Leu-Gly-Cys-R? wherein R' is selected from
(H); Gly-; Ser-Gly-; Gly-Ser-Gly-; GIn-Gly-Ser-Gly-; Val-Gln-Gly-Ser-Gly-; Met-Val-Gln-Gly-Ser-Gly-;
Lys-Met-Val-Gln-Gly-Ser-Gly-; Pro-Lys-Met-Val-GIn-Gly-Ser-Gly; Ser-Pro-Lys-Met-Val-Gln-Gly-Ser-
35  Gly-; and R’-Ser-Pro-Lys-Met-Val-GIn-Gly-Ser-Gly- wherein R® is the 102 amino acid sequence of
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Schoenf el daWéx 2084047871Vt ati ons in B-type natriuretic pept iFIE/WEEPABTIG
receptor-A selectivity," FEBS Letters 414 (1997) 263-267, the entire

di scl osure of which is incorporated herein by reference, describes variants
of BNP that preferentially bind natriuretic peptide receptor-A (NPR-A)

g 0 (r)rggr 835; Ppositeselp?odivr th: fuhRfRpiGlein or § Utminkpt€ et théedd 250d Q"Z?(C&DdNILIb ﬁHRP&tvﬁ;%:ml
atriuretic | 0o e a natjve oop

havi ng one the %dfmeg% HLgervafgl REREHSEON '%%genaﬂfqa%w%&ﬁgﬂ'@%l"mvn%it[és’ﬁﬁé'

nat ri ur et i Yakdys-Yrlthpuolys YebLed-agp LyeVa-Leu-Arg-Argnbyse\d-beu-AfgatrgHiw or wid hmidayve

t he sequenwzoﬁmggmqgéﬁ{&hﬁggﬁoi@ w Qheeof he native | oop of hBNP) and have 1,
2, 3, 4, 5, 6 or conservativ stitutions. In another enbodi nent the

Ioop S sh?{i n@ fo ing a set of am no aci ds that does not elimnate
bi ol ogi Cal 'Rbti Ut °“F’n 03 f5sd  FiRmary 24 1980, Jbg, entigeedisclosure @f) whisk lisigecspordied

Cy S{ ﬁ} Cys iﬁerblﬂ bxﬂre&fenbhE%NEi; c:]e&dbtslsnﬁdﬁmbwﬁ&ﬂhdb tSn ‘?o&ummm th thd pre | ts@ﬁt uﬁaéﬂmd n, lslich
anot her i nen CONDO, 0 0 ered or
Goreren IR R TR ke (e R R B s ot P P By A HirOHine
native | oorwernla\)( it HAi-GjeSeanlyNot BSai-RraLys-MaiVal-GhndilpBeraGlc- t erminal tail, such
as the tails of native natriuretic peptides, e.g., hBNP, -9 and hBN(P2)7 32.
The tails grg sy 'Sgi’ﬁer&’-mw@%@c?sﬂl@d Pébnﬁﬁrpﬁ'i ?ﬁ (&Q@ﬁt;r@&sﬁﬁﬁm &k WHlH X ficorporated

bi ol ogl cal  acti vi t%/ | n. sone cases ude substitutions,

del et i olfs, PSR PYrefrrce) descshes afer matiiystic Rentide anglogy @rl@hlﬁngf B tlecprosent jinvention,
sequelnces, 1r&mdi3€]) XQy@rasalysuEgmrgmb@mpmg?lemﬁw-s&l@lalﬁscir@n%euanﬂtwYIﬁ%é‘rétthe ns do
not elimnate.the e of the ve uen

enbodi nent ci’sﬁeé o} A m@?‘;'f qaglﬁg?ém @%ﬁ'“#ﬁﬁig\‘?bﬁ AN ésa“gylﬁfn‘l‘?suﬁﬁf‘a\faéd by
one or nor éeu-Arg-Arg-TacDHS -Adﬁéfal-émaﬂrg#eg-OHheAN-\fszLm mlTyt-eHl -AmLamﬁgetmﬂ

rzmg S :lngcg_e ! f\fa‘?géut(tjﬁ 01]c ;?:I.n—%y\f’kpg&rg %@P %%%ggs'lﬁm@% oﬁ Anbth T. setﬁ)f ana%gs smta%le fgr ust in 3-9,

resi due¥ i $CF Ephligatien Wﬂ39d2@wublﬁhﬂlﬁgcmglldué89 Sl mlarly, a C— t er m nal
tail, when present, may be 25 selected from hBNP segnents 27-28, 27-29,

27 30, ZZ ) an (ijur&lzr BR6f naidrefdepite ahdMgs Exﬁt&lﬂafbl' 0@ ﬁlﬁ&dﬁmseﬁﬁg@mﬁs wh&ed i ]Qne
orefer red Wb SRl eh aRBF ol mofost dholte Phoflides FRieSamm Al Phiche:
hBNP segmneriicorper6d haeinl be irdftiece. ofhis peblication dga@ibega hﬁm l&eggmmhsreticmcw‘nyaiﬂ tiene

O o LY ) 95 Mok 0L A5A0 Y B Aol S8 A Sl ngn
i nvent i ¥n I§8xEys-RPY whesein Ry dsseeleftprbfion ﬂletgtvep atrﬂﬁlstmE@f (H)( &ipt erGilG; Aﬁ?dwdﬁlyﬂ%r-

5, 114, 923, dyis Hefhideh- ﬂs%ﬂ;ysl@@%cr—@lp-e MRV AAS/His .- Q@H{%@Gﬂrf f Ser-hY- ChheAvRt-Met/val-

I ncor por ate er el n y re erence, descri bes a pept| havi np natrl uretic
activity ofAWHEGILAW(fys/GR-Ser-Gly-; Lys-The/Met- MeWal~Arg/H15/Gln-Asp/Lys/G y-Ser-Gly-; Pro-Lys-

Cys- Phe-d ymmg. a nArsng's}'(By.&?-fGl)Ser - SerseSBm-L@k yhrham@walwgm%ln-
wherein Rl s s

G n-d y- Ser™ Eﬁ"{/ %‘féﬁ‘ﬂb A agio &gé? ‘“&“ acid R?E‘Ee“%‘% thy 1t ‘é ‘§P5‘§§‘F‘ %ﬂ‘f’z“ce for porcine,
Lys- I\/thSVaIcax@eerHummSéiM’Goya coxﬁpasnd_ﬂ»s'ecbﬁbttz i$aOHE RHZH o -MGER"™ @hegein R' and R" are
Ser - Pro-Lys N X g
o ser - pr o SRRl bR O el 14 ¥ s AR AL ys-Vals ALy Yol L e AsnLys Vel
sequence ofLew-hm; Webieval- G%’?‘S’B‘.L‘“P@Fl ﬂS‘Z’@@é’FH?FQ’%ATg/LYS‘TWHIS or the amides (NHz or
NR'R"} thereof, with the proviso that if the formula is R'-Cys-Phe-Gly-Arg-Arg-Leu-Asp-Arg- Ile-Gly-Ser-

Leu-Ser-Gly-Leu-Gly-Cys-R?*, and R! is Asp-Ser-Gly-, R? cannot be Asn-Val-Leu-Arg-Arg-Tyr.

30 [78]  Still another set of analogs is described in Scios, European Patent EP0542863B1, issued November
26, 1997, which describes a fusion protein which comprises from N-termina!l to C-terminal: a carrier protein
of about 10 to about 50 kDa which does not contain Glu residues or Asp-Gly sequences as a Staph V8
cleavage site; a Staph V8 cleavage comprising a Glu restdue or Asp-Gly sequence positioned at the C-

terminal of said carrier; and ; and a peptide not containing a Staph V8 cleavage site fused to said cleavage
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. 4/04 : : PCT/US2003/037996
positions 1-‘5329%%04%%13 human protein or a Ctermnal portion thereo and R2

S (O—|), NH2, NHR or wherein the nodifying noiety' and the nodifyi ng
noi et y" are i ndependent |y | ower al kyl (1 4C) or R2 is Lys; Lys- Val;

Lys-Val - -V r Arg H s;
or the am Ite %?kﬁgj"dhﬁﬂ“é\"gf“rﬁaﬁ?ﬁ Ofa “%ft?% 'i Q{ng’ﬁte"f ﬂ%’rdg?ff’@ g’ epsppfan g
Patent, 4, 9‘&1?”?@@183118591%@@2@:@!@%@@ 2, 1990 the entire disclosure of which
S incorporated herein by reference, also describes natriuretic peptide

anal ogs sui bl Q)t]feﬂﬁatrﬂﬁ&lc ipEptitid\ShalbgsQaiiBle frhEn ttHe%%sen?H%tmr?a?e ds&ibs BRI, Q’

Arg L Val L A
Hr g O¥|s |\/Et%§\5$ en gl]\bgcaf_lpn ﬁgé%gzoggq%{’gpybhsheg fon July 4, 28/02%;12 entirg dlsgosureeolt! wh[c
H- Ser - Pro- Uy&rﬂk@ted\ﬁaﬂem(ﬁyrreﬁemeﬁeuhtcﬁdysmt[eg ﬁ]phjdxoﬁnglcﬂlaat Ritbe pblypeide’ K ys-PHSGIO

Febr uary 27 10 herein
by refer en ggg%é& Z\SIEQFE&%E 'g?rur gﬂ“’ﬁ‘ %ﬁ%ﬁ"‘gﬁg" gﬁ‘i ?‘Qﬁ?‘@h%rher?;

in the pre ﬁc;mqsmén@e@invheremﬁ@b Hdil-ﬁ@-Ser-Gly— or H—Ser-Pro—Lys-Met—VaI GIn-Gly-Ser-Gly-.

X- Cys-Phe-Q@y-Arg- Arg- Leu- Asp-Arg-11le-d y-Ser-Leu-Ser-dy-Leu-dy-Cys-Y
(where the [0 C)ll$ hﬂllﬁ?%cﬁrsﬁbsmuhtﬁﬂetﬂe Bydrébablic SiHek | A QmRRNEds ‘Q@?B@ cohsiderB ARG H

or H Asp- Ser. - é’ %Sl tes - Asn-Val - Leu-Arg-Arg-Tyr
_ Asn- Val - LelPPXRY °RF§ ropa ﬁm\'?alﬂc"ﬂé'ﬁekA? Epnipiring eﬂtrm“m’f)'%ﬂ f"lL@eaﬂ Ryapotypeptide

- Asn- Valio Lesig@ktaity undastedden tHeh:- A&r:g actyited Qg the Ireldive Bydrophthie lcRdcter ANBd dhgiho &et Of

I 2 bl i shed
2021095 541l 5 ibRal Sk Bl B R B AR
suitable f dhe pyefein with pthes n}@teedenﬁaqhmmemamd)lms b&ndsgmrdr adgdropathic iteS on e basistof its
Publ l(gat ' OmyMQpho&Q%%oc%EQ chapa%#a}.alééﬁ%droﬂ&s ? éﬁgﬁgrremnﬁé}ﬁ4%9tlél{)ﬁe (38

di scl ure Of which is 1 ncorporated herern &/}9) atron

descri bes Phpeplanaetady |°¥§&W&Y%"FW%§)I methiepips (H )); alaniper{s1.8)% gyding] (a’ 4); threonine (-

R - Oys- Bhe-d3hy deige (081 liyprotiak/ (il i ) lpﬁmbe‘/?i M tisind o0y SRfamb@ULISS - Se
r-G@y-Leu %/ rein sel ec romE egrou consi st ng

of . (H; Gg@: amrée(r %aﬁpanat —g lef@gl%z; S); é‘yil -3.9); and Arg (-4.5). “As will be understood by

Ar g/ Hi s/ A nhobe pkilledsih @eyarSeerta{d 3mino acids can be substltuted by other amino acids having a similar
Xtratg} \I-/I?JS / ér %{y%%}rﬁg % %opﬁ:%/ Iﬂdéélﬁ;rééults 1A pg?y]}{:ptide wht'i1 simnf bl}/‘?ogtcalaactmty, i.e., still obtain a
Lys- Thr/ Metbidiggical ﬁWIgflaHN squahntﬁls)b'mpyéd Gnymaing sgghychanggay the [sybstitution of amino acids
Thr/ Net ydVetypdad i &5 Hidl i9diCas Bre ASBin LY of tﬁ:ﬁ’otl%? fspfafdfred, those which are within +1 of each other
Ser-Pro-Lys-Thr -Met/Val -Arg/ H s/ dn- @QL ys/'dy-Ser-Gy-; or a 10 to
109- ani no éfan&ﬂlgﬂalré’rréeér%@m{ th%% MWikip $& efisagho rrﬁr%fé'aw?re@arrfaraﬂ:perrfefrﬁe 25

cani ne or human BNP, or a conposite thereof; R2is (OH), NH2, or \R K
wherein R [81)d Ris zisoemdém@bdrmemdmmthhmhé bsirution tflike @rnino hdﬁss:am&smade ]:ffébn@)y @ 1S

Asn/ Lys,; L
pon Lys: val ¥ %"'ﬁ’r‘“ﬁ?ﬂ{y 05, Srl 0% e AR, ot B fopppnet b
am des ( NHzntety, NRVII’PS) @thep aﬁatestvd%ﬂh averegephyduaphibicity heft 2 j proteim easf gﬂvprmdaby ghe

T C 1 (5] n. € R2
o0 el i gl i o e g O

anot her s etm ﬁrs 4.101s thy inlloying ygroppiliay ivejues hig r"Beﬁé%ﬂﬁ“ﬁH? gnipo Pﬁb&“ﬂ%é§ 1,
i ssued Novewrb®f LysZ§3 0)1&9&;atevrh3 Ch 1} @BRairiald €53.00+ fmsma.a (mrzqztaepafhgm 0l2); 0 tMiheS €S

D whi ch Q0" Ry o8 BB s 1Rl Sl (9 5h SR 00

methionine (-1.3); valine (-1.5); leucine (-1. 8) Jsoleucme {- 1 8) tyrosme (-2.3); phenylalanine (-2.5),

30  tryptophan (-3.4). As is understood by those skilled in the art, an amino acid can be substituted for another
having a similar hydrophilicity value and still obtain a biologically equivalent, and in particular, an
immunologically equivalent polypeptide. In such changes, the substitution of amino acids whose
hydrophilicity values are within £2 of each other is preferred, those which are within 1 of each other are

particularly preferred, and those within £0.5 of each other are even more particularly preferred.
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cl eavage si WO 2M4/6178ph V8 cl eavage conprising a A u resi dL}éCTdPSZRg%Q@%ﬁ
sequence positioned at the G termnal of said carrier; and ; and a peptide
not containing a Staph V8 cleavage site fused to said cleavage 14 WO

2004/ 047871 PCT/ US2003/ 037996 site; wherein said fusion protein exhibits a
pl of about82B. OApeutigeeaiiors, amifibecipabgintiomlisatics sorbehasd b the pdaivosimarity of the

N-term nal Jng'ngﬁgﬁ Plﬁé-ch@m sgbsatg%nﬁsn}op Qxaﬁl fe qﬁe:r l{ Zr%%)h gﬁﬂyg‘;hgﬁﬂ:[hmcw %ﬁfféfer B%F’EAHE

anal ogs suit use
U.S. Pat entlikiulBiemplagyisestitngions Q@@@@weemahat gant#: iinj¢rehangsa wytmuymamﬁ@mlmehe

entire di sq,toib'gum%cmty mecﬁalybépndé Ha AR VRS faggoﬁigreh@aetehafcefn%@mma?éﬂ
descri bes a physi ol ogi c Iy active pol ytpe ptide
f

Ar g- Lys- Vet eALRevR 1y *hﬂfe e“P theart angipcluge fcwm%draaﬂg L@&"t%%\?aff aspatenteliey g-
H s- OH [ whah®thiebiine) gluthaiiné fidAgaragine atdvaldgGelkindhRligldicne. i s H, H G y- Ser -dy-,
or H Ser-Pro-Lys-Met-Val - Gin ay- Ser-GIy- [80] In ITB.kI ng such
substituti C 4N f. r The
mportancectgjﬁ tﬁ‘?%‘m r{(;)"%g |dcbyaﬂr}?sﬁ%%ge§| aﬁ |n c E%Cﬂﬁﬁtaﬂﬁo 2t ve

bi ol ogi ¢ f umvmd)hy @nrarwyp@ﬂ ryqygpxedcteptldd_&rntlr@sugedBma&sllyclmeblstngbmqu to,rdessigat |
[t 1's accepitolifinoldiond Bhilheiul i SRAEN feubBALRGLS bR PRR oo aci d
contributes to the secondary structure of the résultant polypepti whi ch
in turn defines the interaction of the protein with other nDIecuIes Each
amino all d % beeH“9§§FHH%E‘%’hydropathlc i ndex on the basis of its

hyd hobi h h t :
Vil e (a8 B REREEE St Rt e SR S v et s g
e e i
lg ds aiya 1g eiad si e at'ci ot gthe
inecth

hi sti di ne aspartate
aspar agi ne glav'm@tlgyepth_eygm(tmlgd ofjor emleplpyngg of expynple/A9d ppt|limiting apd,
those sk§ | | @abrirDaddt? m%&la ofc&a{ .amf;peame %y,élﬁbéjtﬁe ROwiRE sttt NSl ;1p-[ghdaar

am no acids having a sim dropat hic i ndex or score and still result in
a pol ypeptllﬂ’ém\lrf"{dﬁ'[§l?aﬁﬁr‘l@ﬂm ‘cﬁ""&ﬁ @HNP]EIEFF‘W’E"W}‘C‘Le still obtain a

bi ol ogi cal functionally equival ent pol ypeptide. In naking such changes, the
substitution of am no acids 2@BsWhosSBNPEropat hic indices are within 2 of
each other is preferred, those which are within 1 of each other are
particularly preferred, and tpg F%ﬁ 5 of each other are even nore
particularly preferred. [81] It is also erstood inthe art that the
substitution of |ike am no acids can, be nade,effectively on the basis of
hydrophilicity. U S. Patent 41854 begder NEANPI scl osure of which is
incorporated herein in its entirety, provides that the greatest | ocal

aver agez2hydrophilicity of a pi8s].ei PxadendPgSpacerd®; by the ' 5 hydrophilicity of
its adjacent am no acids, correletates with a biological property of the
protein. As detailed in US. 53t endaud ﬁéérﬁgﬂ1 the follow ng hydrophilicity
val ues have been assigned to nlno acid residues: Arg (+3.0); Lys (+3.0);

aspartate (3.0 + 1); glutamate +0. 3); asparagi ne (+0.2);
glutanine (+0.2); glycine (0)° SthP@@ﬁ%%E“T&BP§§&m$POI|ne -0.5 1); alanine
(-0.5); histidine (-0.5); cysteine (-1.0)
[91] Leadcr-NP [Spacer ‘NP],-Extension;
[92] where
25

[93] nmay, forexample be 1,2,3,4,5,6,7,8,9 or 10;

[94] NP is a natriuretic peptide or natriuretic peptide analog;
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met hi oni ne ( ine (- 1. 5); leucine (-1.8); isoleuci
tyrosine (- W§>2§a*’%2€1’§/| al anine (-2.5); 30 tryptophan (-3. 4;}%—'&05%‘%)037996

understood by those skilled in the art, an am no acid can be substituted for

another having a simlar hydr ophilici ty val ue and st| I | obtain a

bi ol ogi cal |y eq al rtlcular i cal |y equival ent

pol ypept i de. éé g%ﬁe’"?" for %"ﬁ'p’a’ REde Bﬁa"?ﬁe & P%@ %@iﬁ%éﬁgrad&ﬂm

hydr ophi | i ci ty \Fa¢ hatds @Fere%mtthﬂ op a@henecabtheamhelte préemﬁmarlsﬁdprctelﬂols 8iP\Whin€ h

are wthin 1 of BaeROhb AR pmsﬁt%%@mm f LN 0.5
e even o 6. bart HeB S e SRS A bt

of .each other are even pore particularly rre

PCT/ US2003/ 0379éB‘“bl’[“BQﬁth%@“'waqeﬁéﬁwabm@fCelhfnﬁdw ;acid
substitutions/insertions can be based on the relative simlarity of the
ani-no act d si de{#fai lesiabndy fbrieninple bé .0 sngX Ak ﬁ;;d,b;ktﬁmho AYTeqRAQDS plpki
hydrophilicity, char ge, ~stze;-and the [ike. n‘:)l ary substifuti ons % N
am no aci ds t hat e‘ifiérrPeEféie P‘rﬁ‘@ﬁ’d’ﬁﬂk‘i‘@e@f AU and Lepdsni ﬁql@&ﬁtq Bjock the }-fernys fam

bi ol ogi cal acti Wnggafém asigs m@lnyiimtpmmﬂé)nmhﬁpndea(kg, @ﬁa)& ﬁla-s\spbl)tdala —fctea\aﬁebﬁg
characteristics, L gar

art and include, o? cg%%?rp% ‘%%%"9% ; Iée' blulatﬁa%@ °ge§%%r fA(SPg')) méprr?ve%
and t hreoni ne; @1’ RRIlRIOrT assists E‘seﬁ%fﬁtli’gffﬁ@ﬂw&f—‘lhl(evgal&lmswfﬁlé*@éu)md berderiisméfeaidy ne.
[83] Asiov || be ciendsié ool nﬂﬁxp&ﬂﬁ%@eﬁ&kﬂaﬁ&ﬁcﬁeﬂucﬁl%a@rgé natriuretic peptide
(e.g., BNP) anal ogs can be prepared by a vari ety of ‘recogni zed peptide
synt hesi s techni esglr c.I u n butl ﬂ'@km ted | cl assl cal (soluy él on)
net hods, solid se e é‘ﬁ'inpgy?ﬁ & Aing.api c?ﬂsammﬁﬁ‘a TR PRRTE (R
net hods. 10 8. 1l@ddvipéptiie ﬁl\iﬁgnﬁle;ppncmp of 8px]oteiﬁhmdrmctemlmletselﬂ;tedmmumﬂe Taymihs 0
be a | tipepti h r r t ence
and dpti onal [y om) loRsioh el ol Brficlth ir b WiiupeB R QAR AEaRRRN
units. The conpBREPHESS! 9'%!"}9@ @Blﬁfis orebretion Sromnthei ool ife. oA Ih-AsiGly-Gin el bleavable by

extensi gn s eque@&ﬁmé’-éocﬂhﬂ h@rpr&éasé)@mpr%@mﬁse @iu-éﬁﬁd enfaaﬁratlhﬁnﬁsﬁ EA%»N‘;? El{l]d Elnsion

conmpound. For exﬁ%@! exanpl.e and not |
limting the 15! YLﬁleévaﬁﬁéWQﬂ‘qW?ﬂﬁPtﬂeB‘fe“mﬁc?ﬁfPW% BAVeES: may, have t he
follow ng structures: NP-[NP],,; NP-[Spacer- NP],,; Leader-[ Spacer-NP].

Leader - [ Spacer - 48] . -Esadee mgy, fon exantp&r ke o st pepanFro{ d‘aﬂ:s’ﬂig a cIBfo]exdNiRe fhEPHE @k a bil?-] -
[ $rn Leader- 14P O

Leader - [ Spacer - hﬁ‘iewﬂli 60296 %herls%@ g%:%e %xtﬁésms" SﬁlneLg?%T and blocks the N-
Leader - NP- [ Spac éFmipgdpt NE)ﬂf élppsmglﬁpeptn!eg@]nng\,{qmal conjugation and/or assist solubility of the

20 multipeptide in cytoplasm or cell medivm; and

[99]1  Extension may, for example, be a peptide that assists in purification of the multipeptide or

assist solubility of the mutipeptide in cytoplasm and cell medium.

[100] In one embodiment, Spacer is Arg-Arg-Asp-Ala-Glu-Asp-Pro-Arg, Leader is Glu-Gly-Asp-
( Arg-Arg, and Extension is (His)s-Glu-Gly-Asp-Arg-Arg. In this embodiment, the NP can be
25 released using a trypsin and carboxypeptidse B enzyme coclktail.

[101] In one embodiment, Spacer is Arg-Arg-Asp-Ala-Glu-Asp-Arg-Arg, Leader is Giu-Gly-
Asp-Arg-Arg, Extension is (His)-AAA-Glu-Gly-Asp-Arg-Arg, where AAA is an amino acid
sequence from 3 to 40 amino acid residue in length, preferably 3-15. In this embodiment, the NP

can be released using a trypsin and carboxypeptidse B enzyme cocktail.

30 [102] In another embodiment, Spacer is Arg-Gly-Asp-Ala-Glu-Asp-Pro-Arg, Leader is Glu-Gly-
Asp-Pro-Arg, and Extension is (His)s-Glu-Gly-Asp-Pro-Arg. In this embodiment, the NP can be

released using a thrombine and Carboxypeptidse B enzyme cocktail.
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25 [93] n npy,, E’B gﬁarrple bel 2, 3, 4, 5, 6, 7, 8 90rPC119Uj093<}d37§\§Pis a
natriuretic pep d‘e natriuretic pepti de anal og; 16 WO 2004/ 047871

PCTI US2003/ 037996 [95] Spacer may, for exanple, be an enzynme cl eavage site
preferably an enzyne degradati on site that is not present in NP or a

chem cal cleav Si te refer hat not res and rmay bl ock
the N-term nusa@&]t eb?mebtoﬁi é‘p@? ﬁsﬂgvacqi}lé%SEE'IU‘AE&%%&F@W and
i mprove sol ubi Glyt@p@fo—Arb,eandﬁkttnstmm(ﬂﬁheﬁ-mlnG@yAspMMm an thisdnibodimeritths NB-eay der
T e (o o L96] b pteasl Rl LR 653 Ro acid sequence, a; ]

1 i ds
tide (e.g-, |eader de or signal pey ’dqag‘e"zymrccgcﬁgﬁr otein, and Leader is
selected to block the N-term nus from conjugation assists in purification
of the mul ti peptiPtle Ip angher embogimenta Sprses-iMet-¥dpty Leaderdy Msi-Metygnd extepsioneis (His)s-

cocktai lss V8 pr ahRase-MeEWIGDARNKEE 4 SRinFladld SehueA@droRHAE RO Rhifd M@&I&.&m&%}l
i nproves. solubllﬂl1 %’EP d/or aﬁéls;s in excretion fromthe cell,,(e.g, -
Al a- Asp- G y- G ujnthisy cag PR psipe B¢ | eavabl e from the

nmul ti peptide by enzymatic or chem caI cl eavage; [97] Extension nmay for
exanpl e be a sifig$le laanather emhodimesinSmean iindspaich-dlas@igHiin degdenis PdpAspelaly-Gin, and
| eader pept | e Belof Mg RBRA deépyum@r IR Glefhiflei, ﬁpggﬁ@ BRI id § Bt e

to block the Gter ation, assi |ca|ono

mul ti peptide (eprgt.eese(eﬂﬁwycﬁln&w&lw@}ﬁn@q@@owwﬂse Apmrestadls sol ubility,; and/or
assists in excretion fromthe: cell, (e.g,, Ala-Asp-Ay-Au - cleavable by
15 enzyje cockt piok) WanRh@t@adSAmerdt esﬁe@r@t@amscﬁy.@w IQdeﬂ'ideﬁﬂQBJ@ﬂ)QGﬁl RS e

(Asp-N)); and t ensi on r ef Q%Py cl eavable fromt | tipep tide by
enzymatic or' cl PR ((ﬂ'sé(?si@g %EY RN e“tfglP ‘&H{l}?éeleaﬁeéi ing agfR|
pepti de for CaUﬁnomg;e&nd};@}dtenfaﬂ:(BlX—C}lﬁtyEldtNEBGBJ‘dBoﬁHlNHaﬁl@: | eader sequence or a
pre-| eader sequence before or after a fusion partner protein; and bl ocks the

N- terninal of f ' '
hssi ot sol ubi || [Torn AR YnbdaRefly Sl bl 1Rl | R EA0L4904 bk B0
[ 99] Extension Wmﬂmﬂ ipSihrqly-Asp-pla(ths)pfelps whiee mhﬁﬁer@@gs ig finked with@ fusion pastngron

of the pultipephd g}% c%l:late @&ﬁh%oté“imméﬂ bzﬁn)’fo?fexatﬂ}ﬁ W%legﬁglg'ﬂﬁedt&o%@% adn
and cell nedi um 0 I n_one enbodi nent, pacer

Arg- Arg- Asp- Al ae@odl“)&’étpthP}"B £98hg re‘ﬁf%*ﬁél@f'gﬂgs @@S@epd%@&lmsﬁﬂawﬁ}@w el Pp-Glu, a
Extension is (Hn&kONIGnbogd Y- Asp-Arg-Arg. In this enbodi ment, the NP can be
25 rel eased using a trypsin and carboxypeptidse B enzyne cockt ail. [101] In

oL ém;?di MeNt, [ BRACH andtier DnBbathedl, ApRer ts 0B, L8R A ArfX-c1y-6RYRE EktEnsion is

—

-3

(His)s-Ala-Asp-Gly-Glu where the N-terminus is linked with a fusion partner, an appropriate fusion
20 protein, which can, for example, be cleavable via enterokinase. In this embodiment, the NP can be
released using a V8 protease {(endoproteinase Glu-C) to yield NP-Glu, a novel NP analog.

[109] In another embodiment, Spacer is Glu-Glu, Leader is Glu-Gly-Asp-Ala at the C-terminal
and the Extension is Glu-Gly-Asp-Ala-(His)-Glu, and the C-terminus is linked with a fusion
partner, an appropriate fusion protein. In this embediment, the NP can be released using a V38

25 protease (endoproteinase Glu-C) to yield NP-Glu, a novel NP analog.

{110] In another embodiment, Spacer is Glu-Glu, Leader is Ala-Asp-Gly-Glu and Extension is
Glu-(His)s-Ala-Asp-Gly-Glu where the N-terminus is linked with a fusion partner, an appropriate
fusion protein. In this embodiment, the NP can be released using a V8 protease (endoproteinase Glu-
C) to yield NP-Glu, a novel NP analog.
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Asp- Ar g- Ar gWVIBO0&REBYN is (Hi s)6- AAA-GJ u-d y-Asp-Arg-Arg, RATEYRORAR™E an
am no acid sequence from3 to 40 amino acid residue in |length, preferably
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V8 prot ea%&n](oﬁﬁlﬂ@ﬂjﬂgﬁte@ idesasted Glrein Bt hadify e Istde s@ubihtyaarﬂmvﬁbloﬁﬂl m&\fl)ag'the
[107] In anot .enmbodi nen a Leader

the G 1 or e om R ep . EARBEEnchds Suutintie oy R 5 hiskfierS Apliplid R
C-tefni nus or@lgbmﬂk@nﬂiwpltfhilcwol[vmmmhgmamer 15 an appropriate fusion
protein, which can, for exanple, be cleavable via enterokinase. In this

enbodi nent , e 1
[11B T%Pp%ﬁﬁkrsb&r sﬁdr@f’iaﬁﬂm H%bﬁ&s)%ﬂ%cﬁﬁ@t\ﬁ% 8r ﬁ%ﬁﬂﬁ)&é Qﬁl&%éaaiﬁ Qheir

GQu-0 to éa novel NP anal og. I n anot
Spacer Ps cé}bf@efu Fon examel. the polyalkyleas, elygols. ep EPC%tFFd yetohsipally gpgstplle linkages, Sach s
(Hi s) 6- Al a164; £ostidd ehrbohas, estdr rberbmnﬁteinmmmsc wgich arf) lﬂ.@daptﬂﬂé fo h@drf)lyﬁsl OMispRsvsner

an appropriate. fusio 0 pr. h for ex vabl e via
ent er oki nadi. P ‘1l)’|1f'efsht|'°rl’e ﬁ%}ﬁe@i‘ ?W""‘tm“ﬁiﬁ tgré'gmer" 1:%@Bref1§fl "§L a%ers are
prot ease ( cexidieddorexmapdein®.81PSEntNo. @lSé,IZtitNF!at(EbllJe;tata novel NP anal og. [109] In
anot her enbodi nent, Spacer is Qu-AQu, Leader is Qu-Gy-Asp-Ala at the
C-term nal [IIQPdREp%er@ﬁ@@ml‘éﬁﬁ'ihé sdmﬁnb‘mﬁ ¥nd"epHiicBpolyiless) £d GlisbmeANHe Hd3&ibed in
Ctermnus is |ink fusion partner, an appropri ate fusion protein.
In thi szﬁerrtﬂ?fﬁq‘?’éﬂf’el"‘l’ he NP can be' rel eased using a V8

822 Hydrophilic Moieties

[115] The hydrophilic moiety may be various hydrophilic moieties as will be understood by those skilled
in the art including, but not limited to, polyalkylene glycol moieties, other hydrophilic polymers, sugar

(_ moieties, polysorbate moieties, and combinations thereof.

25 8.2.2.1 Polyalkylene Glycol Moieties

[116] Polyalkylene glycols are compounds with repeat alkylene gtycol units. In some embodiments, the
units are all identical (e.g., polyethylene glycol or polypropylene glycol). In other embodiments, the
alkylene units are different (e.g., polyethylene-co-propylene glycol, or PLURONICS®). The polymers can
be random copolymers (for example, where ethylene oxide and propylene oxide are co-polymerized) or

30 branched or graﬂ copolymers.

[117] Polyethylene glycol, or PEG, is a preferred polyalkylene glycol, and is useful in biological
applications because it has highly desirable properties and is generaily regarded as safe (GRAS) by the Food
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anphi phi i ymers goners,
[113] The pdimareisdgha éheysibmnaéliy @ﬁawcomjugagﬂ)melp@)es,c‘ahch cm;tl fadlisatebath remodumble

degr adabl egnhpld@BpA RptRgi I 15 backbones. For exanple, the polyal kyl ene
gl ycol s can include hy grol yt I cally unstable |inkages, such as |actide,

glycollde r st carbamte. a he |ike, whic re susce

to hydr'dl yLﬁ@ hﬁﬁ%‘? 7% iy YR e faude %ﬁ gerd %aab@amflwﬂhe%rrswg %ﬁ@&% ar
wei ght f r agrientsaindexd i nesiuedc csmﬁemn@)o Irymcscaameo bedﬁsncbxyumdz sich s @BIPIPEG | N
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descri bed gmup @@t m@l@eb &elnametemoﬂ@mzldﬂ FhyeckES)banl also beraetheésw{le@} inTéne

hydrophi I GmﬁEQinEﬁ%eWQ&té&% 'R?T‘Eﬁ}'@)éﬂ RP\bltéh' ﬁn%%e% e&n { J;a'lly B&g}?}ﬂﬁ(ﬁ l¢5fe00d

by those skilled 1inthe art Inc ene
gl ycol Zoi aeepigych %P%@Fmpfalr% gmqmi@nﬁ)@usmw%s thegnyprher ors @ﬁzslﬁ @lﬂ?lbl?!aﬂcbﬁﬂ“)'?g @ffmte
noi eties, aRtasBbinialel, FSexdnkpR] Gf ethefPanBloresirs1 THROMYBLIO bR Lo Ympd frdPineki €S

to a hundred or more, and one or more of the termina! hydroxy! groups can be coupled to the remainder of
the natriuretic compound, or otherwise subject to chemical modification. Other branched PEG include those
represented by the formula (CH;0-PEG-),R-Z, where p equals 2 or 3, R represents a central core such as
25  Lys or glycerol, and Z represents a group such as carboxyl that is subject to ready chemical activation. Still
another branched form, the pendant PEG, has reactive groups, such as carboxyls, along the PEG backbone
rather than, or in addition to, the end of the PEG chains. Forked PEG can be represented by the formula
PEG(-LCHX,;), is another form of branched PEG, where L is a linking group and X is an activated terminal
group. The term polyethylene glycol or PEG represents or includes all forms of linear or branched PEG, and
30 polyalkalene glycol or PEG includes all forms of linear or branched PEG.

82.2.2 Sugar Moieties

[120] The natriuretic compounds described herein can include sugar moieties, as such as known by those
skilled in the art. In general, the sugar moiety is a carbohydrate product of at least one saccharose group.

Representative sugar moieties include, but are not limited to, glycerol moieties, mono-, di-, tri-, and
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on nol ecul ar weight), heat stable, chemcally inert, hydrolytically stable,
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Pat ent rcation 873,797, both filed June 4, 2001
t he ent|re di scl osures of which are 10 |ncorporated herei n by reference) or
pol ydi sper§éé-%SmemmlyWQtspﬁﬂiﬂeldP@YFatlmMﬂPﬂ'@et By mono dispersed, it is
nean t hat the yal kyl ene gl ycol can have a single nol ecul ar WEI% or a
rel at i vel y [Ha} r@vvso“ﬁaﬁﬁ'é‘)dﬂ?e %DI%B‘P%?Pb'&eW%ﬁ%‘“blhi’é“Yaﬂ\?%‘ﬁt%P&@’eﬁf Ysi ﬁg“sf' e
rel ati vel y Biumpanible datrasolubie lp@mauommdne&pm&edfor @@.hpaecem pblﬁnérha\tmgt .b}erynaiear m

easily efl ed con e nol.ecul es C n faci repro
oynt hsie. SRGORER MSFES Fs PegE o WaleE SubR e o B¢ FropSpehonef W BHE 1.°,
hydr oxyl grqemsatitieas uch ey nffered saliveérduteriisalg vith m;nnlgmoeuts of addftdrnegame m&ivmt:l er

of the nat bl bgldf, GoRANARLe blE A kP GrSerBRALEO Y £5w i

nmet hoxy- PE re one termnus is are
group, whi Isefficiently enlubder in peyepks wefgtians pes ship isdxgught igtp é‘tl'phoo o) grafting “@bu@!ewf 16 t he
natri ureti qogRGPARRY PEG Bﬁm? E!ﬁa]ﬁ%& éﬁélﬁ@ p@ﬁarﬂﬁé%ﬁhﬁg‘é&md@"@r@lﬂs ©A BitHethe BSlymer

enbodi nent be represented as min whi represents. a centra

(typicay rﬁ&wﬁw@w BIy1esg Flé@@%gﬁ@h?s RalyehrLyscand ather-positiyefy herged polyaging aeifisf

and inr epmﬁﬁﬁﬂbﬁsyﬁﬂﬂ&wrﬂkﬁhﬁﬂcuﬁf or&hiBires b @finb raaids, hnﬂt&ﬁhghﬁ)lﬂD-ﬁ.&QI polf(omisttivet),can

be tern1nat f.or h et hers d/or ters, .The nu . I n

can range P?ng@hrge E@ﬂgﬁﬁﬁﬁ & Wﬁg% J%%%g o?wgnge 3B%gg%$ﬁa|

hydr oxyl gpolyfeminomrylaed pabu ij@d:tIrwb amhngamM| mjgr(N@mylammoacrylate), poly(N,N—dimemyl
aminoacrylate), poly(N,N-diethylaminoacrylate), poly(aminomethacrylate), poly(N-methyl amino-

( 75 methacrylate), poly(N-ethyl aminomethacrylate), poly(N,N-dimethyl aminomethacrylate), poly(N,N-diethyl
aminomethacrylate), poly(ethyleneimine), polymers of quaternary amines, such as poly(N,N,N-
trimethylaminoacrylate chloride), poly(methyacrylamidopropyltrimethyl ammonium chloride), and natural

or synthetic polysaccharides such as chitosan.

8.2.2.5 Other Hydrophilic Moieties

30 [123} Other hydrophilic polymers can also be used. Examples include poly(oxyethylated polyols) such as
poly(oxyethylated glycerol), poly(oxyethylated sorbitol), and poly(oxyethylated glucose); poly(vinyl
alcohol) (“PVA™); dextran; carbohydrate-based polymers and the like. The polymers can be homopolymers
or random or block copolymers and terpolymers based on the monomers of the above polymers, straight

chain or branched.
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pol ysor bat e noi eté/ e various polysorbate noieties as wll be understood
by thos¥ sEPTRouef OPJPBai/eﬁe art including, but are not limted to, sorbitan
esters, and pol ysorbate derivatized with pol yoxyet hyl ene. 10 Conjugation
usi ng poI ysardbat e mipophidlieBlojeiesdescri bed in US Patents 5, 681, 811, 5, 438, 040,
and 5,359,030, the entire discbsures of which are incorporated herein by
ref erence. [126b. In sampprohodiments,ithsl modifsing moieyy corprrisesradipgphilici ity Nisiligerbilis moien?]

I'n sone emhpd bé%h%,hg&ﬁhﬂi%ﬁkﬁés'apkﬂl ae@ha%rsroa@wms@smhmﬁé drﬂﬂél@dnr@?lhl‘imi'hﬁmé‘dan
be used. Bioconpati

I'e wat er - sol ubl e pal ycationjc pfﬂ@é rs I%@‘HP g for
exanpl e, an¥ a%l’?‘?ﬁé‘f’s H'éfWh@'B‘FeétaHﬁBX[é‘l?‘e“?S“Hé’E%‘f“S%?’é' mpiptics, lloland mpieitsant
gr oups. 20" it9aci8 mbidiits, danfieingl, indakoldske), aidlineligphilic@ilymess afdibrolifanetsn aqueous
sol uti ons, such as buffered saline or buffered saline with snall armunts of

added org mg bithe Vaﬁcyf.ﬁ%eﬁan%s’m {hﬁ ?sa&at@u Lﬁeqp&r 5. af&w&aﬁ aagl. ;TC.

In some e ubTe I'n
aqueous solsormé mmdlpems %ammm@}' M@Ulgih‘tl ﬂnftorls@f: mrb@rattw éﬂ?ﬂle!' Empdisgenty, the

wat er - sol Ul?:lk?l moiety is a linear, saturated or unsaturated alkyl moiety having between 1, 2, 3,4, 5,6, 7, 8,9, 10, 11,
| 12, 13, 14, 15, 16, 17, 18, 19 or 20 carbon atoms. Examples include saturated, linear alkyl moieties such as
25  methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyl, hexadecyl, octadecyl, nonadecyl and eicosyl; saturated, branched alkyl moieties such as
isopropyl, sec-butyl, tert-butyl, 2-methylbutyl, fert-pentyl, 2-methyl-pentyl, 3-methylpentyl, 2-ethylhexyl, 2-
propylpentyl; and unsaturated alkyl moieties derived from the above saturated alkyl moieties including, but

not limited to, vimyl, allyl, 1-butenyl, 2-butenyl, ethynyl, l-propynyi, and 2-propynyl. In other
30 embodiments, the alkyl moiety is a lower alkyl moiety. In still other embodiments, the alkyl moiety is a C,
to C; lower alkyl moiety. In some embodiments, the modifying moiety specifically does not consist of an
alky! moiety, or specifically does not consist of a lower alkyl moiety, or specifically does not consist of an

alkane moiety, or specifically does not consist of a lower alkane moiety.
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PCT/ US2003/ 037996 [124] Specific exanples of suitable additional polyners

I ncl ude, bu r | L8t . i B8 i Act i -
pol y(acryl oflfﬂpﬁvi%gft}fen&]e‘%g f?ﬁg,&%:o %‘B’) Q%gﬁé?ég% ?/Ibel\(llr_l}%yﬁyg r oﬂd%g?lzgﬁ%ﬁl\l/ﬁ"%u?kolgl\%c and
pol y( gx azol fupgdipnah graupsgspah ak Wly§Hp e WHRD dhat iy pesitiongd g0 thatdt ¢2nasaet ip ap rdremelpeylsr
shoul d be r@agtniwith 8 RakRHle nloftyl AAE assiSthih #td rggb@gi;. i1 Sdthe eBGdMheRRChé fuRleSpnilici3RS) S

and use are described in U S. Patents 5, , 384 and 5,631,322, the 5

di scl osdt esS BTOSGRT ¥ith 4 Protertig SFPB caell °ﬁ@f’@i€i‘ﬁiﬁ§imﬁé’f g %'HE%d‘FgFF%F%%Pi“f""eWEH Pety.
8. 2.3 Bi Oaﬁﬂaﬁﬂiib\ﬁﬁg ﬂﬂh\)harlﬂ!ihﬂﬂbﬁctﬁ@:gﬁtlﬂ ieszlp%ol&li]i, hizdrolysis of tieyediijogate] érid;iesp!ﬁhlyrﬂlﬁ’sf 5 ]
appear to e potenti usef ul. hi esive properties. Exanples o suc
pol yners ar‘zf\ﬁfec?grﬁ'g,n&?'g?hcéég%?e,‘Sf?cﬂ“‘%%S. Patent No. 6,197,346 to Mathiowtz,
et al. Those polynmers containing carboxylic groups (e.g., poly(acrylic

aci d)) exhi$28 bi oatimphiphilic Ypietiesrt i es, and al so are readily 10 conj ugated
with the natriuretic conpounds descri bed herejn. Raﬁiig'gl!ﬁ/?‘bi oerodi bl e

pol yners t hdg0epenams empodimenis, the modifying mojefy, ipdudss,an g oifty- Mampolymers and
EOl y((]I IhaQb i daigszlﬁerg&ry afphipt ). me@f yra Bfienchildekl ﬁﬁpolmdabrﬁl&h@dﬁopdmﬁdﬁ [geaft caspalymadrs o

| oadhesi ve, pa s. JThese polyoers can use g deliver the triuretic
conpounds t%&'%&%ﬁ%‘?‘ﬁ?@&%"ﬁ@fc PdEy .WhKEC & 'B&)}feyfgr%nr o OE'EOQI?%S % ?loé’il% Can
expose car barlyisisicaightéhdingraodlpd, o graft peignrcor tdprdymess. adhere strongly to the
gastrointestinal tract, and can aid in the delivery of the natriuretic

[131] The hydrophilic potymers or oligomers described may include combinations of any of the lipophilic

Q and hydrophilic moieties described herein.l Such polymers or oligomers typically include at least one

25  reactive functional group, for example, halo, hydroxyl, amine, thiol, sulfonic acid, carboxylic acid,

isocyanate, epoxy, estet, and the like, which are often at the terminal end of the polymer. These reactive

functional groups can be used to attach a lipophilic linear or branched chain alkyl, alkenyl, alkynyi,

arylalkyl, or alkylaryl group, or a lipophilic polymer or oligomer, thereby increasing the lipophilicity of the
hydrophilic polymers or oligomers (and thereby rendering them generally amphiphilic).

30 [132] The lipophilic groups can, for example, be derived from mono- or di-carboxylic acids, or where
appropriate, reactive equivalents of carboxylic acids such as anhydrides or acid chlorides. Examples of
suitable precursors for the lipophilic groups are acetic acid, propionic acid, butyric acid, valeric acid,

isobutyric acid, trimethylacetic acid, caproic acid, caprylic acid, heptanoic acid, capric acid, pelargonic acid,
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15 conpoundvOcipuyasies. 8.2.4 Lipophilic Mieties [126] | rcaauszominmds nent s,
the nodifying nmoiety conprises a |ipophilic moiety. The Iipophilic noiety
may be various lipophilic noieties as will be understood by those skilled in
the art including, but not limted to, alkyl noieties, alkenyl noieties,

al kynyl  mpi,6L LS myfAd¥ |ac:HtHaﬁnjhﬁcea%rd ﬁera}’!: led(ﬁéheﬂphc% hi erﬁlaglxlcgﬁﬁfé acPP h@ﬂt?}rﬁﬁ c 20

fatty acid noiletiés, adamant antyi, chol'esteryl, as wel
pol ynmers &fith Besteqci W&Oﬂa‘[‘%@ﬂd 'PrFéhYg‘FW‘P‘C ABtcRIsie agif ‘Pfé!“’&'cs%?!du r“a?‘%l agifl,
unsat ur at eigloledid s&RIAEmCIOERAI) 6dyBhn £ a6iy,Alnkesd fwi a«m; aéﬂ?&ﬂte@ BadioNfatty Beid, MG fatty

enmbodi nent s, the re ca bon, at I n
other enbattrik T peid Sy i By, sloRen Biestie, sl DB AU R, ol
al kyl rsoi ebhydidey mﬁgp}hm:mﬂﬁiﬂdride @repithalidl acid isophthalic a8d, :ﬂ;plcldaxd i&la:c atid, sebatic 14,

l.ud
alkyl ot a0 Bkt orRlbou g b Ay ARAGR, S0 5 BRI st

heptyl, oatiH., nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl
pentadecyl hexadecyl , octadecyl nonadecy! and ei cosyl ; saturated, branched
al kyl noi giizgs TRUGHi S updpﬁmprgagps mcﬁﬁ&b@ lent! &, ttneb.le&ming cgpogﬁmychlb%mhe
tert-pentyl,  2-methyl-penty met h yl, 2- hexyl propyl pentyl ;
and unsat d?fﬁ‘tf’é’d"l’al’hkl}ﬂ ZIOHPP 8'9% 35 they éﬂmexpédlfﬁeﬁe@n? W@o%w%@u s desiyedh frRip jmore

noi eti @8 ithdl odélinbi@, or @itunctidnd] alidialkead, sBsmyly byehiky) 2dryidkyl ol allowrAnydup a2 dditatEny| |
et hynyl , I ropynyl and 2-propynyl. In other 30 enbodi nents, the al kyl

noi ety is & ower aIkyI noiety. In still other enbodinents, the al kyl noiety
isacC to C3lower alkyl noiety. In sone enbodi nents, the nodifying noiety
speci f i cal835.HoBGAdkyl dpddyiasg Moitian al kyl noiety, or specifically does not
consi st of a lower alkyl noiety, or specifically does not consist of an

al kane noildt4), The madifvingmaiely Moy broesirajght ordwanetied polyperis MQike compriRing anenyimears,. 22
WO 280:1/ ?%t?rﬁgﬁ fgﬁch@%‘k%egg?ﬁoi hdidRRd e o &Mﬁoregfumgﬁtsormcm tsitinfRe or
unsupstitute

or substituted wth one, or more s stlttyuents E’(P
subst i tUerPLOHHEs Hpvetﬁtlﬁ@*fevadnﬁwwewbm@rs he ity ing ojebshigificallydoes not

synt hesi s chsist h&n@lkﬂllj mtgay &8l i 6the lemBddiadng, thé Medifying hﬁ@ty@sﬂémmﬂtyl dobstnot a@hsitlof
conj ugat es entially.,int rin func;tlonal |t . be. sui.tab cked
with a pr 8taéﬁ’t r%“ r‘o he 8§ﬂ%’??n8 gg@ dlé“rnetfeﬁe fsﬁrﬁ 1“ TCHF " l%(ﬁe %r% er?e?fng
Each subst potyalsylenerghygol ts@uom mom piefeyably foundstoi20 Lideatly i ﬁ tcatﬁleLhe polglkylene glycol
non | nter ! Ehkiginihe Legﬁaaﬁ% BhRe PEETTHO g GBS /b em iR A6 b rdiEstrd e

substituents as not verse cting any reactlons ormed In
accor dahceiram 2 fo 20reorppreferably frem 21th} 5 mote pefeppblydipm 21t 40 Faa‘t"!‘?“’@él Hﬂeﬁww?e%y be
various fafd pemabiflaldRE fbles. | ncl uding natural or synthetic, saturated or
unsaturated, linear or branched fatty acid noieti es In sone enbodi nents,

the fatty has. at |le nore carbon atons. In
ot her enbo@ﬁlre %{““”E‘%’E‘gf’ﬁlefywaé{c‘a cF"?FEH%P%Y“P.g)E“‘g& 3, 4, 5 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 carbon atons.

0

OJJ\
Cp=X- PAG,,\/K/ PAG,~X-Cp,
(Formula I)

wherein each C is independently selected and is an alkyl moiety having m carbons and m is from 1 to 20,

25  preferably 2 to 15, still more preferably 2 to 10; and each PAG is independently selected and is a
polyalkylene giycol moiety having n subunits and n is from 2 to 25, preferably 2 to 18, more preferably 2 to
16; each X is independently selected and is a linking moiety coupling PAG 1o C, and is preferably -C-, -O-,
-C(O)-, -NH-, -NHC(O)-, or -C(O)NH-. With respect to Formulas I and HI, and in some embodiments the
Cm-X moiety is absent, and the PAGn moiety is terminated with an -OH moiety or an -OCH3 moiety. For

24
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[129] when tH@2ME* ] ing noiety is an aryl ring, the ring E&HUBE/037%
functionalized with a nucleophilic functional group (such as OH, SH, or

NHR ) that is positioned so that it can react in an intranolecular fashion
w th the carbanate nnietg and assist in its hydrolysis. In sonme enbodi nents,
t he nucl eopitmale thg PAGmay Be mefhasy dreientedpr irdrdry derpingle » ARYIng # Gl de B fab B, of

bei ng hydr oyre, o7, iQthaswrse, degt@aedidn vivo, with the result being that
when the protecting group is deprotected hydr ol ysi s of the conjugate and

I f th
i phi |1 T Brride bl R e Pl of e AR Rt AEPravERGE R >
i ncl udes arvligonEhinphibé pevidel, &irexanyienys p akgnday slcelntior @&n@btwgt@dreh@mar eIt will be

anphi phiJ i r £ o] aft
o pol yrier SPATEnR Blsofth 1Sty rsDRYY fPigeq B BOGREMRPRAE WS, By & 3
in the for rmreided|frxample aanmnmm F 85 an @m@w& aligomer, andymay behuseth o qsmmtmw

or graft paliyessasy &twec&mpatnamm than 153) sulh & BYAA, LRBitohinCinRAYRELSwiR rhormones
ol i goners described may | ncl ude conbinations of any of the |ipophili and

hydrophlI|dmhﬂF%?W@@méEQEWPBédmﬁeﬂﬁﬁh‘WSﬁgﬁmﬂblyners or oligoners typlcally
include at | east one 25 reactive functional group, for exanple, halo,
hydroxyl, amne, thiol, sulfoni & acid, caboxylig¢ acid, isocyanate, epoxy,
ester, and the like, which are ten at t\We termpijal end of the polyner.
These reactive functional grou can be atttfach a lipophilic Iinear
or branched chain al kyl, alk , akylalkyl, or alkylaryl group,

or a lipophilic polyner or oligoner, thereby iygreasing the lipophilicity of
t he Gydrophilic polymers or oligomers (and th by rendering them generally
anphilphilic). 30 [132] The lipophilic groups ca® fofFexeaflle, be derived
from nmono- or di-carboxylic acids, or where appropriate, reactive

equi V?' gl fS [@37] WQM&h‘@:s%ﬁbﬁiﬁdeﬁtﬁ%@le@&i aﬂ@ﬁ)ﬂﬁlﬁkﬂ%ﬁ»w@fhaﬁﬁg # b9 brkddf & from 1 d.
or opyoni ¢ acPdb BAFYH £iodd: 1 T Rt el SRR AT F gty etid ina 3
trinmethyl ac e,idualkﬁenecg;ycaa:miem lmmgn shburi| piidyrd & €ro@ Qital25, bheiataalpmtcclsmbﬁ prefazglyl I
acid, pelar glquc aCICP or Igﬁ eacho 151 t%epen;ﬁéng?zgectléd Engr/trj q(’-t)o?’{p re%g:glyll to "llg Imore

acid, nyristrc aC|d palmtic Etaks!
aci d, cer at i peferatiyl] torﬁamb:ammfmblyddo 8, It wide tepraeciated 8ot te oltggmﬂ@ﬁanmuicllamsclf an

2- et hyI tﬂ@xanzgg %Cﬂ_‘ inv 1§ﬂ C?ﬂe%l@omé’r n&&rbgl %vﬁe%%rdexmtylg% g'p‘ﬁgﬁlﬁ'aﬂmhol lol- QQ!men' c

aci d er ucl c Soy ean acl ['i'nsee acl Wﬁ?l’at ed castor
fatty acid, qcatated@hgonteamdymyéze pigd torcgnipeaigibiolagigaliviactive icompoynssfothsyin BNR. suph aci d,

saf f | oner fa&gmn@ghgmnqgﬁa$¢§Eﬁﬁﬁﬁmmmm%ghagryl|c acid, maleic 5 anhydri de,
orthopht hal i ¢ anhydri de, terephthallc aci d, |sophthaI|c acid, adipic acid,

| d. tetr hydride, hexahydr opht hal
Annyar | do. Wi ol BorPatky B 3T v}iw%aa Bowgr o acide. e

C—X%- PAGH\)\/ PAG,~X-C
{Formula HI)

20 Wherein each C is independently selected and is an alky! moiety having m carbons and m is from 1 to 20,

preferably 1 to 15, still more preferably 1 to 10; and each PAG is independently selected and is a
polyalkylene glycol moiety having n subunits and n is from 2 to 25, preferably 2 to 18, more preferably 2 to
16; each X is independently selected and is a linking moiety coupling PAG to C, and is preferably consisting
of -C-, -O-, -C(0)-, -NH-, -NHC(O)-, or -C{O)NH-; each o is independently selected and is from 1 to 15,

25



[ 133] The tWor2omsd47871pophili c groups need not be equi val emcriiszesnztdoe
resulting copolyners can include termnal |ipophilic groups that are the
sanme or different. The |ipophilic groups can be derived fromnore 10 than
one nono or di-functional alkyl, alkenyl, aIkynyI cycloalkyl aryl al kyl or

al kyl aryl %QHBI)@% ﬂ%&r@?@femﬂ?@‘t’@ mgre%re@rajo ﬁ{ljlﬂfll be éc a)é}:l B th/ebéh%gr}xe?%f

[ 134] The m)dl noi e be a straig ranch
conpri si ngFgmula IS “FFgraEaSP%“E PféI“‘gﬁ‘tem&?P EIP%HEQWCIIHWCWSHVI@?‘I é:nexagw casla carbixglid es

and/ or - onead orAPinRctBkiERSIGHheroWit E@ﬁh@h@ﬁennﬁlmsahd IR Qe ex%ﬁodnﬁbm biR{dnfxt ed
al kyl noieties certain ea@dl ments, the nodifying noiety

speci fi cal W’etaéseag%%?"s%ﬁéﬁ%fmﬁﬂ” trrmineied Pith gt -QFmoigtyorian - Hispoietifsi ment s,
t he nmodsfyevagplepheRAG Byde inkihogHbnnitresr Hydibxyaeiiiatt PEG, hadfly BRkRAS, 0] £bY - The \

pol yal kyl e I I I et enbodi ments include from2 to 25
pol yal kyl- e%lgll?fgg’lmggb@hh?gs wor?gg%l""gggrabl y from2 to 20, ideally from2
to 15. The pol yal kﬁ/l ene glycol noieties in sone enbodi nents conprise PEG

The al kyl H8Plet itedll b apprsiated tHebte aligemer efrfornpiadilds itbefyan 28pefir of the2invepti®0, Theor e
pref er abl y ofigomens 313& 123 pl&nde&r%r%xegﬁpﬁf eraapghﬁwfafc% & aE Qn Jc@va%ropéb‘?n ?%ﬁm‘ﬁ vl i%d
al kyl noieties re preferably al kane noreti es. rmé yi n erlety

may, for e aﬁ?ﬁl’%"tﬁ lly aI°B‘I"rﬁ‘i’F’%F""‘dSCBth"’t‘h"i‘“ BNE, F‘I&Gﬁs cyémamn( tspronsagrgyth
wher ei noeatdmbnes,2tci Ndependently sel ected and is an al kyl noiety having in
car bons and in is from1l to 20, 25 preferably 2 to 15, still nore

preferabl y gI ycgranﬁﬂgtmcﬁgﬂsmp fb‘%tlcss sucﬁl qﬁ%’? Q:E ! Y I%P%ﬁmlsﬂlec%& g%peg'c%{qjggaieg%cmrding

polyalkyle nol e
pr ef er abl y toembodimgits qﬂﬂmrepanemmm cgm IE vaged by ﬁdjusaiag;ﬂle Mmitsr of PESp@maeant, ithe type
) 8'_ ect eg( %) B lbr_%tl\l}ﬁ?_f lal'k"ﬂ lﬁhfﬂﬂ lgl%ﬁteyof ‘Eh%?%b' 1dg) @? éﬁaoang thearﬁ]qubn]-:r%f E(g ?I#u oﬁ@ft% Thg
111, and i ﬁxwe@ﬁ%aﬁﬁmt@e linkage CGIIT‘P‘?X’E‘I’WS‘I Séﬂt}yhﬁfﬁlfa%@b}rwd/maiﬁﬁltltvh@ M@ISIW| ety
S ternilsna mgm pR6r in lakni¥Di €ty or an - OCH3 npiety. For 24 WO 2004/047871
PCT/ US2003/ 0379 exanpl e, the PAG may be net hoxy-term nated or

hydr oxy-te nat ed _P having.1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13,
14, 15, 16§H1'f7 1851%%'? ngifjoi g‘tff)unlts [136] It will be appreci at ed that the

ol i gomer of; | I r
Ry be pr OI[“ chP dl'ﬂlé#uger ér%bf%&#& %ﬁ‘elaéotoﬂg% Fe% cm?n{ms z? dltr}'grg{ﬁgaxgae saR (%l’glg'lge
ol i gonmer . Mpiely gy ltsevamaisapltﬂbb@pl&foemnx nmethshe wﬂl bggmﬁmstoed bfdwmﬁkailed in Ehelattsel f
an aspect %Iu&lh@ bhﬂ()?ﬂﬁﬂté@l% cAidExyfitel 10 ARfnorlEhY, Hﬁso%%%baﬁgenmfﬂ{erembﬁ

pri mary al cohol as an activated oligoner, and may be used to conju a e
moiety mciudes a salt forming moiety, the natrinretic compound conjugate is provided in sait form. In these

embodiments, the natriuretic compound conjugate is associated with a suitable pharmaceutically acceptable
counterion as will be understood by those skilled in the art including, but not limited fo, negative ions such
as chioro, bromo, iodo, phosphate, acetate, carbonate, sulfate, tosytate, and mesylate, or positive ions such as

sodium, potassium, calcium, lithivin, and ammonium.

25 [142] The modifying moiety can include any hydrophilic moieties, lipophilic moieties, amphiphilic
moieties, salt-forming moieties, and combinations thereof. In preferred embodiments, the modifying moiety
is selected from the group consisting of (CH,CH;0),CH; where pis 0, 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 1% or 20; (CH,),CH; where qis 0, 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19 or 20; CH,CHA{OCH,CH,)OH where ris 0, 1,2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19
30 or 20; C(CH,OH);; CH(CH,;OH),; C(CHj)s; CH(CHs)y; CH,CHy(OCH,CH,;).C(O)YCH,)CH; where s is 0, 1,
| 2,3,4,5,6,7,8,9,10,11,12, 13,14, 15,16, 17,18, 190r 20and tis 0,1,2,3,4,5,6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 or 20; and (CH,CH;0),C(OXCH;).CH; where yis 0, 1,2,3,4,5,6,7, 8,9, 10, i1,
12,13, 14,15, 16,17, 18,19 0r20and 2i5 0, 1, 2, 3,4, 5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19 or

20.
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bi ol ogi cal | yW@czhbMQ-,g:ﬁrrpofmds, ot her than BNP, such és I NS glirfis203h Siebni N,
I nterferons, growth hornones, etc. The nodifying noiety may, for exanple,

have a formula: 0 0 PAG X O (Fornula 11) 10 [137] Werein each Cis
independently sel ect ed and is an al kyl noiety havi ng mcar bons and mis from

to 20, er b nore.. refer 0, .an S
i ndependen'?[lr g]se eé’{e eY” &gnaéso mo‘{ﬂ%l“ﬁzﬂow éoﬁépw OS%SE '8€‘§ﬁeﬂ§%}ﬂ%§ aiye A of e
subuni t's anidventitngind showil Bot betaldp, as fimitihgincby yay2 Ono skllB;d imthe @t willeéoepradslthat Qitabled
16; X is I
or ef er abl yommetQE forN'Shr{D aﬁ&% £ %%a aﬁﬂﬁlgleﬂgéﬁgﬁahﬁo wifl tﬁ %ﬂ)l&a&ﬁhth %hef Eoglgg ]ﬁftﬂ?c
be appr eci athedicy IFarugatne ’@Fﬁ"’g’é‘ﬁ’e#l“éﬁseq:@ﬂ laimgd hereip. sAF‘i"Ej&ng éﬁﬁ'mi’@ﬂ &@ﬁt{ﬂ?tcafblﬁe t he
i nventi on. stR@eddni ﬁb@dﬂﬁﬁorﬂ[ﬁg&otﬂ% pRENds@etle m%ﬂﬁon%&iﬁﬂﬂis&ihe@ﬁ: a pri mary al cohol
or as an activated oligoner, and nay be used to conjugate biologically
active con%#nd% ot f]]er g_g n BNP, such as insulin, calcitonin, interferons,
growt h hor es, Js. Fhe m)dlfyl ng noi ety may, for exarrple have a
formul a: / A\(%n 1, rei
I s i ndepen entI Qhé l-e"g‘tgt'e:?m" ﬁ)d‘ﬁ é‘P ﬁgﬁhgr%lgde:tgﬁ/ a@alv%lg %1&%%} E%ﬁsﬁa% m s
froml to mﬂwfmfﬂewemmlcyrrqspm@nawcorﬂgiaﬂe narigretic gpmpeund serugates. ysong embadiepisc h

PAG i s i ndepengiarntit YorpehR Ghiask sam@lom oft the R@HAA N RREHSHIYGR, bl B Gite 1306tRT N
subunits and n is from2 to 25, preferably Z to 18, nore preferably 2 to

16: each X &b ibrclsaRy oryeation il rmeflifying mpigties, selpciien ﬁ@cowagaemﬂtswmh? RglewkG t o
C, and is pinefsedsctsl of mvaifanghoietis, iOfess-stsceptible ta in-vive Qhgradatiodhnd thubHiak &) increo¢d

O NH- h o.is.ind t | t ed
200] 0u7b7 T BEHTUkBO IPCRTINS DeTPEREHE IO ST BRI H
nor e pr ef ermdlifying moetyGat ohd, twe, |thred) dounplipecwimatresitet lom thetdagiuetic gmwpeundctructkrontrul a

| is ttself pgl%gar bg%hrl&ft (uteh%od(lif}}ﬁg ’ﬂ%oie%onjqaﬁcﬁ%ngbteggl Mc:ﬂgtlr@\}l%\/aksgggmn b

exanpl e, oner h respect to
For mul a#? | mﬂefym mowtaﬁﬁreprn Bycyag Oémem,mwablh@nmaqhm SIWbmeztgmpssealbeem acidand
the PAGY moegdué, shich ab £F ¥aRfkb 8dd wbilnd. @an - OH noiety or an -OCH3 noiety. For 5

exanpl e, the PAG may be net hoxy-term nated or hydroxy-term nated PEG having
1, 2, 3, 4,

[1:1:)5] ?ri many embod%ﬁents, for example, the biologically active agent functions, in part, by binding to an
active site in a receptor. Often, when a functional group, such as an amino acid residue is modified, the
agent no longer binds in the active site. In the case of BNP, for example, the peptide has a particular affinity
20 for binding NPR-A. Depending on the site at which the natriuretic molecule is modified to include the
modifying group, the affinity that the BNP has for the receptor may be the same, or may be reduced. in
some embodiments, the natriuretic compound conjugates have less activity than the native, unconjugated
natriuretic compound conjugates, but retain improved characteristics relative to unconjugated natriuretic
compound conjugates, such as increased resistance to proteolysis and plasma half life or ability to cross a
75 cell membrane. It is envisioned that reduced activity can be preferred, for example, when long term release

of the natriuretic compound is desirable.

[146] In some embodiments, the natriuretic compound conjugates are monoconjugates. In other
embodiments, the natriuretic compound conjugates are multi-conjugates, such as di-conjugates, tri-
conjugates, tetra-conjugates, penta-conjugates and the like. The number of modifying moieties on the
30 npatriuretic compound is limited only by the number of conjugation sites on the natriuretic compound. In still
other embodiments, the natriuretic compound conjugates of the present invention are a mixture of mono-
di-, tri, tetra, and/or penta-modifying moiety conjugates. For example, in some embodiments, the
biologically active natriuretic compound is hBNP, which includes within its 32 native amino acid sequence

includes four preferred conjugation sites, including the N-terminus, Lys’, Lys'* and Lys®. The work of the
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10, 11, 12, | 15, 16 17 18, 19 or 20 subunits. [13 '

appreci at ed "%ﬁﬁ?"%ﬁ@% | goner of formula I'll is itself an géyilgfwab‘k?%g
invention. The oligomers may be provided, for exanple, as a primary al cohol
or as an activated oligoner, and may be used to conj ugat e biol ogically
active conpounds other than BNP, such as insulin, calcitonin i nterferon,
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hydr ophi |'i CiysYrys* lahd QRSP Gk thighBf prified CRREHI ALERBIAC 60 RiaRE nafrfdred @B aéae.n& S
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| i nkage, and the nunber of conjugation sites. The exact nature of the

PEG- pept i de[141]nkKhgmodifing bmxety&sﬂ:ret‘daﬁyucﬂvaledﬁatodpted ioghestarinketic eontpoord. dMumsthdnione t o
hydrol ysi s 0 I For,m Moi et i es
(1411 e Soﬁa&%nﬁ&g%ﬁﬁﬁﬁsg 8 mnad B ?J"a'e’Q"’Q ibied o o “g'“g‘setg%&’té“"’ 1 Gogping may
moi ety. Theenpldythyfrolysebla gr nwdnyéno;ysalmwoub ovauxtlgessof shn ttwatﬁ @ cbﬁmm ﬂmdmah@fferent

noi eti es ascopfubdioPGeyynder stood by those skilled in the art including, but
not limted to, car boxyl ate and ammonium I n sone enbodi nents wherein the
nodi fying 2 |et des a salt form ng noiety, e natriuretic co ound
conj ugat e |8 godiﬂs g, theJpappurefic, compound Is SHp it?‘rr{]ﬁt'%od@'ﬂ% maighy ylip
conpound ¢ oh}jdtogeztb& ljoiid &5% Ol el Garbibriafd ot c&wxﬂa&h{oﬁcgp hWermmehwto@)aiﬂlely cogﬁlﬁ-@ pXuan e
counter| unde ose .skill e art incl udi ut
ot 1l eaPpatt ¢ttt BupioR Eese SRR o0 o o pobro it Propti it i, en?
acet at e, cawleonht eafrivetit tapeyndtnosiifying Boieta oehjuges islimcdve (o, tm:ungatedaoks)ths alilitg h
as sodium | -g;}?qm: |

nodi fyi ng ng%@%&ﬁ%aﬁéﬁ% dg}é;}}ﬁt}rf égc]#ﬂ“?h nﬁgg no etl%g?sm%?r?gtpﬁf s?c-(l:;%nﬁ?hgn fhgs
anphi phi | i cmOChﬁllnétlﬂO@B’ comaaatlorf died ing binding rigies of pawdretiseppRand. oHss of jadwdrelyzablen
preferred eghpthsBNtRo plohfde TR {idhh a0l BlobrollreiSRb ee@f&&dacﬁrﬁﬁmﬁngqhaﬁwenc
consi sting of (CH2CH2QO) PCH3 vvherepls o, 1, 2, 10
12, 13, 15 14¢ompgund per agven jige pertpd 33 ongcpr nmwm"mﬁ%?smwedoﬁ%mﬂ& respgetivg
5, 6, 7, 8, ndthurekio combbundInbdifliss mdidy cdhﬁlgatésﬁo pr&v_i’de t%ptwel{ajgol’ 20;
CI—|ZCI—|2(OCI—|ZCI—|2)O—|V\/nereriso 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13,

S ool Wity Ml AR Eb HLRLROR poRpd bd ofT
11, 12, 1BydrolvzableBond (6g. 4 Farbangte, agideor &ber douiDt Uss oDa ngn-hydrolygable; bord mag be7.
8, 9, 10, 1prézraﬂd% whenjlt?’is dekffableo allo%ﬁche lﬁ@mreﬁ@com%am@ 'inoaﬁysmgarﬂcqct% conéugate to c1rculatei 15-1

(CH2 CHZO) )., ere

12, 13, 24, the loodftseamfcr an Psendq@ee?d s emaﬁ&fezabl@t bﬂst 11110"25 Bgnds yseddo cqgalenfly cqppleg.
10, 1 1 12, thé Ratrivkétic cdpouddio tht fmodikfing MéletPn a ndhlhydZdhysWifR ﬁﬁﬁ’cﬂi/ iy Pidally selected from
PCT/ U82003/ 37996

f or eqal ng exanpl es, of. nodi.f i et.ies fo
specific puf SR c?IJSIStllqgtoéﬁa\@lfn ?(Q)r ﬁ@e[r Fpyet eC%lfO“?tﬁ énowu gam ate moieties, amlc[e

moieties and secondary amine moieties.

[150] In still other embodiments, a partial prodrug approach may be used, in which a portion of the
25 modifying moiety is hydrolyzed. For example, U.S. Patent 6,309,633 (the entire disclosure of which is
incorporated herein by reference) describes modifying moieties comprising hydrophilic and lipophilic

components in which the lipophilic components hydrolyze in vivo to yield a micropegylated conjugate.

[151] More than one modifying moiety (i.e., a plurality of modifying moietys) may be coupled to the
natriuretic compound, The modifying moieties in the plurality are preferably the same. However, it is to be
30 understood that the modifying moieties in the plurality may be different from one another, or, alternatively,
some of the modifying moieties in the plurality may be the same and some may be different. When a
plurality of medifying moieties are coupled to the natriuretic compound, it may be preferable to couple one

or more of the modifying moieties to the natriuretic compound with hydrolyzable bonds and couple one or
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i nvention and should not be taken as limting in any way. One skilled in the
art will recognize that stuitable nvieties for conjugation to achieve
particul ar fWeIW0EMWEEIty will be possible within the bound®cafusehs/o3tdteni cal
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noieties can be 5 selected and used according to the principles of the

i nvention as disclosed herein. 8.3 Conjugation Strategies [1441 The
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bi ndi ng NP, SepBssisehige Ganigatessi te at which the natriuretic nolecule is

m)dlfledt clyde .t he . nodif Q at the BNP hags for
the recept g[r 53:113 E%!’f)"ém%sgmheses are ers‘“%ﬁ‘g Bﬂep?ﬂﬁ%é% r*hﬂ’e é’oﬁg Eﬁ%‘Bﬂf‘%ﬁ?'&s% $he
natriureti Cﬁeb@mpmlardatwm rsplugratrwaamyod @D sag bt conirblled atvardinighe kivdviaiprissiples. For
unconj ugat g Lk [

Char act o p e cEhth oF e RE AR YPBL TR tP Ml b bl RO ot ot
such as i ncftiYegluticadelay fe k. Qfé«Yiarot eolysis and plasma half life or abl lity
to cross a 25 cell nenbrane. It is envisioned that reduced activity can be

preferred, [ioN axammnee oﬂ\ﬁﬂﬁﬂurla&n@nipainm dbﬁjh@.&§ Ghay Of sefiatdaddndl iblLdd @ilisagreund
is desi rabl e, atriuretic gonpound. conj H?at es

4
are nonocon* ﬂ@‘éﬁ E@“C oﬁr%’fdgg? WEWB’HPWB%&'“gaf%g‘”ﬁém‘wm’él‘ﬁawpﬂfm&
conj ugat es dagree ofichtjigalimr(p.ggebeaisr the isolted mokdéuiedo ajmoam] &S pr tanonju@Qmpm;&hEﬂar
tet
ol ot o G bty SOM IR BP0 i e S HAREL Bt bE RGN
conj ugat i orthes¢ skélled grthe greineleding, blrtelotl lisnitedtppwass shecttopropy. | The palmlﬂ% ﬁomm dirusmrst s,
the natri Ur(@k' EysE CU}P'O PO, SR MORMARs QF hﬁﬁem&ﬁo@oﬁlﬁﬁﬁw)‘ Y de%nﬂéd%n@oﬂeﬁﬁé&r e

of nono- di etfa, and/or penta-nodif 1%1 noi ety conj u

, at e
exanpl e, rP“E%%V“E?H?) Gt & will e “H%TS@P%Eﬁ @%FF F‘9 egddn Wéﬁrﬂ‘ﬂ“\dm&qﬁt e l'@ﬁ?ﬁp‘@m nd
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25 [155] One or more of the reaction sites on the natriuretic compound may be blocked by, for example,
reacting the natriuretic compound with a suitable blocking reagent such as N-tert-butoxycarbonyl (t-BOC),
or N-(9-fluorenylmethyloxycarbonyl) (N-FMOC). This process may be preferred, for example, when it is
desired to form an unsaturated natriuretic compound conjugate (i.e., a conjugate wherein not all nucleophilic
residues are conjugated) having a modifying moiety at one or more of the N-terminus of the polypeptide.

30  Following such blocking, the substantially monodispersed mixture of blocked natriuretic compounds may be
reacted with the substantiaily monodispersed mixture of activated modifying moieties to provide a mixture
of natriuretic compound conjugates having modifying moiety(s) coupled to one or more nucleophilic
residues and having blocking moieties coupled to other nucleophilic residues. After the conjugation

reaction, the natriuretic compound-modifying moiety conjugates may be de-blocked as will be understood
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I ncludes four preferred conjugation sites, including the N-term nus, Lys3,
Lys14 and Lys27. The work of ‘the 27 WD 2004/047871 PCT/US2003/ 037996

I nvent ors psmt@+persmonoconj ugat es conjugated at the N-terP@NUS200843396 Lys"
or Lys27, and diconjugates at Lys'/Lys'" and Lys3/Lys27 as highly preferred
strategies for hBNP and related natriuretic peptides and analogs. [147] The
nodi fying noiety is preferably covalently coupled to the natriuretic
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coupled to the Batrl ur e |hc con&ggnd. Oougtl ia&g‘r may er% %egr ol ysabl e or
non- hydr ol y’ S ARFLHIOOVR 1QPIRIE 2 Grixtyre, af gaffirepip Cempou Bt Aﬂfﬁﬁﬁ"é‘e'ét‘he

di fferent rmxm]eugatnumnc snipasii-moflifydi}]mdiety @ojogates may bl sepandta], pribhte déeslbdkingr et i C
conpound is coupled to the nodifying noiety utilizing a hydrolysable bond

(e.g., QF%W In &%hﬁﬁ%ﬁg&z the %{v%&?‘m uRlQrﬂgg disc g%‘?ed%at %a?%g{ % g%( ﬁﬁt@ c%mugate

coupl i ng Wi triuretic conpound conj u act's ‘a
prodrug.’ A ‘ﬁ'ﬂbarpl‘f&'aﬁﬁybm@&ﬁfh‘mﬂhw i3lyloaaigty aﬁiﬂ‘éﬂtvm&%nwtnapmm@(uec positioned

conpound- rrmalm‘ew 9 ndiir&ic Yeospthd! SRl 1he PG idREY keéfltsih pRferentill &of Mﬂﬁtu% rl&%ﬁ;k

the ability ect, the body. through the natriuretic conp ounds

f5
nmechani sm des“élalf X B Forugatioy 5&% 'é“n‘“t??% aSPREE JAVERSioRrBIoxides ‘?:B‘ﬁ'f‘ﬂfbﬁft H‘"%fﬁ"@‘iallle is
in a bi ndi ngnjtigagighBNDfat m’c d’otnpﬂ’ls&ﬂgl Ve RFRRLAnS! coldféheftfof @ PPFEI ofigatith hd cEMRg | NG
can al so pr, vi de fpé a ! reI a controll ed-rel ease effect,

fll)'e acti vated (t}-a Hl ro ?n i’gﬁg

admi ni steri he™ na jound over a given tine peri od as one or
nore nodi fying noieties are cleaved fromtheir respective natriuretic
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[150] I n stiphliofk Uﬁfs'zwghtrﬂ?gﬁ?am&etﬁ%ﬁnﬁo%d &h %ﬁ%?‘gﬁ@%&@ )2}351‘ d{a‘.§ ﬁﬂ{]

whi ch a portion of |et¥
Pat ent 6, 308 PEBTeq gy ehibe pell-lgiosa |tqsg'w ftp wqynnqh@mg; %a?tﬁmtaﬂ! @daqrrwea the by

ref erence) dmpgmenty)Bgionml idchlingon¥Rl Bérk &RessyREredéndg hydrophilic and
|'i pophilic conponents I n mhlch the Iipophilic conponents hydrolyze in vivo

(o B 0 sy RSl G e lye haybini et o PR s
conpound. Tsuieblerich drali mgalnmsaé,t tpplgﬂ iizhalatica (gl rialan bsroml) upmlefer, aldBngeae vagale .
However, i tpa}eﬁtentap (JE, subcutaneous, intramuscular, intradermal, intraarticular, intrapleural, intraperitoneal,
intracerebral, intraarterial, or intravenous), topical (i.e., both skin and mucosal surfaces, including airway
surfaces) and transdermal administration, although the most suitable route in any given case will depend on
25  the nature and severity of the condition being treated and on the nature of the particular prodrug which is

being used.

[159] Pharmaceutical compositions suitable for oral administration may be presented in discrete units,
such as capsules, cachets, lozenges, or tablets, each containing a predetermined amount of the prodrug; as a
powder or granules; as a solution or a suspension in an aqueous or non-aqueous liquid; or as an oil-in-water
30  or water-in-oil emulsion. Such formulations may be prepared by any suitable method of pharmacy that
includes the step of bringing into association the prodrug and a suitable carrier (which may contain one or
more accessory ingredients as noted above). In general, the pharmaceutical composition according to
embodiments of the present invention are prepared by uniformly and intimately admixing the prodrug with a

liquid or finely divided solid carrier, or both, and then, if necessary, shaping the resulting mixture. For
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{162] Pharmaceutical compositions suitable for topical application to the skin preferably take the form of
an ointment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers which may be used include petroleum
. jelly, lanolin, polyethylene glycols, alcohols, transdermal enhancers, and combinations of two or more

thereof.

30 [163] Pharmaceutical compositions suitable for transdermal administration may be presented as discrete
patches adapted to remain in intimate contact with the epidermis of the recipient for a prolonged period of
time. Compositions suitable for transdermal administration may also be delivered by iontophoresis (see, for

example, Pharmaceutical Research 3 (6):318 (1986)) and typically take the form of an optionally buffered
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or N-(9-fl uQr @ﬂ/gﬁquyl oxycar bonyl) (N-FMOC). This pr ocessg(rnflﬁﬁﬁﬁyﬁgﬁg el red,

for exanpl e desired to forman unsaturated na i C corrpound
conjugate (i.e., a conjugate wherein not all nucleophilic residues are

conj ugat ed) havi ng a nodifying noiety at one or nore of the N-term nus of
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l'i quid, andls&! ate
uni t - dose figjp the blopdsipam. f lr@&wpﬁe@blyaahq igiproggment pfj therdefiyepy %fcﬁatﬂ\aucwmu@ﬁnn@ﬁwt
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net T Fmown FotontqacR. o8 Shrdbr 1001, 2o S og: Shage Sk e R et omly sy

Ehe ]cohrrpo ﬂﬁﬂbcﬁﬁedO@lht(ﬁjiletédy HidMpicdly Bgive I’tﬁtrmfetltfm:bﬂp@ﬁ&; eﬁ&omy magmdhenu'sus 20
158] The phar mceut ositigns.accor nts .of

present i nVERPEBHOP R ‘F nggoénpo CPnigptes qu} %’F’glon cané’c‘f‘m{;re eﬁtgrsb'cfava"?b'm?' &

i nhal at i on theebiglogicatly actize nateurwodoppm(t ecdtivg to. giminisration ¢f igmedified bicegioally 3 actlve
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|ntrapleura Intraperiton
days in a hospital setting) may reduce hospital costs associated with other CHF therapies and/or expand the

therapeutic use of hBNP to include early stage and chronic CHF as well as acute CHF.

[165] Thus, in one aspect, the invention provides a method of treating a disease condition susceptible to
treatment using a natriuretic peptide compound by administering to a subject in need thereof a
30  therapeutically effective amount of a natriuretic compound conjugate of the invention. The natriuretic
compound conjugate may be suitably administered by a variety of routes, including for example, parenteral
and enteral routes. Examples of preferred routes include oral, subcutaneous, sublingual, buccal, nasal,

intravenous and intramuscular.
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i ntracerebr a\LVO ziob‘f/(fﬁsarﬁt er'i:' af , Or intravenous), topi cél :(i . Eg}wd%%ol}/o%-bé‘ and

mucosal surfaces, 1 ncluding airway surfaces) and transder

adm ni stration, although the nost suitable route in any given case w |l
depend on 25 the nature and severity of the condition being treated and on
the nature @fﬁ ]t epaglrti cul ar p&od%r.g which is being used. [159]

Phar maceut i bal cORHDPFIEINE maY,pe v 18 thegte ofrhy Presaphinaiweticaaompetnganiygates for the
present ed i heathiescofdieat faihirt. SFor esanple, Ads @eisontt @t the asthatii, colPALN IR Fugatey can be
tablets, eagh.f i Nl r (mined anount —of the prodrug: as a . powder
or -granul es?l@sgsgdggsgq thf? ?g%pgr pi r%ﬁéﬁg%ﬁgioéaﬁ df’sr?geaﬁm’a’lcf’h%‘ﬁ'us’{'ng"aﬁ%H-’ iﬁu’g‘gﬁ‘gﬂ“c

l i quid; or %lpawddiowusamwwéqe 8ol togethon tvath- mare @piveriond] ShegapeutiBLagntS @ panl aft 4 Ons
may be pgepadhatih tRRYy. _Bﬁ@drﬁca@&rﬂ@gf ogjgs {B%}%F%%I% E@& inclh&qtilquﬁo?v\;\\i%he step

of bringing into association the prodrug and a sul e carrier ich may

contain one re accessory ingredients as noted apove). In general, the
phar maceut i ng] égo%& it 8%”%@%8P‘8%M“°%6‘&3F‘W@‘rﬁ“§‘°’6?g phhte b‘?"ég"éﬁ%'&tﬂd with

i nvention a€eF.prepared by uniformly and intinmately adm xing the prodrug with
a liquid or finely divided solid carrier, or both, and then, if necessary,
shaping t heE]BQS WakddMorfl XphtdGrterfeQ4nd vl M\Qwﬁig%ﬂ‘/mgé@g Bio dgfl;(NPSZOOB/ 037996
exanpl e, a tablet may be prepared nby conpresSsing or nolding a powder or
granul es co[nt%ioni ng the pr_odrug,h optionally with one or nore accessory
i ngr edi ent st!BoAPARRIG 2Nt A ipFERsS theRire BEcoprastimobeprdidr musHr essing, in  a
suitabl e machine, the mxture in a free-flowing form such as a powder or
gr anul egso opf! V&n digisatisdroge € instetsh foce obéontktion df the héaetand reducélhad raghl. | uent , and/ or
surface active/dispersing agent(s). Ml ded tablets may be nade by 5
mol di ng. 1 NS rbidiehes BRGRIESnnBALHVHIREES C RIRAUBRLRHERGHL WhdBeBll
i nertcl i qui[d .l%i ndgirg_. ?160 %a%cggt?)ca lcorrp05| i ons Sult adgl e ror buccal
( sub- | i nguatnpioesin thindherast Stagpofiits eynthgds. | ozenges c4nprising the prodrug in a
fl avored base, usually sucrose and acacia or tragacanth; and pastilles
conpri si ng {1t4)e Apgiodiisiiredeprodtilockére (ARBIS S PefilitCingiawnsGarb 8¢ prodRed] big it ils Art&Hal
sucrose andac l‘g@m a. [161] Pharnmaceutical conpositions according to
enbodi nents of “the present invention suitable for 10 parenteral
admi ni stration conprise sterile agueous and non-aqueous injection solutions
of the ptoditd), Calgpmcehagnel blagkans-o imbibi roalciymeinfyxa isésyiting it vaseudar vand smodile mvkadod
of the intepdedod eci pient. These preparations may contain anti-oxidants,
buffers, bacteriostats and sol utes which render the conposition isotonic
with the b'ﬁ‘ﬁgﬂ NOf t he intended reci f’ﬁﬁnt, ?Aﬁgueo,us and non-aqueous sterile
suspensi ons'' fiay ‘WUG"@Q@%"B%W&FF%@“&@ SIS a8} ckeni ng agents. The
conpositions may be presented in unit\dose or nulti-dose containers, for
exanpl e 15 B&d| Betadlvphers-eockiet agiian| of caterholamipeg, lewiliing dr led siress an fhe dextend fowed
(l'yophili Zeﬂ)ce&ﬂ@ﬂai[&fic% gAUiring only the addition of the sterile liquid
carrier, for exanple, saline or water-for-injection imediately prior to
use. Extenporaneous injection solutiogns and suspensions nmay be prepared
fromstétil 76[30\%‘8? %f,ﬂ‘egj‘td‘é?HW%thﬁ‘h’éi‘“‘“fe&bF‘EIPQ“"SF"rt' teggap he gopsl faskfgﬂty”e'amn to
descritbed. thobtherxappiphdbes BNreatNCHE tafd k@npatell abltie, cufbi@ nisé Of GRNMAGRTetE Péptide in its
conpri siNg & modified form, that is continuously infused. The oral natriuretic compound conjugates of the invention
exhibit natriuretic and diuretic properties that may be expected to relieve congestion through the elimination
of sodium and excess water. Such functions are currently addressed with diuretics and potassium
25  supplements. The natriuretic compound conjugates of the invention are expected to possess vascular and
myocardial relaxant properties that are currently effected using vasodilators, calcium channe!l blockers, and
nitrates. The natriuretic compound conjugates of the invention are expected to inhibit the renin-angiotensin-
aldosterone system (RAAS) currently effected using ACE inhibitors and ARB’s. Moreover, the natriuretic
compound conjugates are expected to lack the negative effects and risk of sudden death associated with the

30 inotropic and digitalis drugs. The natriuretic compound conjugates may have many, if not all, of the benefits
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prodrug in a unit dosage formin a sealed container may be provided. The
prodrug is provided in the formof 20 a |yophilizate which is capabl e of

bei ng recomyi dodedsmi th a suitabl e pharmaceutical |y accepicabbsomsasrdser to
forma liquid conposition suitable for injection thereof into a subject. The
unit dosage formtypically conprises fromabout 10 ng to about 10 grans of
t he prodrug V\hen the prodrug is substantially water- insoluble, a

sufficient Sogggﬁ EIRAVE Y BN ham I;Edhf]%d E’rFé’u% ﬁ'opg&%%lthevmga&.ve phaR! e

may be errp?oye cient q antlty t
aqueous caniqU@fﬁ"‘W@iéﬁe%‘éﬁa useful enul sifying agent is 25 phosphatldyl
choline. [162] Pharmaceutical conpositions suitable for topical application
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e O A PeRRD lonOsan Be ha TR ok TGS By 03" S BLI Gron L . ol Gy B

unm)dlfledpfeﬁ rve FatT i°0ret
addi ti on ofadmlhletrmdlrécyamdgdemde@yhcﬁam pﬂsmﬂestan@/helomrowsgﬂumhl tile attltty \wé an the

natriurgti g.G@ o gound c%rﬂﬁ?tar oY agﬁ&eﬂ%w fheddy. saflmmgférsoowge% %m(,agghmaé the

gastrointestina , Suc less of 1t Is degraded In the
unnodi fi ed p@ttyntmvbmﬁat Irigk ¢f e 50l Qalipreparationsf the HBNP gpmnopRs capigateprqerting

noi ety i N sikbodifbn 6f@ﬁrﬁ‘ég$n$mvénfbn%é thbs‘é%c@t@d toGVelnhy) ifHecHliftheandfi o Mattkor® h e

I nvention can be orally Edm ni Stﬁ‘i ﬁa{m a dosage 10 t hat gél rnaltelgl‘%/r'g{lJl vji des
a phar macedtdi riyauteet pt ab IO BATTEP f“ﬁ'@ s WF@%FW AT PUFE i
conpound i mo@yﬂitzz&m @xpehses; Lekpahdiannof ihiedtion $o neludeaghronit G, fand/bremilitya hDearly-stade

natriuretic onpopnd can survive in the @ tract and enter the bl oodstream
10 cujar disease

such that HEOHTS ogically active natriuretic conpound is systemcally
present in a i)har macol ogical |y active anount sufficient to trig (??b?
product i on [5718] c&ybzcts pkiag eripgbing to takecthe paepai netrigrsticorompenad pap @lteatvely (Rpdditignally)

i nproves t hge @ghm@tse @&P&h@bﬁﬁé@m@m‘e&m OERXRplE PhtReks RiFterihd e di dhforcﬂe%
conpound |ntothebo ream upon or al ﬁn istration relative t

delivery o fthat, -azg |09nv5|a ¥ streated a parenterally admimstered natriuretic compou suc as

NATRECOR®, can be treated using an effectuve amount of the modified form of that agent described herein.

25 Advantageously, where such agents were previously only administrable via injection or intraveneous

administration, the natriuretic compound can be administered via inhalation or, more preferably, oral

administration.

[179) In one embodiment, the invention provides a method of delivering a biologically active agent to a
subject, wherein the biologically active agent is orally administered as a component of a modified natriuretic
30  compound of the invention, a portion of the orally administered natriuretic compound survives intact in the
Gl tract and traverses the intestinal wall to enter the bloodstream, and after leaving the GI tract, some or all
of the natriuretic compound is hydrolyzed in vivo to yield a pharmaceutically acceptable amount of the
biologically active agent. The hydrolysis may, for example, take place in the bloodstream or in the liver. In

this method, the modified forms of the natriuretic compound enhances the oral bioavailability of the orally
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unconj ugat elWhE#BL: i ¢ conpound into the bl oodstream MIE PrEPEPIEPy, the
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orally adm nistered natriuretic conpound conjugates is at least 2 tines the
delivery of orally adm ni stered unconjugated parent biologically active
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subcut aneous, sublingual, buccal, nasal, intravenous and intranuscular. 32
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i nclude the tol Iovmt%% Diuretics - alleviate the fluid accumul ati on
and resil t AlmansubisticHib geﬂﬂerﬁ pRd shany stegeaf deNelopmenti( Reqnatepintant, juygifp, adolescent,

Vasodi | at 0g&ulf) caf¥P@dadd acbring @ShednFeny Bidaton. al | oW ng for increased bl ood flow.
[ 169] Inotropi c agents - increase the force of contraction of cardiac

nmuscl e. I[ 18%‘113 0ill Ie ta\?ians accg)rdrr% %T‘l B\r@&e&ﬁﬁ@ﬁtlm%cﬁﬁe auck 1'8 nc}ur lgctuk% %&S&é{?ﬁ

heart and eart ensi n conver
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in the | ast stage of its synthesis.

. 8.7 Assays
.

25  [183] Natriuretic peptide analogs of the invention may induce the cardiovascular, renal, and/or endocrine
effects that are associated with the native peptide. Cell based assays may be used to show which conjugates
are proficient agonists of the human natriuretic peptide receptor A, leading to the suitable production of
¢GMP. Biochemical assays may be used to show which conjugates offer the suitable protection against
proteolytic enzymes. In vivo experiments may be used to show which conjugates afford a desirable

30  bioavailability. Leading conjugates can be tested in established dog models. Desirable candidates may be
subjected to detailed pharmacokinetic, pharmacodynamic, and toxicity studies in rats and dogs. BNP
conjugates according to embodiments of the present invention will be useful for the treatment of early-stage,

chronic, and acute congestive heart failure.
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rel axation. [174] Nitrates- relax snmooth nuscles and dilate veins and
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t her api es. 177 The nat ri ret| c corrpound conjugates of the invention also
have ad¥antSFe: Wéf’“chA d (nesiritide, made by Scios, Inc.

Sunnyval e, ). Sone of the advant ages can be attributed to the enhanced 5
phannacoki nig8¢lc Tbe ednjupmestchmbe tagtqdHprpingl [biogvadibiligo r@nlsblmmbblﬂiymg ﬂt@mmmbmkranmt s
of the pres e r dat
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conpar ed t oand e presraerf irGRP E@J'{S@Q‘t ip ghe blondsirpagnygan bwwe@waﬁw!g‘é Reipimmaseassay
from t he abjrhdelitesOConjidhies &Eor&hﬁo@ammm@m%k&nﬁ%m&Iniag9m&fytb@ oRfly and/or
delivered orally. For 1 nstance, C%‘S'%‘BI ) tgtgsed b contdé_g Lﬁ) lEJ??I on
over 48 2houperorallyvalale g2 hempey of i, conjpeait, cqn he defivered by

hBNP 10 conpdisrngbraedruiggat e accor di ng to enbodi nents of the present invention
may be dosed at an overall lower cost, and nay be avail able on an

out pat I ent gﬁﬁ' Srh@ga,;]ug%gn reﬁﬁlsEmQMlmf%Q&ﬁgy oﬂngt?ke.%u@ac& fide.b) KB m?dmao

use with inpatient € nost acute cases COI’] u
accor di ng t te eddifions hanpfits ofral pdppinistration. Such a compound may lower costs associated wnh eatment

of acute CHF and/or expand the applicability of this therapeutic to include early stage and chronic CHF.

25  {188] In one aspect, the invention provides a method of generating data comprising assaying a natriuretic
compound assaying a natriuretic compound conjugate of the invention or a series of such natriuretic
compound conjugates, and compiling data resulting from such assaying. The data itself is therefore

understood to constitute yet another embodiment of the invention, as well as the use of this data.
8.8 Oligomeric Modifying Moieties

30  The present invention also provides several PEG linear and branched, amine, micropegylated and alkyl-PEG

modifying moieties. For example, the present invention provides a compound having a formula:
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present i nvR P8HOUEN be used for those suffering with thd FrRRIRY3MMet of
chronic CHF. The ease of admnistration, reduced denmand on hospital
resources, and/or |ower cost support the utility of an the 15 natriuretic
conpound conjugates as a preventative therapy, self adm nistered (e.g., at
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present invention are thbgXeRgshct ed have amay¢Chf not all the benefits of
Natrecor , wth the advantages of-an i oved phar@eeniineti c profil e,
greater ease of.admnistration, reduced hospitalization expenses, expansion
of i ndi cat iwharetnea¢hC isintleperdentty seleGelFandamail akyl ntoidty hayirigm eabdns-asd mgefrod Q

cardi ovascyl gr di sea .[.178 ubj ects .takin r.inclined to take the parent
natri ureti 30 &%doﬁﬁbﬁ ‘ggr’lJ' 5"(‘%’?%&@ ?Fgfi"ged P%Cr 15338‘3?‘[‘8%’1 QIX/C)OF"‘PEW@“’Y fen

natri ureti euteaismdnds ot Pas 29;ieath X BSadepiidentiyeiedted andes a Bdakgheictypat i ent s
suffering from di Psyorder)g ‘%‘Fgat are conve tifgnalijly treated using a

par ent efal ARCHaleRs & Br & talnpa,ag:tqsgeseggeﬁ pies foikprpulad. Wighreapestiq Fymulsn pe
treated usi Bl BN afih Ssrhd eifboRRUARIthOEMIX RolBAL hisef, 4n@ M0 G RdletyaPRPhinated
descri bed herein. 25 Advantageously, where such agents were previously only
admi ni st r aByitd 30i‘(aHFﬂﬂ“‘@t‘?ﬁ%nogmimﬂ‘%v@lﬁ@mﬂPl‘?AéﬂﬁPﬂﬁ%mﬂhb‘? wethoxyherminated air et i c
conmpound ¢ g el via g laf i o] e fier ,

adm ni ot rar o BATMUIRE S T Bt TR 710, L TP RS B RO Reps o
del i veri ngsabubitol ogi cal |y active agent to a subject, wherein the
biologically active agent is orally adm nistered as a conponent of a

modi fieg natriuretic 30 conpound of the invention, a portion of the orally
admirfi stered natriuretic conpound survives intact in the G tract and
traverses the i ntestiﬂ?al wal |l to enter the bl godstream and after |eaving
the G tractemEshae ypther ppbodiments pravides e compopd havigBTYRY i s hydrol yzed in vivo
to yield a pharmaceutically acceptable amount of the biologically active
agent. The hydrolysis may, for exanple, tak@place in the bloodstreamor in
the liver. In this nmethod, the nodifiedq for he natriuretic conmpound
enhances the oral bioavailability of thg orall 3A WO 2004/ 047871

PCT/ US2003/ 037996 admi ni stered bi ol ogigally tiveyagent relative to the
oral bioavailability of a correspondi al 1 ni st ered unconj ugat ed

bi ol ogi cal ly active agent. [180] The&Qeffec®i ve anfunt of any natriuretic the
use of which is in the scope of present invention\\w |l vary sonewhat from
agent to agent, and patg,exipaBp. patieht, aneawj-kic depend upon factors such as
the age and 5 condition of the ien nd the rout gp@hud®hi very. Such
dosages can be determ ned in accordance with routine pharmacol ogi cal

procedur es whBeitathC ishfeperdkitly seRlcte@arid 19 arbdlkyl ndfetPha¥Rigah Srbdts ARSI frgh 1 2
dosage from about 0.1 to about 50 have theraPeull c efficacy,

[kg wll )
with al | wél Bhead el O isindapeaionty trisisd and s oo Hkyigasi Btee BeicbHTBVBET ont
Toxi City CoRmAidMdALs k58 21 3 @kch! 22 ¥ShdePilertBStikisd ard™ & BMEROHSIegosages to a

[\ Alternatively, C, m, X, PAG, and n are as described above for Formula I. With respect to Formulas

I and HI, and in some embodiments the Cm-X moiety is absent, and the PAGn moiety is terminated
with an -OH moiety or an -OCH3 moiety. For example, the PAG may be methoxy-terminated or
hydroxy-terminated PEG, having 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20

20  subunits.

In yet another aspect, the invention provides a compound having a formula:
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| ower | evel such as up to about 10 ng/kg, with all weights being cal cul ated
based upon the wei ght of tthe 10 active base. A dosage-ffom about 10 ng/kg to
about 50 ngwMopwEyi7BE enpl oyed for oral adm nistration. TRqicsbé37wedosage
fromabout 0.5 ng/kg to 5 ng/ kg nay be enpl oyed for intranmuscul ar injection.
The frequency of admnistration is usually one, two, or three tinmes per day
or as necessary to control the condition. The duration of treatnent depends
on the type of condition being treated and may be for as long as the life
of the patient. 15 [181] Suitable su be treated according to the
present invention include, but are n o, avian and manmal i an

subj ects, preferably mammal i PA ccording to the present invention
include but are not limted to cahine, feyines, bovines, caprines, equines,
ovi nes, porcines, rodents (e.g. rats and 'ce) Iagonnrphs pri mat es,
humans, and the |ike, and enconpass mammal*s? i n ufFesmla VANY mammal i an  subj ect
in need of being treated according to the present invention is suitable.

Human subj egfhg cBRRURS PAG i £pblyaRQlehd iR .@dgér?]* ﬁ‘a%g\x;gﬁhuﬁ&tan rﬁﬂo%{ S1o385% Al o ?

stage of devel opnent ﬁl ., neonat e escent

can be tredbéag e&@’d’df' @ Wﬁ“%‘ytsﬁﬁtﬁraéie frpmil ﬁQ/bsntﬁl’GWatlvFIIB‘Z”}G Iﬂls PadsX. pra e described ans
accordi ng tapoveeF@mela@nt i nvention include chi ckens, ducks, turkeys, geese,
quail, pheasant, ratites (e g , ostrich) and donesticated birds (e.qg.
parrots an nar.i. 0 8.7 Assays 25 [183]
hbtrluréﬁlghgg e g%g%% ot §%8 S %%m?ﬁ gﬁ?ﬁ&ﬁ”ﬂﬁ? i nduce the cardiovascul ar,
renal, and/or endocrlne effects that are associated with the native
peptide. Cel | based assays may beQused to @how whjch conjugates are

proficient agonists of fihe human [patri ureti\c peptf receptor A, leading to
cGW HBi ochem may be used to show
suigabl e~pagtgct i on\agai nst proteol ytic enzynes.

t he suitable production
whi ch conj ugates offer

In vivo experinents sed to show which c jugates afford a desirable
30 bioavailability. conjugates can be t d in established dog
nodel s. Desirabl e candi may be subjected t'd det ai | ed phar macoki neti c,
phar macodynam ¢, and t oxi ci studies in rats and dogs. BNP conjugates
according to enbodi nents of t®e present invention wil|(Fereuusghul for the
treatment of early-stage, chronic, and acute congestive heart failure. 35

WO 2004/ 04 % 6lis Bpdif4uSHa0 kOB &9@@ ha&nﬁggtfllubﬂ;ﬁ'@ AV oAb L6198 5396 1R AUE Lbach o is

conj ugates .of the inventron tested for agenlst activity at the human
natri ur et i djsespientbeselested grdols fﬂm( NF‘R‘SA) Alterpatjyely, BAGT e 8% grecs ﬁﬁ?e,d above for
natri ureti Gormpitdl.di uretic properties of BNP are ascribed to a secondary
messenger, cyclic GW (cGW). The production of cGW is acconplished by
guanylahe cyclase, an enzyne that is activated when BNP binds to NPR-A cQGW
5 production can be nmeasured in cultures of human aortic endothelial cells

t hat endogenously express NPR-A.
In yet another embodiment, a compound is provided having a formula:

o
Cm-X-PAGn\/l\/ PAGX-Cpy,
(Formula VIII)

wherein each C is independently selected and is an alkyl moiety having m carbons and m is from 1 to 20;and
each PAG is independently selected and is a polyalkylene glycol moiety having n subunits and n is from 2 to
15  25; each X is independently selected and is a linking moiety, and o is from 1 to 15. Alternatively, C, m,

‘PAG, X and n are as described above for Formula III.
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Thus, the reﬁﬁg%gﬁ_3§;|V|ty of the natriuretic conpound coQt gg&@ﬁm 6
e y the |evel

natriuretic peptide anal ogs of the invention can be determn

of cGWP production in these cells. [185] The conjugates of the invention can
be tested for increased resistance to proteases I'n general, drugs that are
del i vered o arelsubégcted to es%l enzynmes such as pepsin, trypsin,
and/ or chy ??%@?ﬂas?ﬂn 5B 2 Cofepops BEEPIde drugs, these enzynes nay be
particularly problematic. However, peptlde conj ugati on has been shown to

i ncrease resistance to these enzynmes. Digestive yme cocktails can be used
to test for increased resistance of hBNP conj ugat ot her conjugates of
the invention to proteases of the digestive tract. uretic conpound
conjugates are preferably | ess susgeptible to protedlytig degradation than
correspondi ng unconjugated natriurdtic conpounds, AN he conj ugat es
digest nore slowy than the 15 corlfespo onj ugal ed conpound. [186]
The conjugates can be tested for a ? 6, i al bioavailability
of the conjugates can be tested in rats, for\\exanple. ¥he conjugates can be
adm nistered to the gastrointestjinal tract by ggral gavage and the presence
of hBNP conj ugat es GaxtAres;hl oo rea Paapxits, assayed using avail abl e

radi oi nmunoassay proceduress j idat es accordi ng to enbo@bmmatix) of the
present invention nmay preferably be orally and/or 20 perorally avail abl e,

i.e., a thenvﬁaay}acﬁé'.i %de?krﬁl@ﬂt ﬁ%ﬁgﬂ?ﬂfmofe aﬁﬂé;h%gl%& HER iPBodl ¢hd yoe;ed

by the oral and ero utes retain sone

all of the awepshiPAp lbmdfmatdpaﬂg seleptediaptipe miyablélpmgbréol(mwgf havmwumﬁsmn ig fiem

addi ti ongl b%ﬁle&&pts iftfefdndhEibdMcRY hllil & MakinpWotbnd oGOARP UM 1 I RYerhANEY, RSt S
associated with trea cut e, CHFE and/ or expand the applicability of

this therapBitit mFBaPﬁéﬁﬁﬂﬁméﬂﬁWﬂbQ? Wnd chronic CHF. 25 [188] In one
aspect, the invention provides a nethod of generating data conprising
assaying a natriuretic conpound assaying a natriuretic conpound conjugate
of the invention or a series of such natriuretic conpound conjugates, and
conpi | i NG dghlprdsE hdribDatéo ﬁ?&(ﬁk‘&bﬂﬁ%ﬁ%&sw pre{%g%tn?odiﬁlﬁf}nsleﬁé ditsa&&ﬁie%ne
understood to constitute yet another enbodi ment of the 1nvention, as well as
the use of tpethodefmpkinga ompopndiabibe fasmylddi f yi ng Moi eties 30 The present
invention al so provides several PEG |inear and branched, am ne,

m cropegyl ated and al kyl - PEG nodi fyi noi eties. For exanple, t he present

i nvention provides a conpound having a|formula: 36 WO 2004/ 047871

PCT/ US2003/ 037996 OH CmeS-RAsAG,\ V P. X- OpagRgrdrul a 1V) wherein each Cis
i ndependgnt |y sel ected and i's an y haVIan&%ﬁﬁﬁ@PnS and mis from
I

is provided, wherein C, m, X, PAG, and n are as described above for Formula I. This method may be

described as comprising the steps of reacting a compound of formula:
( Cm~X-PAG,—OH
with a compound of formula:

O

o<

in the presence of a base and a solvent to yield a product “a”

15

0

Cm-X-PAGn~O\\\V//,A<::J

»
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to 20; and each PAG is independently selected and is a |5ollyal kyl ene gl ycol
moi ety havi WP #*84BThits and n is from2 to 25; each X i SP¢HH %‘H’e"gﬁﬁly
selected and is a linking noiety. 5 Alternatively, C m X, PAG and n are
as descri bed above for Formula I. Wth respect to Formulas | and IIl, and
in sone enbodinents the Cm X noiety is absent, and the PAGY noiety is

t er m nat ed reagiirigthegreducOtiwitina etnpownd ofifrmu@BCH3 noi et y. For exanpl e, the PAG may
be net hoxy-term nated or hydroxy-term nated PEG having 1, 2, 3, 4, 5, 6,
7, 8, 9, 10,11, 12, 13, 14, 15, 16g1l%pAd—~ok® or 20 subunits. 10 The
invention in other enbodi nents provides a conpound having a formula: O ON
O O Cn X-PAG'~PAGhN X-Cm Q (Formula V) wherein each Cis independently

sel ect ed aritythf Bresspre gf akAwisasidand 2 Rlygatiyied: car bons and mis from!| to 20; and
each PAG is independently selected and is a polyal kyl ene gl ycol noiety
having n 15 subunits and nis from2 to 284 each X is independently sel ected

and is a linking noiety. Alternatively, € m X PAG and n are as
described above for Fornula p -\bhE, I espeit to Rsigukas | and 111, and in
sonme enbodi nents the Cm X noiety is nt, the PABN noiety is

termnated with an -OH noiety or an -OCH3 noiety. For exanple, the PAG may

70 B o N R X RG, anf Beted oL 7GR4T, mBT st fvn p e
anot her as p@dt as ’Btr.hBy’ mvvéﬁmhrime, [ﬁl’rewsie’dw b ftmbéndgﬁmdl ahBviil,ragd the fadventhay: be f@hei\D
2004/ 04787] / %Qgﬁ 9 = X Y/ i
conpound, P(}&E&igsaya p {?a y?@’r‘?é‘g&% yac? ol oﬁ@?gg{l 3}“ é%?%‘gg‘{mﬂéju%ﬁ’n}k‘% fsuh%rﬁg%\n%? &

from2 to 2BOBis 0 or N, and each o is independently selected and is from
| to 15. Alternatively, PAG m and X are as descri bed

Another method of the invention is also disclosed for making a compound of the formula:

o)
0
A
0 o/
Cm—X-PAGn\/]\/

PAG,-X-Cpy ©

10 (Formula V)

whereinC, m, X, PAG and n are as defined above for Formula I. This method may be further defined as

comprising the steps of reacting a product

OH

ComX-PAG, \/j\/ PAG,~X-Cn,

15  wherein C,m, X, PAG, and n defined as above, with paranitrochloroformate or disuccimidy! carbonate,

Yet another embodiment of the invention is provided in a method of making a compound of the formula:
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above for qumub@mﬁign5 The present invention also preéent$canggapmgﬂ@6
havi ng a fornul a: OO0 NCOPAG; X0 O (Forrmula VIl1) PAGis a

pol yal kyl ene gl ycol nnlety having n subunits and nis from2 to 25; Xis O
or N, and each o is- independently selected and is froml| to 15.
Alternatively, PAG m and X are as descrlbed above for Fornmula Il. 10 In
yet anot her enbodi nent, a conpound is prOV|de i a formula: O |110H NA
O Om X-PAG' PAG X—Cnl(FornuIa VII1) wherein ifrs—i ndependent | y
selected and is an al kyl noiety having m carpons—gnhd Mis from!l to 20;and
each PAG is independently selected aHg | ene gl ycol noiety
having n subunits and nis from2 to 15 25; each i s i ndependently
selected and is a linking noiety, and o is from1t Al ternatively, C,

m * PAG X and n are as described above for Fornmula I11. 38 WD 2004/047871

PCT/ US2003/ | [ f I
PCT/ US2003/ Qiicaoac, TR, AdE 1s0fBibh S0P R VoG 1! R/ TR BY Ker bl @

compnsmg the steps of reacting a compound of formula:

0

Cl

0

wherein o is as defined above for Formula [, with a compound of formula:
HO—PAG X
wherein X is ~NH or —~OH, in a solvent, to yield a compound of formula:

0O

HO—PAG,-X

wherein PAG, n, X, and o are as defined above for Formula I1.

( 0  Theinvention also provides a method of making a compound of the formula:

0 (Formula VIiI)

wherein PAG, n, X, and o are defined above for Formula II.  This method may be described as comprising

the steps of activating a product
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(Formul a | &Bﬁﬂ@ @ﬁﬂ7ﬁ?$2 ;rgs i ndependent |y selected and ﬁérﬁgzgﬁ&%P%WD'Ety

havi ng m ca ml to 20; and each PAG is independe

sel ected and is a pol yal kyl ene glycol noiety having n subunits and n is from
5 2 to 25; each X is independently selected and is a linking noiety; o is
fromlto 15. Alternatively, C m PAG X and_n are as described above for
Formula II1l. The present invention al so provi nmet hods for
preparing the nodifying noieties disclosed heRein. t hod of naking a
conpound of the formula: OH 10 OvX- PAG' PAG ; mula IV) is provided,
wherein C m X, PAG and n are as dHecPAB for Formula I. This

nmet hod may be described as conprising the steps oif \reacting a conpound of
formula: Cm X-PAGh OH with a conpound of fornul a: 15 in the presence
of a base and a solvent to yield a product "a": O CmX-PAGH O- 39 WO

2004/047871 003/ 37996 ct the product a with a conpound of
for mul a: A a5y &‘3 @% o Hogppla 1L psing g getiyating)| agemty such as
yield: OH ﬁiibc}i'nlﬁiﬁﬁ'cﬂrbonate Mmeﬁﬂm@ammbsgma afd N-hjdrox¥sucdiifsideand n as
defined above for Fornmula I. C nay be replaced with another hal ogen, such
as Br. rth nd the
sol vent naw?% m%}he?%ﬂ le&%‘e#ﬁﬁ% gtﬁm 'P gaéﬁni i ufre"zlaar]t{lqlg %‘én\?‘tﬁsogmg?{”aa? ‘0 be

used in thls nmet hod may al so be further deflned as BF3CEt2 Anot her net hod
of the invention is also disclosed for krng a conmpound of the formula:

OH

od -X-PAG,,\)V PAG,-X-C,,
5 {Formula VIII)

wherein C, m, PAG, n, and o are as defined above for Formula IIl. This method may be described as

comprising the steps of reacting the product identified here as Formula IV above with a compound of

OH
th/A%)E\w:/

o]

formula:

10 in the presence of a base in a solvent, wherein o is as defined above for Formula III. In preferred

embodiments of this method, the base is K,CO; and the solvent is an aqueous and/or organic solvent.

2. In addition, the invention further provides a method of making a compound of the formula:

0]
Con=X- PAG,,\/I\/ PAG;XCpy
(Formula IX)
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O ON OO 10 CmX-PAG'PAGYX-Cm 0 (Formula V) whereinC, in, X, PAG and n
are as defined above for Formula |I. This nethod may be further defi ned as
conpri sing tWO 269€H387df reacting a product OH Cm X- PAG ., PABYVSI0SR37P86
wherein C, in, X, PAG, and n defined as above, with paranitrochl or of or mat e
or. di succi mdyl carbonate. Yet another enbodi nent of the invention is
provided in a nethod of making a conpound of the fornula: 40 WD 2004/047871
PCTI US2003/ 98:/596, m,BAG, n, |k GO definkdabo vt ferFemilaRAGT hamethéd garalipcdiptscafacting

defi n.ed. ab0¥ ﬁonﬁp%{l dFQ(E d%céﬁ'rdm-gm) the m%{hlaﬁ’ gf O:?getpéc or'r[nplgrwgﬁgﬁéfl &Fue igzoves WV\P'I &ein

conpri sing e s of react a conp

0 is as def ?qunamméule?NWWWaclrlmlthh a conpound of fornmula: HOPAG X
wherein Xis -NHor -OH, in a solvent, to yield a conpound of formula: 0 O
HO PAG X tg whepsiplesPAG n, X, and o are as defined above for Fornula I1I.

5 [189] The following examples have been included to illustrate models of the invention. Certain aspects of
the following examples are described in terms of techniques and procedures found to demonstrate the best
mode of practicing the invention. In light of the present disclosure and the general level of skill known in
the relevant art of the present invention, those of skill will appreciate that the following examples are
intended to be exemplary only and that numerous changes, modifications, and alterations can be employed

10 without departing from the scope of the invention.

9.1 Activation of PEG-Alkyl Modifying Moiety (carbonic acid 2,5-dioxo-pyrrolidin-1-yl ester 2-[2-
(2-{2-]12-(2-hexadecyloxy-ethoxy)-ethexy}-ethoxy}-ethoxy)-ethoxy]-ethyl ester (II))

(, [190] Hexaethyleneglycol monohexadecyl ether, I (0.202 g , 0.4 mmel) was dissolved in acetonitrile (5
mL) and disuccinimidyl carbonate (DSC, 0.157 g , 0.6 mmol} was added. Then triethylamine (0.12 g, 1.2
15 mmol) was added dropwise and after 10 min the reaction mixture became clear. Reaction was stirred
overnight at RT. Afier stirring for ~ 16 hours, the crude reaction was evaporated to dryness and then
dissolved in saturated NaHCO; (10 mL), washed with ethyl acetate (2 x 20 mL), dried over MgS0,, and
evaporated to dryness. The crude product mixture was purified via column chromatography (silica,
EtOAc/methanol, 10:1) to vield 0.258 g (81%) of the title compound Il as an oil. ESI MS: m/e 648.84

20 (M+H).

O/\/O\/\O/\,va\ O/VO\/\OH

X
. 0 o)
0
{(CoHspN
q~ J /D CH,CN, 25°C
o] 0O 3CN,
0 0
Y
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0 The i nverWPIAMH43H 1pr ovi des a met hod of making a corrbouﬁ@TBfSZQQ?f@f’T%ﬁrrul a:
00 OO0 ~OPAG XNO O (Formula VI1) wherein PAG n, X, and o are
defined above for Fornmula 11. This method nmay be described as conpri sing

t he steps of activating a pr oduct 41 WO 2004/ 047871 PCT/ US2003/ 037996 O 0
HO-PAG, ; SV\:heg elhesns 6%

¢ £ n [V%g ﬁ{l ? gi/cgm!igr—dli:o?&&gyll'ra\ldm- -ngI ng
an activa n

par ani t rochl oro gn%g"t@ 1;}]' ecanoﬁeamé"r? i fﬁ/ Y rdcg‘g ni m de. Yet anot her
enbodi errenEmf iyl BB {5 gnrggpm@wn%g @asrsﬁ&em%g%serq%kﬂ al\)l&flag Sﬁﬁﬁ’t?%lﬂbt ILhe

f or nul a: or mu ern C

PAG n, an® gion p U HEFTRE BBHA0 Enf 55 BN |1%9 . parbo tgtrachipsifie: Gftenthy adslion

des cr bgf' &?svcoﬁfgmérﬂxé te?tﬂloﬁ b e&srgmkecr RAg hmﬁg Ahaemdofeaﬁmcw déﬁ. %ﬁef m@e!a:ﬁa,ﬁr e

as Formul a ve W coppound o or

presence of® t'%\hg’ﬁg e“a""?glb\y/é@ﬁa%é?%fhﬁ regetjoq '%E?“ﬁe‘ﬁs r?@‘lfe'&’ﬂfﬁ@ Eﬁr“‘ﬁﬁraﬁ‘ﬁl a

[11. I n prefl@idecthe crude acid chloride was purified by fractional distillation to obtain IF as a clear liquid (10.1
gm, 91%). ESIMS: m/e 275.87 (M+H)".

[192] To a cooled solution of 2-(2-Amino-ethoxy)-ethanol (575 g, 5.47 mmol) in 10 mi dichloromethane,

10 2-hexyl-decanoy! chloride II (750 mg, 2.74 mmol) was added drop wise over a period of thirty minutes.
After the addition was complete, the temperature of the reaction mixture temperature was increased to 25 °C.
Reaction was stirred overnight at room temperature.  After stirring for ~20 hours, the crude reaction was
acidified with INHCI and diluted with 10 ml H;O. The reaction mixture was then extracted with
dichloromethane. The organic layer was then washed with IN HCI, water, dried over MgSQ,, filtered and

15 concentrated. Crude material was purified by flash chromatography (silica, gradient elution: 2-5 %
methanol in CHCl;), to yield 902 mg (96%) of the monodispersed compound Il as an off-white solid. ESI
MS: m/e 344.54 (M+H)".

[193] Monodispersed branched C16-PEG2 II¥ (200 mg, 0.58 mmol} was dissolved in acetonitrile (5 mL)
and disuccinimidy} carbonate (DSC, 0.224 g, 0.87 mmol). Then triethylamine (0.118 g, 1.17 mmol) was

20 added dropwise and after 10 min the reaction mixture became clear. Reaction was stirred at room
temperature overnight. After stirring for ~16 hours, the crude reaction was evaporated to dryness and then
dissolved in saturated NaHCO; (10 mL), washed with ethy! acetate (2 x 20 mL), dried over MgSO,, and
evaporated to dryness. The residue was purified via column chromatography (silica, EtOAc/methanol, 10:1)
to yield 0.206 g (74%) of the oil IV (0.206 g, 74% yield). ESI MS: m/e 485.63 (M+H)'.
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enbodi ment s @lp Jobi;e7eRt hod the base is K2CO3 and the sol VR dsSo@iAdseous
and/or organic solvent. 2. In addition, the invention further provides a

met hod of maki ng a conpound of the formulaz O ONO ONO O Cm X PAG
PAGE X-C, (Fornula IX) 42 WD 20041047871 PCT/US2003/037996 wherein C, m
PAG n, and o are as defined above for Fornula Ill. The nmethod gengrally
conprises reacting - a compound proguced according to the nethod of |preparing
the Forrmula VII| i
N—hydroxySUCC|

follomnng exanpl es ar in ternms of technlqu s a procedures found
to denonstrate the best npde of practicing the invention® In light of the
present disclosure and the general |evel of skill kno n the relevant art
of the present invention, those of skill wll apprec#ﬁ;e\;hgt\%hehtolIomtng
exanples are intended to be exenplary only and thdt+=Munerous>~Changes,
nodi fications, and alterations can e enpl oyed 10 without departing from
t he scope of the povention, 9.1 Actijvation og PEG-AIkyI Modi fyi ng Moi ety
(carbonic acid 275-d+0x i > OH
(2-(2-[2-(2-bexadecyl oxy- et hoxy) - tho ]- ethoxy} et hoxy) - et hoxy] - et hyl ester
(I'1)) ~- [190] Hexaet hyte nonohexadecyl ether, 1 (0.202 g, 0.4
mmol ) was di ssolved in acetonitrile 5 nl) and d|SUCC|n|n1dyI car bonat e
(DSC, 0.157 g, 0.6 nmol) was addg d hen triethylamne (0.12 g , 1.2 15
mol ) was added dropwi se a ti mdy.he reaction mxture becane clear.
Reaction was stirred overni b A&@atw%tlrrlng for - 16 hours, the
crude,reacti on was evaporated to drwn ss and then dissolved in saturated
CI& (10 n), washed with ethyl acefate (2 x 20 nL% over MgSH, and
evaporated to dryness. foduct mixture was pur i via col umm

chr omat ogr aphy no 58 g (81% of the
e e, 8% 20X (AT

title conpound 1
v

The crude p

VE:
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000 (C2H5)3N. 0)1-0 N GHBCN, 25C 000 00. NO I1 4 871
PCT/ US2003/ M@@%@?‘z Synt hesis of Branched PEG Ani ne I\/b}(%liﬂl, %ﬁ%’[z

(carbonic acid 2,5-di oxo-pyrrolidin-1-yl ester
2-12- (2- hexyl - decanoyl am no) - et hoxy] -et hyl ester (1V)) [191] Thionyl
chloride (5.5 gm 46.6 nnDI) was added drop mﬁse over a period of thirty

mnutes to sQ |n100
oo B R e B e -,
m xture was refl urs te|y eac |on was co

carbon tetrachl or|de was rermved by di sti IIatlon and the reactlon m xture
was concentrated to get crude acid chloride. The crude acid chloride was

puri f9 lloe/()ck bé[m] aqh iaQﬂ/atliond:jf i‘ﬁogddﬁsgéréeﬂ ns-mmeln&)@ad%anbdc aBid glgea:f mltniogt.u &lndndiQado
am I 0. a Cooled _solutrLon

I 2 A o PR OB RS AT (8BS Iogion b repSlion w5t S e 8 o B ebdetRsion 10
2- hexyl - decmintmyel was [dilwed wich \bdter(a%&ctnmed \Qnﬂﬂdicmmmétl)anw&sx 3o0daen). AhofigaiicSiayepway a

period of t Af t t' C |.e he tenpe ure
b the 1 eactiB 0 i S BT o0 L Bl B0 53 BE Fresdy Gl FRRARRY
stirred ovetirmegimaf@)tdarOﬁdffhl@@ﬂhdé’r(&@Qﬁ@%Wiblé}- stirring for -20 hours, the
crude reaction was acidified wwth INHCI and diluted with 10 mM H2O The

reacti ofy m mqr %\A@auﬁda%ﬂmea%@;swﬁep%mm@wsdﬂ hﬁﬁ&&a&h&m(s sifhez;%ﬂa{? icripay er

was t hen vvashe Wit h HCl dri'ed ove [ tered

concent r at €420 e\ ps aﬂ"éf’ @?‘i‘%‘?‘m\hﬁg“”dﬂﬁ' Pfliged’- ?)SF““P]I’ ﬂ'iﬁ%' RS’H}OB%%E@O&{?}H);/ Thesfepctign,
gradi ent el whxtuftiwas Sedstifed fBE1 mmahenlm(m?gi@faS)mol)td@stee kdrE8080 ) #Ra8ded afopiibe
nonodi spers?eng 0 und. L\Jlél as_.an, of f - I i d.. ESI 9@@“ g}g %
17631 Nonod Tt TR, s e Brepieh o B ron e i P Sh S GO e
I n acet oni t ¢washed CB,el 200 eyl awmli esm;mcaltadltasmndgeks to afférd okt €h¢ E)Sd?a oiDw&Jdrifipd, viaXla8lY

ol ) . e.”mtn'.a%wélﬁ{mc& #Ad%nt]emmg 23 ty]rzeﬂﬁ'n? i CHE 1o €19e 3¢ eeglmg o ORISR éta(ﬁ‘éj

after 1 m Xt ure becanme ¢ rr'ed
t enper at ur e”pverni ght. After stirring for -16 hours, the crude reaction was
evaporated to dryness and then

[196] To the oil of the monodispersed compound IV (2.22 g, 3.56 mmol) was added 1IN NaOH (50.0 mL),
25 mL methano}, 25 mL ethanol and the reaction mixture was stirred for 24 h, The crude reaction mixture
was concentrated, acidified (pH~2), saturated with NaCl, and washed CH,Cl; (3 x 75 mL). The organic

20 layers were combined, washed sat. NaCl, dried MgSO,, and evaporated to dryness to afford the
monodispersed compound V as a white solid. The crude solid was purified via flash chromatography (silica,
ethyl acetate) to give V, 858 mg (40 %).

[197] Monodispersed mPEG7-Cl6-acid V (324 mg, 544 mmol) was dissolved in 15 ml of anhydrous
methylene chloride and then solution of N-hydroxysuccinimide (94 mg, 816 mmol) and 1-ethyl-3-(3-
25 dimethylaminopropyl) carbodiimide. HCl (EDCI-HCI, 156 mg, 816 mmol) in anhydrous methylene chloride
added. Reaction was stirred for 24 hours, then washed with 1N HCI, water, dried over MgSQ,, filtered and
concentrated. Crude material was purified by flash chromatography (silica, gradient elution: 2-5 %
methanol in CHCl,), to afford monodispersed activated MPEG7-C16 V1 as a clear oil (290 mg, 77%).
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di ssol ved i 1}, 2 NaHCO3 (10 nlL), washed with ethyl a 0
m.), dried gvgﬁh%@% , and evaporated to dryness. The resﬁgﬁgkggé%gé?%fied
via col umm chromat ography (silica, EtOAc/nethanol, 10:1) to yield 0.206 g
(74% of the oil 1V (0.206 g, 74%yield). ESI M5: me 485.63 (MtH' 25 WO
2004/ 047871 PCT/ US2003/037996 0 0 OH Cl S 11l /~HN vv' 'OH 0O
H vv(Od 111 O00 (CHS)3N if_ N CH CN, ~C O0OO 0OON N 'vv'O
O- HO |V 45 y/ Us200 3 gH 9.3 Synthesis and
Activation of PEG Al kyl Mdifyi,ng Miety (16-(2-{2-[2-(2-{2-[2-(2-Methoxy
et hoxy) - et hoxy[ - et hoxy} - et hdxy){- xﬁ Xy} - et hoxy} - et hoxy) - hexadecanoi caci d
2, 5-di oxo- pyrrolidin-1-yl est r)C2 8: 94] To a solution of nonodi spersed
16- br ono- hexadecanoi ¢ acid (15.]3 §,° mmol )Oin ethanol (300 nlL) was added
H2SO4 (1.5 mh\\§L\g§ﬂQHlevgnnghngggSLng/M@g/glfrred for 48 h. The crude
O

reacti on
\ 1 S
\O /\/O\/\O /\/O\/\O /\\/O\/\O /\/OH
I
KOtBu
(" \O/\/O\/\O/\/O\/\ o A~ o ~0
| \\/O\W/\\/ﬂ\v/“\/”\v/“\/’\w/“\/J
0
v IN NaOH

\O /\/0\\/\0 /\/O\/\O /\/0\/\0 /\/,0
HOM\W

0]
A%
0
EDCLHCI,
O
(
o TN 8\/\0/\\/ O\/\O/\/ 0\/\0/\/ o
O
N/
0 O

V1

47



m xture was diluted with wat er and extracted with di chI or %{,@?%300
nm). The or\j’é’rﬁoﬁ"’?ﬁ?ﬂér was washed with H20 (300 nL), sat X 300
m.), H20 (300 mL), dried MgSO4, and evaporated to dryness to afford a
off-white solid 11(16.03 g, 98%yield). 10 [195] To a solution of

nonodi sper sed hept aet hyl ene gl ycol nononet hyI et her (8.51 g, 25 mml) in THE
(250 nm.) was added potassiumt-butoxide (3.1 g, 27.5 mmol, small portions

over -30 mi% . FHEatienpf PEGAIKYMadifyiag Maisty( R {%‘ﬂ @ride- ﬂd\‘lethoﬂ!-eﬁw&’)teﬁ'emll( 10
g, 27.5 nol) di gbepvirethosyretippl-ethoxyirpthoxndodseageieacid %Mogefpyramﬂrhﬂ esterict i on

U ough Colth MR cRgeT:s 2508 dilime, 8 avetopen s B Ml So5%mpt o1 o

oi | . The crmudelené thionds arplmtnf doitiory bfoN-hy dasdpsuddmimide Or66.tneg r BYShiyim{ls btd Bethyl-3-(3*

di ent, el | el | i . 48
o (16° "\ oy i RERfIANE! el encriied, 53 8408 BRLNYR) Rl melifiend S
mol ) was otildade adﬂ@dr\mptmam Gtigd) for 242i0ursy thepevdshed oYith IZBHGI watet, dugdodvenMeS@he
reaction mgifpp Erld‘ﬁ’@;&erﬁxfa!e& rc%heﬁxﬁfenﬁ@a@pm?&f’oy%éﬁ@ﬁmﬁmﬁﬁ%ﬁh?Tsﬂ[&,@ddf fit elulible 2

concentrated, acidif 2), saturated wt nd washed CH2Cl 2 (3 X
75 nl). Thebaetaml i Cizlﬁls) P'§' nypepdisperendisetivatert M%%%lf ‘élaaf‘“'F\?d@l (T1med" My SO,

and evaporated to dryness to afford the nonodi spersed conpound V as a white
solid. The crude solid was puri fied via flash chronat ography (silica, ethyl

acetate) to give V, ~858~1y. 040 4. /[\:L/?CP (ﬁiys,ggz&eg/ﬂ? -acid V (324
ng, 544 mmol) was di ssol ved |n 150 anhy met hyl*ene chj ori de and
then sol ution of N hydroxysuccinim de thyl-3-(3' -

25 di met hyl am nopropyl) carbodiim dg. HCl (EDCI HCl, 156 ngy, 816 mmol) in
anhydr ous net hyl ene chl ori de added. Re ctPon S stl rred for 24 hours, then
washed with IN HCl, water, dried over SO4 iltered and concentrated.
Crude material was purified by fEDESHCELHr ﬁn@ﬁhy (silica, gradient
elution: 2-5 % nethanol in CHOBIM to aff r odi spersed activated
MPEG/-C16 VI as a clear oil (290 ny, 7% . 4§ WO 2004/ 047871

PCT/ US2003/ 037996 O Br OH H2SO4 C2HH0H 0 ®r ~~ 11 +

\O-\/O0 /N ~/O~\O-~O/\ O-~CH

\0/\/0\/\0/\/0\/\0/\/0\/\0/\/0
Q / OY\/V\/\/\)
g8

10 i

9,5  Synthesis of PEG Modifying Moiety (carbonic acid 2,5-dioxo-pyrrelidin-1-yl ester 2-methoxy-
ethyl ester)

15 [199] Monodispersed branched MPEG! 1 (200 mg, 2.63 mmol) was dissolved in acetonitrile (20 mL) and
disuccinimidy! carbonate (DSC, II, 1.00 g , 3.94 mmol) was added. Then triethylamine (0.399 g , 3.94
mmol) was added dropwise and after 10 min the reaction mixture became clear. Reaction was stirred
overnight at RT. After stirring for ~16h, the crude reaction was evaporated to dryness and then dissolved in
sat. NaHCO, (20 mL), washed ethyl acetate (2 x 50 mL), dried MgSO,, and evaporated to dryness. Column

20  chromatography (silica, EtOAc/MeOH, 10:1} afforded the solid III (0.346 g, 60% yield). ESI MS: mle
218.09 (M+H)".



111 KOt Bu M HOOV O EDCLHO, DOMN-OH 0 Oy Db 47 VO
b004) 04871 PEPHIRTY 057055 . 4 Activalion of PEG Al Kyl ﬁ/b%s?%%%k?bi ety

(12-(2-{2-[2-(2-(2-[2-(2-Met hoxy- et hoxy) - et hoxyl

et’hoxy} - et hoxy) - et hoxy] - et hoxy} - et hoxy) - dodecanoi ¢ aci d
2,5-dioxo-pyrrolidin-t-ylester) [198] Mnodi spersed nPEG/-Cl2-acid 1 (500
ng, 0.78 nmol) was dissolved in 20 m of anhydrous nethylene chloride and

t hen sol ution of N hydroxysuccinimde (160 ng, 1.39 | % and 1-ethyl-3-(3"-
5 di et hyl am nopr opyl ) carbodii m de. HC (EDC .HC , 283 ng 390 Mol ) in
anhydr ous net hyl ene chl ori de, added. Reacti on, was tirxedyfori24 hours, then

washed with IN HCl, water, “driéd@ver NbSOﬁl, fiNtered an oncentr at ed.
Crude material was purified by flash chromatograp ili

, gradient
elution: 2-5 %nethanol in CHO 3), to afford di sperséd activated
MPEG7-C 16 VI as a clear oil @370 ny, 62%. O EDCI.HCl, DCMN-OH O O 00
10 11 9.5 Synthesis of PEG Mdifying Miety (carboni & aci

2, 5- di oxo- pyrrolidin- 1- y|AstonirleD. npt hoxy-

O
——— M
Triethylamine -~ \/\o o~

I

5 946  Synthesis of Hydrolysable Micropegylated Modifying Moiety (hexanoic acid 2-(2,5-dioxo-
( pyrrolidin-1-yloxycarbonyloxy)-ethyl ester)
[200] Monodispersed branched C6-PEG1 I (100 mg, 0.625 mmol) was dissolved in acetonitrile (10 mL)
and disuccinimidyl carbonate (DSC, II, 0.240 g , 0.936 mmol} was added. Then triethylamine (0.095 g,
0.936 mmol) was added dropwise and after 10 min the reaction mixture became clear. Reaction was stirred
10 overnight at RT. After stirring for ~16h, the crude reaction was evaporated to dryness and then dissolved in
sat. NaHCO; (10 mL), washed ethyl acetate (2 x 20 mL), dried MgS8Q,, and evaporated to dryness. Column
chromatography (silica, EtOAc/MeOH, 10:1) afforded an off-white solid II¥ (0.146 g, 78% yield). ESIMS:

m/e 302.29 (M+H)".
15
o o]
/O%O"N
( \/\/\”/O\/\OH + Q N
O o 0
I 1|
o)
" Acetonitrile o
k o ]
Triethylamine \/\/\ﬂ/ N o~
o o)
111
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ethyl ester) 15 [1 Monodi sper sed branched MPEG | (\‘2()0 ) was
di ssol ved i%’oa@g{’%ﬁ?‘bri le (20 m.) and disuccinimdyl car bona e %@é@m

1.00 g, 3.94 mol) was added. Then triethylamne (0.399 g, 3.94 rrm)l) was
added dropwi se and after 10 min the reaction m xture becane clear. Reaction
was stirred overnight at RT. After stirring for -16h, the crude reaction
was evapor atked Syntbgsiy abkigeas mPEGMedifying Mpiefip(@anbpnic acid 2 S-Riamre(hﬁm-lm_ystemas hed
ethyl acetate (Q‘?etﬁﬂ‘yﬂl)“"ykﬁ‘lyéﬁ‘eﬂgsm and evapor at ed to dryness. Col unm 20

50% y1 el d Py Mppefiea Sapeten MBECR 1070 b 5% siighces omnimbenets [ ddnd” 40
O + 0 N OANlisutcirmidy]| cashoratedSCy 1l) B5W0g , T8 Etnhv |V®$Thdlhd OTanGrletHyIaimlﬁ 0.5% g, 5.87
Synt h | i j

> (6% of ownmby ShiHEERS L ﬂ?‘é%@%g‘i(’b@%?% bl e M e BARAB G il
Mbnodi sper s tah%ﬁedﬂ%hmﬂmrf Wﬂﬂgm@%w Wra)edmyfmm thenedissplyed in
acetoni trilg fifc m@ndasﬂécﬁe!ﬁﬁﬂc@tht 20%0 xﬂﬁr@fé&‘ﬁfg%,gﬂﬁ%apb}m@w%ﬁeﬁ Colfim® 36

nmol ) was added. ri et hyl am ne ) vwa d

dr opwi se anﬁ“%togﬁphréﬂkﬁanﬂﬁ%é%é’é‘c!q ﬁffﬂﬁﬂsét‘g? Wl AP A3 B2t YiekDa EST WS- e
stirred 10 meespeght. at RT. After stirring for -16h, the crude reaction was
evaporated to dryness and then dissolved in sat. NaHCO3 (10 nL), washed

et hyl aggtate (2 x 20 m.), dried MgSX, and evaporated to dryness. Columm
chromat ography (silica, EtOAc/MeOH, 10:1) afforded an off-white solid I
(0.146 g, 78%yield). ESI Ms: wude 302.29 (NH—l) 15 O 0 O-\H + 0 ON
00O

I
1
Q.
Acetonitrile 2
~ N TN 0/u\ N
Triethylamine © NN o~
o
m

9.8  Synthesis of Hydrolysable Micropegylated Modifying Moiety (dodecanoic acid 2-[2-(2,5-dioxo-
15 pyrrolidin-1-yloxycarbonyloxy)-ethoxy]-ethyl ester)
[202] Mdnodispersed branched C12-PEG2 1 (200 mg, 0.69 mmol) was dissolved in acetonitrile (10 mL)
and disuccinimidy! carbonate (DSC, I, 0.265 g , 1.035 mmol) was added. Then tricthylamine {0.104 g,
1.035 mmol) was added dropwise and after 10 min the réaction mixture became clear. Reaction was stirred
overnight at RT. After stirring for ~16h, the crude reaction was evaporated to dryness and then dissolved in
20 sat. NaHCO, (10 mL), washed ethyl acetate (2 x 20 mL), dried MgSO,, and evaporated to dryness. Column
chromatography (silica, EtOAc/MeOH, 10:1) afforded the oil IIX (0.247 g, 83% yield). ESI MS: m/e
430.50(M-+H)".
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I Il 0 Acetwpizhdsss79 N Triethylamine Op 111 49 o) 200A¢PA4S003/037996
PCT/ US2003/ 037996 9.7 Synthesis of Linear nPEG Modifying Miety (carbonic

acid 2,5-di oxo-pyrrolidin-1-yi ester 2- (2-nethoxy-ethoxy)-ethyl ester)
[ 201] Monodi spersed branched MPE&R 1 (470 ng, 3.91 mmol) was dissolved in

acetonitrile (20 m.) and disuccinimdyl carbonate (DSC, 11, 4.50 g, 5.87
nmol ) was added. Then tri et hyl an‘ione (0.594 g, 5.87 5 ) s added
N,
)

dropwi se and after 10 min the regction m xture becane c . Readtion was
stirred overni Mﬁmo\ﬁﬁ\eu 6ht t rude’T i on was
evaporated to dryness and then dissolved in sat. Na &0 washed
ethyl acetate (2 x 50 nL), dried MJSO™4, and evapor at o drynéss. Col um
chromat ography (silica, EtOAg/MeOH, 10:1) afforded the s#lid Il (0..632 g,

62% yield). EST M. me 262.23 (MtH' 10 O O/OH+ NO NOO L] O
Acetonitrile O Trie*h?{_ pine O Il 9.8 Synthesis of Hydrol ysabl e
e

.
M cr opegyl at ed Modi W4 °Moi ety _(dodecanoi c acid 2-42- (2, 5-di oxo
pyrrolidin-l-yl oxycpLhgaxloxy) - et hoxy] -ethyl ester)j [202] l\/bnodi/& rsed
branched C12-PEG 1 (200 mgy, 0. 69 SSOFUEW i acet oW t ¢ | e (10
{1

m.)

2.9 Synthesis Linear PEG Modifying Moiety {carbonic acid 2,5-dioxo-pyrrolidin-1-yl ester 2-[2~(2-
5 methoxy-ethoxy)-ethoxy]-ethy! ester)

( [203] Monodispersed branched MPEG3 I (200 mg, 1.2]1 mmol) was dissolved in acetonitrile (20 mL) and
disuccinimidyl carbonate (DSC, II, 0.468 g, 1.82 mmol) was added. Then triethylamine (0.184g , 1.82
mmol) was added dropwise and after 10 min the reaction mixture became clear. Reaction was stirred
overnight at RT. After stiming for ~16h, the crude reaction was evaporated to dryness and then dissolved in

10 sat, NaHCO; (20 mL), washed ethyl acetate (2 x 50 mL), dried MgSQ,, and evaporated to dryness. Column
chromatography (silica, EtOAc/MeOH, 10:1) afforded the solid ITI (0.206 g, 55% yield). ESI MS: m/e

306.11 (MH)".

0O
o~
/O\/\ 0/\/0\/\ OH 4+ O N/ O-/. N
{ t/\:o o

1
Acetonitrile j"\
/0\/\0/\./0\/\0 O’N
0

Triethylamine

5 i1
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and di succi pi m dyl rbonate (DSC, 11, 0.265 g, 1.035 r . Then
triethylam by %%%l"gﬁg%g , 1.035 mmmol ) was added dropw sgngllr%wﬁ%ﬁg?%qm n
the reaction m xture becane clear. Reaction was stirred overnight at RT.
After stirring for -16h, the crude reaction was evaporated to dryness and

t hen dissolved in 20 sat. NaHCO3 (10 nL), washed ethyl acetate (2 x 20 nl),
dri ed MySO#:10an8ynshesis of Bydrelysable Hligrppegylated¥lodifiing Mpiety thexangicapid - {243-Qisc a,

Et OAc/ MeCH, 10: Sipxgpyretigingl-Ylppyeashonyloxy)-efhgxydAthoxy}-ethgbesierde| d). EST MS: ml e

430. 50( M+H)! 5 . 2004/ 047871 P 2003/ 037996. 0 O O , O/~~~ + O\ j
N D o BlonBpr e Tk APt G0 a4 oD gvoe despliech Batodomiing 2y mbic
odi 1 i ng. od Skueciatybasbnuie DSt B, 6308 pximapliskcy badiandd- Thencsbbfanind @162 , 5
me oXy- - e (0),4 - . €S [ nodail. e[fse ra

(200 . 1. 20 e e Gl oot PR PSSR Haffedilon Ve

di succi ni niaismigat KHnAfter spDRE or +16h, 1R cABS regotiof wavapunle)i tovgesdaditien disselved in
L1 ety am GenGRl it gl bRl MG IRY] 58 HEA LEQ. Ch e

reacti on m xture becang clear. "Reaction was stirre ht at . After
stirring forompggraphy {alicay BEQACMREL 1G] affeled thepdridk O0t & ey Misldy ERldMBhene

di ssol ved izwpifnpatyt. NaHCO3 (20 nL), washed ethyl acetate (2 x 50 ni), dried
MySO4, and evaporated to dryness. Columm chromatography (silica,

EtOAc/N?C]—I, 10:1) afforded the solid Ill (0.206 g, 55%yield). ESI Ms: nie
306. 11 (MFH)' 0 OOOOCH-i- O04 0 O Acetonitrile 0

o~
/ N

WYO\/\O/\/O\/\OH + o
o]
%}0 o

I
1l

Acetonitrile i
- \/\/\"/0\/\ O/\\/O\/\O 0/ N
0

Triethylamine fs)

141
15

911  Syathesis of Benzyl Elimination Hydrolysable Oligomer (6-{2-]2-(2-{2-[2-(2-Methoxy-ethoxy)-
ethoxy]-ethoxy}-ethoxy)-ethoxy]-ethoxy}-hexanoic acid 4-(4-nitro-
phenoxycarbonyloxymethyl)-phenyl ester)

[205) Potassium fert-butoxide (3.64 g, 32.4 mmol) was dissolved in 250 mL THF. MPEG; alcohol (9.58

20 g 32.3 mmol) in 10 mL THF was added. The solution was stirred for two hours The mesylate (7.0 g, 29.4
mmol) prepared from commercially available ethyl 6-hydroxy-hexanoate was dissolved in 15 mL THF and
added to the PEG solution. The reaction was stirred at room temperature overnight. The reaction was
quenched with 25 mL MeOH and filtered through a short pad of Celite. The filtrate was concentrated in
vacuo and the residue purified by flash chromatography (EtOAc/2 % MeOH) to give 3.19 g (25 %) of I. ESI

25 MS: m/e 461.07 (M+Na)".

[206] To hydrolyze the ethyl ester, 1.1 g (2.51 mmol) of I was treated with 35 mL 1 N NaOH. After six

hours, the initially cloudy mixture had become a clear, yellow-colored solution. The mixture was saturated
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Tri et hyl ami W@ 004&7821] 51 WO 2004/ 047871 PCT/ US2003/ 037998 TG 2B/ (AP hesi s
of Hydrol ysable M cropegyl ated Moddifying Miety (hexanoic acid 2-{2-[2-(2, 5-
di oxo-pyrrolidin-1-yl oxycarbonyl oxy) - et hoxyl - et hoxy) -et hyl ester) [2041
Monodi spersed branched C6-PEG3 1 (200 ng, 0.80 mmol) was dissolved in
acetonitri Ixﬁh@\!&@ and Jeidiften it canbeneritad HCIAii teqHes 2t Bhe(sBEN vl ext@otd&DOith 00 mi . 209

nmol ) was %(é]d “The Qr%%ncts erer tdﬂgﬁ:{ agr‘ 1@3?8(( Oﬁltjéreg F.l’% cbnc%rﬁratl d mQ'a(fuo to 3|,f}0 a Ct%a(glﬁﬁgg

dr opwi se and aft ear’.
stirred ovéherwrgmhcaipldﬂilr ESAM%W@S@W?M@)M% 10 dHNa)t he crude reaction was
evaporated to dryness and then dissolved in sat. NaHCO3 (10 nL), washed

eL hyl ?c et é[ti(ﬁ (@arb’ox?lQ aﬂid)l%l (ols(} £d. m%ma@'ﬂgs%ogr&ﬁiﬂqs %Eﬁﬁ{ztﬂlaﬁld ?’lﬁt%& ﬁndglggzl. W64(V
cnr onmat ogr a o) e 0] . 0
yi el d). B ot “‘ i ‘#‘3‘6 g ?)(%%‘“d 012%%38 'ilq"?ﬁwif@wserﬂmna were@ddg. o0 o
O Il Acet orfiet fivi|heurf) andfher Q2i gEDOand@N2 gmmwhyhmw nedrioe @attioh to &ﬁ:p&tidnl When
(S%E]E g_eilz_s ( gleg dr%étgn% tf;li:r:\x}lg?ﬁro eh 9%}‘2'0 l(ljc;amd)‘esn%meg the mn%rg%'és diluted with 60 mL CH,Cl, and
et hoxyl - et hashg) widlt ¢oik iy N- f&llﬂbxwmelt)hmamé&am eL)aod bring (3 4160 mk)-The organics

phenoxycar m&ydnwdaewgb{ TRA&H c&&waf)ed {nZVQélo t{;gtsl@%sl'] tgw@p bf ARt esqlﬂ@ &é 64
g, 32.4 m nol di ssol ved in 25 EG6 al'cohol (9.58

32.3 rm’(?l) PRI SPRET (MANaYdded. The soI utlon was stirred for t Wo hours

The nesylate (7.0 g, 29.4 mol) prepared fromcomercially avail able et hyI
6- hydr oxy- limsannatemvds CH,6k.ahyadxybenziialcohol 1B gadimmaldl aleick. 48 (BzthrrlBElG)MAP

fglagz Il 82 W;ENQ% dEsg ?ve& I or}np\é)@nsd l?lt(i 5 L ,e(g 3'i;lmmol?\(%rfr!]s’l dtissorn%g ll’naatn&fler af \l‘{'lﬁrdﬂ 8] :'Euid aﬁ%ﬁ. The

reaction was stirred at room temperature overnight. The mixture was washed with I N HCI (2 x 200 mL)
and brine (2 x 200 mL). The organics were dried over Na,SO,, filtered and evaporated to dryness. The

15  residue was purified vie flash chromatography (silica, EtOAc/10 % MeOH) to give 0.701 g (58 %) of
oligomer IV, ESIMS: 539.10 m/e (M+Na)".

[209] The oligomer IV (0.562 g, 1.09 mmol) was dissolved in 15 mL dry CH,Cl,. To this solution was
added 0.23 mL (1.64 mmol) TEA and 0.329 g (1.64 mmol) ;-nitro-phenylchloroformate. The reaction was
stirred overnight at room temperature. The mixture was then diluted with a furtber 15 mL CH.Ci, and

20 washed with 15 mL 1 N HCI followed by 15 mL water. The organics were dried over MgSQ,, filtered and
* concentrated to dryness. The crude product was purified via flash chromatography (silica, gradient elution:
3/1 EtOAc/hexanes — EtOAc) to give 504 mg (74 %) of the activated oligomer. ESI MS: m/e 682.72

(M+H)', 704,72 (M+Na)".
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gquenched w VeCOH and filtered through a short pad he
filtrate ‘&038%60%§7Fat ed in vacuo and the residue purifi ggng%d];}ogwﬁﬂ-

chromat ography (EtOAc/2 % MeOH) to give 3.19 g (25 % of 1. ESI 25 M5 nie
461. 07 (M+rNa) +. [206] To hydrolyze the ethyl ester, 1.1 g (2.51 mml) of |
was treated wwth 35 nL 1 N NaCH. ter |x0 ours, the initially cloudy

m xture had becone a cl Bar ye’PP"‘BW- colordd soI uti The m xture was
saturated 52 WO RGGAH 04%%1‘1—9 &W’jﬁ\d’rfl ed with

concentrated HCl until the pH was 2™ The solution was extiacted with 100 ni
CH2Cl 2. The organics were dried over Na2SO4, filtered and,concentrated in
vacuo to afford 0.80 g (78 %9 of the carboxylic acid 11. |EQl B rn/e
411.07 (M+H)', 433.10 (M+Na)4. [2071 Carboxylic acid III 0.80 g, 1.95 nmol)
was di ssol ved |n 16 nL CH2Cl 2 and pl aced under N2. To he sol ution, 0.486

g (2.5 mmol) d 0.288 ¢ (2°5 ol N-hydroxys CC|n|mde(NHS) wer e
added After %;1 ded to
drive reaction to corrplnetl o] % ndi cat ed that No uHrea ted

carboxylic acid renai ned, the tmxture was diluted with 60 nL CH2Cl 2 and
washed with ¢old | oNHE (1 x 100 nL), cold water (2 x 100 nL) and brine (3

CEeS5

x 100 nm). The ni c were dried over Na2SO4, filtered and concentrated

in vacuo to vyi 0.71]g (71 %9 of I1l. ESI Ms: me 10 508.17 (MtH)',

530. 07 (I\/Hrl\la)"’ 208] |n 120 nL dry CH2Cl 2, 4-hydroxybenzyl alcohol (2.93 g,
3.6 nol ) and (4.4 mmol ) DVAP  were dissolved. Conpound Il1 (1.2 g,
(2.37 mol) vvas d| ssol ved in another 40 nmL CH2Cl 2 and added. The reaction

was stirred at roomterrperature overnight. The m xture was washed with 1 N

HCl (2 x 200 aur/lggo 200 nL). The O%M ri ed over
Na2SO4, filtered’dnd evap a to dr yness. _The %esi du jed via

fl ash chromat ography ¥silita, adl 10 %I\/bO—|) to give w701 g ( 8 *noOf
oligoner IV. ESI Ms: 539.10 me (l\/HrNa)~. 1209] The oligoner 1V (0. 562 g,
1.09 nmol) was dissolved in 15 nL dry CH2ClI 2. To this solution was added
0.23 nL (1.64 mmol) TEA and 0.329 g (1.64 mmol ) p nitro-phenyl chl orof or mat e.
The reaction was stirred overnight at roomtenperature. The m xture was

then di kut 9dz Wi gyntisié Mh&h@arﬂa&a@ﬂﬁk@ﬁh&e ﬁﬂﬂufﬁﬁ}; M&%@?&rﬂ&nﬁcﬁcﬁi{@ﬂfz k-l

followed by 15 o WRinety-etid} g@tlﬁﬁy}\l\%{ﬂy YethoR{l-cioy3-Hby)-pldntlesitefd and
concentrat ed t onittophéghestehihe crude product was purified Vvia ?I

chromat ography (silica, gradient elution: 3/1 EtQAc/hexanes - Et QAc) to
gi ve 504 mip10T7 AMPEGOilcohdt €10dd, Bl amendl) ks djssnieed. in FBnL M CHpChH abBhe reRuttir(glstiblian,

704. 72 (MO cooted 100°°C in an ice bath. TEA (5.64 L, 40.5 mmol) was added and then 3.13 mL (40.5 mmot)
10 methanesuifonyl chloride was added drop wise. The reaction was stirred for thirty minutes at 0 °C and then
removed from the ice bath, allowed to come to room temperature and stirred overnight. The reaction
mixture was diluted with more CH,Cl, and washed with saturated NaHCO; and water. The organics were
dried over MgSQ,, filtered and concentrated in vacuo to afford 12.4 g (98 %) of MPEG; mesylate, 1.

[211] A solution of 1,6-hexanediol was prepared from 6.311 g of the diol {53.41 mmol) and 180 mL of dry
15 THF. The solution was cooled to 0 °C and placed under a N, atmosphere. Potassium fert-butoxide (5.996 g,
53.41 mmol) was added to the solution and the resulting mixture was stirred for one hour. I (10.0 g, 26.7
mmol) in 30 mL THF was added to the mixture. Al was stirred for a further 30 minutes at O °C, then
allowed to warm to room temperature and stirred overnight. The reaction mixture was filtered through
Celite. The Celite was rinsed with CH,Cl, and the combined filtrate was cencentrated in vacuo. The residue
20  was redissolved in CHyCl, and washed with water. The organics were dried over Na,SO,, filtered and
evaporated to dryness. Purification by flash chromatography (silica, CHCl/10 % MeOH). Some material
was further purified by preparatory TLC (EtOAc/10 % MeOH). Combined yield was 3.923 g (37 %) of IL.
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WO 2004/ 0479P120PEHT8182003/ 037996 1) 2) MsO v v ~( O-~ MPEEAGTHOMBE p
OO0/ 1 O 1INNaOH 60 O\ NHS. EDC +A6 O OH CH2Cl Ho mo OH excess HO
DVAP, CH2CI2 /ClLIVo/ OHx Il I VO~ NX 5 9.12 Synthesis of Aryl

Car bamat e I—zdrol sable |\/bd|f¥l ng Moiety (carbonic acid 4-(6-{2-[2-(2-{2-

[ 2- (2- met hd%y#) elIKG%3P)2: BEHBROD westdissalyep Hokordxdry CliGaRd the esstitnesplukinawpt enrlpll tophen

yl ester 4-0°Qiahd pladed emdv N.£ ThithylarhirelQb5 MEEGD @heIPRE adfeiQn®iheh 0.38m1/ flmgl?rérﬂol \gasé
e 0]

di | ved 40 th | t I

' an 1 ce iR plorh i Sl T ekl S Ak e Brins e gl
ol ) 10 rwed harriswditonpie te b Itend)eram&ma:dﬂecﬂo‘dm[gpt \iths eeactibh erixti@a®dsi dilited wish
stirred for o}erﬁl-'izb am %Eﬁeg%vltﬂgangatgi I@a@ﬂiot Q]%Qwafe? rﬁl\é%%aﬁlgsqwﬁg edr%vereM gb filtered

aIIovvedto "Come 18 nperat ure and ti'on
m xt ure vvasmdﬁohmlwd\mKGPF‘%P@VIMI@%%HJMMIM th saturated NaHCOB and
wat er. The onganics were dried over MgSO4, filtered and concentrated in

vacuo to affie} dinkefk eonfalh &) nfif dW5 0B s m@b @nm&l) of[m&%lok&pﬁéﬂowvés%s&\fed

1, 6- hexanedj o 0 di ol nmpl ), .and 180 nlL
of dry 15 g e R %%5@8 Oiﬁdw? afdedae gﬁaeswrl%eﬁmtﬁ%ﬁwdﬁ?zme hour

at nospher e.at foah aampratietuader abntrontindhdrd . A Sdutign of HH04Y8 ATDInolaRITIIEH de ChLITOIFt he
sol uti op, a”dn}:&%f S t%g% gh’%u‘%{ he‘“é% ire m.xt[nr%‘%%f ‘fqﬁ’ench%é‘%mﬂ% &186& $ﬁ9 26' !

mml)|n3 EWas n Xt sstlrre
30 m nut es threugh aGhort prdrpf Calite.ovibel fittratewes noncentraterbim vacuepd alteumduamdnﬁs:tilbwrfbdl

overni ght. cmlaﬁaag%ﬁ; tsmea rﬁteswmow% dtb'pto%rd@q sRE PHOR) of Blnbdufia TV, NESIGRS: tns?e Was

rinsed with he combined fTiltrate waS concentrated I n vacuo.
resi due 579.16 (M+H)', 601 14 (M+Na)".

[214] Compound IV (0.683 g, 1.18 mmol) was dissolved in 20 mL. MeOH. To this solution was added a

15  sluy of 136 mg of 5 % Pd/C in MeOH. The entire mixfure was placed under H, and stirred until TLC
confirmed that all of the starting material had been consumed. The mixture was then filtered through Celite
and the filtrate was evaporated to dryness to yield 412 mg (71 %) of V. ESIMS: m/e 511.09 (M+Na)".

[215] The oligomer V {0.605 g, 1.09 mmol) was dissolved in 15 mL dry CH.Cl,. To this solution was
added 0.23 mL (1.64 mmol) TEA and 0.329 g (1.64 mmol) ,-nitro-phenylchloroformate. The reaction was

20  stirred overnight at room temperature. The mixture was then diluted with a further 15 mL CH,Cl, and
washed with 15 mL 1 N HCI followed by 15 mL water. The organics were dried over MgSO,, filtered and
concentrated to dryness. The crude product was purified via flash chromatography (silica, gradient elution:
3/1 EtOAc/hexanes — EtOAc) to give 491 mg (75 %) of the activated oligomer. ESI MS: m/e 654.71
(M+H)Y', 675.71 (M+Na)",
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20 was redi WEbIWEMBH CH2Cl 2 and washed with water. The orR§FAVTE03MBIW6dri ed
over Na2SO4, filtered and evaporated to dryness. Purification by flash
chromat ography (silica, CHC 3/10 % MeOH). Sonme naterial was further
purified by preparatory TLC (EtOAc/I O % MeCOH). Conbined yield was 3.923 ¢
(37 99 of It. “{A ML 2064 04ARAL RCT, S@@:@@/—Q379916PE65[)&12] 11 (3.923 g, 9.89
nmml ) was dissolved in 16 nL dry CH2C12 ANd t he resul ting solution was
cooled to O C and placed under N2. Triethylam ne (1.65 ni, 11.9 mml) was
added and then 0.92 nL (11.9 nnDI) t hanesul f onyl chl ori de was -added
dropwi se. The r@W| rred, ,a‘geo C f\BkcGci, it Ned ek i rt m nutes and
then allowed to co 0 rgonctenperat Ur e Sermt Ur & and Sty Fred ower i gMtESOFHRONeact i on
mxture was diluted with 5 more CH2A 2 and wa¥hed with sat urat esh NaHCCB and
wat er. The organics were dried over Mj2SO4, filtered and concentrated in

vacuo to provide 4.25 g (91 %9 of nmesylate 111. [213) In a fl cont ai ni ng
50 nL dry THF, 5.001g (24.97 mmol) of 4 benzyl oxyphenol di s¢g®l ved.

Pot assi um tert - but oxi de 410202 _9,~3-98 m(gb)/\vv_a\/ogg\ded nd the~xesulting
m xture was stirred fore hour %t roo?nterrpgratur under an ert

at mosphere. A sol utiog 3.950 g (832% mmol) of Il in 20 m. THE was
added. After a furthe hours, the en re m xture was quenched w 10 nL
MeOH and filtered thr a short pad E}i‘ Welfite. The filtrate was
concentrated in vacuo and”the residue purified by flash chromatography

(silica, EtQAc/ MeCH 20 1 Qo PL OV de 1.5 (33 N 0f conmpound IV. ESI M
me 579.16 (A4+H)' 17I ( Sf&P (ﬂj\a‘l/\\P(O 683 g, 1.18 mmmol)

was di ssolved in 20 rmo . To thls sl ution was added a 15 slurry of 136
ng of 5 %Pd/Cin MeOH The entire m xture was placed under H2 and stirred
until TLC confirnmed that all of the st(Erti ng material had been consuned.
The m xture was then filtered through lite and the filtrate was
evaporated to dryH¥ ie P2 Mg DN o ESFONB g e- B L 29
(MtNaf. [215] The ol ,i 605 g, 1.09 mmol) was dissolved in 15 nL dry
CH2C12. To this solution®wds added 0.23 nL (1.64 nmol) TEA and 0.329 g
(1.64 muol ) a nitro-phenyl chl orof ormat eVl The reaction was 20 stirred
overnight at roomtenperature. The m xture was then diluted with a fiuther
15 nL CH2Cl 2 and washed with 15 m. 1 N HC followed by 15 nS, water. The

organi cs were dried over filtered and concentrated to dryness. The

crude produth® W‘W?F‘?‘T@HVW“EOF'B‘H%“MW%FFM ography (silica, gradient
elution:® 3/1 EtOAc/hexanes - EtOAc) to give 491 ny (75 % of the activated

glcl-r? 82123503;;@56} gdée presen%%ﬁamz)}e degcrlvg-es meihocgsz)y w]7nch S P)/IH- gom%rlc mo;ety of tf? 5pr¥£1t %nge?ndtfiéno gf]Zy87 1

be activated.

9.13.1 Method I - Activation Using DSC

[217] Alkyl-PEG-OH, I (0.4 mmol, 1 eq.) was dissolved in acetonitrile (5 mL) and disuccinimidyl

10 carbonate (DSC, 0.6 mmol, 1.5 eq.) was added. Then triethylamine (1.2 mmeol, 1.5 eq.) was added dropwise
and after 10 min the reaction mixture became clear. Reaction was stirred overnight at RT. After stirring for
~16h, the crude reaction was evaporated to dryness and then dissolved in sat. NaHCO; (10 mL), washed
ethyl acetate (2 x 20 mL), dried MgSO,, and evaporated to dryness. Column chromatography (silica,
EtOAc/MeOH, 10:1) afforded the activated oligomer IL

15
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\ONi O -' ~O'WO-200/043871- ~OH Ms CHCLYCly TEA MPEGEOVs i |) ®ETBIS2993/037¢ a
MPEGEQ( CHy) 60H M MPEG O CH Ms COH rrff Cl-12a' s ( ~sO 11 //In O'K*
G----"ai0-0i0.i0-0 IVO Hy, 10 %Po/CWH GiO-C-0-Oi0-.0.
HOV 1 02N\ Ol o~o0 vl 9.13 Methods For Activating AQigoneric Mieties 5
[ 216] The pr-esent exanpl e describes nethods by which a oloi g ric noiety of

the present invention may be activated. 9.13.1 Method | iyation Using
DSC [217] Al kyl - PEG OH, (0.4 mol, 1 eq.) was di sso}’ve acetonitrile (5
mL) and di succi ni mi dyl f’glbbeEﬁoﬁl&{e (DSC, 0.6 quS s added.

Then triethylamne (1.2 mml, 1.5 eq.) was added dfopwisg ang after 10 mn
the reaction m xture becamf cI ear. Reaction was sttyred overnPght at RT.
After stirring for -16h, the crude reaction was evaporated to dryness and
then dissolved in sat. NaHCO3 (10 nlL), washed ethyl acetate (2 x 20 nL),
dried MgpSH, and evaporated to dryness. Columm chromat ogra silica,
Et CAc/ MeCH, 10:1) affor deeotitii@e acti vated ol i goner 004/ 047871
PCTI US2003/ 037996 N Alkyl-PEG-

Triethylamine

1|

9.13.2 METHOD II: Activation Using NHS

( 5 [218] MPEG-alkyl-acid I (0.544 mmol, 1.0 eq.) was dissolved in 15 ml of anhydrous methylene chloride
and then solution of N-hydroxysuccinimide (0.816 mmol, 1.5 eq.) and 1-ethyl-3-(3'-dimethylaminopropyl)
carbodiimide. HCl (EDCI-HCI, 0.816 mmol, 1.5 eq.) in anhydrous methylene chloride added. Reaction was
stirred for several hours, then washed with IN HCI, water, dried over MgSQ,, filtered and concentrated.
Crude material was purified by flash chromatography (silica, gradient elution: 2-5 % methano! in CHCL;), to

10 afford activated MPEG-alkyl-acid I1.

O
N-OH
q X
(8}
MPEG-alkyl /"\OH MPEG-alkyl O/ 0
' II
( I Egoc}i}n

9.14  Synthesis of Modifying Moiety with Branched PEG (6-]2-(2-{2-[2-(2-Methoxy-ethoxy)-ethoxy]-
15 ethoxy}-ethoxy)-1-(2-{2-[2-(2-methoxy-ethoxy)-ethoxy]-ethoxy}-ethoxymethyl)-
ethoxycarbonylamino]-hexanoic acid 2,5-dioxo-pyrrolidin-1-yl ester)

0
O O O
1

1. Tetraethylene glycol monomethy! ether (14.0 g, 67 mmol) was dissolved in tetrahydrofuran (90
mL) and NaH (1.77 g, 74 mmol) was added portion wise and reaction was stirred for 2 h. Then
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000 A kyWOPB@g/@®BH ~ " 0 O- Acetonitrile Triet hy‘I ampoa/e2koslo3RieE O 0
1 9.13.2 METHOD 11: Activation Using NHS 5 [218] MPEG al kyl -acid |

mol, 1.0
t hen sol ut
1- et hyl - 3-
1.5 eq.) i

several - hotflr sTPC{HIR ropstiom BiiXthnervasNilised thigugheelitel and avaghed rICHAGBARS0 fill)t Sihed

i

i on of N hydroxysuccinimde (0.816 nmmol, 1.5 eq.) and

(0.544
eq.) was dissolved in 15 m of anhydrous nethyl ene chloride and

egichlGroRIKR Y2 IROPB P R was Gadel @Fﬂgg\ﬂégg Afd tHeGhacli&GPihd Ered G B g)r ngol ,

n anhydrous net hyl ene chloride a Reaction was stirred for

and concenliaetes Wl HAR(EY #o WRS, B

(silica,
MPEG- al kyl

chiematography (sikcappthpl acerate) affurdsdd |l deat oiDHONBECI Bolviedd)0 | nct . HCL,

DCM 9. 14 Synthesis of Mdifying Miety with Branched PEG

(6-12-(2-{
et hoxy}- et

et hoxycar bon

1. Tetraet

?\-1-(20\(|\/%LTho - b hoxy) - et hoxyl - 15
th%ﬁ/l- - Q}}[LZ’(‘Z/;%@ xy- et hoxy) - et hoxyl - et hoxy} - et hoxymet hyl ) -

gl am nol - hexanoi ¢ aci d /2;®t di oxo-pyrrolidin-1-yl ester) 0 1 20
were~gtycoP~mongmethi§t~" et her (14.0 g, 67 nmol) was dissol ved in

hy

' f
gradient elution: 2-5 % net hanol gdgwd’-l%%‘?)%V%tgqg&g%ggéag@%ﬁ'ln\?at ed

tetrahydrofuran (90 a my and NaH (1.77 g, 74 mmol) was added portion w se
and reaction was stirred for 2 h. Then

10

15

20

2. Tetraethylene glycol monomethy! ether (7.96g, 0.038 mol) and 1 (10.1, 0.038 mol) were
dissolved in CH,Ck, (100 mL) and BF;OEt, (0.48 mL, 0.0038 mol} was added. The reaction was
stirred overnight at RT. Crude reaction was diluted with CH,Cl, (200 mL), washed sat. NaHCO:
(300 mL), H,O (306 mL), dried MgSQs, and evaporated to dryness. Column chromatography
(silica, ethyl acetate / MeOH, 10:1) afforded 2 a clear oil (4.5 g, 25% yield).

NO»
\0/\/0\/\0/\/0\/\0
D
o
O

/0\/\0/\/0\/\0/\/0

3
3. 4-Nifrochloroformate (2.87 g, 14.3 mmol) and 2 (4.5 g, 9.5 mmol) were dissolved in CH,Cl, (45 mL).
After stirring for 10 min, TEA (2.1 mL, 15 mmol) was added and reaction stirred overnight at RT. Crude
reaction was diluted with CH,Cl, (130 mL), washed 1M HCI (175 mL), H;O (175 mL), dried MgSO,, and

evaporated to dryness. Column chromatography (silica, ethyl acetate / MeOH, 15:1) afforded 3 a yellowish
oil (2.38 g, 40% yield).

0
NSO O J\ o
D '
/O\/\O/\\/O\/\O/\/O 0
4
4. 6-Aminocaproic acid (0.126 g, 0.96 mmol) and K,CO, (0.221 g, 1.6 mmol) were dissolved in H;O (DI, 5
mL). Then 3 (0.5 g, 0.8 mmol) was dissolved in THF (0.7 mL) and added dropwise. The reaction was
stired overnight at RT. Crude reaction was diluted with H,O (20 mL), acidified to pH ~ 1 with HCI,
washed CH,Cl, (2 x 25 ml), organic layers dried MgSQ,, and evaporated to dryness. Column
chromatography (silica, CHCl; / MeOH, 15:1) afforded 4 a clear oil (0.428 g, 85% yield)

58



57 WD 2004/M0@ 28412/ US2003/ 037996  epi chl or ohydrin (26. BEHESTB/SYM01 ) was
added dropwi se and the reaction was stirred at RT for 48 h. The crude
reaction mxture was filtered through Celite and washed CH2C12 (250 ni). The
filtrate was washed H20 (2 x 250 nL), dried MySO, and evaporated to

dryness. Coldym/%m@—m\grcappy\é_{si i (z:ﬁ\ ethyl acetate) gafforded 1 a clear
oil (10.15 g, 57%yield). S :>- 2o . W col nononet hyl
ether (7.96 0,038 my/ ) and 1 (J10/1,” 0.#b38 not) re Y dssol ved in CH2C6
(100 i) an%’\gfe?@E’t“z/(M\ -

8'afL~0. 0038 nol) was added. reacti on was 10
stirred overnight at RT. Crude reaction was dil uted With cHa 2 (200 m),
washed sat. NaHCO3 (300 ni), H20 (300 nL), dried MgSO4, and evaporated to
dryness. Chl d¢tivatedisiogiviedhpd b hd/(0.40 gi 0.64aemoleNiydroxysuetiaitnisle (0.088 @H).77kfimdl), EDCI

af'f orded 2366} QAR hd 35V i .
4-Ni trochl %r of %r matngh. )2.(51@&7&62,%!21(5%‘3.% %hrrl%gé)gr(a B?-Ygs‘g‘,"” é%"é%r:ﬁmﬁ /)M?A%I?’eio'l)
di ssol véd #fprdedprgicar pih€).339 3, 69%Adel®dr stirring for 10 nin, TEA (2.1 n, 15
nmol ) was added and reaction stirred overnight at RT. Crude reaction was

di | uted wi 9.5 Ci$36inési& 3630in 8 PEQRAIKA MddifyingFoibed (Barfohic acRIQ £ dibRo-Pirotidini €d

MySO4, and evapgeatesii. -étmgggﬁewx?mdi aﬁm_ﬂm{(ﬁgy &aai-bﬁg%%y.;it glylj) o

th
acetate / M OHethbyldthlesirpre a yellow s 20 "0i | e38

OH HO 4 4. 6-Amnocaproic acid (0.126 g, 0.96 nmmol) and K2C33 (0.221 g,
1.6 mmol) were dissolved in HZ. IDI, 5 25 nm). Then 3 (0.5 g, 0.8 mml) was

di ssolved in THE (0.7 nL) and ded dropwi se. The reaction was stirred
over ni ght a§RTC etioteas diluted with H20 (20 nl), acidified to
pH - I with HCl, washed CH2Cl2 (2 x 25 nlL), organic |ayers dried MgSO4, and
evapbrdfed to dryness! Col um

1. Triethylene glycol (30 g, 0.2 mol) was dissolved in a solution of NaOH (8 g in 8 mL of H,0) and stisred
for 10 min. Then benzyl chloride (7 mL, 0.062 mol} was added and the reaction mixture was heated to 100
°C and stirred overnight. The crude reacticn was diluted with sat NaCl (500 mL), washed CH,CL, (2 x 400

15 mL), organic layers dried MgSO;, and evaporated to dryness. Column chromatography (silica, ethyl acetate
to ethyl acetate / MeOH, 10:1) afforded 1 a yellowish oil (9.87 g, 67% yield).

H-.,COzS\O/\\/O\/\O/\/O\/@

2

20 2. To a solution of 1 (9.87 g, 0.041 mol) in CH;Cl, (50 mL) was added TEA (7.1 mL, 0.054 mol). The
solution was then cooled to 0 °C in an ice bath and then methanesulphonyl chioride (3.9 mL, 0.049 mol)
dissolved in CH,Cl; (10 mL) was added dropwise. The reaction was stirred at 0 °C for 0.5 h and then at RT

s for 4 hours. The crude reaction was filtered through Celite, washed CH,Cl, (100 mL), filtrate washed with

sat NaHCO; (150 mL), H,O (150 mL), dried MgSO,, and evaporated to dryness to afford 2 a yellow oil
25 (11.06 g, 85% yield).

HO/\/O\/\O/\\/O\/\O/\/O\/\O/\/O\/@
\ .
3. Tetraethylene glycol (7.32 g, 0.038 mol) was dissolved in tetrahydrofuran (140 mL) and NaH was added

30  portion wise over 0.5 h and the reaction was stirred for an additional 1 h. Then 2 (6.0 g, 0.019 mol) was

dissotved in CH,Cl, (20 mL) and added dropwise and the reaction was stirred overnight at RT. Crude
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chr omat Ogra@?ﬂ‘;\@‘%&]ja’ CI-.|&C1%3 [ MeOH, 15:1) afforded 4 a X 2@3?35@6428 g,

85% vyi el d) /047871 PCT/ US2003/ 037996 0 O NO11 r

Activated using Method I1: 4 (0.40 g, 0.64 mol), N hydroxysuccini m de
(0.088 g, 0.77 mmol ), EDCI (0 160 g, 0.83 mml) and CH2Ch (5 nL). Col umm
chr omat ogr acetate /| MOH 5 afforded 5 a cl ear

a ca, eth
oil (0.320" %C‘Y%gﬁ?sﬁ %’F‘H)‘"°“9‘¥ @?}“esy‘ﬁfhﬁ%§?{5C'@P“4_F%%%{?‘CCPE(§W%3/IT REEPHapS giywas
gb!{ St %/2( (Cgrﬁbmm\ecmat%dlz Q1,56 mthj mmeﬁpyomb h%y,@at Nﬁi{jr?%ﬁﬁ?fnL), H,0 (150 mL), dried MgSO,,

y=et hox t bo et e

et hoxy} - et hi{“f "‘[35?" Z‘ﬂah@) B gt \°m'E§?%apﬁﬁsﬂ°?e? Eﬁaée 0 f%’@&‘r H% g)ox%”deé )
mot) was dlyslmmbetﬁ(ﬁ&i gad%atield)i on of NaOH (8 g in 8 n1_ of H20) and stirred
for 10 i n. Then benzyl chlorlde (7 m., 0.062 nol) was added and the
reactlon m xt.ur to 100 C and stirred overnight. The crude
reaction ma/LarFUpgiqm E sat NaCl (500 mli), washed CH2C12 (2 x 400 15 ni),
organic layers driled MySO4, and evaporated to dryness. Col umm chronmat ogr aphy
(silica, ethyl acetate to ethyl acetate / MeOH, 10:1) afforded 1 a
yel | owi sh d iPrqperedtin the sage grapnenpyd: . hexpaoli62 gl 006 maty mefhanesuiphory] chinside (oMbt i on
of 1 (9. 87 o@s58 RoNAEAT®S ;L] 01065HG] add CHLLIE0 mMyaSoReELslyei&Noil (7:8 ﬁ@%y:gd)O54

not). The solution was then cooled to O Cin an ice bath and then
met hane¥ul phonyl chloride (3.9 m., 0.049 nol) dissolved in CH2CI2 (10 m)

was added dropw se. The reaction was stirred at 0 C for 0 5 nd then at RT
for 4 hours ~hescrude~(eaxt lan was dl ltered J shed CH2Cl 2
(100 m.), filtrate wdshed with© sat NaHC& (15 O 150 m.), dried

MySO4, and evaporated to dryness to afford 2 a yeI I ow oil 25 (11.06 g,
85%ield). 3 3. Tetraethylene glycol ¢732 g, 0.038 not) was dissolved in

tetrahydrofuran (140 nL) and Nal -1 was added 30 portion wi se over 0.5 h and
the reacti oh TRaassob¥ipn efei(Gedd & Qi aewlnttrtahmrofwarh(lﬁerﬁéhwzs yddedopogssiym tntdutgwify

was di ssol (eeo 0.6 o} aﬁme FhaktichNehs agiebadodr. O AW THEN 2QHs5d £@.0180mbY) QidsoNRE in

stirr ed Over ri].'lL r1'1(;[1’ur£lﬂl;[ (2&1.} was agdeed dropwise and the reaction was stirred overnight. The crude reaction was
filtered through Celite, washed CH,Cl,, and evaporated to dryness. The resultant oil was dissolved in ethyl
acetate (150 mL), washed HO (2 x 150 mL), dried MgSO,, and evaporated to dryness. Column

chromatography (silica, ethyl acetate) afforded 5 a yellowish oil (2.40 g, 36% yield).

20
AN NN O N O g SO g O
6

6. To a solution of 5 (2.4 g, 4.8 mmol) in ethyl acetate (16 mL} was added palladium on activated carbon 10
wt% (1.0 g) and the reaction vessel sealed with a septum. A balloon containing H; was then inserted in the
25  septum via needle and the reaction was stirred overnight at RT, Crude reaction mixture was filtered through

Celite, washed ethyl acetate, and evaporated to dryness to afford 6 a clear oil (1.61 g, 82% yield).

O

7

30 7. A phosgene solution (15 mL of a 20% phosgene in toluene) was cooled to -10 °C and 6 (1.60 g, 3.9

mmol) dissolved in toluene (5 mL) was added dropwise. The reaction was stirred at -10 °C for 0.5 h and
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59 WO 2004/ &d 8ool/olPet{ US2003/ 037996 reacti on was filter edethusrogholeds t e,
washed CH2Cl 2, and evaporated to dryness. The resultant oil was dissolved
in CH2Cl 2 (150 m ), washed H20 (150 ni), sat. NaHCO3 (150 mL), H20O (150 m),
dried MgSO4, and evaporated to dryness. Col umm chronmat ography (silica,

ethyl acet ahen 4 nMe@, THO phosgené brf l@@@he?was yieh iRiMed RerQhl tl'{e?resgﬁangml 4{%/ Aréh %16&% 5
' ~~Or SOz ared. in the same manner as 2: hexanol .

mol ), et haﬁé‘ﬁmtﬁﬂfé‘ﬁﬁg HPgER Yl (4.6 mL, 0.058 nol), TEA (8. 6 m_ o 065
nol), and CH2C12 (60 nL) afforded 4 a yellowoil (7.8 g, 86%yield). 10 5
5. -To a solution of 3 (5.45 g, 0.13 nol) in tetrahydrofuran @160 nlL) was
added potassiumtert-butoxide (1.60 g, 0.0144 nol) and t r acki on was

stirred for~LA5bh~JhHeq 4 (2~5909,0 MOM . sswl ved

tetrahydrofuran (20 nL) waS added dropvvl se and’the react?on® was stirred
overnight. The crude reaction was filtered through Celite, wasfed CHz2C12,
and evaporat ed to dryness. The resultant8o0il was dissolved in ethyl acetate

150 L 150 d d ted to d
TN M e R M AP TR SRR G P A
(2.40 g, 36@mymiel3d)mmdy) afd cﬁ,chT(qu L% OCdkirhrOdhrdtfatoprafi- (4ili@; ettt et MedH) 184 1Y
acetate (16 ff&l‘d)edé\’aﬁeaéglgﬁébg g&im on activated carbon 10 w% (1.0 g) and

t he reacti on Ves septum A ball oon containing H was then
inserted in the 25 septumvia needl e and the reaction was stirred overni ght
at RT. @ude reaction mxture was filtered through Celite, washed et hyl
acetate, and evaporated to dryness to afford 6 a clear oil (1.61 g, 82%
yi el d). 00 9.1 3@ydthesis Brooshahalks bPRGHATRyI((6-52-(2- [ 20[2-(2- AP Ipigiycs sy pethoxy]ol uene)
was cgol ed to - kthoXyRethoxy)-({4(240-[23(2-BeptyloxyrathoxyHleihs i etlibxy Rethoyuekyl-5 i)
ded dr opwiedixychiRonybaihojcliexsidic &did 2,5bxatpyrididia-{-9resterp h and 60 WO
2004/ 047871 PCT/ US2003/037996 then 4 h at RT. The phosgene and tol uene was
then digssilled off and the resultant oil was dried under

/\\/\/\0, SOcha
1

1. Prepared in the same manner as shown in Example 9.15: hexanol (18 mL, 0.15 mol), methanesulphonyl
20  chloride (12.3 mL, 0.16 mol), TEA (25 mL, 0.18 mol), and CH,Cl; (180 mL) afforded 1 a yellow oil (23.1 g,
85% yield).

N N N N N N WS

2

25 2. Tetraethylene glycol (50.5 g, 0.26 mol) was dissolved in tetrahydrofuran (350 mL) and potassium ferz-
K butoxide (29.2 g, 0.26 mol) was added poriion wise over 0.5 h. The reaction was stirred an additional 1h
and then 1 (23.0 g, 0.13 mol) dissolved in THF (50 mL) was added. The reaction was stirred overnight at
RT. The crude reaction was filtered through Celite, washed CH,Cl;, and evaporated to dryness. The
resultant oil was dissolved in CH,Cl, (300 mL), washed H,0 (2 x 300 mL), dried MgSQ,, and evaporated to

30 dryness. Column chromatography (silica, ethyl acetate) afforded 2 a clear oil (18.51 g, 51% yieid).

9]
W\/O\/\O/\/O\/\o/\/o\/Q
3
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T

vacuum {0 ag ki dgyyel owi'sh oil. 0 uOO 85 8. Aét'i;vq,?g,md:,ﬂ,)gww%t hod
v U, o .8 mmol ), TEA

11: 7 (1.65 ), N-hydroxysuccinimde (0.437 g,

(2.7 m, 3.8 mmol ), and CH2C12 (10 nL). Col umm chronmat ography (silica, ethyl
acetate / McOH, 15:1) afforded 8 a clear oil (1.06 g, 57%vyield). 10 9. 16
Synt hesi s Branched Al kyl - PEG Al kyl . '

(6-[ 2- (2- { 2- [2-q selutiep o R §1Q/0 &+ Hosippl dp febrlydrofuran (60 mL) was added NaH (0.95 g, 40

et hoxy) - et R} dorkar & Re b ezt - y ; h hy!)
- ethoxycarbon§%gﬁino%-Hﬁ?&%@?@?%%39§¥§@a?gﬁbhgéﬁa%%%%?ﬁ@§?$Fi£§¥é§§X%§m

[ -" | ~O SCp®¥ag added dropmisesad # reastiohwas stiveed mb RAdpr 48sh.s BevwrudereEstmnphivtuly, Wi

hexanol (1 S 0 r4 3. 0,16
ol TEA (B fitorsh (Rl oo CANRE AbPY AP msa K5 sy 0 s
(23.1 g5 8&BMYi@0UmL),2washed 2at. Nelr @66 mil)est WAHCO! (20805, 00206 mhy) Jristas
di ssol ved i trahyvdrof 350 and tassium.tert- buytoxide (2 ,
0. 26 ol ) S AR PR R e Ol Rionkib Ry tahcar by St Lheranesat
addi ti onal afforded ndletrival(5.46 £23%0yigld).0. 13 nol ) dissolved in THE (50 nlL) was
added. The reaction was stirred overnight at RT. The crude reacti on was
filtered tthgggggﬁLLge, mashed CH2CI8, and evaporated to dryness. The

resul tant ol S0t Ved ™M CHETMZ (8000, ), washed H20 (2 x 300 nl),
dried MpSO4, and evaporated to 30 dryness. Coy-dosn chromat ography (silica,

ethyl acetate)_afforded. 2-a nggo\gkLOLigyé g, 51%vyield). 0 361t W
2004/ 047871 PCT/ US2003/ 037986 3. To asolution of 2 (10.0 g, 36 mmol) in
tetrahydrofuran (60 nl) was gdded NaH (0.95 g, 40

10
4. To a solution of 2 (4.54 g, 16 mmol) and 3 (5.46, 16 mmol) in CH;Cl, (50 mL) was added BF;.0Et; (0.48

mL, 0.0038 mol). The reaction was stirred overnight at RT. Crude reaction was diluted with CH,CI, (50

mL.), washed sat. NaHCO; (100 mL), H;O (100 mL), dried MgSQO,, and evaporated to dryness. Column

chromatography (silica, ethyl acetate to ethyl acetate / MeOH, 10:1} afforded 4 a clear oil (2.40 g, 24%
15 yield).

NO;
NS N O SO
s
o
0

/\/\/‘\/0\/\0/\/0\/\0/\/0
5
5. 4-nitrochloroformate (1.18 g, 5.8 mmol) and 4 (2.4 g, 3.9 mmol) were dissolved in CH,Cl, (25 mL).
20 After stirring for 10 min, TEA (0.89 mL, 6.4 mmol) was added and reaction stirred overnight at RT. Crude

reaction was diluted with CH,Cl, (75 mL), washed 1M HCI (100 mL), H;O (100 mL), dried MgSO,, and
evaporated to dryness. Column chromatography (silica, ethyl acetate) afforded S a yellowish oil (1.04 g,

34% yield).
AT N NP S N NP N N * NN 0
Q O 8] )l\ OH
o N/\”/\\/ﬁjr
o 0 o:3>_ H
N NN TN N T TN N N g TN o

25 6

6. 6-Aminocaproic acid (0.157 g, 1.2 mmol) and K,CO; (0.276 g, 2.0 mmol) were dissolved in H;O (D], 8
mL). Then 5 (0.80 g, 1.0 mmol) was dissolved in THF (1.0 mL) and added dropwise. Oil droplets formed
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mrol ) porti GRoWHHRR4RR reactl on was stirred for 0.5 h. Theﬁc?@’sﬁﬂh@fﬁmd” n
RT

(14.1 m., 0.34 nol) was added dropwi se and the reaction was stirred at
for 48 h. The crude reaction mxture was filtered through Celite, washed
CH2Cl 2, and evaporat ed to dryness. The resultant oil was dissolved 5 CH2Cl 2

(200 ni), 2 200 nl), H2O (200 nL
dried I\/gSOZfEP‘]nejd ea\(/i(ziae or aF tg%’ E & 'ﬁgr—)i/‘ﬁ%sagéed @Ig%a @?‘rﬁea‘éﬁ? SAntBEH prwieht &t RT.c &rude
et hyl acet ateectibn w@mmetwnhmox);o mhBY, hadifieldo B a | elit 8ICI, eiathed SHAB, (@ x 34 71, ysfga.l.,gl)

St 10, Sl B AT 5 o T

stirred oveth @ﬁ?fdeétGaR‘FmWQjﬁ?égr@&dwl@n was dil uted vmth CH2Cl 2 (50 nl),
washed sat. NaHCO3 (100 m_) H20 (100 m_) dried MpSO4, and evaporated to
dr yness. Colu i et hyl agetate to et hyl acetate /
MeOH, 10:1) a ordet 40 ear 0<P 2\4/\@ 24%j 1 y| N2 O 5 5.

4-nitrochl oroformate (1.18 g, 5.8 mol) and A~?2. } ¢ IN-gr e -
di ssol ved |P(éHZd~Z Mg\ﬁDo/\ZﬁoW/\s&l Fring for 10 i n,oT .89 ni,

6.4 mmol ) was added and reaction stirred overnight at RT. Crude reaction was
diluted with CH2Cl2 (75 nL), washed IM HC (100 ni), H20 (100 ), dried

S, d ted t h t h I th
LSt "ar 7By B Sion A TRE TR AR B4 £ SemEh B
6 6. 6-Anmi n®dapg,diconms), shd((H,CE T @L). CoBummtirbhatanaphKRBER eth@. adolfic) Yffordeddr 2101t )

wer e di gsol 8 m). Then 5 (0.80 g, 1.0 mmol) was dissol ved
in THE ?i A‘ﬁﬁ kd;ghgg/ggdlg)d dropwise. Q| droplets forned 62 WO 2004/047871

PCTI US2003/ 037996 when 3 was added and ethanol (2 nL) was added and the

reaction was stiffed overnight at RT. Crude reaction was diluted with H20

(30 nt), acidified to pH- 1 with HCl, washed CH2A 2 (2 x 35 nL), organic

| ayers dri e®1 Ty Sprthesinol SnganBEGEAlkyt ModifyingMoiety 2 2-Dimethiyl-propiody woidh4;5-bis-

(silica, ethyl .dZ2udanehyl-pvbfdenylofy):61(22adinethykpropicaybkemethpi3-{6q2-(2R-2- 46%

yield) 15 (2,5-dioxo-pyrrolidin-1-yloxycarbonyloxy)-ethoxy]-ethoxy}-ethoxy)-ethoxy]-
hexanoylamino}-tetrahydro-pyran-2-yl ester)

0
NN
-0 ~S0,CHs

20 1. Prepared in the same manner as shown in Example 9.15:  Ethyl 6-hydroxyhexanoate (8.0 g, 0.05 mol),
methanesulphonyl chloride (4.6 mL, 0.06 mol), TEA (10 mL, 0.072 mol), and CH,Cl; (32 mL) afforded 1 a
yellow oil (11.15 g, 93% yield).

1)
( /\O,“\/\/\/o\/\o/\/o\/\o,\/on

-2
25
2. Tetraethylene glycol (19.1 g, 0.098 mol) was dissolved in tetrahydrofuran (190 mL) and NaH (1.69 g,

0.071 mol) was added portion wise over 0.5 h. The reaction was stirred an additional 1h and then 1 (23.0 g,
0.13 mol) dissolved in tetrahydrofuran (10 mL) was added. The reaction was stirred overnight at RT. The
-crude reaction was filtered through Celite, washed CH,Cl,, and evaporated to dryness. The resultant oil was

30  dissolved in CH,Cl; (200 mL), washed sat. NaCl (200 mL), H,0 (200 mL), dried MgSQ,, and evaporated {o
dryness. Column chromatography (silica, ethyl acetate / MeOH, 25:1) afforded 2 a clear oil (1.60 g, 10%
yield).
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i1 g
500 Il wWo2efu7sheti vated using Method 11: 6 (0.356 g, pOTAS2600MEI96
N- hydr oxysucci ni m de (0.063 g, 0.55 nmol), EDCl (0.115 g, 0.6 nmol), and
CH2d 2 (3 mL). Columm chromat ography (silica, ethyl acetate) afforded 7 a
clear 10 oil (0.180 g, 45%yield). 9.17 Synthesis of Sugar-PEG Al kyl
Modi fyi ng Moigty 2, 2-Di net hyl -propionic acid 4,5-bis- .
gz[g g%nethy pr Qpi nyh9§¥)<§§43£gtﬁu@§anl@propionyIoxynethyl)-S-{G-[Z-(Z-(
(2, 5-di oxo-pyrrolidin-1-yl oyxycarbonyl oxy) - et hoxyj - et hoxy} - et hoxy) - et hoxyj -
hexanoyl am no} -t et rahydr o- pyran-2-yl ester) 00l ~ ~ ' O-S02CH3 20 1.

Prepared i I\hﬁuﬁbﬂr@.’l (Bgnea.7 %ﬁnoﬁh@W NEOHEARD v Rirk for EthQYkT The cryde reéacuon

6- hydr oxyhexa nmet hanesul phon | oride

0.06 not), ¥ éU“ﬁrﬁatqﬂj’%b% "Hg’tﬂ)“d* i ip Rp @ %Sb%fo ¥2a‘F PO mbth grigd %gs%mdow
oi | (11515e\gporﬁ%§iﬂyﬁﬂsd))aﬁ'dt@2cleﬁ5ll@08E?13md)y| ene gl ycol (19.1 g, 0.098
not) was dissolved in tetrahydrofuran (190 nL) and NaH (1.69 g, 0.071 not)
was added portjon wise over 0.5 h. The reaction was stirred an additional |h
and then 1 (23 0 g, 0.13 not) dissolved in tetrahydrofuran (10 nL) was
added. The acbi on was stirred overnight at RT. The crude reaction was
filtered througly Celiteg, shed CH2C 2, and evaporated to dryness. The

resul tant oil Gvasy30 di ol'ved in CH2A 2 (200 niL), washed sat. Nad (200

i MySO™4, and evagorated to dryness. Colum

n), H2O (

chronatogri%ﬁiht [ \f{hyk“ae’r MeOhy 26 ar§er ded 2 a clear oi
(1.60 g, 10% vy ) 630V\D 2004/ 047871 PCT/ US2003/ 037996 O HQUA

V-0 -'~"a- ~0O-~ - 1OH 3

4

4. 234,6-Tefra-O-pivaloyl-p-D-galactospyranosylamine (0.836 g, 1.6 mmol) and 3 (0.50 g, 1.6 mmol)
10 were dissolved in CH,Cl; (8 mL). Then EDCI (0.368 g, 1.92 mmol) was added and the reaction was stirred
overnight at RT. Afier stiring overnight, reaction was incomplete so EDCI (0.368 g, 1.92 mmol) was added
and the reaction was stirred overnight at RT. Crude reaction was diluted with CH,Cl; (22 mL), washed 1 M
HC! (30mL), H,O (30 mL), sat. NaCl (30 mL), dried MgSO,, and evaporated to dryness. Column
chromatography (silica, ethy! acetate / MeOH) afforded 4 a viscous oil (0.397 g, 31% yield).

15
o

>
o o oer< o
O
o S 0 o Jn
\ﬂ/\/\/\o/\/ N~ TN N N N0
Q 8]
DO °
5. Activated using Method k: 4 (0.397 g, 0.50 mmol), N-hydroxysuccinimide (0.063 g, 0.60 mmol), TEA

(0.10 mL, 0.75 mmol), and acetonitrile (4 mL).' Column chromatography (silica, ethy} acetate) afforded 5 a
20 viscous oil (0.256 g, 56% yield).

5
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3. A-sol uti anpedosdsfs3160 g, 4.7 nmmol) in | MNaCH (6 nl) westakioseshodor 2
hat RT. The crude reaction was diluted with sat. Nad (24 nL), acidified to

pH - 2, washed CH2Cl12 (2 x 30 nL), dried MySO™, and 5 evaporated to dryness
to afford 3 a clear oil (1 08 g, 73%yield). 110 x\ol/ \t 00o o r IO
HN~ O~ O-~Qo-1

234, 6-Tetr O m‘ﬁ’gfe’ fién @6""!‘””?‘8%@?%3{@% NatringeticConiggates 1 6 mol) and
3 (0 50 g, 3‘15@ Ffﬂpiarlsentjegar}ﬂgé 8 @c‘vﬁi@&) V&ﬂoﬁsﬂatgﬁ@ Gt:h%v’ glgm%)ewnt inﬁetntt [pﬁrg\gﬁgf er

g,lQZm‘m%wasae e reaction was st
sti-rring ov¥ HTBE%POH‘PP\%“&C@PW*W‘ ipNedep medifieddo fptnde ("@mglﬂgﬂlgd%@ 9P oligpokedic was

added and mdigies, Qﬁﬁ]laﬂﬁndﬁ@dﬁﬁﬁdbﬁghn@%@ﬁl@h lated oliBdmerCaMBarb 6 2bie o EbmARS
di |l uted W|th CH2Cl Zz (22 L), washed | (30nm.), H20 (30°nlL), sat. Nad

E 2|0| Irnc;)a et ?(ﬂ ace&ésen?ﬁgwg @ﬁ%rﬁﬁ d’%%}ﬂﬂﬁ%lz\g’{? E%lbzu%) Har OUi Bp : OITHt g(%é}%g QX at

yi el d). (2;5 diif@’:nllpbsnﬁbl@dﬂ e péleNu\ThéDeo@lgates&v@thc@dktﬁoanﬁtﬁ: 61 19a1ts$agiamst
Act t 397 cinim
(6,063 g, CeROOAIRS Reercr, eslfhacy ty Porgslsas b Pl bishra ARLBS Rve facemt My

Col um chroamdldujersd@’rmor(:sxtbnmmeﬁ:bl;el;m@cet ate) afforded 5 a 20 viscous oi
(0.256 g, 56%yvyield). 64 WO 2004/047871 PCT/ US2003/ 037996 9 18

Hydr ol yzabl ﬁE!]N%ge- %g\ccmh}%ﬁ’blw%s ao amcﬁggl at ae dcorl}jt?z;[ctr Iplé[r;tle e synt es o%p%gy. The

10 amphiphilic oligomers that were used in the conjugation came from a supply of oligomers and from

oligomers designed and synthesized specifically for conjugation to hBNP. The conjugation
(’ followed a three-tiered conjugation strategy as illustrated in Figure 2. Class 1 oligomers were
tested first. Because extensive conjugation with Class 1 oligomers lessened activity, tri and tetra
conjugates with Class 2 oligomers were investigated. Because Class 2 oligomers were not as

15 efficacious, two pro-drug conjugates (Class 3 oligomers) were evaluated.

[222] A first class of coniugates is non-hydrolysable. For conjugates of this class, the drug substance that

is dosed (i.e., the conjugate) is the substance that acts at the receptor. In other words, the oligomer and its
attachment to the peptide remain intact from the time of dosing to the time of clearance. These oligomers

may generally be comprised of an alkyl portion and a PEG portion. To maximize the effectiveness of the

20  oligomer to make the conjugate orally available and resistant to proteolysis, the lengths of the alkyl and PEG
portions can be altered and the order can be switched. The extent of conjugation (e.g. mono-, diconjugate)

can also be manipulated. Some oligomers that can provide conjugates falling within this first class as well

‘as methods for providing such conjugates are described in U.S. Patent No. 5,359,030 to Ekwuribe; U.S.

(' Patent No. 5,438,040 to Ekwuribe; U.S. Patent No. 5,681,811 to Ekwuribe; U.S. Patent No. 6,191,105 to
25  Ekwuribe; U.S. Application No. 09/474,915, filed December 31, 1999; U.S. Application No. 09/459,443,
filed December 13, 1999; and U.S. Application No, 09/873,797, filed June 4, 2001, the disclosures of which

are incorporated by reference herein in their entireties.

[223] A second class of conjugates are micropegylated. For conjugates of this class, the alkyl portion of
the oligomer is cleaved once the conjugate is in the bloodstream. These conjugates may be particularly
30  useful when conjugation occurs within a region of the natriuretic pepide that is necessary for binding to
receptor, NPR-A. In such cases, the first class of oligomers may be beneficial to stability and delivery, but
may be detrimental to activity. The second class of conjugates reduces or eliminates that problem. The

amphiphilic oligomer remains intact through the digestive tract and enhances absorption in the upper
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[219] The pwesemtosesanpl e i s provided to denonstrate the BETUSRYPIGIPhe
present invention for providing natriuretic conpound conjugates that have
been nodified to include virtually all classes of oligoneric noieties,
particul arly non-hydrolyzed ol i goners, mcropegylated oligoners, and

hydr ol yzablkigodedung dimes 1. canul{tiBﬂ,O]ae ahye ppri@sie ptaviaBNFRug arnjnag@toﬁgomaersau&ymth gri zed
utilizing ugat.ed,at i

pepti de. T%%u‘a%rlﬁ pegld%: g l\%?cﬁgs%eﬁgc%%or In somngllnlﬁ)g‘%{eo n, tl(x)efoci?: rease séen(: g 6%1?‘?05 {eads
activity atointressedegiefly etrthc m@smtsa)meellgomelprthatt@mb!wﬂsconmescfalhﬂg within this second .
bi oavai | abiclist 3)wel 3N ne Rlltobﬁmé Q& coﬁj@éﬂf& Q@td@s%nfxéarm rfp§ ei’a%tt ﬁg' d%g 63 toV1 VO

testing. [221] The native tarrned froma contract pepti
synt hesi’s Ebwibagt a1l StQPPh‘I"i‘BPH IIS‘hl"i"’f”@ 8% filsd Regegber 4 8t 200 fhe digejesgrep pf whirh are

conj ugat i Ofncerpbrated ByQbferdncs Hitelh h tRfir cptirbtt@er s and from ol i goners desi gned and ‘
synt hesi zed specifically for conjugation to hBNP. The conj ugatl on followed

th t t trat trated
o1 i gomer s J2re AR & BhapaCh B nRouent 3l i Qo o et
ol i goners klkesséned thecorjugate ys absarbed ahide the secand chemjhegabuyagates thay kel masisul@ly useful

ol i gorers %Er?cdnﬂlgﬁrﬁﬁ &%}sq’qthme 195 Shafd Eh%&gsgr‘yi%xj lﬁ:?difgé (}Weﬁ/& %he BRnt gk Jhe

effi caci ous con tes as te evaluate
[222] AOf i migropepdae cemuggtsﬁftu metsetmss AN tpest @ass piyronjugsies mancompletsty
this cl assgpfifiemd E}%ﬂblﬁtv R {he DSBS mb Ak rfering wﬁtp.%&gm.( Bindng. If B FRNhAGRuSe tefaibe

subst ance that ac at the receptor. In other words, the oligoner and its
at t achnent 25t thrquatibe, dipestive tiants | cs the Soojugtts i§apserved, therpligeyper &cféqavfg vhich wleasey ne

of cl ear ana.nathe@sidohcigemRss may general |y be conprised of an al kyl
portion and a PEG portion. To maxim ze the effectiveness of the 20 oli goner

k h I
| engthe of AL SPRapion el THE B o Sl S BT b ReeEES ¥ ilud U
swi t chet. ThHedexy sxtininidegoninagaadivnting goup.in mmbcherrdshuo Ancegativaled, ﬂvmhgfaness@rdoe
mani pul at e%acﬁmﬁmlg Lepa&maé Irt ougarbm@eauq& G HAhE Sitds B! b Gatiint e Ly S

first class as wel as net provi di ng such conjugates are described
in US Patieifuesyad ﬂlstﬂsgmes@wwmmﬁﬁtwﬁéomew of the W@hfhemem of onjgeatar(mope-,

Ekwur i be; ;. Setc P%Qﬁtcomuecﬁ 68ducSdistrituBorEkaWbE akgad ﬁrylr@aﬂ@%ctm cofditib&], AD5
to 25 Ekwuri 915

U S Applid "1”6&‘. SR‘ES f‘”é%’%&%"é“"h&?? d‘“’?‘i"f"&d"ﬁ% é'??o"éf‘“"i’?sai§§§e(%ef%{ﬁ‘a' U‘éﬂs‘s ot e
Appl i caoi ordedied cdifhbdied 3ani@ bbtaihéd bydardingthe doicliériry addtie reliciad cosditicds of whi ch
are incorporated by reference herein in their entireties. [223] A second

g: E; f g‘;r fggﬂnrg;\m& oZﬁD%GrH | ERSHYs apggs.gﬁgﬁheqamvﬁ% 6% e Jk%es(hfdrcﬁ:ﬁémc)taﬂﬁ

ner-1s c once t tJugate|S|

bl oodst r earREGKhuisephidie) wplagfa%% thragphighilisity 1 selntion puctusef fecpripgaifisambe improved.

conj ugat i orhePEH pertivd it béd?'ﬂ&nﬁl@ﬂls&ﬂhdﬂfan& .lﬂ@ ;m@taﬁ rhioRthrt eowﬁams&an&eha& es The
necessary f r bi nding to receg’t or, uch cases ss of

rst
ol i goners ??Ql%é'ﬁ prhancs jabsoiption ‘ﬁﬁli‘elﬁ"'ﬂ?d’&hﬂla IPfeREYR, W‘B’LfF mﬁ'ﬁ G et
detri memt alfedhde et lie\phrtlyularl'j?hﬁposmmhdl thed target i0f matbriney@ing proteirchnalesceld surface, such

elim .nat es L g@k{ rAg C’ﬂ] ch(-)l;he f th%rgl)'é%npe? ImlaI Seté)ang &fne{;fec l%@s %F thE nénﬁ)%.rlte n%%%' gp

the di gesti¥ Fances apsorp I'f
enzyme stability and oral bloavallablhty

[{227) Purification of hBNP Conjugates. The reaction mixtures are purified on a preparative HPLC
column {C-18) with a solvent gradient system made of isopropanol/water (0.1% trifluoroacetic acid). The
30  solvent is evaporated and lIyophilized to give dry products. Purity of the conjugates is determined by

reversed-phase HPLC and mass spectrometry.
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al kyl portion is cleaved. Thus, a smaller oligoner is attached to the
circulating peptide when it reaches the receptor. In some enbodi nents, the
decreased steric hindrance leads to increased activity at the receptor.

Sone ol i gon®i&l t hat Clagrt %@W%WM}'@QB&’“@? falling within this second class

|1 di { d bed uU. S.
Patont No. BI0P bR Bh aien P wltal nrdrolfabie oismes S b ibeszed. For
10/ 018, 879, cdnjupaet oDibisehuse the g sadB@ce tl’ﬁlhle debedsie klﬁsuﬁsﬁﬁceQﬁatz S o6 heddcep A tor. h} other
|ncorporate Y ntire third clas
conj ugat es gglla%’/ue% &E{'%g%gllg% C}“"enlt& © '(J:eggr;fieg a nelgttagﬁ ° F‘ tZ'B‘]I %Eﬁaé’““&‘ﬂg"ﬂéme
ol i gomer 3i scleaeqn@a&emldgwe@lrmh@pwmmgmbd ths Slabsmhlﬁ&tjto vtblchdletohg:mmmhna:dh%S

these conj ugptiBagingPie aﬁo@aw argulln@rrddxedqé %%m.d@&@a&?a%&m& 9@{%@%@“%' n

aregion that is necessary for binding. Howevef; in the even
mi cr opegy| abTEPmEEH; PRyStoaivEaly F"F-"? fogrppd s cpriveatesh atsLiysBs e eredomipant dicanjugate frad Wi r d

class of coslighgas eackea it ﬂfarmrlsﬁtaﬂ Mysd. Olwl\fmtyﬁxg tﬂlfbere&@% dddltibhsy theftridoRBeaR! AndQFET

interfering wth rece econ ate remnai ns

i ntact throlGEifOYYFEe 8?‘8% ﬁ‘%gf’? ﬁ‘gf’m E‘éprf"ﬁl'ét ?gﬁ ’lf&‘ﬁ‘fgéte fea "éa%é’aﬁ‘lﬁ‘gﬂaﬁafwm at
ol i gonenoi sLyh.dasidohnd mzthTheetkmmgatetdd&draamtheﬁ@m stahel Nitefrhi U hn’iﬁa!ﬂjb Bil the
[225] Conju of the.anphi I|c 0
(Coptar) ) s bRl gl ub R0 e ol N ssole R e M TR Moo s
group in pe‘iﬁmiﬂeLﬁh@m@lﬂml}&ﬂem@euac&ﬁllmtl elipomeheversifocgmder s are attached to
the peptide either in aqueous or DMSO sol ution. hBNP has four sites for

conj ugatl 0ng.14Nr ee EMss 2 GiRSineE Mnabpbeltied -t erm nus. By varying the
stoichionetry of the reaction, the extent of conjugation (nono-, di-, etc.)

can be cont 224l eikht Rnjpguatthat wdlized Riciop@platanChe 'zabvéxe s@fthekiyed \basey bi@e theety that,

ti t d di
thr ough 17 heosiuts P Bab b€ Tl R i b7 e b G ARl ST Bl idtrRs tomi R offes
conj ugat es glanwhid elbblalthﬁenbpbeje tpalyeyinere fmlly_s:oaugated hind 98t rejairaativityh e Theemgrhipbitic
condi tions. ol{ggxgé]reng}ng'irﬁaﬁt tmou%ﬁg@ ﬁ%&é{\te JQct'aE@Hi?‘ %sraﬁ% @ﬁétﬁ%gh%%u&d%ﬁ& '(ane

| ength of the al kane ydr o onent s

anphi phi | i cPreijcaHer, &malm R9ﬁ1°§t1~°r tleapvesk Thug aﬁrn@lewmprngaa wtaghath togbe gireplplingpeptide The
PEG porti onwhef itweihés fk eckgidre Thnana Qe doﬂﬂga?é@@ftﬂﬁﬁlaﬁ'vﬁ)& sPhdsARYothdRfore'aRd Shet N
resi stance to enz%tgreaj The &qrﬁlorﬁlg on enhance hsarption in the gut
and/ or éhabfEvieR kol giuRy "ﬁ“ el"?i*éeqvﬁ’ﬁ' GGty attaghed i BRI pe
parti cul ar | tiret ppfont ket wakk eemxhhml tascg ety (ﬂaa axoﬁfﬁ hebthe next beation) thiugh Gikse cojugatae
cell surface C oice of the oligomer may determ ne
the effecti vfglrr\%;as o Sﬁﬁ n‘ﬁﬁaélgéleg"eegﬂf Ct¥rs enzyne stability and oral

bi cavai l ability. [227] Pur| fication of hBNP Conj ugates. The reaction

m xtures ar®l¥rif i assdrPligopersp Bydrolygablailgemersol um (C-18) with a sol vent

gr adi ent syst m _made of i sqpropanol / wat er 1% trifluoroacetic acid). The
30 sol vent ﬁ%efevﬁésbbf%{weresaﬂlaf P{j&%ﬁ**m@m@f@gﬁ Jigorpgs, g?saoﬁefege SYPL‘PF%’zF?r di t he

conj UQat.BS dofijughek ©F thisNgds, ihe conjugate remains intact through the digestive tract. Once the conjugate is

absorbed, the oligomer is cleaved, releasing the native peptide in circulation. Like the second class, these

conjugates are useful when conjugation occurs within a region that is necessary for binding. However, in
situations where the micropegylated conjugates still do not retain activity, the third class of conjugates
completely obviates the possibility of the oligomer interfering with receptor binding. Mono, di, tri, and tetra
30 conjugates were made from this class of oligomers. Tri and tetra conjugates were less stable. Two

conjugates were tested.

f231] The reaction mixtures were purified on a preparative HPLC column (C18) with a solvent gradient

system made of isopropanol/water (0.1% trifluoroacetic acid). The solvent was evaporated and lyophilized
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thirty conjugates that utilized non-hydrol yzable oligoners (Class 1) were
synt hesi zed. For conjugates of this class, the drug substance that is dosed
is the substance that acts as the receptor. In other words, the oligoner
and its at taPRHEnbe Foivesles s g RAwders nBiries; of thecconipgalss verletemiped By reYeiss-plgse o
the tine ofHFL.Cah®dssaspedromBlept i de mappi ng experinents reveal ed the sites on
hBNP to which the oligoners were attached. By changi ng the anmount of

ol i gomer a r . K The

pr edorm nant 2bn S PR ek 6 2 B 1o ol BB BN £ e X

pr edom nanthBiiPc aaptidgyat e Thradnativee hBEIE grsplise s uspdt a@he(ﬂleatl-li’heanL%SHCahdsemyM, By

varying 4 hGSPk%MGS@@FGRKMSE@%Lé(ﬂ@VLmFW@ iIRE C' ki byea
could be forned as the exclusive product. The tri con u?ate featured ol i'goner

att achment diuifideybong doxform o bond. Theesultsand structpres of wyepty-ning 4] the Strugls AEProyided it t h
at Ej atc h {re nt Fblel! heltad‘mve(foﬂjuguﬁ \\ie}e%ggis?i thiyECED bnd Biax, z?M@IeEe&lﬂiu@s \Kr@e?&mpﬂbd to ttr(rjoke
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the theory a ecause

bi ndi ng porBNIbmat@fcluwlmmO@ﬁ@gm&!ﬂmjmgﬁtlﬂm:@ﬂ?’t hese sites woul d enabl e
the peptide to be more fully conjugated and still retain activity. The
anﬁhl phili gThthdr@ql;Tﬁbnd-B,hrmtbﬂ&S?a mmbSWIWdi&Qu@m_ NPeant] naiaetcdasﬂldthel "
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cl ass were synthesi zed bef ore and ter 20 cl eava t he al kyl group.

Even af i&r Thvenqu%ﬂndw&éwﬁ%ow{%l&w 13@@!?4“@@@%1%?@%‘1 bystHcHb8 to BNP at
three or T opt W@ﬁgggé Gb{aliBa b mixfird datxmﬁl&éﬁ&@gteﬁepmmtm g

section), ugates retalned a therapeuti cal ni f1cant
degree of ad:bonujatey mciy&mﬁlm5yw7gEheplsdomip@mmopmaﬂ\tels@mgm% Lys330]

Ei ght I g f A
synt hesi zedtotbynt D27 e RS bifngq o 42 Aol o thd OARh QT Tttt 0,
t hr ough t hethd Ngesdihusef tlrea‘mIP pepridee Tlhémonm] uQeiu@srtlse m@cbﬁfmgbmd@ty tzdneugatngbrrer

I d, I [ th t h d
SR, L8R Wt o el i B e e B0, o

that is necgmpgatid 4tQys bl oTdha WINP pleptiay @F at Liysn27 of the!BNIP@egtidsher e t he
m cropegyl ated conjugates still do not retain activity, the third class of

conj ugat es rTEI etely obviates the possibility of the oligoner interfering
with recept@'%l Bikndi ng. Mono, di, tri, and tetra
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30 conj ugat agoWs
conj ugates were

?

ess stable.

Two

Boshpsle from this class of oligoners.
conj ugates were tested.

Tri

POF/USEI05D3799%
[ 231] The reaction

m xtures were purified on a preparative HPLC col um (C18)Tyhjeh a sol vent

gradi ent system made of i sopr opanol /vvat er (0 1% trifluoroacetic acid). The
sol vent - Was st et—and—tyophitzgt 467 Weke 04GR B ARG s PR P96
to provide | heween| Ugat egigwaStingh: owdwersrs | PES] { | eglatiof th@xcw eshle\el e
determ ned py' VT §e- phase waPLC and npss| SReG q_qE_B{)_.Io[lgSZl e;\[”,\BND29
was exam nep—A—thejassay to provide ja neapure actTyrty prt Lne matTveE,
wi l.d-type hBNP peptji de The nafive hBNP pgptidef used ywvas the 1-32tam no
aci d sequenge, SHPKIWEGESCEG ..?ISS S e [ SEQ i n i€
C10 and C26 aFBg_Oj?ZUi met—by—a—di-stt-t1d EVS%L to 1 |||m<:3. &uw”L{)TP e 6|'B>C>L Hs—a IQ
structures pf tovvenlty-ni ne of thg congtructsg rovided in | Table(l. The
BNP conj ugaf '3‘50&\%‘?%' Wﬁ%sg&d/*f\_ o, BEA rikd 2n9g Dohebh SR, ¥ YSSer ey, | o
conpared to Luuac gbtatned-—under—thg—sSane mtal CONuy tT oS [T Or C{Te
native pept| de. These data as cpnpargd to 1-32 pa) wi fhout an
ol i gormeric i ety arWEpiovi oAl |ue vy ' tq.a preferende
for 10 the poRdcOnR Lgate B!*<IF‘—t—|=h’;rt—eﬂi}£1=1f-I—t:\‘EF‘EeI-> i Tg-?"#ui gt §£°Ly>g
(BNP-002), pnd the nonoconj ugat BNRF that}|include a Cjass 2{ nodifyi ng
noi ety at Lys 14 or &0 N0-|lsn,@NQ- 2, fTONO- 3 |and npnqg-4 are the
rmnocgnj uga‘y N4 W““" abeledas- ]f’;;ﬁ?) 10008k, NAce &P0, L NN 1y oy L2
the follow pg Table,| theg nono-jf BNP ijs the|BNP peptide|conjupate that that
i ncludes the indicat (1;2 iR Gkl i gomer strugture)tat the Lys-
BNP resi due| BNQOTThd pgio- l’; and—TonRo-i3 . GILESSHn NipI ¢ 288 |+ VA, Jeropbaylpte 24
Lys-lg and Lys-27. The di conj upates dre gemperal |y obtailned ag a m Atures
that elute ¢losely t er ophHPLC. (The mij or diconujlates are Ly43/Lysl4
and Lys3/ Ly$27gnohe |préaofffdnt P4 cqnitiitial e obsosE onjaigdt edoal s 3 fioopedysis 24,
and Lys27. € prodyct rdengtrfrgd as ["nono{4™ 1 nEludes [the npdifying noi ¢ty
(oligonmer) at the Nterm us of the |BNP E ptidel The "tmono-|" inclludes {h¢g
modi fyi ng nmpi egy,goni rad.0 -agysgs ez Do et ijdespoThe NATO i@opdgyiaté 3
product i nclkudes the nmodi fying poi ety (of 1 gomer) | conj ygatedjat Lys 14 o
t he BNP peptide, or g%EGr Wthe BNP p¢ptide| Tablg 1: 68 WO 2304/ 0478741
PCT/ US2003/ 0378861 Tabl € e lotys #01) 1 NESE RPSEST gndaz di Ae2age No |2
St andard Hydrol yz- 0
MPEG;0.
BN-012 i \/\/\)I\Pepﬁde Yoo | 1.71E-06 | 25607 | 608 19.2 No |2
(0]
BN-013 MPEG;gOJkPEpﬁde ot ey >1.00E05| WA | <200 | NA [ MPEG3 |3
0
BN-014 MPEG,0” “Peptide "7 .4 00e.05] A 26.5 74 | MPEG2 | 2
k O
BN-015 MPEGzO/u\Peptide o Lz {>1.00E-05]  NiA <200 NA | MPEG2 | 2
o
BN-016 Ec ~paptae tyerd a7 | >1.00E-05]  N/A 246 6.5 MEG | 2
o Ls;::i'.lifsaz'r
and 1 more
BN-017 MEGJJ\Pepﬁde e |>1.00E05| NA | <200 | A MEG | 1
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Nunmber A igoner Structure digonmers EC50 Deviation Emax v at | n= v
Lot UCB I\V%WQ/ZRW‘?%%-W 1. 1E-07 100.0 0.0 NNA 29 O WE&@TW‘E}@?%EO de
Lys 3 4.44E-07 3.0E-08 101.0 6.8 No 2 0O BN-002 Scal ed MPEG70~ U Peptide L 3
3. 48E-07 2.29E-07 112.6 FALSE No 3 0 BN-003 MPEG701.1-~ PePUde LysL, xysl4
>1. 00E- 05 A <20.Q NA No 4 Q_BN-Q04 E~ Peptide 14, 1ysz7 >1. OCE-05 N A
<20.0 NIA Na,.2.,0Q.d B\N-007 PEG0'j,| Pgpl i 3 7 >1_408- 05
N A <20.0 Pd/qub%J&:g"?(gp eqy logjomat stnicdul@ P ﬁ"za g&fi’% engﬁgﬂﬁ’éi’%oﬁfiﬁﬁ W{iﬂ leLlo
lat 2 BN-QO8 10 . [1114. oLysd/ 1. 00E- 05 AU P ™~~~ Serf, Lysg, BNOH0 "~
' PEG30 Pepllid3 L 14, L >L. 00E- Obik#iA|<20. O NFA i ¢ro aflat 3 |0 MPHgO~~
BN-011 P ' de ymo 14 1. 17€-To FTEE- o7 m91% 2>12ds63| Nou? | O<2bPEG @ Ll aRe t Yalldor
BN-012 Pepfli de Lys3, Lysp7 1.71E:06|2.5E{07 60{8 19.f No 00 .k P Peptide

Soo. 14.Ly'|3 N A <20, 0 NEFOPEES 3 | BN- 013 MPE[GAO eW LVQ7 [>1. 00E 05 0
BN-021 MPEC,0 PEGM o Lys3 A60E-07 | 2.2E-07 91.8 19 No 2

dpsnnym

BN-021 Scaled | ey | By )

Up iys3 | 34se-07| 1.2E07 80.1 0.0 No 3
X
Hs )
BN-022 %":\PE&O Peplide Lys3 | 281607 | 8.1E-08 75.7 9.2 No 2
0
BN-022 Scaled H;CH/\ )L )
Up , PEGO" Peplide Lys3 | 418607 | 7.03E-08 81.2 12.8 No 3
o}
MPEG-,OHJ\ )
BN-024 yy Peptide uyss | 321E-07] 18E-07 | 1062 427 No |2
o}
BN-024 Scaled MPEG7°(\9’U\pepude
Up 1 Lys3 | 3.44E-07 | 2.26E-07 57.8 12.2 No 3
o
MPEGpHJ\P i
eplide Lys3, Lys14, o
BN-025 1 heger | >1.00E05]  NA 435 3.0 No | 2
[
Dlu/vaW”’
pea LBy |
BN-028 s ) 3 |>1.00E-05]  N/A 28.3 2.4 No 2
4]
LY
EG,, o
BN-029 , +; w4 |>1.0DE-DS|  NIA 34.0 13.3 No 2
1
MO peao” Pesiide
BN-030 it e | 1.26E-07 | 4.7E-08 53.6 56 No 2
@\/\/\/m "
Papotico Lys3, Ly 3
BN-034 by sz | 823E-08] 22608 | 205 8.6 Yes |2
mt"\/\/\)‘\
#ﬂi Lys3, Lystd or
BN-038 Poptcs fys,lys27 | 2.24E-06 | 2.1E-06 62.3 31.0 Yes | 2
o 0
1SSt
BN-041 ws | 3.58E-07 | 1.BE-07 30.5 6.9 No 2

0 0

109 Lonkie
BN-042 Seet 1.46E-07 | 9.5E-08 37.9 12.2 No 3

19
= 'OTQ
¢ hi b, -
o
h Mix of Lys3 or

BN-046 Lys 14 245E-07 § 1.2E-07 60.5 23.6 No 3

o

e e e e
a [\]
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MPEG OP tide Lys3, Lyai4'Lys2 05 NVA 26.5 7.4 MWPEG2 2 BN 014 z eP 7 >1. OCE
0 Sen. Lys3, BN-015 M PEQ20 Peptide Lysl4.LlLya27 >1. OCE-05 N A <g{g‘mg7£§l/6A MPEG
2 2 0 San, Woyx84/0-8BF016 MEG Peptide L 14.LS27 >i . OOE-05 AR .5 MEG 2
San, Lys3, 0 Lysl4. Lys27 and | mare .6w ~ BN-017 MEG Peptide a mm

>1. 00E-05 NTA <20.0 NTAMEG O O Il Il 69 WO 2004/047871 PCT/ US2003/ 037996
Tabl e 1: nnal og #of Average Stan rs EC 50 Devdard Average Standard Hydrol yz-
Nunber O igomer Structure Aigoneiation Emax Deviation able n= o 0 San,
Lya3. Lnuly$2l, 4 EG Peptide nq 1 nom SN-019 amawadd >1.00E-05 N A <20.0
NA No 1 B Nods,| B wgél LPECp~#~GPECGyu o L WB 3.6DE-07 2.2E-07]91.8 1.9 No
2 BN-021 Sgal ed RS U u L{3 3.45E-07 1!2E-07]90.1 0.0 No 3} 0 HyC |

BN- 022 PEG! L7 I o8 7517 ¥ 21 Ne 20 BR-6 Scal ed HSC

9.19 Natriuretic Peptide Candidates — Urodilatin, Dendroaspis Natriuretic Peptide (DNP), and
Canine Natriuretic Peptide

S [23ﬂ§ It is anticipated that the present conjugation technology may be used with many different natriuretic
peptides and analogs of these peptides to construct any number of different bioactive natriuretic peptide
conjugate embodiments with retained pharmacological activity, enhanced cell-membrane permeability,
and/or protease resistance. In addition to the hBNP described in several of the examples here, these
candidate peptides include by way of a partial list, peptides, peptide fragments and whole peptides, and

10 multi-constructs peptides prepared andfor isolated from the following assembly of bioequivalent
peptides/proteins. It is within the scope of the present invention to include these constructs and conservative
substituted constructs thereof in the preparation of the embodiments, the present invention, as well as in

( pharmaceutical preparations containing these constructs in a conjugated from with at least one modifying
moiety as defined herein in the treatment of congestive heart failure, These peptides posses a structure

15  amenable to modifying conjugation moiety.
1. Urodilatin {hANP with four additional residues at the N-terminus)
TAPRSLRRSSCFGGRMDRIGAQSGLGCNSFX'Y (SEQIDNO: )

The amino acid T defines a modifying moiety conjugation site. In the above sequence, X' is lysine or an

amino acid othey than arginine. Where X' is lysine, a second modifying moiety conjugation site is provided.

20 2. Canine natyiuretic peptide (Canine NP)

Canine BNP offers natural advantages for manufacturing of conjugates. No conjugation sites exist in the
(" loop region. Conjugation sites are present in the N- and C- ferminal tails. These features would enable
conjugation without substantial loss of activity. It should also lead to a smaller distribution of products,

resulting in higher yield and easier purification.
25 SPX'MMHX’GGCFGRRLDRIGSLSGLGCNVLRX?Y (SEQ.ID.NO: )

The amino acid sites of X, X;, and X; present modifying moiety conjugation sites. In this neutral peptide,
all 3 sites of the peptide are available for conjugation with a modifying moiety. The loop region is identified
at amino acid 10 (C) to amino acid 26 (C). It is envisioned that any 2 or all 3 of the amino acids at position

3, 14, or 27 may be substituted with a residue other than Lys, such as Arg,

30 3. Dendroaspis natriuretic peptide (DNP)

1



OPEG7O PeptWO004/@787118E- 07 7. 03E-08 81.2 12.8 No 3 0 MPEETS2U0IERE024 \
%t Peptide L 3 3,21 E-07 1.6E-07 106.2 42.7 No 2 0 BN-024 Scal ed MPEG70
Peptide t t | 3 3.14E-07 2.26E-07 57.8 12.2 No 3 0 MPEG Peptide Lyq, Lnu,
ProBN-025 1 t L oa L427 >1.00E-05 N'A 43.5 3.0 No 2 0 f7P1j wd ~G BN-028 L
>1. OOE- 05 NVX'YBPGFGH X IDRINMVSY LECPSEBRPEAPSTSAG(SEQ IBN@29 C7 1-~+ L u

>1. 00E-05 N'A 34.0 13.3 No 2 C M- xOp BN-030 HS t')14 PEGS0" - Peptde L+4

1. 26E-07 4. FExf 831 §e51 fe Ward . bt bty oMb 034 198 ol 3350500, ,

22E- 08 2058.6 Yes 2 a 4 % ysl1l4 ‘or B
31.0 Yes 2 X grepthapming aeid Ly zﬁmmte'ab@lmﬁ»wsﬁrwt 5’7153*’gg5 The O tRimningss is also-a

ouu 0 ~~~%cbhj&RafiéaReE HoderatBiwide X58 Fysihe, X8 Bufd i (o BrtaGhad fysthe )l Dphiodly, e p%dé) Yol

5  may include a further conjugation site at the N-terminus,
4, C-type natriuretic peptide (CNP)
GLSK'GCFGLK*LDRIGSMSGLGC (SEQ IDNO.: )

The amino acid site of the K' and K* are modifying moiety conjugation sites. In this example, both K' and
K are the amino acid Lys. However, analogs of the peptide may include an Arg {R) in place of Lys at either

10 or both of these positions in the peptide. Optionally, the peptide may include a further conjugation site at the
N-terminus.

5. ANP (human)(rat)(porcine)
SLRRSSCFGGRXDRIGAQSGLGCNSFRY (SEQIDNO.: )

In this example, X is Met(M) or Ile(I), and wherein a modifying moiety conjugation site is at the N-
15  terminus, or R is changed to K to provide a modifying moiety site,

9.20  Agonist Activity at the Human Natriuretic Peptide Receptor A (NPR-A)

[234] The vasorelaxant, natriuretic, and diuretic properties of BNP are ascribed to a secondary messenger,
cyclic GMP {(cGMP). The production of cGMP is accomplished by guanylate cyclase, an enzyme that is
activated when BNP binds to the natriurctic peptide receptor A (NPR-A) on the surface of endothelial cells.
20 The ability of the conjugates with either non-hydrolyzable (Class 1) or micropegylated (Class 2) oligomers
to stimulaie the production of cGMP in human aortic endothelial cells (HAEC) expressing the natriuretic
peptide receptor-A (NPR-A) was evaluated. For the micropegiyated group, the conjugates were tested with
and without the alkyl portion attached. The conjugates with fully hydrolyzable oligomers (Class 3) were not

evaluated in this assay because the compound that is ultimately released in circulation is the native peptide.

25  [235] Tri- and tefra-conjugates utilizing non-hydrolyzable (Class 1) oligomers were less active. Therefore,
tri- and tetra-conjugates utilizing micropegylated (Class 2} oligomers were prepared and tested. The in vitro

data generated from these Class 2 oligomers is presented in Table 2.
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d.. o BN-046 L, 14 2.45E-07 1.2E-07 60.5 0 WO
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9.19 Natriuretic Peptide Candidates - Urodilatin, Dendroaspis Natriuretic
Peptide (DNP), and Canine Natriuretic Peptide 5 [233k It is anticipated
that the present conjugation technology may be used with many different
natriuretic pepti es and anal ogs of these peptides to construct any number
of different bioactive natriuretic peptide conjugate enbodinents with

retai ned phd?3¢hcEeldet:dupitrgectivity b{hBNFhivajugaiel ubiiiing Clasy obigvereper neabi | i ty,

and/ or protease resistance. In addition to the hBNP described in several of
the exanpl es heiBNP bPRBRP cﬁﬁﬁm
list, peptidgs, peRiidate !’ d9 ‘gﬂd;e évmgﬂlﬁfse;(n"éhc Average Epax (%)

mul ti-constr s

F A B 4
T epal =S unu—ﬁqﬁ_—'f:@%ﬂ=
assenbly of bi-cetdtw l.,:..% pepti 9 prot-ai n°\23 (\7512@‘ thin thve_L%.pe_oI_ t he
present i nverg+eA=to relude-t-h lcgp_gt qucts 21 QQ'\I’\QPI’\ ative <2ihstit it ed

constructs thet eQ.BN"'” § he Frppm}ﬁ‘l’&m of It he entfi%ents | the p‘f‘@sent

i nvention, as wel BNAQ10 phar makell# i cal |pr epat H0®hs cont aj ni n&2& hese
constructs in_a cOMOfted|from Wetteh at lleast ©HE0Qbdifyilng noi2ty as
defined hereiln i nBNH4 r eatlnent ofri congestive HEEN00 fail yre. THss® pept i des
posses a stryctur 8N-Q% anenabl e Telranndi f yi ng cet),@@at i on [noi et y<20L.
Urodilatin (HANP 8NeOMe our jaddi tTetreal resi dues>qLogohe N-tler m nusp)e
TAPRSLRRSSCF( NEMESGL FX WetfaSEQ TD NGO J1gldop am no aci d pglefines a
nodi fyi ng noi ety conjugation site. I'n the above sequence, X 1s I'ysine or an
am no acid other than arginine. Wiere X is lysine, a second nodifying

Emcget corI; j) Wé; i gmg EltpsﬁoWs&thercﬁmyd:eﬁes foPGridus Lam 'ctﬂﬁhgﬁl@st Jtlﬂlk&?@tlags lptﬂn@&:héi'ﬁ The
ni ni ne .s_natural advantages uf acturi

Conj ugat o, TG SelRp IR TR inoBRiel i pe Foad PyBeso ot 464 a5y
sites are pDBsnewdtwnﬂmattvh&mhkofamdBNB peptidde (WahlaB) dnd wkrs thud dvelasted fagher in@thensdal <l

enabl e conjugation w thout substantial |oss of activity. It should al so
lead to a sp&_p,hi e«rabqgﬁy,ﬂ,,p,;g&,pﬂ@fmﬂpg & resulting in higher yield and

easi er puri ati1on. DRI GSLSA.GCNVLRX3Y (SEQ ID. NO )
The ami no aci d sipes=efX—2G—and—X3—prosen o i i ugat i on
sites. In this net ! Average Emax (%) n
Natlve hBNP 236 (*1) 120 100 25
BN-002 387 (1) 171 102 5
BN-021 355 (1) 140 90 5
BN-022 364 (1) 99 79 5
BN-024 296 (/) 172 87 6

[239} Primary HAEC were purchased from Clonetics for cGMP screening. Cells were plated into 12 well

10 plates the day before the experiment. On the day of the experiment, cells were pre-incubated for 10 min at

( 37 °C with 0.5 mM IBMX to inhibit phosphodiesterases. Test compounds were added to the cells for an
additional 60 min at 37 °C and the incubation was stopped by lysing ceils to measure cGMP. An ELISA-

based ¢GMP kit was used to measure cGMP production (CatchPoint-cyclic GMP Fluorescent Assay Kit,

catalog #R8074, Molecular Devices Corp, Sunnyvale, CA). This kit measures ¢cGMP via a competitive

15 immunoassay in 96-well format. Cell lysates were added to the coated microplate followed by the addition

of an anti-cGMP antibody and a horseradish peroxidase (HRP)-cGMP conjugate, Plates were incubated for

two hours at room temperature, followed by four washes. A substrate solution was added and the
fluorescent intensity of each well was quantitated. The fluorescent signal intensity decreased with

increasing levels of cGMP. Native hBNP was be tested in each experiment as a positive control.
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al | 3 siteswofosdargrepti de are avail abl e for conjugati on wctrhusacssmdrobyi ng

noi ety. The | oop region is identified at amno acid 10 (C to amno acid 26
(©. It is envisioned that any 2 or all 3 of the am no acids at position 3,
14, or 27 may be substituted with a residue other than Lys, such as Arg. 30
3. Dendr oapi SBNRCbnjugatdsiafid PRAhicd ReidoMey to #lot¥¥sbs2004/ 047871 PCT/ US2003/ 037996
EVX' YDPCFGH X2I DRI NHVSN LGCPSLRDPRPNAPSTSA (SEQ ID NO. ) The amino acid site
of the X, (6l X ratrierctio@inpound tharmdredctiveco niro e béiomtested farsheid sability is the prbg@bE,
both X, a : h ) AG] . Loent s ' is Arg. or X2
s Ay TRLTRCE b G RaRhe ipkineli, TG AP ODNIE Rshops el o
| ysi ne, XProteases r3g; b idptermyingd by thechalfivesof thg spmpopnd @pivgeescin Kby preasénee pitpipsinlend 5
may i NGl UQBynidtrkpsint NLs, GORIaHERREAR hibledBh theltCasMyl B4 BHser hae il R pative
natri uretlhgppeﬁg de (CNP), G.SK' GCFGLK2LDRI GSMSGLGEC (SEQ ID NO. @ )

acid site t F& ©fmpls, g2 kgured.e npdi fyi ng noi ety conjugation sites. In this
exanple, both K and K2 are the amno acid Lys. However, anal ogs of the
pept i de nH341ij nChnjogateaweAr igeubbled with phecsngyrd fok-§ So BI0 mintleest 3720, Digdosdnd wefe

t hese positions in.the peptide. tjonal t he peptide may include a.
furt helro c SHPRGP] "Bﬂ‘“%?tlg' @%’“ﬁfﬁ@“’%ﬁq‘:&ﬁi(ﬁ@i 'SSP'OENI%‘ G‘Pﬁﬁﬁwg #qtution( bhgestion)
SL RRSSCFGERIfMNBRI QD HukbiSRER compia:d 18 i hizestion B dtive nBXRMR kSoh &Féggn%t il"%@ or

Ile(l), and wherein a nodifying nojiety congugatl on site is at ]
termi nlfs, 2Byount of garens sprpeepnd semeining igeadh sempls wp @nangitaind bydiRGanglysie. 9. 20
Agoni st Activity at the Human Natriuretic Peptide Receptor A (NPR-A) [234]

The vasor gl;axaBNp ComjhgdtédaBd OFal BRAchidbiket i ¢ properties of BNP are ascri bed
to a secondary nessenger, cyclic GW (cGW). The production of cGW is

gccgrrpl i S“ﬁﬁ] b¥hegeonjuydtat tat oxeed asies inaﬂzr@mewtes(teﬂhat tHeid oraacbtoh%ailﬂ]gl immsn.f B

inds to the riuretic ptide receptor A (NPR- on the surface

endot hel i é:fmﬂ(l:gg' e% gerezag"ﬁ%%@egbﬁol e §asgr?m ﬁtﬁ’ga L EB8, lf]’gg'iaééav o §1 g Risyence of KNP

non- hydr oleguiedsteein(ti@ thendsttim ors mhayedpag palkEcrafiCimsesolay plocgiower Bhe aibodies

stimul ate ' HAVBod Qﬁjﬂg : ty lal )
@l fgrk&tewoﬂ%"ﬁﬁw grec%Bec " rioéégear A (1: i & EI\?"\E% hﬂﬁ 1%: C&Féﬂbeﬁtl d%gsgr

expressing the natriuretic ept ptor -, ) was eval Uat
t he mi cr opeagiN puslinteyferngs byepdosenovs rfdiPews pe peisjuest ed Wi th  and wit hout the
al kyl portion attached. The conjugates with fully hydrolyzable oligoners

(lc:l ass 3|) el |6Aﬂﬂf, male \tth waiglﬁrlég 5@rokiﬂja&1yaﬁa @YwelCsadl o d&t&gﬁrﬁ@rﬂgﬂlbggvgﬁlﬂgrﬂty of g
ultimtely e in circyulatiopn is the natjive peptide, r- an
tetra- conjhl]}élgta% Wﬁ'%#? %%W*fv’y@?‘&‘is%*a&f"éné@a’g@f ‘%s p{ﬂqdﬁxﬁqﬁg{hgu KePY fag
active. Theesddef ey watdr for 2 handpré-@ésing uatd i hoig adsedosiag) | 1 zi ng m cr opegyl at ed
(Cass 2) oligonmers were prepared and tested. The in vitro

20 [244] Prior to dosing, rats were weighed and distributed throughout the dosing groups by body weight so

that each dosing group weighed approximately the same. Five rats were used per time point. Conjugates

were administered in a liquid fatty acid formulation at a dose of 2.5 mg/kg. Blood samples were taken at 5,
15, 30, and 60 min after dosing. Central venous blood for all dosing experiments was collected and

centrifuged. Plasma samples were frozen at -80 °C for analysis .

25 [245] The plasma concentrations of hBNP conjugates were measured by a commercial
immunoradiometric assay (IRMA) specific for the quantitative determination of human BNP in plasma
(SHIONQRIA™ BNP, Catalog # 127024, Shionogi & Co., Ltd, Osaka, Japan). Blood was drawn from the
dosed rats into EDTA coated plastic polyethylene telepthalate (PET) blood collection tubes and centrifuged
at 1600 — 2000 x g for 5 minutes in a refrigerated (2 — § °C) centrifuge. Samples were stored in plastic tubes

30 at-80 °C innon-frost free freezers until analysis. 500 pL of sample were used for the IRMA. 100 pL of the
sample was added to a tube with 200 pL of *I-BNP reagent and one anti-BNP antibody coated bead. Each

tube was vortexed and incubated without shaking, for 18 to 22 hours at 2 to 8 °C. The tubes were then
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dat a gener at W& X¢¥H§hese Class 2 ol igoners is presented i RCTABRIBITI9Q O
2004/ 047871 PCT/ US2003/ 037996 12361 Table 2: In vitro activity of hBNP
conjugates utilizing Cass 2 oligoners. hBNP or hBNP Extent of Average ECso
(nM Average Emax % Conj ugate Conjugation Native hBNP None 236 '/- 120 100
BN- 007 Tri aspb@Gled0 weded wiB\e.OMB off edshiag selfiorO@difex 20utiolBNO.03% Na1) aed théhOea8Hted20

BN-013 Tetr 20
BN 016 Tot r 1 STAPBGS: 55 feres il s Eucitobe U g gt ke f%%aé@ B
the acti vi tiybecar sumied tyra apmpma sorgter.y Bhegadiosst]visgy wesediregilyiprapgitipep! ff thseonqentraton of

ol i'goNers. pBie oBhENPUOnjGEARs HOME Qplen TG © ad ﬁtrfﬁgaﬁ-@negef N B Beafes aANd
an avera Cso cl sest ttothosethe activity t ai.ne ‘it‘h natjve forns of
t he, BNP p’ﬁ 4 dor( eI* Henses3 Pt apbodie Fesospitigy betysgn uafé d %?&% An{ ({heo PR mplestles

[ 2381 Tabl eomenthationiat deerfidéd fimt o/stafardiEiNE obigingdfgratiepprofatediRdodakage ECso
(nM Average E,nax (% n Native hBNP 236 120 100 25 BN-002 387 171 102 5

BN- 021 355 79.5 0 7

pri mary PARE R s i BRRES e Refd bl e el -l bt

pl at ed i nt clogie (fieiré 5). Thespiout conjugates wera PNBEFLH BE-RhSNeS3canil 24 On t he day of
the experinent, cells were pre-incubated for 10 mn at t_ 37 Cwith 0.5 mM
| BWX to i nhisi t prpasHicth DiRuBRES MohB&hjuE RERRAUTISoNREA: pfRE MaificiBons 6h | S
for an addi ti ongle PeRiadeSua@ire37 C and the 1 ncubation was stopped by |ysing
cells to measure cGW. An ELI SA- based cGW kit was used to neasure cGW
product i on [¢4Zat TheRodsert exanpleiicpr@ided fd deoomssate the willgy foy théipresent inaua'bmig thitR8afoh,
Mol ecul ar £

compet i t1 ve i onthromt S ine i df ety BT ML ek Booion
coatetd m Cr\gtﬂd@pr@efadmngmn@gg‘ atdy@nﬂgmq md@ntnconjugate form of the human natriuretic peptide,

hBNP.

t he

15  Protocol for conjugating to hBNP:

[248] The oligomers would be attached via the same procedure used for conjugation to hBNP. One
difference will be more of the activated oligomer may be added (I — 10 equivalents; preferably 3-5

equivalents).

[249] Lysines are in the tails of the sequence. Multiple conjugation sites would presumably afford greater
20  stability in the presence of proteases. The lack of conjugation sites within the loop is advantageous for
binding at the NPR-A binding motif.

9.24  Synthesis of an hBNP amphiphilic polymer conjugate

( By using amphiphilic oligomers of different size and chemical composition, the absorption and
partitioning properties of a peptide conjugate, such as hRBNP conjugate, can be altered. Conjugate
25 screening is used to determine which of the conjugates retain the activity of the native peptide and
show enhanced resistance to enzymes. The conjugates that have a desirable combination of traits
(e.g., agonist activity at the receptor, resistance to proteolysis, and oral bioavailability) may become

lead candidates for more extensive in vivo testing.

9.24.1 General Procedure for Conjugation to BNP

30 Monoconjugate hBNP use sites Lys 3 or Lys 14, or Lys 27, or at the N-terminus of the peptide.

Method I: Preparation of monoconjugates
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of an anti-wGNBoamrshody and a horseradi sh peroxi dase (HRB-1&@&@YFfRBMogoat e.
Pl ates were incubated for two hours at roomtenperature, followed by four
washes. A substrate solution was added and the fluorescent intensity of
each well was quantitated. The fluorescent signal intensity decreased with
increasing levels of cGW. Native hBNP was be tested in each experinent as a

positive co . 73 WD 2004/ 047871, . PCT/ 003/ 03 6 ..9.21 BNP Conjugates
and Increggg]gf) %Lg‘i@a ﬁ*@v#@fﬁége(g'[lgﬁgf@ﬂfg‘"ﬁég }i Theaacpigat ‘?Hﬁ@ﬁ‘ﬁﬂatlhat
vvfer e acti wguiviwad dissolvad én ér)]ﬁliirﬁﬂait fduatlofl THF Mg@dnedsmm Mlﬁth_?ﬁ o hIHNg? ila_fmSO]ge

of various_proteases, syc s .trypsin and chynotrypsijn. e stabhility o

t hese corrp%ﬁ%“%‘ﬁ?sdﬁ%ﬂ’@&d&@ ﬁp&ﬁﬁt%&@i@%@éﬂy I emgiifosingiwsesprenaredhy tking 3¢ i ves
of the conuosmnfl feadioddad 8futing it iS00 EDE PLE cShaihiny DILNTARNA ReacHBYDEE ¥RAED -
Thus, several conjugates evaluated in these assays had a longer half-life
than did rfatfoyds ms%ﬁ.reamns sieeriot Bnmegliately pyified they wepeifigzecanij! pyrificatiomequid

i ncubat ed B@ﬁﬁoﬁ,&g_ enzyne for 2 to 120 mnutes at 37 C. Digestions were

st opped by Ing a 1:1 1%trifluoroacetic acid (TFA): isopropanol quenching
solution. Digestion of the hBNP conjugates were conpared to the digestion
of native MBlipd ilh Rrepaintion pEmitkipletconjiigpges 10 anount of parent conpound

remai nimg in each sanple was quantitated by HPLC anal ysis. 9.22 BNP

Conj ugat esh-BN# (Deqliv)Bvasaligolved inl DMRO[ (241)/ 35 g efdRBNBRT ©acetHBNP Wik disedtddye i n

vitro wer d for thejr.oral bioavailabily in rats. The conjugat wer e
i i ot er B L0 enuh e Pl BhE e BT s g Bl s B Mo e
of hBNP  ceajv@aidRenjupatd, NP elplio PstSticAiiganaS RBNRE Eetrabdritbary dab ARkGved in a

radi oi munoassay procedures. The antibodies 15 for _detection_of hBNP are
speci fic; Biyey amoypt pkiTHY wd; adedto Hgpsabadion eof h-BNRn1HMSBo n I be seAstion Wagr oss -
reacti it Ym&fitrddrtly @ e e, & }eQYorqm@ﬁaﬂ%n%@Ere\?e ald by ﬂa@%ﬂg%@ (ﬁl‘lﬁff‘ﬂﬁ: reactif]
Adult, mate rats wei ghing approximately 250 g e used for determning oral
bi oavai | abandjdilytingfit inhBRMLaofdlPBNMaining UHAES. RRastionswess chaicd eut fov 4y mingHf and

tap water - Vi 1 hj j or 2
nours. pr - SRgeRfy i Buel) b 27 Rl dotly ot B Bfbn Tl §e WB1FR. ) 7o
were wei ghed and distributed throughout the dosing groups by body weight so
t hat each BisenjngpteiiNuspsitesied 3amddoxilfrer Bys3 andd.ys Arsite dRihBdNE. at s wer e used
per tinme point. Conjugates were admnistered in a liquid fatty acid
formul ati of@hiudatd 988P Qf >3 Kgs 18l sanpl es were taken at 5, 15, 30,
and 60 m n?%%%uél?adom ng.e%gnt‘{r%(l’ 8%nougq'§fodd for all dosing experinments was
collected and centrifuged. Plasma sanples were.frozen at -80 C for analysis
25 [ 205] 93he Namiuetic Compennt Araleesns of hBNP conj ugates were neasured by a
gg[rgs :nc In:![ {26(#} Q ﬁ%%#owmt : is Cﬁm%?i%ﬁ%ﬁl%ﬁ%te tﬁg Sﬂqltyf clrf%hef p%sel}t Pn%en%gr? R)tr IprtO\ariEhIné/ g
variety of forms of bioactive BNP-like peptide and peptide fragments thereof for use in the practice of the

present invention. These variant forms, or analogs, are characterized by the presence of one or more
mutated amino acids in place of a naturally occurring amino acid from the corresponding native

25  peptide/protein.
I Anzlog of hBNP-loop region alone
CFGRXMDRISSSSGLGC- (SEQ IDNO. 1)
wherein X is an amino acid other than Lys, or X is Arg or Gly.
2. Analog of hBNP-3Arg or an amino acid other than Lys

30 -SPRMVQGSG-CFGRKMDRISSSSGLGC-X"- (SEQID NO. )
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( SHI ONORI ATMWVENIBOVEZRH| 0g 4 127024, Shionogi & Co, Ltd, OsacajusteqanyewsBl ood
was drawn fromthe dosed rats into EDTA coated plastic polyethyl ene
tel ept hal ate (PET) bl ood collection tubes and centrifuged at 1600 - 2000 x
g for 5 mnutes in arefrigerated (2 - 8 C) centrifuge. Sanples were stored
iL n {?' asti ?: ViheleiaSK’30 1 ad fle &einaabi?s, PRI st mﬁihfeciéﬁri@%gms Tl Bdrhd ena)gglngﬁé,sez i»200
of sanp ~ t S was added to a
tube with %W %?E@%ﬂ%g%ke%ﬁ%ggﬁﬁhﬁg‘%Fﬁ%@gh‘?r‘H&y coat ed bead.
Each tube was vortexed and i ncubated w thout shaking, for 18 to 22 hours at
2 t0 8 C. TPhe t Abndeg ofpBNP-3hmniptiosdtes\DAROIGAITA8Y 1 PCT/ US2003/ 037996
aspirated and washed with 2.0 nL of washing solution (buffer solution +

0. 05% NaN3)spahdv OEEtCrEREMIBRIESITSGLGEDE VIR (SBHAOeRS Yas repeated and the
contents of the tube aspirated. The remai ning radioactivity in each tube

was coung ed . @a19amma. counter.. The radi Qactivit s, directl ;Qpor tional
to the c%nc%’?%‘?gﬁ ?%ﬁ' >gF & Wgrol'ﬁﬁkfﬁié’ﬁ ﬁ@ﬁ?’@@g f"ﬂ%f’th'g ﬂ?ﬁﬁﬁ’ g“d%{ r’nplg‘i‘(?'é?" to
accur at el y aginantii bjrergbamdlye s Inogbmb BhlRdixent, ) 3 @sd Hh dreSndapdndantly Arg ol iGh. dln ethere s

of anti body, feaQgRi £i; bet 1 ' d jve l,ecul
concent r at 1 paonal X ioRe CARR T Riheof ) MGG, B uliptadbii GBS o
appr opr i at X'HENRd Xolsjlygat e. [ 246] The four conjugates that were dosed in
rats were all detectable in circulation five mnutes after dosing (Figure

5). These faur gMNjgWHARIES 14K e 7NN DdmiNnOBfidaionBhe §22, and BN-024. 9. 23
Preparation of a Diconjugate, a Monoconjugate and a Triconjugate polymner

Modi ficati | - 7 e present exanple is
provi eg) t?%%%@é?%??ﬁ@%bhﬁﬁﬁg{bF%ggeﬂn)tﬁ_(?‘nvgnti on in the

creation of nulti-conjugate forms of the bioactive peptide of choice. By
way of exanpreein X fea Giegniaymaedifisation pitei(San); andiwhereig &S end X erean proinoecistvtheythand ys.a

di conj ugat &, @i eRbddihénRN UK Erd RhicFrilntl A HUFRMRBES dntoSikifis, RER A Ehd x° RBNP.
15 Protocol for conjugating to hBNP: [248]  The oligonmers would be attached
via the sar“é‘s-pr ocedure used for conjugation to hBNP. One difference will be
more of the activated oligonmer may be added (I - 10 equivalents; preferably
3-5 equi val ent spalogloPHBNP-t4ssg nes are in the tails of the sequence. Multiple
conjugation sites would presumably afford greater 20 stability in the

pr esence ofprakeds Gichdfe drdbli ufl e GHERAL O fbhes vithin the |oop is
advant ageo&s P r %I néllwng At the Rhﬁl ndi ngerm)i f. 9.24 Synthesis of an
hBNP anphiphilic pol ynmer conjugate ~. By using anphiphilic oligonmers of
di fferent s’f‘[é:Fg?\ﬁMm%‘é‘ﬁéowﬁoéﬁEﬂ]@mdﬂhe absorption and partitioning
properties of a peptide conjugate, such as hBNP conjugate, can be altered.
Conj ugat e wherein X' is 1 to 10 amino acids, preferably 1-9 amino acids in length, and wherein X* is 1 to 10,
preferably 1-6 amino acids in length. X' may comprise SPKMVQGSGC, PKMVQGSGC, KMVQGSGC,
MVQGSGC, VQGSGC, QGSGC, GSGC, 8GC, GC, C, SPK, SPKM, SPKMV, SPKMVQ, SPKMVQ,
- 20 KMVQ, KMV, KMVQG, KMVQGS, KMVQGSG, or KMVQGSGC. X* may comprise KVLRRH,
- KVLRR, KVLR, KVL, KV, K, RVLRRH, RVLRR, RVLR, RVL, RV, or R.

6. Analog of hBNP 1-29-3Arg or amino acids other than Lys
SP X'MVQGSG-CFGRKMDRISSSSGLGC- KVL (SEQ IDNO. )
wherein X' is Arg, or amino acid other than Lys

25 T Analog of hBNP 1-26-3Arg or amino acid other than Lys

SPX'MVQGSG-CFGRKMDRISSSSGLGC (SEQ ID NO. )
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25 screening is used to determ ne which of the conjugates retain the
activity of the native peptide and show enhanced resi stance to enzynes. The
conj ugat es tw@boimy’7a desirabl e conbination of traits (epg'nﬂsﬁﬁ@/ﬂjﬁ§6
activity at the receptor, resistance to proteolysis, and oral
bioavailability) may beconme |ead candidates for nore extensive in vivo
testing. 9.24.1 CGeneral Procedure for Conjugation to BNP 30 Monoconj ugate
hBNP use s Y, Vi at the N-term nus of the
pept i de. k”}ée?ﬁ Jé '§A’% B Aé%i%“?egﬁmg‘ia°lr?‘6’§’8€‘(zaarﬁ'h¥gat es 75 WD 2004/ 047871

PCT/ US2003/ 037996 h-BNP (1 equiv) was_dissolved in DMSO (I nml / 35 ng of
h-BNP). Thé& act}9e W‘r%%&?d Q-tprminal aih Lysdy Afga 3741895 ghipeerid qthegthas sl
amount of THE and added to the solution of h-BNP in DVMSO. The reaction was -
noni tored BY- ¢HIFRGMIBAs§ISES GURVIRRHGSPOID KOy hng were prepared by taking 50 5
L of the reaction and diluting it in 500 ItL of H20O contai ning 0.1% TFA.

Reacti ons rfi,e Q 5 If r wer ot i
purified t%&&\]/veg?e'g flr %zledriutur?t}l Cldél rg%'&g%t |t8n@%§;l?°cfm%% l&F@or%%%@hg% 1
Pr epar afi o APIAIVRGEET, FIKMYQBIGHG MQG%E MRGSGO. VEGSGE) QG&@C,d?%Eb BGEIGENerDVEO

(1 m / 35cnmg of h-BNP). Once h-BNP was di ssolved, TEA (120 equiv) was
added and the solution stirred for 5 mn. Then the activated oligonmer (2.2

equivfor i conju iv for trigonju 5 equiv for tetraconjugate)
we i soo Jed 1 Amane bENe Ly Aia it cHoe SRS dded ‘Lot he. sof ut o of
h-BNP in DMSO. The reaction was 15 nonitored by HPLC. Sanples for 14PLC
nonitoring mmﬂexmm‘m@cmsmam N§. 50 pL of the reaction and diluting it in
500 itL of H2O containing 0.1% TFA. Reactions were carried out for 45 mn.

I'f reacti Q&eierss AL of mmnata%idymmu kah ILG9 b SY i¥VVBhLtof fol SRind'ALild, M some,
purification could erforne Di conjugate hBNP use sites Lys 3, and Lys

he

14, or Yysem Oémf“‘E)?% 53588 %SHﬁWBKS’?r‘I‘ njugate hBNP use sites Lys 3, Lys :
14 and Lys 27. 20 9.25 Natriuretic Conpound Anal ogs [250] The present

exanpl e i s 1@r ovAshivg hBNP-Geiiriss bidtier égoivalett hrhind 36idodf likdvharpe esent i nvention for
providing a variety of forms of bioactive BNP-Iike peptide and peptide
fragnents ﬁﬂﬁ% M&GD E}}gb resent invention. These
vari ant fotsp Sgﬁg ogs tqg{’rsgg@[har acteri %ﬁgn t'h presence of one or nore
mutated amino acids in place of a naturally occurring amno acid fromthe

cor r espondiVgfeiR &t istes 0’253%8‘}!)%‘?4%‘}%@6{@? n.

1. Analog of hBNP-27Arg or an amino acid other than Lys
15 SPKMVQGSGCFGRKMDRISSSSGLGC X'VLRRH (SEQIDNO. )
wherein X' is Arg or an amino acid other than Lys.
12. Extension Forms of hBNP
— SPKMVQGSG-CFGRKMDRISSSSGLGC- KVLRRH - X* (SEQ ID NO. ) {

X?is Lys, Cys, or Lys + Xaa, where n is 1-100, 1-50 or 1-10, and Xaa is any amino acid, or group of amino

20  acids independently selected, or an unknown amino acid
13. Deletion mutant analog - hBNP
-CFGR X*MDRIX’GLGC — (SEQ IDNO. )

wherein X' is Arg or an amino acid other than Lys and wherein X2 is 1 to 4 amino acids, such as SSSS, SSS,

8S, S, KSSS, KSS, or KS.

25 14 hBNP Analog — Receptor Specificity
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| . Anal og of WBIBYPHBH regi on al one CFGRXVDRI SSSSGLGC-  ( SERETVHS2005/037996
wherein X is an amno acid other than Lys, or Xis Arg or Ay. 2. Analog of
hBNP- 3Arg or an amino acid other than Lys 30

- SPRWQGSG- CEGRKIVDRI SSSSGH.GC- X- &?E;. . 1D NO. ) 76 WD 2004/ 047871

PCT/ US2003/ BEAGYRESGAEPRE MBBISSSSX(XRAL 10 ani no acids, preferably 1-6 anino
acids in length. In sonme enbodinents, X2 is KVLRRH, KVLRR KVLR, KVL, KV,
K, RVLRRH, WWRRZ' iRvEiRine B\ amRY aciddthdrthaBlysife) addahe@fn 23 BMRimdnertd irddali R hcRicttesSs ;

3Arg, |4A 1 2 | SSSSE.CC- X3VLRR S | D ., 5
\Ah(ra?ei n X'r q}]ag%{s@rg’g"éhre‘%g%% am ﬁo 1%{(%: "(?B%(e‘f Heggat %Sﬁrgfl;yg ?“h)st\é{‘kﬂogsug%eogroﬂ'hﬁ‘iﬁmgg‘ﬁ‘)‘%t her

t han Lys, akiel TX8 ahd Pheyay aggonsgryativersistituiznos thereofhad whaeein X'yis Glyl, Arg one conservative
enbodi ment itiortRerec®N ' g]Ededg- 1 Ak g 2Ye ardi O Lo
enbodi ment s%?]bsgglmi) S . [yog ﬂ)?%&éerrlgﬁl%hgﬁg’?n epg%édgnrtgll)smg\?lgqo}rfsm l@?e({'ﬁr?émno acid
preferred SHSOERHE¥RE, at |ease one of X, X2, and X3 is Lys. 4. Anal og of
hBNP- 14 and 2%Arg, and a terminal nodification site, X1. 10

X' SPKMWQGSGSCFGRNPERRIESSSSGLGC- X3VLRRH- (SEQ ID NO. ) Werein X is a
C-terminus nodification site (Ser); and wherein X2 and X3 are an am no acid
ot her than : GP&{&H&% X2 and X3 are independently Arg or Gy.
I n ot her er%t%]ﬂ?(}nl%%%}?%{)?s rg and X3 is Lys. 5. Analog of hBNP-14Arg 15
(Al fragments in which one or both tails are shortened up to the | oop)

X' - - CFGRRVDI¥egsSds B5@ B kP F5SEQ 1 D NO. 1) wherein X is | to 10 anino acids,
preferably 1-9 amno acids in length, and wherein X2 is | to 10, preferably
1-6 am mo aWheksn Xris Kngikefiy!, Xg, STEYor@9npri se SPKMWQGSGC, PKMWQGSGC, KMWQGSGC,
MVQGSEC, VQGSCGC, QGSCGC, GSGC, SGC, GC, C, SPK, SPKM SPKMWV, SPKWQ, SPKWQ

20 KMQ K , r / 2. nAy ri RRH,
KVLRR, VLR L R S S DRI b oty Al B ARG 3 (R
hBNP | - 29- Posivesharggrothsvthanc@iger dvher than Lys SP X' MWQGSG CFGRKMVDRI SSSSGLGC-
KVL (SEQ ID NO wherein X is Arg, or amno acid other than Lys 25 7.

Anal og of B3P Redfmbifig ProdaelichOoBNaliveOBNET anid\BNPLYBro- Peptide and Pro-Peptide
Approach to Manufacturing of BNP Conjugate

15 [251] Anoral route of administration will require a large volume supply of BNP peptide. Due to the high
cost and supply volume limitations associated with sy;mhetic means to supply BNP, a recombinant
technology will be preferred for preparing the conjugated BNP peptide. A recombinant technology for the
supply of peptide for the production of the conjugate is described here.

9.26.1 Selection Of Recombinant Technology

20 [252] The goal is to select a high expression recombinant technology that is known to express small

( proteins (>10,000K) free of glycosylation and have the peptides secreted in soluble form for easy isolation.

{2531 An E-coli based expression system (U.S. 5,114,923, Seilhamer et. al. is incorporated herein by
reference), is used for production of bulk BNP for the approved drug Natrecor®. Use of the E-coli bacterial
system is well known and well utilized in the industry for the past many decades for recombinant production
25  of single chain proteins. The E-coli system is in general a simpler system for laboratory uses. Many new E-
coli systems have been developed with high cell density to provide high yield of protein expression.
However, in general, there exists a limitation to the use of an E-coli based system because of its tendency to
secrete the protein in its insoluble form into an inclusion body and to be improperly folded (improper

disulfide bond between cysteine amino acid residues). These limitations often leads to high cost of goods,
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o

SPX' MWQGSG EPMNBRITSSSSGLGC (SEQ I D NO. ) 77 WO 2004/ 047&¥I7US2003/037996

PCT/ US2003/ 037996 wherein X is Arg, Gy, or another am no acid other than
Lys. 8. Anal og of hBNP-shortened C-termnal tail Lys 14 Arg, 27Arg, or amn no
acid other than Lys X - CFGRRVDRI SSSSGLGC- RVLRRH (SEQ ID NO ) wherein X

is 1 to 10 egrhshe daen siscam proedssin@ditpy mustlte ifpiehohR® tARbIAS the

S Y AT V@e‘ﬂﬂﬂ&ﬁ‘inc&io%
S0 o oINS gt SR in e gt |

am no acid other than Lys

-CFCR X' MDRI X2GL.GC- (SEQ |1 D. NO wherein X is Arg or an amno acid other
than Lys, &fd XQO!SSr"GheerQ-pfrmm (pro-BYPRSéqiences n sone 10 enbodi nents, X2 is

SSSS, SSS, SS
equi val ent 2

S, KSSS, KSS, or KS. 10. Anal og hBNP-Arg 30 Lys or ot her
nhegtrirelis compousd BRI de 2 BPKIHTCEORRCRXNDRIORSDEICRINIRMD Rhits( SEQ

ID NO. ) wheg@ink af b t of
hBNP- 27Ar g o%ﬁan amcI r?gﬁo n ?Snglgdl%[h ?%gﬂ&q&gbﬁ%e%%ﬁ% nt&ﬁ%(e:éf &m@%@@%@&

X' VLRRH ( SEP¥¥YS

! ey also ORNH%% icpmpgise p deagdgr gﬂ%frr %ﬁnd&hﬁqqeenspcaﬁcmtbvmbotb Iveds of yhe,

12. Ext ensinaifiurbteerpeptide kodifaiR. -FOSBJM%@DL@E mlnﬁﬁ 656 a rggduﬁ%l‘?[r consudt, SEQ
or

10, and

ID NO. ) X s+Xaa" where n is 100 1-
Xaa is any%haer[ﬁm%’xég?ﬁqﬁme'&r SUBESTHo 20 aci ds mdependently sel ect ed,
or an unknown am no acid 13. Deletion nutant analog - hHNP -CFGR

X' MDRI X2&.CC -

Lys and wher ei

(SEQ ID NO. ) fh"r&¥PHNK]; is Arg or an amino acid other than
n X2 is Ito 4 am no acids, such as SSSS, SSS, SS, S, KSSS,

KSS, orioKkS. 25 14. hBNP Anal O[QS%F%‘@%BQR{N%geCi ficity 78 WO 2004/ 047871

PCT/ US2003/ 037996 SPZ' W QGSG

SX' X2X C Wherein Z' is arginine

or an am no acid other than Ié%]mi:wd%rnﬁpm?(el n Z 1is arginine or an an no
o - - e £ 5 n’

aci d ot her

15

[262]

[258]:. Leader-NP-[Spacer-NP};

[259] Leader-[Spacer-NP],;

[260] Leader-[Spacer-NP),-Extension;
(2611 lLieader-NP-[Spacer-NP],-Extension;

where n may, for example be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10; NP is a natriuretic peptide or natriuretic

peptide analog:

[263]

Spacer may, for example be an enzyme degradation site that is not present in NP (e.g., Asp-Asp-

Ala-Gly-Glu);

20 [264]

Leader may for example be a single amino acid, an amino acid sequence, a peptide (c.g., leader

peptide or signal peptide), or a protein; and Leader is selected to block the N-terminus from conjugation,
assists in purification of the multipeptide (e.g., (His)6-Ala-Asp-Gly-Glu —~ cleavable by enzyme cocktail; V8
protease (endoproteinase Glu-C) and endoproteinase . (Asp-N)), improves solubility and/or assists in
excretion from the cell, {e.g., Ala-Asp-Gly-Glu); and Leader is preferably cleavable from the multipeptide

25 by enzymatic or chemical cleavage;

[265]

Extension may for example be a single amino acid, an amino acid sequence, a peptide (e.g., leader

peptide or signal peptide), or a protein; and Extension is selecied to block the C-terminus from conjugation,

assist in purification of the rhultipeptide (e.g., (His)6-Ala-Asp-Gly-Glu), improves solubility, and/or assists

in excretion from the cell, (e.g, Ala-Asp-Gly-Glu — cleavable by enzyme cocktail: V8 protease

30

-



than |ysi néVORREYHHIX is Gy Met Leu, Phe, lie or a con8ETUREINE 7%
substitutions thereof, wherein X2 is Leu, Trp, Tyr, and Phe or a
conservative substitutions thereof, and wherein X is Gy, Arg, or a
conservative 5 substitution thereof. In another enbodi nent of this anal og,
Z' i1s |ysi fexdepndeind® GRi-Gr apd rendupro@inagn( AN aric Exdension lixeprefetablp diegeable efroml e \

ANP anal og NSFKY Werein X is T, a, R H P, E
10 Wher ei n%p‘%%@u@mﬁ@he%%%g ‘D, or P; Wierein X is Arg, K Y, F

S, P, On Har, Har, p-am d| nophen Ala, |, any other amno acid that has a
positive clﬁzépbe]“d‘f“l’i'éﬁ’ xRl @?ZY“&rdeﬂf?‘Vt“g' 1% PFQ&W“rFﬁﬁ‘E“eIﬂF%Eﬂ%% sp thetfis pelt i ve
BNP and BNpreRnpin ¥epid. ctauambr?m) Pt itdd@er nﬁmr@ﬁsﬁhcttrﬁhywmfba@ts;gmlrpgptﬁé fBNP
vol e Supstmbh A R Bt e Wb B8 Smio RSB s e

i mtati onsommgbthatatonli assidt in thy porifiestios oﬁ&anmlupcpnwml glsoBNF?achﬂed €ex0 ms)nam

r ccondi nantrQirolEy Bkl 98 i oe BRI IR BhEesb ERIBR RS, 1
conj ugat e Glu- @bé"(b?qeﬁlémgh@ﬂ@tisyl’%ﬂ 1 Sel ectl on Of Reconbi nant Technol ogy 20

[ 252] The goal is to select a high expression reconbi nant technology that is
mgwn t? g%ﬂ‘»ﬁps%es:ﬁ&hdmn a‘FsoHdl’r&ﬂti)cFQ B?rcﬁ)?-l;?y&&fb&) wlﬁeiéﬂﬁl ioh nﬂtlnm%ﬁbs fﬂej zﬁb BloK- Ihave
based citpr E9RET BYEralf fersd tecary hleglsrperideet e g oty °§whu=f£ ﬁ%w%a?‘g%ﬁd'
herei n by séqaéne¢ e aregnzymatic ds:e/ﬁgefsmaf ngemd B@[tldnﬁd‘lcaﬂije MigkedENPe:fcates tha expaggsmafed
drug Natrecor. of i terla emis. ngd wel |
utilize d i He&t:&egslpﬁo-us t?eytlﬁie n thf ﬁéiecledr mantt ecoéo S\Ll}e rO'IP%% c Iakso gff sele% &j to

pr od L(ct i on ai@d5nayé efiviery Iperifgiatdnriropr tlJb éqnnsltatlfrme:h@ec 8to-BNR) eptidn dag be gorgugated pdst-a

sinpler s
devel oped SRRkl BbQfBheY é?ﬁ?‘s ARt il by RUELRT R BT o

expr esskon lmm‘lﬂkb‘%e‘ig/ dp , prpvidegn BN conjugate ewidishi gans bgy morqyiegsy |P(‘5ﬁf adovig Hemygiengdf an

E-col i basggonMst-Hhk hﬁ&a&slemgr yidld. %péc&i@ d&pﬁya&aqage%ﬁﬁ mt& itcRedWeRictd fo nbietyt S
insoluble forminto an incl usion 3(6 to be i erléfolded(lrrproper

di sul fi de B¥hNHENRRE S @?éjieé’F‘h‘Bo"aYﬁaﬁ e%{W"éﬁt‘Ff’é‘g F]&%}’é FeP%t i ons
often leads to high cost of goods, 79 WO 2004/ 047871 PCTW52003/ 037996
expensi ve down stream processing steps must be inplemented to isolate the

protein frq;g_]gms,ln&ﬁlsgﬁhgggdy, and refolding the inproperly folded protein to
its natural state. 927 Construct of Pro-protein (pro-BNP) Sequences

20 [268] The pro-BNP construct will be assessd with a synthetic pro-BNP model having a BNP sequence and
additional specific amino acids. This synthetic model will be conjugated with oligomer and subjected to

cleavage by a specific enzyme to monitor the production of BNP-Oligomer conjugate.

( Designs of pro-BNP

25  [269] The leader sequence (promoiety) can inchide a small peptide with a specific enzyme cleavage
sequence based on the synthetic model. Other functional amino acid sequences can also be inserted in the
leader/spacer sequence to allow easy purification of the pro-BNP protein. The leader sequence can also serve
as the pro-moiety to protect the N-terminus from undesired modification during conjugation and can be
cleaved upon specific enzyme treatment. Other features can also be build into the leader peptide sequences

30 to allow ease of isolation as pro-BNP or as pro-BNP oligomer conjugate. The leader peptide can also be
attached to the C-terminus of the BNP sequence. The leader peptide can also be designed to allow

attachment of known fusion proteins,

81



[ 254] The n¥WOr3004/@781 conpound may al so be a mul ti - peti de FEVISIGOF0sP9T NDOr e
natriuretic conmpound units 5 in sequence and optionally including a spacer
sequence between the natriuretic conpound unit, and the construct nay al so
optionally conprise a | eader and/or extendor sequence at either or both ends
of the natriuretic peptide conpound. For exanple, without limting the
mul ti pepti de, to any partlcul ar construct i the mul ti pepti de may have the
fol | owi ng ‘=4 2y By : d : Rjopmaphacer - NPI L; [ 257]
Leader-NP-ErNB}Ichprd:sQ&B] Leader-NP—[Spacer-NP] [ 259] Leader-[ Spacer-NPI, ;

[ 2601 Leader-[S pacer-- NPl "-Extension; 15 [261]

L' cad wh le b 2,
L cader - N PagRt ) g OiSEng ik Rt Ra e B R 25 2 o,
anal og:5 | 2@8 1n58ptmcmto thaw\prﬁsmon egemenTEriqecntre o EXxpesssoneasstti) ofidikt seteoted indcombileat i s -

not prese n&chhﬂﬂ#pﬂ(! %;gﬂgssmﬁ'é@ : Bfa l@to@n ﬁ‘len ;?mgﬁ: G‘:&gn &%Pﬂﬁoo}&ﬂﬁgbgnﬁ%mﬁ S0

exanpl e be a si no an am no e uencé
| eader pelpe F’@@SS&D ggegmene of B corgieyets. Byingansataitlistied Pfoa?ﬁ‘dfeLihﬁﬂlequSﬁ& trapsfosmation t o

bl ock the &Heesmeﬂétsn theeene&memtarmh (gmﬁtesttaﬁsgwc e&stbsfar%atslcanbeqéozatéa%nd
mul ti pepti de (e cl eavabl e by enzyne cockt ai |

V8  prot ea®eT ioh aeb*e@pévrﬁa%epeiswn@ the R Bigtetss dipmeed P’(“A'é‘b cqu)br puiified P8¢ e s
sol ubi he t ysequatle@IThaFGifisd SroBMP cOMERS daf therd FeOuILdRR. Sdcled céBlings can be characterized

Al a- Asp- Q@ er is preferably cleavable fromthe nultipeptide
25 by enzy%l‘rr’gﬁl%)egfmi e@‘r‘ﬁ“?‘%\“ﬁ%avage [ 265] Extension may for exanple be a
single am no acid, an amno acid sequence, a peptide (e.g., |eader peptide

or signal &bt iRreductign ofprermulipeptidend Ext ension is sel ected to bl ock the
C-t er m nUScEAIRiAR it YhdpOitide BRE-S bwith Tripsik d Cato a@BElQﬁ abdrPRR e
(e.g., (Flis)6 Ala-b % pQtﬁ.“:u), |rrprcl)3r\}(sa]s sol ubgﬁe?ﬁi, o?éggéssfsts in
excretion ‘PgEGMQaH%P?P&ﬂq (e.g., Ala-Asp-dy-du - cl eavabl e by enzyme
cocktaijy: V8 protease 80 WD 2004/ 047871 PCT/ US2003/ 037996 (endoprot ei nase
G u-C) and_endqpr ot ei nas -N)); and Ex ion is era cleavable
fromthe WI?‘?%@&!“F‘E&%@‘Gé‘ﬁjéf)‘ﬁ@t"}@oﬁm@ﬂ@ﬁggﬁﬂ ‘Y '?a‘ifg'tjiﬁé acf‘ﬁ tofhe anot her
exanpl e, aﬁll@ﬂﬂg/muﬁegﬁaﬂdavﬂ-[spacsﬁmq, wheef erably an enzyne degradation site

that is no re u-Ala-@y-du). The leader in this
construct %’éace?ls X E‘I%ASpé e “' T%Pﬁ%'ggi’ de for .

Leader is GIu-Gly—Asp-Arg—Arg,
20 Extension is (His)s-Glu-Gly-Asp-Arg-Arg;

NP is hBNP.

In this embodiment, the NP can be released using 2 Trypsin and Carboxypeptidse B enzyme cocktail.
(a) Plasmid construction
25 Using the standard molecular biology techniques, a plasmid is constructed for expressing the amino acid
sequence of pro-pentapeptide BNP-1 [(His)s-Glu-Gly-Asp-Arg-Arg.)-BNP- Arg—Arg—Asb—Ala—Glu-Asp—
BNP- Arg-Arg-Asp-Ala-Glu-Asp- BNP- Arg-Arg-Asp-Ala-Glu-Asp- BNP- Arg-Arg-Asp-Ala-Glu-Asp-
BNP] . The plasmid is Codon optimized for the host cell (e.g., E coli) used.
DNA fragment coding this multipeptide sequence is assembled synthetically, starting from post leader
30  sequence and the cleavage sites are added in the order of 3’ of the His tag/5’ of BNP sequence. cDNA of the
sequence is purified from ployacrylamide ge! using standard techniques. The plasmid structure is confirmed

by restriction enzyme analysis.

(b) Expression and cell recovery
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5 causing a “CRA%™8kcrete the BNP, such as Al a- Asp- @ y- GPET/UR0385H¥nsi on”
that nmay be used in the construct that would assist in the purification of
the nultipeptide nay also be included (e.g., (Hs)6-Ala- Asp-Ay-Gu). An
enzynme that nmay be used to cleave the peptide conjugate is V8 protease
(endopr ot ei Tradeoli Gllsiexplessiipes peeisncbﬁderlﬁgl Paragectultred; vathRriGhtusufifcR(2$ préduee the pro-

:O ggfpfj'eonTﬁAe}@gmpﬁcevmd o) aﬁre gzﬁ? %’gﬁ@ m@%cans&g'ﬁn Birlitioh \“o'l’lg‘%?ltd B 1o
peptide as tepfEfugstign, ﬁ%ﬂe@{) 13} ﬁhwaor\mrr@fﬁtreeh hgmogenipakiar QOIB?RIFEU@@@]WQ]W bodies. an
enzymatic cleavage site. A gene sequence can be desi gned that encodes the
expr essi on f e de as P peptide in_t el ect ed reconbi nant

t echnol o@y ﬁ%ﬁ‘ﬁ'ﬁﬁfﬂﬁ"@f%ﬁeﬁ? aﬁeﬁﬂgg{ﬁ%ggﬁﬁt@é‘i%ﬂ "ic ipn i aftigity chromatography ¢

puri fi cati oaHiTmehekhiing oﬁréhmmmommhﬁ Biscidnte) ispNparpEl i ol Gk ahﬁva@lﬁﬂljwuﬂat ed
post - expr Eﬁ) o%n%l&:rt‘eggﬁﬁsﬁﬁ%#vga?er or vg then etsoatl lscl%?%g%lém?ﬂé 10%aV6d by

a selected enz
conj ugat e V(MELEh 04 i ariglevaphsd eﬂﬂeéasﬂlleglwg@:rtq rfeme(d uvticand; Ghe Biterddorlationeher anviisiogr aphi ¢
met hods i n fyipRBHiSkith, lépaesd tB tfs AN R e oemmg%vasﬂe& & Yd Jolumka %omrﬂﬁm%g

bet ween (EI’O nol ety and uence so that he pro noi e can .
enzynat ittal ‘1“?“6?@% EftPSRhﬂe W@n tTHecopiaping QéMéPﬂé‘én cfﬂrr"éc Bﬂﬁoﬁ%’d@da@iﬁhﬂh’ég fs 20
[268] The pinear BhiReft O ShimsGhblunied df emeomﬁemﬁmoaxbmeh&mtehﬁq 7.8, chseanifNsModel

having a BNP se addi tiona |f| s. ‘Thi s synthetic
rodel i 1 SeE R el ) S S o) BIeg vt o A e o

speci fi ¢ enhyioebifior arOI0EL. Oiis proedire pdlﬁestthths;niagIﬁéﬁpéﬂtﬂdgﬁmmhe@mhpbgahseﬁon{mesi gns
of pro-BNP 2 69]. The.l der U .a. smal |
pepti@e Wi tchﬁre[:g ]s plevnacnzatlontolﬁ s élg%oi(t% ﬁ%ﬁ?&géun 0 tl-(ljerP:-m eﬁgiﬁﬁtaﬁazytz?sdc
nmodel . Ghehylﬁ’&ﬁﬁﬂmﬂtm%%am d sequences can also be inserted in the
| eader/ spacer sequence to allow easy purification of the pro-BNP protein.
The | eader sequence can also serve as the pro-noiety to protect the

N-t er mi nus @Y Rricatienasi anslysisrodi fi cation during conjugation and can be

cl eaved UpOIhe pRRBéPilEs BT HARr birBRd WROI 8 plehdiive HPBE W aGhrig 3593 19O phied i | d
into the | eader peptide es. 30 to aJl ow ease of_ isol ationp _as, pro- BNP
Ehy gy :

or as pro- BRBaRSPHdg Gty ze analyfif, and peoyded MplLigh pegks facfhe expects B@V"%ﬁ’?'ac hed
to the &t Qj’eﬁhp’tplﬁje B8NP hdlidNRqeacyestte mabhig id eddeconfieipthé SieinC /R séqusite bithe
designed to @L ow attachnent of known fusion proteins. 81 WD 2004/047871
PCT/ US2003/ U3A88E* Construct i ng expression system for pro-BNP and

reconbi nant devel opment Pro- BNP expression [270] Functionally speci fic
Leader  SCOUPRr & prilelon bt MAMbleiths B LIEBNP LG LAY Srobl pALFabipkGHAU AP Of BN
5 for insertion into the expressi on gene seque‘ e Or expressio cassette of
t he sel ect eld Gonpgatibi ﬁamtapeptlde

25  Pro-pentapeptide BNP-1 (3.20 x 10-4 mmol) is dissolved in 5 mL of DMSO. To the solution is added 45 uL.

of triethylamine. The solution is allowed to stir for 5 minutes before a solution of activated PEG7-hexyl

(

\ oligemer (19.6 x 10-4 mmel) in ethanol is added. After the reaction has progressed such that HPLC analysis
indicates that the pro-multipeptide has been consumed (or the concentration of pro-multipeptide is no longer
decreasing), the reaction is quenched by addition of 0.5 mL of 50% aqueous acetic acid solution. The

30  reaction mixture is then processed and exchanged into 100 mM Tris-HCI Buffer, pH 7.6. The major

composition of this mixture is expected to be conjugated multipeptide at Lys3 of each BNP unit,

(b) Enzyme Cocktail Cleavage of Oligomer-Conjugated Pro-pentapeptide BNP-1 to conjugated BNP units
An aliquot of the Tris-HCl solution of the product mixture from Example 2(a) is analyzed by HPLC to

35  determine the polypeptide concentration therein. A solution of trypsin (TPCK treated; from bovine pancreas)
is prepared in 100 mM Tris-HCI Buffer, pH 7.6. A solution of carboxypeptidase B (from porcine pancreas)
is prepared in 100 mM Tris-HCI Buffer, pH 7.6.
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technol o The expression sequence of a known fusion protej t al,
2000) cagydlvﬁ’éo%'é”"%ﬂéerted in'?o t he expression gene ilr[: O%glr@%s(z@é@%g?
constructs. Using an established procedure, the successful transfornmation
expressed genes in the cells can be nonitored. The positive transgenic

| solates or cells can be isolated and grown for evaluation for the
expression of the designed proteins. Expressed proteins can be purified and

10 sequencade cride@niftit {1fohd? 6y 3 BeBNBwWEND &taa Weth Bygs@n1. §9men) 3&61 eﬁ)’zﬁ‘lh U@t’;&?pept dase

Sel ected cel | %, ?qe, ca r}%&ég%ract erized ~and selected for "selection Fatu
use. 9.28 Br&abtiy I e ufes, A5 fagkon dssenched by pdsiiop of 136 Biflgesercetisasid | inde
BNP- 1 wi t h adetopdle. Thaprabutianikiane pf the phdtidAR Grolesel @alanglgzes PATHIS Ratad.oirltuﬁe (véragged
Ceater BoPU T i B8 BRGS0 BB RER! | O
Leader - NP- [Oaba@emwwﬁ] wsmvlel’ECBﬂamegateﬂﬁWngslﬂlrlgxyMBGAblzgo@mnmﬁnmeﬂ’wm)g,

Leader is DEGISR QmEbm | i rg;
NP i s hBNP. IHr:(gt hi's e%@g)gr@%ﬁm‘e@ hé &21 ﬁé&g (ﬁnrgng@r%)ng @?I%bﬁ%ylﬁgslgﬁﬁand
Car boxy pepPdRe Ape-His AgrkPEGT Rligamer conipgaied HlyskoriLos1d onkxs2 1 BINP ot 2@jotesimpositidne
st andard m{rmm,ﬁﬁmQu,gggquy;_pggheé,ﬂjgﬁgdgm plasmd is constructed for
expreSS| ng the am no acid sequence of pro-pentapeptide BNP-I
[ (His)6! °q u- G y-Asp-Arg-Arg.)-BNP- Arg-Arg-Asp-Al a-d u- Asp- BNP-
ﬁr g- ﬁr g- xm’,&l apPadificalimdf PBNpentdWeptidd BENPAS édmfteites@roim A%Pe coB_NEatwn ém?ture ‘he host
rg- Arg- asmd i e 0 e hos
cell (e.g. %3@ %aécfrPSOd@E@ﬁameﬁ{gﬁ{"Wﬁ&'ﬁ’ﬁ{“’"&?&?"ﬂaesﬁ%g "%‘I‘”ﬁ?lf)g@ﬁ B%'atg Gt€nce i s
assenbl ed gsgmatsélgihase @IPLE. A sdwermt(i.0 gmfirdon?juos tengtiddcharked Giths @ cpaeecialia mailibtieaC18
cl eavage S's%ﬁ@a@}pﬁasﬁlg\qﬁgto bd u&eﬁff fo?Ehg?esoIQtion%i(’jpoﬁIPe E]H% al]_lc!l Ot'él énath (I)lfls 1%'(\)Irl:1))wate

sequence. sequence IS ur ng
st andar ¥ t aetpan HRIEsystempd hfpﬂyagmsaqlshhrmdt\um@lmm lzsrifnfthat mrnseby mu@s@ @f 76%imphile

enzynme analyysk s é}d@%ﬂﬁ?(f% ﬁﬁﬁare&em@id}:ﬁh bsok SR Phaée B lackBiditdh®448 71
PCT/ US2003/ Q379 The E-coli cells expressing pro-pentapeptide BNP-1 are

cul tured witifHroreagers asidy- dhe TsHC |S@H‘E°“t°5tthf8‘H’&*d@“Pﬁéf°ﬂ‘er@mHﬁ? i seprliedio therhe

]g H: Is) 6 Ej ag cplian, ntﬁm?nﬁhlﬁ}rddﬁctsr f&:@y@ﬁtmm& él@tetll %simg a @ﬁﬂ:}et& eiﬁﬁon?ﬁ}wtncldﬂaﬁﬂi&ﬁéﬂthgé%f
(0] owe ne.r. ugat an | r I Qn/ U | r

honogeni z a%ﬁil i %{‘r'fﬂfe B “?’15 9’3‘? %@}F ﬁ% o BT "Bﬁ‘msgéacgms ate otectedod

20  analyzed by HPLC to determine the ldentxty and purity of the product therein. Common fractions of each

product are pooled, and the solvent is removed by rotary evaporation. The identity and purity of each
product peak are determined by HPLC and mass spectrometry. The expected preducts consist of 3
multipeptide monoconjugates (conjugated at either Lys3 or Lys 14 or Lys 27 of each unit of BNP), 3
multipeptide diconjugate (conjugated at Lys3&Lys14 or Lys14& Lys27 or Lys27&Lys3), 1 multipeptide

25  triconjuagte (conjugated at Lys3, Lys14 and Lys 27) and 1 multipeptide tetraconjugate (conjugated at N-
terminal of leader peptide, Lys3, Lys14 and Lys 27)

%31  Preparation of Lys3-Hexyl-PEG7-cligomer eonjugﬁted BNP from Enzyme Cocktail Cleavage
of Isclated Conjugate of pro-pentapeptide BNP-1

30 The conjugate, monoconjugated Lys3-hexyl-PEG7-oligomer pro-pentapeptide BNP-1, that is obtained using
the procedure described in Example 3 is dissolved in 100 mM Tris-HC!I Buffer, pH 7.6, and the resulting
solution is analyzed by HPLC to determine the polypeptide concentration therein. A solution of trypsin
(TPCK treated; from bovine pancreas} is prepared in 100 mM Tris-HCI Buffer, pH 7.6. A solution of
carboxypeptidase B (from porcine pancreas) is prepared in 100 mM Tris-HCI Buffer, pH 7.6. The crude

35  mixture (1 mol eq.) is then allowed to react with trypsin (1.39 x 10-3 mol eq.} and carboxypeptidase B (4.56
x 10-4 mol eq.). After 30 minutes, the reaction is quenched by addition of 1% trifluoroacetic acid in

acetonitrile. The products are processed and analyzed by HPLC. Retention time (compared to that of
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5 (c) Isolation of the pro-pentapetide BNP- | fromthe soul ubilized
inclusion via affinity chromatography A H Trp chelating (N 2+) HP col um
( Anmer sham Biwaszioen’g)1 i s prepared and the col ums are wasHEFT2H/031¥ocol um
vol unes of distilled water to renove the storage solution, is charged with
metal ion solution (N SO00. IM and washed with distilled water to renove
unbound. The filtered solution after inclusion body solubilization, is
Logded t8 glsf;?}anceahnggms) aﬁﬁnisi'ﬁﬁecﬁr@l dgﬂ}jlsfisiaﬁe W SEREbring henli@.‘ﬂ%lebdﬂi&lo ed/SbdubiofQfe
iding 1 uf fer phosphat e bu H.7. cont ai ni : odi um
hi of L de. arteuB I eREAi Ao Aa congpiatdoe oy pRERE e GRliie dy P a NG et o
el uti on bufcbengate® poivtapditidaBiPrd Sy provide Ik} -Rexdl-PRGaligomereonj@e®&MBNISod Dasn
chtoride ang,&: RipaMcE: X S MgNes el uted and fol l owed by another 2
col um voI3ﬂ%9%$3¢%$%€?%§bE%?%%fagﬁé100&?'This procedure purifies the (H s)6
tag pentdapeptide from other conponents fromthe <cell recovery sanple via
chélation to NN' affinity of the colum. The purity of the pentapeptide is
anal yzed 15 by RP-HPLC nethod to be> 30% (d) Purification and anal ysis:
The pentapeptide is then further purified via C 18 preparative HPLC to a
purity >75% The purified pentapeptide is analyzed by ES/ M5 anal ysis and
provi ded M+l ion peaks for the expected MNof pro- 20 pentapeptide BNP-1.
M cro sequencing of the naterial is used to confirmthe am no acid sequence
of the nultipeptide. 9.29 Production of nultiple units of Lys-3 BNP
conjugate from pro-pentapeptide BNP-1 (a) Conjugation of pentapeptide 25
Pro- pent apeptide BNP-I (3.20 x 10-4 nmol) is dissolved in 5 nL of DVBO To
the solution is added 45 uL of triethylam ne. The solution is allowed to
stir for 5 mnutes before a solution of activated PEG/-hexyl oligoner (19.6
X 10-4 nmmol ) in ethanol is added. After the reaction has progressed such
that HPLC analysis indicates that the pro-nultipeptide has been consuned
(or the concentration of pro-nultipeptide is no | onger decreasing), the
reaction is quenched by addition of 0.5 nL of 50% aqueous acetic acid
solution. The 30 reaction mxture is then processed and exchanged into 100
mv Tris-HC1 Buffer, pH 7.6. The major conposition of this mxture is
expected to be conjugated nmultipeptide at Lys3 of each BNP unit. (b) Enzyne
Cocktail Cl eavage of O igoner-Conjugated Pro-pentapeptide BNP-1 to
conjugated BNP units An aliquot of the Tris-HC solution of the product
m xture from Exanple 2(a) is analyzed by HPLC to 35 determ ne the
pol ypepti de concentration therein. A solution of trypsin (TPCK treated; from
bovi ne pancreas) is prepared in 100 mM Tris-HCI Buffer, pH 7.6. A solution
of carboxypeptidase B (from porcine pancreas) is prepared in 100 nmM
Tris-HCl Buffer, pH 7.6. 83 WO 2004/047871 PCT/ US2003/ 037996
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The crude Wwet200L04(%1nol eq.) is then allowed to react w PRTIUSPISI0RTNG. 39 X
| 0" 3nol eq) and carboxypeptidase B (4.56 x ]0' nol eq.). After 30 m nutes,
the reaction is quenched by addition of 1%trifluoroacetic acid in
acetonitrile. The product m xture of the reaction is processed and anal yzed
by HPLC. Retenti oiplibgfaphyersus 5 that of reference standards) and nass
spectral analysis are used to determne identity. The expected products of
the reaction are s3 hexyl PEG/- conj ugated BNP, Lysl 4

hexyl - PEG7- ol i gonqéﬁ/ @B?ﬂ”ﬂé EERCENDE 1‘!99@073@¢hﬁé%yﬂﬂPE@mf§!€isgorrer conj ugat ed
BNP, Di hexyl-PEG/- oligonmer conjugated BNP, Des Arg-H s BNP and Des

Arg- Hi s hexyl - PEGKmeti¢agdian Asanjatiga(2001)( P02 Heaft ahy StrékeStatistica? 7) BNP. The
maj or composition of Ugdae, Dalkeb X ArfericibBedfterssbcidtiofe’ - conj ugated BNP. 10 930
Purification of PAndepn} WpRDN. HRwighie; A. mwﬂﬂﬁrﬁiaﬁmsﬁ%ﬁla%nl ugation

m xture Each major pr(mmt"smaawlﬁfmhghﬁ,wgf Rjug&ast i on descri bed
in Exanple 2(b) is i sChRéhHdSH BhrallSMRRAELmAIATE" SR Nefns qlihgn (1.0 cm W
X 25 cm length) is paglgacyd W) 160 er Ci aIIy aval Stationary

)
phase, knoun o beauseily, h0r B! ok 4 ik g5PL dqéstg prot ei ns,

and then is ingorporated AiBerlc I's’equi | i brat ed

h el buf f h.a A (H20
i luion fruo?ggzrg;ﬁgfﬁgﬁggm ;g;rg%%gﬂf;@ gﬁ@%ﬁmﬁm 20

0.1% trifluoroacetic Eﬁ ion of uct m xture
éfgv %n “Zg?

from Exanpl e 21(a urm and rroducts are
separated and kwgﬂbc E lB’E’Pft age of
t he acetoni tr| e conp /%%’%Wé‘? fri nut es.
Fractions are col gqgﬂ “ GS‘% °3? € to determine the identity
and purity of t he ] P%F@{‘ ?’éﬂ'n's Sorajaeged a“ﬂP?ﬁ)uct are
pool ed, and the sol ventO"i‘]slnﬁ“!al ‘?)B’B"YE)QYdFQWS&P?a@Q philiaeliggmer qgmpigatgent i ty and
purity of each producRrOB% ugpspredustiop Prpserdplptl By, SanrolReleasenect ronet ry.
The expected pPoducts MMMJMEB ti de monoconj ugates (conj ugat ed
at either Lys3 or Gekes ct.4l.02000) GengTheraps a6 170rP85.0f BNP), 3  nul ti pepti de
di conj ugat e (conj Hyseed- &(@9@3‘&[%%@%%1@&3@%9_1@@%3) ,
mul ti peptide 25 tri corj2iedt quit 2@np.ugated at Lys3, Lys 14 and Lys 27) and |
mul ti pepti de tetr Kewaj Kig&t HatacidriTakackneld. KetwahandtMr Yokozamaof200bader pepti de,
Lys3, Lys 14 and Lys Z2'Plaséabairrsatpactitpeptiveas a hyweBthklapenkic REB4tooln gomer
conj ugat ed BNP fr om Endippathicdilittdiedrditihgapathg durigf betslsibekeetlertipnjaugat e of
pro- pent apept i de BNP- Ipodéhtidihg homiynegaided treammene O Ahidattdd 41(6): 925-32.
Lys3- hexyl - PEG7- oKagsef]Sl R 002D EThe R hekitidbIbr the niafkipemésd opfduéd ned using the
procedure descri bed i ndeeapankRedhcas fAlnfeSPry; Hidvasd BlufsN7 @i $9-94C! Buffer, pH
7.6, and the rgsukkiskifin, B lﬂi'l@di‘ndsﬁ:aﬁ?,@' gﬁ ?ﬁldﬁP\‘ﬁRt Andipdopl M Qe the
pol ypept i de concent r at ARudbdASE QfungAnd R E'lEdnGi%e@f%@ @ﬁl&hvér}B% treated;
from bovine pancreas) {.kiBhiRPgk uéaﬂoﬂ-@ﬁhﬁ%h-[ Hifke SfgbmBY P PRfceed?fhil”- 6. A
solution of carboxype 1286 RElL QBipRE Mﬁteﬁé@%b@ﬁﬂs 4$ prepared in 100
mM Tris-HCQ  Buf f €& “ M., er ¢h 3( Wang, V. Vaccarino, M. J. Radford and R. L.
35 Horwntz (2000). "Predictors of readmission among elderly survivors of
admission with heart failure.” Am Heart J 139(1 Pt 1): 72-7.
Krumholz, H. M., E. M. Parent, N. Tu, V. Vaccarino, Y. Wang, M. J. Radford
and J. Hennen (1997). "Readmission after hospitalization for
congestive heart failure among Medicare beneficiaries.” Arch Intern
40 Med 157(1): 99-104.
Maisel, A. S., P. Krishnaswamy, R. M. Nowak, J. McCord, J. E. Hollander, P.
Duc, T. Omland, A. B. Storrow, W. T. Abraham, A. H. Wu, P.
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45 measurement of B-type natriuretic peptide in the emergency diagnosis
of heart failure." N Engl J Med 347(3): 161-7.
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35 1 xture WD 2we#042871) is then allowed to react with tryp8CHUS200383730960- 3
nol eqg.) and carboxypeptidase B (4.56 x 10-4 nol eq.). After 30 m nutes,
the reaction is quenched by addition of 1%trifluoroacetic acid in
acetonitrile. The products are processed and anal yzed by HPLC. Retention
time (conpared toviskiatB.ofl. &6 NAB. BRB4 1994 8Fdo kel 32 HARL QRdeaiogit ef er ence
standards) and mass spRekS sheRDRIINSE! BtichR ISR6ych@velihliBl 4 |dent|ty The
expected products of tdifiprekefdiod Hi9fsAhsab@Rie C ARl 1@% ﬁgqhugat es used.
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15 2 The natriuretic compound conjugate of claim 1 further defined as retaining a
therapeutically significant percentage of cGMP stimulating activity relative to

the corresponding unconjugated natriuretic compound.

3 The natriuretic compound conjugate of claim 1 further defined as retaining at
least 30% of the cGMP stimulating activity of the cormesponding
20 unconjugated natriuretic compound.
l.\w.. 4, The natriuretic compound conjugate of claim 1 further defined as retaining at

least 50% of the c¢GMP stimulating activity of the corresponding

unconjugated natrivretic compound.

3. The natriuretic compound conjugate of claim 1 further defined as retaining at
25 least 70% of the cGMP stimulating activity of the corresponding

nnconjugated natriuretic compound.

6. The natriuretic compound conjugate of claim 1 further defined as retaining at
least 90% of the c¢cGMP stimulating activity of the corresponding

unconjugated natriuretic compound.
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Sudoh, T., WO 20fe¢@i, N. M namino and H Matsuo (1988). PAIVHENOIMHEM uretic
peptide in porcine brain." Nature 332(6159): 78-81. Sudoh, T., et. al.,
(1989), Biophys. Res. Corn., 159 (3) : 1427-1433. Sudoh, T., et. al.,
(2002), U.S. Patent Application U S. 2002/ 0086843A, EPO 40 542,863B1(1997)
Tsuchi hashi, M ,7H TihtingtlireticKeonl§Oeha NGanjufate éfadagi | fitherSeLifgUGNnore M Mohr, T,
Kubota and A. Takeshihtg éh%()%l . I\/bdbgral and Bzoci oerévg ronme tal predictors
of hospital readm ssiSH R CPEE P &HTEPOYRE e SRR POE NS PO qi | ure. " Am
Heart J 142(4): E7. 45 Yamanoto, K, J. C. Burnett, Jr., M Jougasaki, R A
Ni shinura, K. R 8 BaiTheynatriyreticSegmpeundiconingaieael elsier Miurther dréingd s morg 1996) .

"Superiority of b!’aia&pﬁ!ﬁﬂiﬁdt%%%hﬁes%@h%%o Batdd AR ImpaRigker  of
ventricular systolic and diastolic dysfunction and ventricul ar
hypertrophy."” Hypertepsion 28(6): 988-94. 50 U. S Patent No. 5,674,710 -
Sei | hamer et. >al 8 8%’& HRtriusgiS %3%5’3}"6‘4‘5?8”7'&“%@%1@@21) 3‘%62579%‘1 5. 8Pat ent No
6, 034, 231 - Tanaka, dipophilicthahla Corfégioadidg uNconRGARY A0S ABOmAbund. Bur nett, Jr.,
et. at. U S Patent No. 6,492,560 B2 - Wlbur et. al. U S Patent No

6, 013, 630 - Shi t S, e hatc ki H] 2 e R % cﬁl“ Ll.hanmer, et.

al. U S Patent No. é‘ gaglﬁglffo&omd\%é’ga%af% %F‘Rg‘%eé. q%%t?eh mﬁ@‘.m , 028, 055 -
Lowe, et at. U S. Paloesnot qpsissofppalkgrmiety. Sej | hamer et. al. PCTUS0217567 10
88 WD 2004/ 047871 PCT/ US2003/037996 Clains What is claimed is:

11.  The natriuretic compound conjugate of claim 1 further defined as more
10 resistant to protease degradation than a corresponding unconjugated

natriuretic compound.

12.  The natriuretic compound conjugate of claim 1 wherein the natriuretic

compound comprises a sequence:
A'PX'MVQGSGCFGRX*’MDRISSSSGLGCX*VLR (SEQIDNO. ).
15 wherein
A' is an amino acid or series of amino acids native to a natriuretic peptide,

X', X* and X are independently selected from the group consisting of Lys,
Arg and Gly, and at least one of X', X and X® is a Lys.

13. The natriuretic compound conjugate of claim 1 wherein the natriuretic
20 compound comprises a peptide or a biologically active peptide segment of
brain natriuretic peptide, atrial natriuretic peptide, C-fype natriuretic peptide,

or dendroaspis natriuretic peptide.

14.  The natriuretic compound conjugate of claim 1 wherein the natrivretic

compound comprises:
25 (a) an amino acid sequence

X' - C'FGRX*MDRISSSSGLGC: - X* (SEQIDNO: )

wherein
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1. "A natriwicetdogogempound conjugate conprising: 5 (a) a H@IEGIEMBIPéactive
natriuretic conmpound conprising: (i) a natriuretic nolecule NPR-A binding
site; and (ii) at |east one nodifying noiety conjugation site; and (b) at

| east one nodifying noiety attached to said nodifying noiety conjugation
site; 10 wherein said nat k! idloflidnfllyGRAROMANIEORELG M B 2fi¥ddiabid k&uaoe or nore
advant ages sel ected from }cllhe gr ogpl consisting of increased r?si stance to
enzymatic degradation rel &P 18208 %% pondi ng unconj ugated natriuretic
conmpound, increased circul gti ng half life, increased bioavailability, and
prol onged duration of eff&ckGlylBrzorLyhendhatri ureti c conpound conj ugate of
claiml further defined as retaining a therapeutically significant
percentage of cGWP sti mul & jsRkicgiyl prdsény akiSIhad pr¥s@nttian i 26i@ké@sRONdi NY
unconj ugated natriuretic gaorrp?rund. 3..The, natriuretic conpound conjugate of
claim! furthir defined a%VFe{gPdiiigminpacidseast 30% of the cGWP stinul ating
activity of the corresponding 20 unconjugated natriuretic conpound. 4. The
natriuretic conpound (Bonj udiatifideddnddktmiesd’ afd( ttdform dlobp.ned as ret ai ni ng at

| east 50% of the cGWP stinulating activity of the correspondi ng

unconj ugat ed nat ysi Ur @ik farGmER CstidundRonjdd2 of it 1M ELie XTI g, conj ugate of
claiml further defined as retaining at 25 | east 70% of the cGW
stimulating actiyvity _of the correspondin nconj ygated .nafriuretic
conpound. 6. Thel%nat #ﬁ?%’f‘i"?f‘%%‘?&?ﬁ‘?ﬂfﬂm&% joﬁéé'f“elqd’\‘%%‘@l“;ﬁﬁﬁ Sle}e?tﬁijr ¥er defined
as retai nid_ng at | easﬁega?ﬁ/zmﬁim:ﬂggf:cqw sti mul at hngsgc%vizg&?gélt?g?l
correspondi ng unconjugated natriuretic compound.

PCT/ 1152003/ Q37996 ga Thgysnatri uretic conpound conjugate of claim1 further
defiped as nore hydr Bhi | I'c’than a correspondi ng. unconj ugated natriuretic
conpound. 8. The natriuretic conmpound conjugate of claiml further defined
as nore anphiphilic®han® correspondi ng unconj ugated natriuretic conpound.

(0 Arg

(d  SG- (SEQ ID NO. ), GSG- (SEQ ID NO. ), QGSG- (SEQ ID

NO. ), VQGSG- (SEQ ID NO. ), MVQGSG- (SEQ ID NO. ),

15 PKMVQGSG- (SEQ ID NO. ), and SPKMVQGSG- (SEQ ID NO.
_%

{e) hBNP segments of (d) comprising a substitution selected from the
group consisting of Lys-to-Gly and Lys-to-Arg;

() hBNP segments of (d) comprising a substitution selected from the
K 20 group consisting of Gly-to-Lys and Arg-to-Lys;

(2) hBNP segments of (d) comprising an inserted Lys;

(h) N-fermina)l tails and C-terminal segments of N-terminal tails of

natriuretic peptides;

() N-terminal tails and C-terminal segments of (b) comprising a
25 substitution selected from the group consisting of Lys-to-Gly and
Lys-to-Arg;
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5 9. The natriuretic conpound conjugate of claim!] fur‘tr’ler def | ne}j as_nore
|'i pophi |ic YRZAMME espondi ng unconj ugated natriuretic &SHIGANESTES The
natriuretic conmpound conjugate of claim9 wherein the nodifying noiety does
not consist of an alkyl noiety. 11. The natriuretic conpound conjugate of
claiml further defined as nore 10 resistant to protease degradation than a
correspondi ng unconj ufjat edN-tenaihali w@iisehidc Caangmoll sgmek? . of The comayirisingiraet i C

conmpound conj ugat e of cl ai . e h at riur et conprises a
sequence: A' PX' MVQGSGCF p@%@%ﬁ@@ﬁ%‘%@e‘%ﬁ%‘%ﬁéﬁ?%@%ﬂg MWherein A
is an amino acid or seriesAgfto-by no acids native to a natriuretic peptide,
X, X2 and X' are independently selected fromthe group consisting of Lys,
Arg and Gy, and at |g3gst Qfeminbl s an§ZCadddingiSsepfents bmg chpriship€aat ri uretic
conmpound conjugate of claim|l wherein the natriuretic 0 conpound conpri ses
a peptide or a’gbi ol ogi cal |l§)seggq1i.y% pepti de segnment of brain natriuretic
peptide, atrial natriuretic peptide, Ctype natriuretic peptide, or

dendr oaspi s nat rildr et The piriuteticleompbund cliihezate af cdliimrid whereinothixoaladeddfanj ugat e of
claiml wherein the ngtri L: G npound conprises: 25 (a) an am no acid
sequence X - C FWZN@&F@E@%&%&%S}P X3 (SEQID NO ) wherein 90 WO

2004/ 047871 PCT/ US20031037996 X is optionally present and when present is
an amno acid sequenc@) ha¥hg from 1-10 amino acids; X2 is Ay, Arg, or
Lys; and X3 is optionally present and when present is an am no acid sequence
5 having from 1-10 amo aGlyds. (b) a disulfide bond between C and C2 to
forma loop. 15. The natriuretic conpound conjugate of claim 14 wherein X
is Arg or Ay, © Arg:

(d)  hBNP segments KV(SEQ ID NO. _ ), KVL (SEQ ID NO. _),
KVLR (SEQ ID NO. _ ), KVLRR (SEQ ID NO. _ ), and KVLRRH
(SEQIDNO. _ ); and

{e) hBNP segments of (d) comprising a substitution selecied from the
15 group consisting of Lys-to-Gly and Lys-to-Arg;

@ hBNP segments of (d) comprising a substitution selected from the
group consisting of Gly-to-Lys and Arg-to-Lys;

(® hBNP segments of (d) comprising an inserted Lys;

(h) C-terminal tails and N-terminal segments of C-terminal tails of

20 natriuretic peptides;

(i) C-terminal tails and N-terminal segments of C-terminal tails of (h)
comprising a substitution selected from the group consisting of Lys-

to-Gly and Lys-to-Aig;

G) C-terminal tails and N-terminal segments of C-terminal tails of (h)
25 comprising a substitution selected from the group consisting of Gly-

to-Lys and Arg-to-Lys;

(k) C-terminal tails and N-terminal segments of C-terminal tails of (h)

comprising an inserted Lys.
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16. The nat r¥@28 ¥ dnpound conj ugate of clai m 14 wher ei nPOTIUS2803/080¢ed
from the group consisting of 10 (a) Lys; (b) dAy; (c) Arg; (d) SO (SEQ
IDNO -j, GSG (SEQID NO J, QGSG (SEQID NO 3, VQGSG (SEQ ID NO J,
WQGSG (SEQ ID NO J, 15 PKWQGSG (SEQ ID NO. J, and SPKWQGSG (SEQ ID
NO. (e) hBNP segmgpts g d) &Q%ﬁoﬁhm%nﬁgé:twaﬂ:iaﬁﬂ“l& %ex%ﬁ' € hWifurlcOm t he
group consisting of Lys-to- C"E‘ir Lys-to-Arg; (f) hBNP segnents of (d)
conprising a substi tut?°6ﬁ°‘§‘éI°@FR”é‘?§aﬁ‘?qB‘?PF?%ﬁ‘§°tequEU YFOMPoREHHY ¥t i ng of
dy-to-Lys and Arg-to-Lys; (g) hBNP segnents of (d) conprising an inserted
Lys; (h) N-termnal tafa)s SPHMFQIGSGUFGRKMBBISESGISGEEVINSEQNDINGRl )i ai | s of
natriuretic peptides; (i) N-termnal tails and C-termnal segnents of (h)

conprising a 25 substg, ut| 5{5@5@3@3@ Rfd@)ﬁ} Styi

Lygpto Gy and Lys- tod Arg; g V\% 2004 %%%g@%?q%&c@@g?g% (1)
N-termnal tails and C—termnal g nent s of (a smgf{ substitution
sel ected from fhe grou corfgg‘%ef‘ﬁsl(@ P qerprising : E%f'ta?ﬂ!rseizet YHoB themoup( k)
N-termnal tails and C-ter rioisatingSEgpeniGly @l Lysdty-Agonpri sing an 5 inserted
Lys. 17. The natriuretic conpound conjugate of claim 14 wherein X3 is

ﬁE'N gctsgg n; rom W(g% 0@@@}@@5&&0@% gﬁg@ tp b @m.er&%xlwmps?seégz 9~ g (d)

amino acid residue sequence from the N-terminus of hBNP.

20. The natriuretic compound conjugate of claim 14 wherein X' comprises
10 SPX’MVQGSG (SEQ ID NO: ), and wherein X comprises a modifying

( moiety conjugation site.
21 The natriuretic compound conjugate of claim 14 wherein X* comprises a 1-6

amino acid residue sequence from the C-terminus of hBNP.

22, The natrivretic compound conjugate of claim 14 wherein X* comprises

15 KVLRRH (SEQ. ID. NO: ), KVLRR ( ), KVLR { ), KVL,
KV orK.

23. The natriuretic compound conjugate of claim 1 wherein the natriuretic

compound comprises a native hBNP sequence (SEQ ID NO. _ ) having one
or more mutations selected from the group consisting of Lys3Arg, Lys14Arg,
20 Arg30Lys, Lys27Arg, and Arg31Lys.

( 4. The natriuretic compound conjugate of claim 1 wherein the natriuretic
compound comprises a native hBNP sequence (SEQ ID NO. _ ), having one

or more insertions or deletions.

25, The natriuretic compound conjugate of claim 1 wherein the natriuretic
25 compound comprises a native hBNP amino acid sequence (SEQ ID NO. _ )

and a N-terminal or C-terminal Lys.
26. The natriuretic compound conjugate of claim 1 further defined as:
(a) comprising a multipeptide comprising two or more amino acid

sequences encoding a natriuretic compound;
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KVLR (SEQ ID NO. J, KVLRR (SEQ ID NO. J, and KVLRRI -1 (SEQ ID NO, _J; and
(e) hBNP segnents of (d) conprising a substitution selected fromthe 15
group consi sto n@4@i7stys-to-Ay and Lys-to-Arg; (f) hBNP sepoposR0803706h)
conprising a substitution selected fromthe group consisting of Ay-to-Lys
and Arg-to-Lys; (g) hBNP segnents of (d) conprising an inserted Lys; (h)
Ctermnal tails and N-term nal segnents of Ctermnal tails of 20
natriuretic peptides; (J) Ctermnal.tails and N-termnal, s nts of
C-terminal tails of (h@ cgﬁtborn?l{gicﬂr&prg’m%ﬁﬁpsa‘f‘ﬁr?eﬂ?ﬁ"(éenbe{sweefz%%a{ﬂés&{e‘gg@?ﬁe?sthe gr oup
consisting of Lys- to-Qy asdukfcsompound gicodfrigseq@icet mi nal tails and

N-term nal segnents of Ctermnal tails of (h) 25 conprising a substitution
sel ected fromthe gr olt@ CoRsticakilyNémpfisidd Mr eltsiby 8t aihek & Sl Onds %8 ithe( K)
Cterminal tails and termnal "segnents, of C-termnal tails of (h)
conprising an inserted Lys.™ufipertgs. MgGutension somprispgonegbnerspnineedds 18, The
natriuretic conpound conjugate of claim 14 wherein the natriuretic conpound
conpri ses a sequelte SHieairmektié rcanpoiuik capjupatp of olami 26 iwhgreinf the Ma)iuretic

SPKMVQGSGCFGRKMDRI SSSSE- LKV [ ' PK | SSSSG.GC
(SEQ ID NO. J; and 5 (Sp%n segﬂr?ee%??gcg?ﬁ%w B%Ei@%éi%ﬁoﬁc@ﬁ%ﬂ on

sel ected fromthe growgsalogseemieritor spgment analpg thergofl y and Lys-to-Arg . 19. The
natriuretic conmpound conjugate of claim 14 wherein V conprises a 1-9 am no
acid residue sequesice THeOmtuRSic Nolfsuid Rbtfugt JTBMRn P WherkiiCm® Rbefibrbicet i C
conpound conjugate of claim,14 wherein X1 conprises 10 SPX3MVQGSG (SEQ I D
NO. ), and wherein X2 ??Hﬁﬁ‘f"fj§‘é’§‘s'é°{?dﬁ'i“feﬁbﬁg moi ety conjugation site. 21.
The natriuretic conmpound conjugate of claim 14 wherein X3 conprises a 1-6
am no aci d r esitdu@d.seqlienuatrivkatio mompainCcorgugate nafsclah hBliBein the natriuretic

compound consists of a native hBNP.

30. The natriuretic compound conjugate of claim 1 wherein the natriuretic

compound consists of a native ANP.

31. The natriuretic compound conjugate of claim 1 wherein the natriuretic

15 compound consists of a canine BNP.

32. The natriuretic compound conjugate of claim 1 wherein the natriuretic

compound consists of urodilatin.

33. The natriuretic compound conjugate of claim 1 wherein the natriuretic
compound consists of DNP.
20 34, The natriuretic compound conjugate of claim 1 wherein the natriuretic

compound comprises an amino acid sequence:
X'MVQGSGCFGRX*MDRISSSSGLGCX® (SEQIDNO. ),

wherein X', X and X® are each independently selected from the group
consisting of Lys, Gly and Arg, with the proviso that at least one of X', X*
25 and X’ is Arg or Gly.

35. The natriuretic compound conjugate of claim 34 wherein the sequence

comprises:
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22. Th t L) d t f cl 14 wh 15
2 o oM TR OUDS, conl ot e of ol e 14 et el 1y SR 9AS

natriuretic conmpound conjugate of claiml| wherein the natrl uretic conpound
conprises a native hBNP sequence (SEQ ID NO. _) having one or nore
hutations selected fromthe group consisting of Lys3Arg, Lysl4Arg, 20
Arg30Lys, Lys27Arg, arf@ Ar gBeminakto X', ap gxterfFige sobegied from deigtoup ompiginade: conj ugat e
of claim1 wherein the nat rgpidr @t ing ; SAQPOUNd conprises a native hBNP
sequence (SEQ ID NO -), having one or nore insertions or deletions. 25.
The natriuretic conmpoupnd c ugaf of clai.m | t he natrluretlc 25
conmpound conprises a E(gt 2ﬂlﬁr§%}9 it ﬁBe’%‘Flanftg‘éfﬁg‘%%t%ng@‘Pﬁ‘mo “and a
N-term nal or C-term nal LWLRREGSEQH2NGat r), +NIRR SEQADMNMNGD, oAR, Wjat e of
claim1l furtheg defined as;, (g§) conprising a nultipeptide conprising two or
nore amno acid sequences encoding a natriuretic conmpound; 93 WO

2004/ 047871 PCT/ US2003/ 037996 (b) optionally conprising a spacer sequence
bet ween each set ot adiPseHvreticsprpoyRERoNiBgat PR vheedt isdysedirediees; (c)
optionally conprising agxextagnsi on at either or both ends of the

mul ti peptide, the extension conpri si ng one or nore amno acids. 5 27. The

natriuretic compoynd jugate of cl nth natrluretlc pepti de
units each conpri %lg hgﬁ]s ?ag%?‘f Iﬁorf{%un coéltugate ﬁfgﬁ%l c Fr A8 PR o) og,
segrment or segnent analomgounthempd$es arldhinchhid segagncé: ur et i ¢ conpound conj ugat e of
claiml wherein the natriuretic conpound consists of a native BNP. 10 29.

The natriuretig conpound conjeRahapRIissSd@IqExR (WIGIeNG; Hhe natriuretic
conmpound consists of a native hBNP. 30. The natrl ureti ¢ conpound conjugate

of claiml wherein the natrl,ur i consi,sts of a native ANP. 31.
The n@t riuretic compoul¥¥uh;h %ft)é C‘B'i’p"g%) YRy ??“JE’FFé"”P\%['t‘“‘F?‘tHEgti c
to the modifying moiety.
38. The natriuretic compound conjugate of claim 37 wherein X' comprises Lys

coupled to the modifying moiety.

15 39. The natriuretic compound conjugate of claim 37 wherein X* comprises Lys

coupled to the modifying moiety.

40, The natriuretic compound conjugate of claim 1 wherein the modifying moiety
conjugation site comprises a moiety selected from the group consisting of
natural or non-natural amino acid side chains, an N-terminus of the natriuretic

20 compound, and a C-terminus of the natriuretic compound.

43, The natriuretic compound conjugate of claim 40 wherein the modifying

~

moiety conjugation site is a Lys side chain.

42. The natriuretic compound conjugate of claim 1 wherein the natriuretic

compound conjugate includes only one modifying moiety.
25 43 The natriuretic compound conjugate of claim ! wherein:

(a)  the natriuretic compound comprises a Lys® to Cys™ segment of
hBNP and a disulfide bond coupling Cys' of the segment to the
Cys™ (SEQIDNO. );
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15 conpoundVOFRYWETE 10f a canine BNP. 32. The natri ureti c PEFAIS3NITVO6] ugat e
of claiml wherein the natriuretic conpound consists of urodilatin. 33. The
natriuretic conmpound conjugate of claiml| wherein the natriuretic conpound
consists of DNP. 20 34. The natriuretic conmpound conjugate of claim]l
wherein the natriuret(bc acingemodfyingifoletySosplaino i hitfuraiictinatiethe e:

X' MVQGSGCFGRXZNDRI SSSSG_G@(SS %E%ﬁgﬁ@pﬂo _J, wherein X', X2 and X3 are each
i ndependently sel ected from the group~ consisting of Lys, Ay and Arg, with
the proviso that at |east one of X, X2 25 and X3 is Arg or Gy. 35. The
natriuretic conmptftind Beratiyetie cempoundaonuBate \of ecfaith i wheseis dlpu pasdweticconpr i ses:
94 V1D 2004/ 047871 PCTokSAARShAALRGys (18 Lyl il NP And dsolile R NS 0N

sel ected fromthe groug consi st i,ng Of: §EK K and K; and/or (b) Cterm nal
to X3, an ext@&nsion SEMRIEE &% FysorP e otiherein faf Paifgtic; pomponpd iy ( SEQ | D
NO ), -VLRR (SEQ I D migoconjugatd/ntluding\d single modiffing Moiet$ Gouplth Gerftal Lystet i C
conpound conj ugat e of £ | ai m3t4 wherein X1 is Lys, X2 is Arg and X3 is Arg.
37. The natriuretic ¢ Sfﬁ’ﬂﬁ"mnj ugate of claiml wherein the natriuretic
conpound conprises an am no aci d sequence: 10 CFGRX MDRI SSSSGLGCXZ (SEQ I D
NO ), t wherein4X alhg/miriutic conpund eanjugateodi daji nlg whrerkietthe odtijreligat i on site
coupled to the nodify | 10 n ol bl B0 mmm conj ugat e of
claim 37 wherein X1 cég#g?i“gggﬁﬂﬁ%f coug,gyé. ?%)gﬁeﬁe&%g{) 'yihg moiety. 15 39.
The natriuretiPc conpotifFit s tryirdic sporangd ih BMoRRRAYUEHE iDeldiRg dsingltes Lys
coupl ed to the nodi f yh&HtyiRnclly coupled thiR® aNByst ofthedelfient ONMpouUnd conj ugat e of
claiml wherein the nodifying noiety

46. The natriwretic compound conjugate of claim ! wherein the natriuretic
compound comprises a Cys'® to His* segment of hBNP and a disulfide bond
coupling the Cys™ to Cys® of the segment, wherein said natriuretic

15 compound is a monoconjugate including a single modifying moiety coupled

thereto at Lys” of the segment.

47, The natriuretic compound conjugate of claim 1 wherein the natriuretic
compound comprises a Cys'® to Cys™ segment of hBNP and a disulfide bond

coupling the Cys" to the Cys™; wherein the natriuretic compound is a

20 monoconjugate including a single modifying moiety coupled thereto at the N-

terminus of the natriuretic compound.
48. The natriuretic compound conjugate of claim 1 wherein:

(a) the natriuretic compound consists of the hBNP amino acid sequence;

and
25 (b) the natriuretic compound conjugate is a diconjugate comprising:

® a modifying moiety coupled to the natriuretic peptide at Lys®

of the hBNP amino acid sequence; and

(i) a modifying moiety coupled to the natriuretic peptide at

Lys" of the hBNP amino acid sequence.

30 49 The natriuretic compound conjugate of claim 1 wherein:

96



conj ugat i owgsiohgoLeTpri ses a noi ety sel ected fromthe gr A§F/EOAYETI%g of
natural or non-natural am no acid side chains, an N-term nus of the
natriuretic 20 conpound, and a Cterm nus of the natriuretic conpound. 41.
The natriuretic conmpound conjugate of claim40 wherein the nodifying noiety
conjugation site is g)LySthshdh@uidddnipowfids hBNPeadaat ri uretic conpound conj ugate
of claiml wherein the natriuretic conpound conjugate includes only one
nodi fying noiety. 25,43. The natriuretic conmpound conjugate.of claim!]l
wherein: (a) the nat r('lﬁur e-gfgatr(‘:%ertr'ﬁgumrf’ ond Sop ?%qfs%e'ssa&éjl‘;OW%% TP EV$2b segnent of
hBNP and a di sul fide bond coupli n%gcysl of the segnent to the Cys26 (SEQ ID
NO. J; 95 WD 2004/ 047871 ©CT/ 3Sp0dgrmgiery eoupiethio the nafrigtstiepanidtiaf isng noi ety
coupled to the natriuretic corgptidANRimihd'Rid¥ghenct; 35 | D NO. D. 44. The
natriuretic conmpound conjugate of claim1l wherein the natriuretic conpound
conprises a Qys to Cys26 segnent . hBNP and i sul fide bond,, 5 coupling
the Cys to t% Cys26, \/\/neél in asﬁ'?‘g{yﬁlﬁt'?‘i‘w g?qpﬁdjgr%vm"qhg PEPYE Abconj ugat e

i ncludi ng a single nodifying rigs@ofiheddiNplamohobtidseqicoceat Lys" of the segnent.
45. The natriuretic conpound conjugate of claiml| wherein the natriuretic
conpound conpri sgs a’l'@%atri&:@tic'—b’o?rﬁ@wﬁe&%&ﬁe f RNT el 1P dureid, 10
wherein said natriuretic conmpound I's_a nonocaon uqate including a single

nodi fyi ng noi ety couSPBRPUIhEHusEsS CSFPPfEVsaE'N‘BF“"['“]ﬁ@‘ Sadihe edifying moghe
natriuretic conpound icQfidddedranto a6l dhidh Is pWRRA&AI Nt RBer@hIthilr eti ¢ conpound
conprises a Cys to Hi s32 segnent of hBNP and a disulfide bond coupling the

Cysl1l0 to Cys26 aof the, segment, wherein sai atriureti conpaund is a
nonoconj ugatgD i nsfél udﬁ.ﬁeg 'Lgﬁtlﬁﬁ?"éPOWCﬁO?jﬁa%goqﬁ@Wé% %Eeﬁeﬂb‘ﬁ%éﬁe"lnﬁ@r%ro at Lys27
of the segnment. 47. thwiskafanativestquence ofimp dbiemhimabiail ofpaheivefic epigderd  wherei n

the natriuretic conm%%aﬁ% J“E%EN%%%]?'%{/%%@%%@P%’S?QQEN of hBNP and a

di sul fide bond coupling t to the ein the natriuretic
conmpound is a

h
o

The natriuretic compound conjugate of claim 1 wherein the modifying moiety

has a formula:

0

0).!\
Cm—X-PAGn\/I\/PAGn"X-Cm
15 (Formula I)

wherein

(_ each C is independently selected and is an alkyl moiety having m carbons and

m s from 1 to 20; and

each PAG is independently selected and is a polyalkylene glycol moiety

20 having n subunits and n is from 2 to 25;
each X is independently selected and is a linking moiety.
53. The natriuretic compound conjugate of claim 52 wherein m is from 1 to 18.

54. The natriuretic compound conjugate of claim 52 wherein m is from 1 to 16.
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20 nonoconjugate including a single nodifying noiety coupled thereto at the
N- terminus of the natriureti‘c conmpound. 48. The natriuretic conpound

conj ugat e ofw@bk@i4reuts7Twherein: (a) the natriuretic conpoundrCDUStes/g37996 t he
hBNP am no aci d sequence; and 25 (b) the natriuretic conpound conjugate is
a diconjugate conprising: (i) a nodifying noiety coupled to the natriuretic
peptide at Lys3 of the hBNP am no acid sequence; and (ii) a nodifying

noi ety coupl ed t @st heTRahfibifiElonpour® Bnjudfe &lclaint-35Swheffn ntibfléonbﬁmaoam ho acid

sequence. 30 49. The natriuretic conpound conjugate of claiml wherein: 96

WD 2004/ 047871 PCT/ US2003/ 037996 the natriyretic coppo is hBNP; and
(b) the natri uretcs‘lz'c ciﬁ%ﬁ?rﬁﬁtlcc':(?ﬁ'f’?}'ég%@ﬂgge?ﬁhf"bt%zn‘iﬁﬁﬁé{‘t“és Mpoﬁs‘;i ng: (i) a
nodi fyi ng noi ety coupled to the natriuretic peptide at Lys3 of the hBNP
am no aci d sequerdde; AhrhaBiueli¢ gompourd dinjugateiof cinim £t wherbung$ fein £ ty ¥0he
natriuretic peptide at Lys27 of the hBNP am no acid sequence. 50. The
natriuretic conmpaggnd Q%W{nhtﬂ&étﬁ FHHEP%I?I Bﬂn%jugﬁ%’fedla‘é}n}ﬁ?wﬁﬁ&iﬁ!ddflﬁw & COWDFUSCI
sequence conprises an, e n n e nodi fying noiety _is couple
to an anmino acid whi cﬁ‘léli;@“‘{ﬁ%i%wg?”fﬁeﬁ@’ WELPHPEE ParfO-10M51. The
natriuretic conpound cNH{(OPadng-CO)NMH-ai m 50 wherein the N-termnal tail
consists of a native sequence of an N-termnal tail of a natriuretic peptide
or a C-termnal geg A i il i L,G.peptide. 52.
The natriuretic c%hpgﬁﬁ%n%guﬁ?f&g%h&ég%ﬁﬁaﬁa ttr??cif cﬁ%rsgi‘ﬂl%{eﬁetﬂérg&cﬁi%g%g noi ety
has a formula: O O) - meiety] Fenderk- IAGhATIPAR, Xordpuid-oneres| Wpophilic whar e n

corresponding unconjugated natriuretic compound.

10 60.  The natriuretic compound conjugate of claim 52 wherein the modifying
moiety renders the natriuretic compound more hydrophilic than a

corresponding unconjugated natriuretic compound.

61. The natriuretic compound conjugate of claim 52 wherein the modifying
moiety renders the natriuretic compound more amphiphilic than a

15 corresponding unconjugated natriuretic compound.

62. The natriuretic compound conjugate of claim | wherein the modifying moiety

has a formula:

Q 0
)L ' 0
PAG,X

o (Formula II)
PAG is a polyalkylene glycol motety having n subunits and n is from 2 to 25;
20 XisOorN; and

each o is independently selected and is from 1 to 15.

63. The natriuretic compound conjugate of claim 62 wherein n is from 2 to 20.
64.  The natriuretic compound conjugate of claim 62 wherein n is from 2 to 13.
65.  The natriuretic compound conjugate of claim 62 wherein n is from 2 to 10.
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each C is | MepVIERT1y sel ected and is an al kyl noiety haRGHESZHWEEHns and
mis froml to 20; and each PAG is independently selected and is a

pol yal kyl ene glycol moiety 20 having n subunits and nis from2 to 25; each
X is independently selected and is a linking noiety. 53. The natriuretic
conpound conj ugat €5.of Tk anatrivgfic wempeind amjigtef pOlaim 168 Wigrein Bach Thie

natriuretic conpound qy&g&g&h@s&he&mqm&gl Wherein mis froml to 16. 97 WO
2004/ 047871 PCT/ US2003/ 037996 55. The natriuretic conpound conjugate of

claim52 wherein nis from2 to 20. 56. The natrjuretic conpoynd conjugate
of “cl ai m 52 wherefh n TP PAG¥RIS ?BP%‘? °°@‘fg.at&l'ﬁ'te claim rsku?"éef*i"b “EnPotind
conjugate of cl ai m 52 independéntly selectd dnd@froth k©910. 58. The natriuretic
conpound conjugate of claim52 wherein each X is 5 independently sel ected
fromthe groupccopsi styng G madl= o - € G , »and
-C(O NH. 59. jl'he&?lat rr{hgr%atﬂfuéehgo%gﬁlﬁ% c@@& tfgg{ éamc;)'fL Ggl ‘gyﬁ%gé\kﬁg?}gi n the
modi fyi ng moi ety rendedegendendly seleeted apddstfrom tefpound nore |ipophilic than a
correspondi ng unconjugated natriuretic conpound. 10 60. The natriuretic
conpound conj ugat 6. 0f Tk ahtfurdi chiRiei ddnjifae ofBIslinfeg iWhgrein BRh Xtiy-Or.ender s t he
natriuretic conmpound nore hydrophilic than a correspondi ng unconj ugated
natriuretic conpoynd. . . juretic co und [.U e_ of aim52
wherei n the nodi f?/t?ng ﬁ%or}ag@%n?génn;d)gﬁnsd ‘%oﬁjé[ganeanffaﬁ"rne Zfzgg%%%unﬁ%&%ke
anphi philic than a 15nady r esfsendiengatiivetn] wgeouwd mater ilpemilicc teonpound. 62.
The natriureti;g conpoylfes %in%%kﬁu@fedﬁdnﬂiréﬁbko gig€i n the nodifying noiety
has a formula: OO0 PAGE X O (Formula I'1) PAGis a polyal kyl ene gl ycol
noi ety having n subunits and nis from2 to 25; 20 X is (chor \; . and

1. The natrivretic compound conjugate of claim 62 wherein the modifying

moiety renders the natriuretic compound more hydrophilic than a

corresponding unconjugated natriuretic compound.

72.  The natriuretic compound conjugate of claim 62 wherein the modifying
15 moiety renders the natriuretic compound more amphiphilic than a

corresponding unconjugated natriuretic compound.

73. The natriuretic compound conjugate of claim 1 wherein the modifying moiety

has a formula:

P
o
E
]
%
T
>
W
;
-
>
Gy
:’l
n
o
E]
O

(Formula 1T}

20 each C is independently selected and is an alkyl moiety having m carbons and

m is from 1 1o 20; and

each PAG is independently selected and is a polyalkylene glycol moiety

having n subunits and n is from 2 to 25;

each X is independently selected and is a linking moiety.
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each o is | WELPEHBERTI y selected and is from| to 15. 63. PIHEUSKA0¥/0309%t i C
conpound conjugate of claim62 wherein nis from2 to 20. 64. The
natriuretic conmpound conjugate of claim®62 wherein nis from2 to 15. 65.
The natriuretic conmpound conjugate of claim62 wherein nis from2 to 10.

98 WO 2004/ 047871 PCHitSa008/1037996 66. The natriuretic conpound conjugate
of claim®62 wherein each o is independently selected and is fromlto 13. 67.
The natriuretic ¢43”Dolth@qatﬁ@&lc‘é&ﬁﬂo@n&ﬁonﬁéa?e‘oﬂlﬁ% 7‘§’Wﬁér€ihﬂu§ﬁ&l?1% 183

i ndependent |y sel ect ed and is froml : he natriur etl c conpound
conj ugate of cl ahg wher ein each g E]end%ntly selected and is from
| to 6. 69. The frat BRI SAROY °BJB$?fed’S i T3 Wherpig s gom Bfelbei n each X is
-0-. 70. The natriuretic conpound conjugate of claim62 wherein the

nodi fyi ng noi et §6-r erithe naridrétic coragonid wogiigat: of claima mdlerrin nds ffanpph20l | ¢ t han a
10 correspondi ng unconjugated natriuretic conpound. 71. The natriuretic
conpound conj ygayg OfThGhﬁhﬁﬁt@%oﬂ%@ﬁﬁ@éoﬂju%a%fmmﬁ%%nn';gg*oﬂ{i/torlgnderS the
natriuretic conpound nore hydrophilic than a correspondi ng unconj ugat ed
natriuretic corrp? nd._72. .The natriuretic conﬁjgund conjségate of claim®62
wherei n the nodi éjl nglhe farivpecsppouadcpmivgate o elaimys pherpipiisramigdbnd nor e
anphi philic than a correspondi ng unconjugated natriuretic conpound. 73. The
natriureti c conp@und Themnjitgeticeomfound @njopate ofbieimei3 rwheraia onsfctinf Yiorld. noi ety has
a formula: ONo OO C,,,-X-PAG' PAGL1 X-Cm (Forrmula Il1l1) 20 each Cis

i ndependent | y seh@ct Efhe 3RfurbtR cBRipdRhd3ohjuTR of Eiim V3 \WnBEin SR PRD. @and i n 'S

froml to 20; and

81.  The natriuretic compound conjugate of claim 73 wherein o is from 1 to0 6.

10 82 The natriuretic compound conjugate of claim 73 wherein each X is
independently selected from the group consisting of -C-, -O-, -C(O)-, -NH-,
-NHC(0)-, and -C{O)NH-.

83.  The natriuretic compound conjugate of claim 73 wherein the modifying
moiety renders the npatriuretic compound more lipophilic than a

15 corresponding unconjugated natriuretic compound.

84. The natriuretic compound conjugate of claim 73 wherein the modifying
moiety renders the natriuretic compound more hydrophilic than a

corresponding unconjugated natriuretic compound.

85. The natriuretic compound conjugate of claim 73 wherein the modifying
20 moiety renders the natriuretic compound more amphiphilic than a

corresponding unconjugated natriuretic compound.

86. The natriuretic compound conjugate of ciaim 1 wherein the modifying moiety

comprises a linear or branched polyatkylene glycol moiety.

87. The natriuretic compound conjugate of claim 1 wherein the modifying moiety

25 comprises a sugar moiety coupled to an alkyl moiety.

88, The natriuretic conjugate of claim 87 wherein the modifying moiety further

comprises a sugar moiety.
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each PAG i s WRAPHEMGRHt |y sel ected and is a pol yal kyl ene gIRFddiIS2f5{0a7496
having n subunits and nis from2 to 25; each X is independently selected
and is a linking moiety. 99 WD 2004/ 047871 PCT/ US2003/037996 o is fromlto
15. 74. The natriuretic conpound conjugate of claim73 wherein mis from1l
to 1S. 75. The Rt r'iU}eé’t’“ﬁ“n‘:"eEbFPﬁt?BHHJ coRpgeieph climhB6 whessimtieolyalsylesen mis from

| to 16. 76. The natgjcurrﬁ&iétﬁcdﬁ@ﬂ&@hlﬂdyeﬂﬂlaﬁdﬁablemﬁ&y.C| aim73 wherein nis
from2 to 20. 5 77. The natriuretic conmpound conjugate of claim 73 wherein n

is from2 to 15. ¢, 78. Nak[ | i, comound. conj ugate of . claim73 wherein
nis from2 to 10. 79?%%%%#&%&"&?“ugtr%}c%r?gggﬁndgéggﬁ?qﬂ ilee""!ﬁ"k‘ﬁ?“ﬁi m 73
wherein o is from | taycel3noietgips ipng toitpolyalloddnt glyerbsnbunitad conj ugate of claim

73 wherein ois froml to 9. 81. The natriuretic conmpound conjugate of

cl aim 73 wher &i N9R i STHe maturktid g,_n-@ounaqmg@g‘tew%jﬁagg Wi &h e Iﬁgﬂpﬁéﬁgd conj ugat e
of claim 73 wherein each X.is independent]ly selected fromthe group

consisting of -G, -(2ycolmgigyhasfromgto 20 po % slycolfiunit O) NH-. 83, The
natriuretic conmpound conjugate of claim73 wherein the nodifying noiety
renders the natr$2r etThe natonpiuepthpnmd eotjigaie piiiclainc 86 Whaneim the pblyalbyienespondi ng

unconj ugated natri ur egth;cg Mgﬁgmz@oﬁ?pg]gfﬁ%@eﬁgél%%({a&%%ﬁmgonpound conj ugat e of

claim73 wherein the Mo in?O)?I ng noi et riuretic conmpound nore
hydrophilic than_a correspondi ng unconjugated natriuretic conpound. 85. The

natriuretic conpound C®ApEIEiccomPos spines of plaimeBtwherein hepebgliodege 20 noi ety

renders the natriur etg’l}@mqmmqug\do,ﬂmﬁoq,mﬁmmgg@&lgulg@ms_a correspondi ng
unconj ugated natriuretic conpound. 86. The natriuretic conmpound conjugate of

claiml wherein e di fying noiet conprises i pear or branched

pol yakyl ene gl y%{;l ﬁlﬂe %'.m fmmﬂ%'}an%?f”ruémr 8&9%@“@86#3&5?{'6 “Zfo'ﬂf‘{ﬁ‘gﬁ%e of claim
| wherein the nodifyimuetniitesr yompPiSes @ imepr ar bmsched adlybavietyni ety coupl ed to an
alkyl nmoiety. 88. The natriuretic conjugate of claim87 wherein the

modi fyi ng noi et yod, Ur t1h MmatriG@4P EdnfiRSnd2coR R ofMARAL M- wherein the modifying

moiety further comprises a sugar moiety.

15 96. The natriuretic compound conjugate of claim 94 wherein the alkyl moiety has

from 1 to 20 carbons.

97.  The natriuretic compound conjugate of claim 94 wherein the alkyl moiety has

from 1 to 18 carbons.

98. The natriuretic compound conjugate of claim 94 wherein the alkyl moiety has

20 from 1 to 16 carbons.

(\»7 99. The natriuretic compound conjugate of claim 94 wherein the alkyl moiety is
separated from the polyalkylene glycol moiety by a linker selected from the
group consisting of -C-, -O-, -C(O)-, -NH-, -NHC(0)-, and -C(O)NH-.

100. The natriuretic compound conjugate of claim 94 wherein the modifying
25 moiety renders the natriuretic compound conjugate more lipophilic than a

corresponding unconjugated natriuretic compound.

101.  The natriuretic compound conjugate of claim 94 wherein the modifying
moiety comprises a bond coupling the polyalkalene glycol moiety to the alkyl

moiety which bond is hydrolysable in vivo.
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3.

100 WO 2004w® 2088748 ACT/ US2003/ 037996 89. The natri ur et i pCOODDIEME7996
conjugate of claim86 wherein the polyal kyl ene glycol noiety conprises a

pol yet hyl ene gl ycol npoiety. 90. The natriuretic conpound conjugate of claim
86 wherein the polyal kyl ene glycol noiety has from2 to 25 pol yal kyl ene

gl ycol subunits. 163 91The hiBuretitichinptufd ¢odjugRapeitind iRRiGEh&Ring Goriym 86
wher ei n the pol yal kyl ene. I%

col i e has from2 to .20 pol yal kyl ene gl yco
subunits. 92. The natTI8?% ?c“%%ﬁ%@ﬁﬁ%ék%ﬁ?ﬁﬁgFéy%Wl@WgVﬁggg%ﬁﬂéeein t he
pol yal kyl ene gl ycol mtriuetiy cdmpeurid anhalintap ol Barplwdyadiyk ymbietyecogpladciolthesubuni t s.
93. The natriuretic R4 ' Al @Pg; ' | yal kyl ene
10 glycol noiety hasﬁ%ggn1§gége§l po @53&3?%%29596%0 §3%ﬁﬁ%?§?&§h. The
natriuretic cénpound ®oppdat e of claim 86 wherein the nodifying noiety
further conprises a linear or branched al kyl noiety. 95. The natriuretic
conpound conj ugates, of TighatieRoMpene bdiubdieoraRal f Wicin thiRbdilyihg fmdieher
conprises a sugar noiety. 15 96. The n%%riureth SB qund %oﬁjugg?e of claim
94 wherein the al kyl Hsey, plipear pr. Bapched; gjkyh gnoiety BB‘ang?d tg7the PRIEUENG 1 ureti c
conmpound conj ugat e of compaininai¥a pualkeleit g6l nidicydoupred 10 the alkgbmoitiyas i to 18
iyl moi oty has 20 ¥R SAEATBRER R RS SpRenL L et ¢ compound
conjugate of claim94 wherein the alkyl noiety is separated fromthe
pol yal kyl ene 1§l yd¥. nbieanigiureyc comppunit emnjugas¢ ekl Wiegtin thheodifyingusicbonsi st i ng
of -G, -0-, -XO-, iWied erhl%@}(ﬁlp _ccﬁ‘;Elﬂing gt@dﬂ?‘imeﬁl%ieti%rb?'rm& fruretic

conpound conjugate of claim94 wherein the noditfying 25 noiety renders the
natriuretic conmpound conjugate nore |lipophiljc than . a corresponding

unconj ugat ed nat Hbl{'}r ei;'?edga‘&" ﬁﬁﬂ;di?ﬁ’ﬂ?““i&‘l‘!“ggﬁ%&h%iwﬂﬁ’%ﬂhﬁm(? hﬁﬁtgd’??éftyconj ugat e
of claim94 wherein tihecuptadicfthd magivrefi®écfipyund By1Pond that iahyldedattoim pivs.Ng t he

pol yal kal ene glycol noiety to the alkyl noiety which bond is hydrol ysabl e
in vivo. 101

106.  The natriuretic compound conjugate of claim 1 wherein the modifying moiety
15 is coupled to the natriuretic compound by a bond that is hydrolysable in the
blocdstream.

107.  The natriuretic compound conjugate of claim t wherein the modifying moiety
is coupled to the natriuretic compound by a bond that is not hydrolysable in

vivo, -

20 108.  The natriuretic compound conjugate of claim 1 wherein the modifying moiety
is coupled to the natriuretic compound by a bond that is not hydrolysable in
the bloodstream.

109. The natriuretic compound conjugate of claim 1 wherein the modifying
moiety is coupled to the natriuretic compound by a bond selected from the

25 group consisting of ester, carbonate, carbamate, amide, ether, and amine.

110. The natriuretic compound conjugate of claim 1 wherein the modifying

moiety is hydrolysable in vivo to yield a pegylated natriuretic compound.

111.  The natriuretic compound conjugate of claim 110 wherein the modifying
moiety is hydrolysable inn vivo to yield a pegylated natriuretic compound

30 comprising one or more PEG moieties having from 1 to 6 PEG units.
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WO 2004/ 0478Y? 2PBPT€2003/ 037996 102. The natriuretic conBEhH§2WaHI 1t e of
claiml wherein the nodifying noiety conprises a |linear or branched

pol yal kyl ene gl ycol noiety coupled to the natriuretic conpound and a |inear
or branched al kyl noiety coupled to the polyal kalene glycol noiety at a
site which is disi2al A ephainiavatitad fohmuldtiad rdompieirigC thed raPRAY NEmpd@3. The
natriuretic conpound | t f claiml| wherein the nodifying noiety
conprises a |inear 0;8%&%&% %%mgrkyl noi ety coupled to the natriuretic
conpound and a pol yal kyl ene gl ycol noiety coupled to the alkyl noiety at a

site which is di Sfal ThePhrmesutical foraniatian of drist 12 fosnpeehér aioue®. The
natriuretic compound demiygkd Tonciheigup WRRERI B bRGaIMPELdINGIDI ety s
sel.ected fromthe groqg consis%%% f the ?Li omeric_noieties of Table 1.
105. The natr? ureti c SEEHEH ﬁﬂ’g’&‘fc@‘lﬁ‘?ﬂ’é‘}t YeRPys ahiarauscsahe nodi fyi ng
noiety is coupled to the natriuretic conpound by a bond that is hydrol ysable
in vivo. 106. THd. nat methpdbf teatiogrp comitlios olraseited hyf ancéxadssivd lewdbefei n t he

nodi fying noiety 15 ] 0 Lol ] nd by a.bond that
is hydrolysable in tﬁgﬁmgﬁgggggf&gﬁ&nﬁ6gﬁ$ﬁﬁé&ﬁ%%§?ﬁ¥g¥€§mggﬁ%gﬁ%d conj ugat e
of claiml wherein teereebdimhgrmagpuinsiliceopeptabls atnouns| ik pajriurétie cempaundir et i ¢

conmpound by a bond t Rafjudai oP@imhydr ol ysable in vivo. 20 108. The
natriuretic conmpound conjugate of claiml| wherein the nodifying noiety is

coupled to the natriyreti onpou by a bond,that is not hydrol ysable in
the bl oodst r éhm ﬁ%t)g%‘“‘l'ﬁ‘&&ﬁ‘g?wwgﬁ WheEBO CAREF UL SAMRESEE SONgEsYE Bethy | wher ei n
the nodi fying noi et yailug. coupl ed to the natriuretic conpound by a bond
selected fromthe 25 group consisting of ester, carbonate, carbamate,

ami de[ ether, anggani pak L | Lo ' of claiml
wherein the nndigyin1ﬂgw8%%§§nggﬂ§3%%%@@5%#gnﬁﬁgeﬁgﬁgﬁggg*gﬁgggepegylated
natriuretic compoundheatifailueThe natriuretic compound conjugate of claim 110

wherein the nodifying noiety is hydrolysable in vivo to yield a pegyl ated

natriuretic conmpound TheReBOIF dlasih 0! WRRinGhe dHRdiGor lataphset Sute@Sndasivé Ng from I to
6 PEG wﬂts.]}OZ heart failure

118.  The method of claim 114 wherein the natriuretic compound conjugate is self-

administered.

119.  The method of claim 114 wherein the natriuretic compound conjugate is
orally administered.

20 120. The method of claim 114 wherein the natriuretic compound conjugate is
administered via a route of administration selected from the group consisting
( of enteral, perenteral, oral, subcttaneous, sublingual, buccal, nasal,

intravenous and intramuscular.
121, The method of claim 114 wherein the condition is hypertension,

25 122 A method of making the natriuretic compound conjugate of claim 1, the

method comprising:

(a) conjugating a natriuretic peptide multipeptide comprising two or

more natriuretic compound units;
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i} Lo
WD 2004/ 04 A% 000¥@Nh44$2003/ 037996 112. A pharnaceutical f Qi dhisAi996
conprising the natriuretic conpound conjugate of claiml1l. 113. The
pharmaceutical fornulation of claim112 fornmulated for a route of delivery
sel ected fromthe group consisting of enteral, perenteral, oral, 5

subcut aneous, subli n(g}lal . #(%Hﬁ?%e’ %%ﬁj; tpe tﬂé dﬂt@@‘%‘%ﬁ tg)}gé‘ig\]%gq};:sg: agf 114.

A method of treating a co far acteri zé
extracel lular fluid, the srdvodcanysd:i sing adm nistering to a subject in
need thereof a phar maceuti cal |y acceptabl e amount of a natriuretic conpound

conjugate of claim 1) 10 ckiding iReieaRk RAGaT c@rhﬁduﬂaéola R &bnt e condi tion
conpri ses congestive heart of claim 114 wherein

f.ai e. met ho
the condition conprises éﬂ?ﬁﬂ?@%%ﬂ&%@hc\?@’mﬁ@ﬁpm‘ﬁﬁ fPoRjugae. 117 The met hod

of claim 114 wherein the condition conprises acute congestive 15 heart
failure. 1185 TH3. meTheouetlsid of blainni22 whersiinthe eatriurétiveonpdund comptises Cesfhpound
conjugate is self- agmp £ T 0 Cl rr}&tl rein the
natriuretic corrpound ngzeégat}gﬂ SEé][%I\Ig éaﬂ@%‘&nﬁg@b{&gﬂ? %3&@13'% met hod
of claim 114 wherein thr@nﬁﬁm sy conpound conjugate is administered via
a route of admnistration selected fromthe group consisting of enteral,

perenteral, orali24,suRGHRACT Ufiaking URJ hal conétiicPonjuBAs 8f claiml Ntheavenous and
intranuscul ar. 121. Th ‘{Et hod of claim 114 wherein the condition is

hypertensi on. 25 122MAHOPRUMEf making the natriuretic conpound conj ugate
of claiml1, the nethod conprising: (a) conjugating a natriuretic peptide
mul ti pepti delconpri s{ahg tmakingra nubieptilatmiriwetdt cenpoon oupesionitks pr 103 ~ ef
WO 2004/ 047871 PCT/ US2003/ Q3 £ 29 etic compound units;

(2] cleaving the natriuretic peptide multipeptide to yield natriuretic

peptide compound,;

() conjugating the natriuretic compound to yield natriuretic compound

i5 conjugate;

(d) oxidizing the cleaved natriuretic compound conjugate to form one or

more disulfide bonds in the natriuretic compound conjugate.

125.  The method of claim 124 wherein the natriuretic compound comprises Cys'
to Cys® of hBNP (SEQ ID NO. ) and step 122(c) yields a disulfide bond
20 between the Cys' and Cys®.

126. A method of making the natriuretic compound conjugate of claim 1, the

method comprising:

(a) making a multi-peptide natriuretic compound comprising two or

more natriuretic compound units;

25 (b) cleaving the natriuretic peptide multipeptide to yield natriuretic

compound,;

(c} oxidizing the cleaved natriuretic compound to form one or more

disulfide bonds in the natriuretic compound; and
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(b) cleavi nd”?ﬁ%‘“f?é%sﬂ uretic peptide nmultipeptide to yiel dPRHUFTGVeTPYe
conpound conjugate; (c) oxidizing the cleaved natriuretic conmpound conj ugate
to formone or nore disulfide bonds in the natriuretic conpound conjugate.
5 123. The nethod of claim 122 wherein the natriuretic conpound conprises
Cys1l0 to Cysts of hBAP ( SEmuegingihe natrjuresingompoens. 122(c) yiel ds a disul fide
bond between the Cysl1l0 and Cys26. 124. A nethod of nmaking the natriuretic
conpound conj ugatie7.of Achaiifted pro-folyRatriidic Pl dcompgateongisink0 (a) making a

mul ti-peptide natriuretic conpound conprising two or nore natriuretic

conpound units; (b) clgaving Luretic peptide nultipeptide to yield
natriuretic peptide 8@rrpogl}nlag;sh?réﬁ?Q%:t%%tﬁﬂ}tglftﬁﬁgun hhémrn'%ltar'fl?f{’ig't"gén Oé%rrpound to
yield natriuretic conpoundconpSationsijcaniandiPR{Adbinding sité;zi ng t he cl eaved

natriuretic conpound conjugate to formone or nore disulfide bonds in the

natriuretic coympound @nj ugiake®s oremediFiE nibeiNehciRl 16 1R MR A WiihLI N the
natriuretic conmpound conpri ses ,Qés_t to Cys 6 of hBNP (SEQ I,E) NO." , and
step 122(c) yields a di sul FARYBatSR Y of 3 frash e pbibp natfiuetiopeptide us Oys26. 126. A
met hod of making the natriuretic conpound conjugate of claim1, the nethod
conprising: (a) makin€r)a nuletder p@phdexhed nat ri ureti ¢ conpound conprising two
or nore natriuretic conpound units; 25 (b) cleaving the natriuretic peptide

mul ti peptide to yieldggat r;ygngfrﬁagcauya%%ﬂé"'%hce( @Flgfgltgggﬁggwﬁg aﬁaved

natriuretic conmpound to formone or  nore  disu atriuretic
conpound; and 104 WO 2004/ tratrgtrivreligpeptidsomiyspe37996 (d) conj ugating the
natriuretic conmpound. 127. A nodified pro-polynatriuretic peptide conjugate
conprising: 10 128 A natriuretic peptide analog comprising an amino acid sequence having at

least one modifying moiety conjugation site, an NPR-A binding region and at
least one substituted Lys residue therein as compared to a native natriuretic
peptide amino acid sequence, wherein said substituted Lys residue is not the

amino acid modifying moiety conjugation site.

15 125. The natriwretic peptide analog of claim 128 wherein the one or more
substituted Lys residues comprise a substitution selected from the group
consisting of: Lys3Gly, Lys3Arg, Lysl4Gly, Lysl4Arg, Lys27Gly, or
Lys27Arg.

130.  The natriuretic peptide analog of claim 128 comprising a structure:

20 SPKMVQGSGCFGRX'MDRISS_SSGLGCXEVLRRH (SEQIDNO: )

( wherein X! is Lys and X?is other than Lys, or X' is Lys and X” is other than
Lys, or X' and X are other than Lys.

131.  The natriuretic peptide analog of claim 130 wherein X' is Lys and X’ is Arg
or Gly, or X' is Lys and X is Arg or Gly, or X' and X? are independently
25 selected and are Arg or Gly.

132. A nafriuretic peptide analog comprising a structure:

CFGRX'MDRISSSSGXXGC (SEQ IDNO: )
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(a) at | easWHHBI/AEBT et ei ¢ peptide unit having a nodifyi RETG2003/037996
conjugation site and an NPR-A binding site; 5 (b) at |east one nodifying
noeity attached to the nodifying noiety conjugation site of at |east one of
the natriuretic peptide units; (c) a | eader sequence; and (d) an

enzymati cal | y cl eavab¥erepdidem apinoptid g dotsaol comphize 2 sejugative itd, and&® i r st
natriuretic peptide CQQﬁéﬁgﬁJa%idtl{]apco&ﬁ esﬁn&f?%{g}ﬁ{)f% loGniRERkhe anal og
conprising an am no acid sequence havi ng at east ‘one noai yi ng noi ety
conjugation site, an NPR-A binding region and at |gast one substituted Lys
resi due therein &% coMsapiapreticpepfidnanalog ef diaim J 32 heteingX’ isupptdde isleno aci d
sequence, wherein said substituted Lys residue is not the amno acid

modi fyi ng noi ety 180nj Mgatiiredt peptideanaldphalid@a stb@renat ri ureti c pepti de anal og of
claim 128 wherein the one or nore substituted Lys residues conprise a

substitution gelected fromg S Lk Lys3dy, Lys3Arg,

Lysl 4@ vy, Lys?4Ar g, Lys272%&%&%%%@%#6%8&%N%§t riuretic peptide
anal og of claim 128 conprisjng a structure: 20

SPKMVQGSGCFGRX' MDRI SSe&m YL 4RRQ AcidRguengs wing from e Fsiminoycids, & isys and X2
is other than Lys, OrapimidoScil¥udbithadigy frdin Ploh 8 hminh 8dids, dnY X is Ofherfhianand X2 are
other than Lys. 131. The natriuretic peptide analog of ciaim 130 wherein X
is Lys and X2 is Arg Ly @y, or X is Lys and X2 is Arg or Gy, or X and
X2 are independently 25 selected and are Arg or GQy. 132. A natriuretic
peptide anal og codpr i Shemgtriaretid peptilt brakg of dERERM WRRINSSTSGY2GGAY( SEQ | D NO. 105
WO 2004/ 047871 PCT/ US2003/ 037996 wherein X1 is an am no acid that does not

conprise a Copj ugg | Q?hesdaﬁﬁreﬁép‘&gr_?éza{@gg Q%I]ﬁﬂ‘@i)wﬁ&ieiﬂ)@ ﬁ@ém"l@fﬁfgzh‘sées a

modi fyi ng noi ety conj usgatl on s 33. The natriuretic peptide anal og of
claim 132 wherein X (5Q4PgN@nd ).xgherein Y yepmprisgga modifying meiely enjugatinapt i de
anal og having a strucfjdre: 5 X2- CFGRX3MDRI SSSSGLGC-X2 (SEQ ID No. )

137.  The natriuretic peptide analog of claim 134 wherein X' is selected from the

group consisting of:
15 (a) N-terminal tails and C_—tenninal segments of N-terminal tails of
natriuretic peptides;

(b)  N-terminal tails and C-terminal segments of (a) comprising a
substitution selected from the group consisting of Lys-to-Gly and
Lys-to-Arg;

20 {c) N-terminal tails and C-terminal segments of (a) comprising a
substitution selected from the group consisting of Gly-to-Lys and
Arg-to-Lys;

{d N-terminal tails and C-terminal segments of (a) comprising an

inserted Lys.

25  138.  The natrivretic peptide analog of claim 134 wherein X” is Y*VLRRH (SEQ.
ID.NO: ), wherein Y is other than Lys.

139.  The natriuretic peptide analog of claim 138 wherein Y is Arg.
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wherein X i¥OIRMHHS aci d sequence having from| to 10 amrcmasamizdsion) 2 i s
an am no acid sequence having froml to 10 am no acids, and X3 is other than
Lys. 135. The natriuretic peptide analog of claim 134 wherein X3 is Arg or
Gy. 10 136. The natriuretic peptide analog of claim 134 wherein X, is

SPY' WQGSG  ( SEQi4d Niie rﬂatriu%éﬁe%eﬁid% affloLATRIN: FRSWRTOH i ety Fh BleY .
conjugation site. 137. The natriuretic peptide analog of claim 134 wherein
X is selected from tHEPGrEEE Lonsisting of: 15 (a) Nterminal tails and
C-termnal segnments of N-termnal tails of natriuretic peptides; (b)
N-terminal tails and @ t er(riemahal 3@y tNteodinal aygneatafi Giengind taibudfst i t uti on

sel ected fromthe group cqpsi.sting:.Qf Lys-to-A@y and Lys-to-Arg; 20 (c)
N-termnal tails and C—te%ﬁl&hjg{lddsggbd?r%nts of (a) conprising a substitution
selected fromthe gro consi sting of GI%/-t_o- Lys and Arg-t o;fl_i}/s; (d)
N-termnal tafls and @t efniesiral 4l mpd MNiewring ssemenisnf| Glepmjnal failsi ofser t ed Lys.

25 138. The natriuretic peapth)iempristzadubtitufidreRitdd otV lpfiup cofdisting Y2VLRRH
(SEQ ID. NGO ), wherein EE is_G th& than Lys. 139. The natriuretic peptide
anal og of claim 138 wher eih-¥2°1Y 3K BY.S"“" WO 2004/ 047871 PCT/ US2003/ 037996
140. The natriuretic peptide anal og of claim 134 wherein X2 is selected from
the group consisting ©f: (CGafprthal eqilyiand|N-teoibab segnanthl-df e0-wimiadl tabgefent s of

Ctermnal tails of - natriyf@ldofnaentd sqg‘sﬁ@,ﬁé,f%@%%fﬁ&nﬂh@‘;gﬁ%{, chiflisdag and

N-term nal segnments of C-terrmna ils o conprising a Substitution
sel ected frodfthe group cofSlydetrignd dreted¥sto-Ay and Lys-to-Arg; (c)
Ctermnal tails and N-term nal segnents of Ctermnal tails of

(, (d) C-terminal tails and N-terminal segments of C-terminal tails of

137(a) comprising an inserted Lys.
141. A natriuretic peptide analog having a structure:
X'-CFGRX’MDRIGLGC-X* (SEQ ID No. )

15 wherein X' is a peptide of from 1 to 9 amino acids, X* is a peptide of from 1
to 6 amino acids, and X is other than Lys.

142,  The natriuretic peptide analog of claim 140 wherein X’ is Arg or Gly.

143.  The natriuretic peptide analog of claim 142 wherein X' is SPY'MVQGSG
(SEQ ID NO: ), wherein Y' comprises a modifying moiety conjugation
20 site.

(- 144,  The natriuretic peptide analog of claim 142 wherein X? is Y2VLRRH (SEQ.
ID.NO: ), wherein Y? is other than Lys.

145.  The natriuretic peptide analog of claim 144 wherein Y is Arg.

146.  The natriuretic peptide analog of claim 144 wherein X is Arg, X' is a
25 sequence SPKMVQGSG (SEQ ID NO: ) and X%is a sequence RVL.

147. A natriuretic peptide analog having a structure X'-CFGRX*MDRIX*GLGC-

X2 wherein

(a) X' is an amino acid sequence of from 1 to 10 aminoe acids,
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137(a) conprising a substitution selected fromthe group consisting 10 of
dy-to-Lys and Arg-to-Lys;-(d) Cternminal tails and N-term nal segments of
C-term nal tvaidosy/@f7371137(a) conprising an inserted Lys. 14kbrvs20@bdshedgetic
pepti de anal og having a structure: XL-CFGRX MDRIGLGC-X2 (SEQ ID No. ) 15
wherein X1 is a peptide of fromlto 9 amno acids, X2 is a peptide of froml
to 6 amno acids, and X is other than Lys. 142. The natriuretic peptide

anal og of clai m 140 wher eixdisX3 ahifo &r,(gse%m@oyﬁm;ﬂ{g 101}91%0 5@&5“ uretic peptide
anal og of claim 142 erein X1 is SPY' NO. ) wherein Y

conprises a nodifying con 144, at riuretic
peptide anal og of cl af glol}g}ls il@?% q‘l"gce?g‘fﬂ"l‘-'&aqhgﬁ’@ac’ ), wherein

Y2 is other than Lys. 145. The natriuretic peptide anal og of cI ai m 144
wherein Y2 is Arg. 14@) Théismetherthamlesi c pepti de anal og of clai m 144 wherein
)' is Arg, X is a 25 sequence SPKWQGSG (SEQ ID NO ) and X2 is a sequence

RVL.  147. A nat nigir eifieGatigiRtid He%n&%bl@@oﬂ'@a\ﬁh 087 Ahetdif HGth&t € nor X’ is a
X - CFGRX MDRI X4G.GC- X2 wherein (a), X is_ an amno acid sequence of from!l

to 10 amino acids, 1@?“%%6&7@3 fic psptideUs2003/ 037996 (b) X is an anino
acid sequence of fromlto 10 am no aci ds, (c) X is an am no acid seguence
of fromlto 4 anilwd acthedstrivrativchept{de pf cKim il &7 wticlof istArgor Gly.s. 148. The
natriuretic peptide analog of claim 147 wherein neither X nor X2 is a 5

sequence native tgo a ’ﬂl?et:{ahfdfeﬁ%b{?u&eﬁ 147]41%3 iﬂgsp@WQg g(@p@pti de of

claim 147 where X3 is Arg o he natriuretic cl ai m 147
where X1 is SPY MQGSEO{SEQ WIRrEING; comynsmemoémngymm@bmw%@s sng modi f yi ng
noi ety conjugation site. 151. The natriuretic peptide anal og of claim 147

wherein X2 is Y2\kRRHrkeSRQureticleplide. and6d of JclaimVvE ieRin ¥ i $>VaIRREI (SEQan Lys.
10 ID.NO: ), wherein Y? is other than Lys.
152.  The natriuretic peptide analog of claim 151l wherein Y is Arg.
153.  An hBNP analog comprising a substitution of Lys14Arg or Lys14Gly.
154.  An hBNP analog comprising a substitution of Lys27Arg or Lys27Gly.
155.  AnhBNP analog comprising a substitution of Lys3Arg or Lys3Gly.
15 156. A natriuretic compound conjugate comprising:
{a) a natriuretic compound comprising:
{i) a natriuretic molecule NPR-A binding site; and
(it) at least one modifying moiety conjugation site; and

)] at least one modifying moiety attached to said modifying moiety

20 conjugation site;

wherein said natriuretic compound retains a therapeuticaily significant
percentage of cGMP stimulating activity relative to a corresponding

unconjugated natriuretic compound.
157. A natriuretic compound conjugate comprising:

25 (a) a nattiuretic compound comprising:
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152. The nav® 2ex#18z1 pepti de anal og of claim 151 wherei n REVPSZRM/E9%53  an
hBNP anal og conprising a substitution of Lys 14Arg or Lys | 4dy. 154. An
hBNP anal og conprising a substitution of Lys27Arg or Lys27dy. 155. An hBNP
anal og conprising a substitution of Lys3Arg or Lys3@y. 15 156. A

natriuretic compound conj gpat ex i mblagle NPRa) bindifakis;aatf €t i ¢ conpound
conprising: (i) a natriuretic nolecule NPR-A binding site; and (ii) at |east

one nodi fying noi ety conjygati Lte: - | east. one nodi fying noiety
attached to said nodifyi nggnniag{éﬁb%%oé@ﬁ%u’g@%q%% uga?l?%;;'temgr ein said
natriuretic conpound retains a therapeutically significant percentage of
cGWP stinul ating act (R t yatrlgashpne mods “&“@Gﬁr@éﬁlﬁ'ﬁ prif modifving] roqiely ed
natriuretic conpound. 157confhefimhkitelr €ti c conpound conjugate conprising: 25
(a) a natriuretic conpound conprising: 108 WD 2004/ 047871 PCT/ US2003/ 037996

(i) a natriurgtic nolecule NPR-A binding site; and.(i] tenbe one

nodi fyi ng noi ity connglara i%’ﬁl E3 “’e‘*g" ﬁﬁnavog'g)cogkugﬁteegg?"g(%lﬁﬁo%%/ﬁ &Sé{% noi ety
attached to said nodic6yPnginmisting wctivii rff Lag edriesponding encofjugated r wirwresiai d
natriuretic conpound_gonhilgate retains at |east 50%of the cGW stinulating
activity of a correspondi ng unconjugated natriuretic conpound. 158. A
natriuretic conmpound conjugate conprising: (a) a natriuretic conpound
conprising: 10 (¥} aATREWrels eAmpeundSPisair EOMMIPRMA bi nding site; and (ii) at

| east one nodifying noiety conjugation site; and (b) at |east one nodifying
noi ety attached to s#&)d nwditfuydtiogonoirelicymprisgj ugati on site; wherein said
natriuretic conpound conjugate is nore hydrophilic than a 15 correspondi ng

unconj ugat edpatriuretic gpMPAURLetic molecule NPR-A binding site; and

(iiy  at least one modifying moiety conjugation site; and

{b) at least one modifying moiety attached to said modifying moiety

conjugation site;

wherein said natriuretic compound conjugate is more hydrophilic than a

15 corresponding unconjugated natriuretic compound.
159. A natriuretic compound conjugate comprising:
() a natriuretic compound comprising:
(i) a natriuretic molecule NPR-A binding site; and
(: (i) at Jeast one modifying moiety conjugation site; and

20 (b) at least one modifying moiety attached to said modifying moiety

conjugation site;

wherein said natriuretic compound conjugate is more amphiphilic than a

corresponding unconjugated natriuretic compound.
160. A natriuretic compound conjugate comprising:

25 (@) a natriuretic compound comprising:
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159. A nat r W@ ¥#4/%788npound conj ugate conprising: (a) a F&IYRPEYPH6
conpound conprising: (i) a natriuretic nolecule NPR-A binding site; and (ii)
at | east one nodifying noiety conjugation site; and 20 (b) at |east one

nodi fying noi ety attached to said nodifying noiety conjugation site;
wherein said natriuretic ddnpoanaticaijmoigateNIRsA bindieg siepdnd phi | i ¢ t han a
correspondi ng unconj ugat ed natriuretic conmpound. 160. A natriuretic conpound

conj ugat e_conpri si ng: ) 8 108ohd MY ihE mGOYRAHRSiR AP Sesi Ng: 109 WD
004! ave7s el Usrgoss o3 % (i) a i€ mBATRAH R A NPR - A bi ndi ng

site; and (ii) at le rmdlf noi e atlon te and (b) at

| east one nodi fyi ng fet Ve m‘&eﬁéﬁd‘%ﬁ’gﬂ?ﬁy F%dﬁrf@' ad ‘95 Mol ugat i on
site; S wherein the natri ungbdatdonsagrpound conj ugate is nore lipophilic than a
correspondi ng unconj ugated natriuretic conpound, wherein at |east one

nmodi fyi ng noi gty doe ﬁ'&PJm ﬁé@&&?f"(’@gr n%:%é‘ll]?%? gt %ore]igrllléllé gimound havi ng

a formula: OH CmX n each Cis
i ndependent |y sel ect e@"’&%ﬂ@lﬂqﬂg wWisonigRied npftipretioy campoyndg whereip at depsisongnd  m i s

from1l to 20; and eachodi iy HIQRENARRE dr¥n RN Ble§d and is a pol yal kyl ene
gl ycol moiety having n subunits and nis from2 to 25; 1s each X is

:‘g(rjﬁﬁ?gdeg ly sel gct egc(z)anr}}%urll a%nééglr([}mrfg noi ety. 162. A conpound having a

OH

Cm—x-PAG,,\)\/ PAGX%Cp,
(Formula IV)

!

10 wherein

each C is independently selected and is an alkyl moiety having m carbons and

m is from 1 to 20; and

each PAG is independently selected and is a polyalkylene glycol moiety

having n subunits and n is from 2 to 25;
15 ¢ach X is independently selected and is a linking moiety.

162. A compound having a formula:

Cm—X-PAG, \)V PAG,X-Cp ©
(Formula V)

wherein

each C is independently selected and is an alkyl moiety having m carbons and

20 m is from | to 20; and
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OO - Cm X‘E’R&%‘H&@& CmO (Formula V) wherein eacﬁ ’C [ s"F?{Wéﬁ“&ﬁ’&%”R{’(] y

selected and is an al kyl noiety having mcarbons and 20 mis from1l to 20;
and 110 WD 2004/ 047871 PCT/ US2003/ 037996 each PAG is independently sel ected
and is a polyal kyl ene glycol noiety having n subunits and nis from2 to 25;
each X i s independent ¢agh $AGeis tinsdpeadeditly sslegted amkis ragpaiyalkelene. glycbBbBoieth conpound

having a formul a: O OpavidPnBGaiis al s kbR tWsa VI) PAG is a pol yal kyl ene
gl ycol moiety having n subunits and nis from2 to 25; XisOorN and each o

i s.independently selected.and i froml tqg. 15 ~ 164. A conpound having a
formula: OO OO0 NCG& C%“‘g?p?ge“ﬁyie%*‘fﬁﬁ&a@ﬁ‘?gm@'i s a pol yal kyl ene

gl ycol noiety having n subunits and nis from2 to 25; Xis 0 or N, and each
0 i 5 i ndependent I1§3. seh eonpundping sfofmdam | to 15. 165. A conpound having a
formula: 111 WD 2004/ 047871 PCT/ US2003/ 037996

Q

HO—PAG,X
5 o (Formula VI)
PAG is a polyalkylene glycol moiety having n subunits and n is from 2 to 25;
( X is OorN; and
each o is independently selected and is from 1 to 15.
164. A compound having a formula:
o o Q
M o
N ° PAG,X
v}
10 o (Formula VII)
PAG is a polyalkylene glycol moiety having n subunits and n is from 2 to 25;
XisOorN; and
each o is independently selected and is from 1 to 15.

165. A compound having a formula:
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Ol j,~ f WA0WSTEM X- PAG' PAGE X-Cm (Formula VI11) ealRTESY3/037996

i ndependently selected and is an al kyl noiety having mcarbons and mis
fromlto 20; and each PAG is independently selected and is a pol yal kyl ene
gl ycol moiety 5 having n subunits and nis from2 to 25; each X is

i ndependently selected and is a linkgng nmoiety. o is fromlto 15. 166. A
conpound having a formula: O ON ON,)ILl---Z& O O Cm X- PAG PAGC X-Cm
(Formula I X) 10 each C is independeHt]y t and is an al kyl noiety
having mcarbons and mis fromlgto 207Na h PAG is independently
selected and is a polyal kylene gl ycol noiety having n subunits and n is
from2 to 25; each X_.is independephtly selected &d is a |linking noiety; 15
ois froml to 15. 1@ XAA o0 “%Coonpound of the fornula: 112
WD 2004/ 047871 PCT/ US2003/ 037996 OH Cm X- PAG' PAG Ferpula VIID

each C is independently selected and is an alkyl moiety having m carbons and

m is from 1 to 20; and

each PAG is independently selected and is a polyalkylene glycol moiety

5 having n subunits and n is from 2 to 25;
each X is independently selected and is a linking moiety.
o is from 1to 15.

166. A compound having a formula:

Q
O
N
)k O/
)
0 N 0
o
CumX-PAG), PAG;X-Cpy
(Formula IX)
10 each C is independently selected and is an alkyl moiety having m carbons and

m is from 1 to 20; and

each PAG is independently selected and is a polyalkylene glycol moiety

having n subunits and n is from 2 to 25;
each X is independently selected and is a linking moiety;
15 ois from | to 15.

167. A method of making a compound of the formula:
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(Formul a | V\WORUO478{1 each C i s independently sel ected andP¥EUSHOHPEAIPE

noi ety having m carbons and mis froml to 20; and 5 each PAGis

i ndependently selected and is a pol yal kyl ene glycol noiety having n
subunits and nis from2 to 25; each X is independently selected and is a

| i nking noiety; the method conprisingt (a) reacting a conpound of fornula:
10 Cm X-PAGHT OH wth a conmpound of fprnula: O X2 where XZ is a halide, and
wherein the reaction is gaxraaggd. out ik _the ppsggance of a base and a sol vent
toyield: /O CmX-PAGE G ; 15 react i Rgornfenpr oduct of (a) with
a conmpound of forrmula: Cm X-PAGE OH in the presense of a Lewis acid and a
solvent to yield: OH Om X PAG'PAG, - X-C,,, 113 WO 2004/ 047871

PCT/ US2003/ 037996 168. The et hod of claim 167 wherein the base is Na! and
the solvent is tetrahydrofuran. 169. The nmethod of claim 167 wherein the
Lewis acid is BF3CEt2. 17Fach G isiadependerdy seleckedand is ap aitkpbueiety drvieenw forrmul a: O

O carbons and m is from 1 to 20; and

5 each PAG is independently selected and is a polyalkylene glycol

moiety having n subunits and n is from 2 to 25;
each X is independently selected and is a linking moiety;
the method comprising:
(@) reacting a compound of formula:
10 Cm—X-PAG,—OH

with a compound of formula:

0
X2 /\<l
where X? is a halide, and wherein the reaction is carried out in the
presence of a base and a solvent to yield:
O

Cm—X-PAGn-O\/<I
( _ 15 ; and

(b reacting the product of {a} with a compound of formula:
Cn~X-PAG,—OH
in the presense of a Lewis acid and a solvent to yield:

OH

Cm-X~PAG,,\)\/ PAG,~X-Cpy
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v

N OQ CmWORME/MIBGY X-Cm 0 5 (Formula V) wherei n each PCHES2D3ASMdent | y
selected and is an al kyl noiety having in carbons and inis froml to 20;
and each PAG is independently selected and is a pol yal kyl ene glycol 10

noi ety having n subunits and n is from2 to 25; each X is independently

selected and is mgli ki REMEPLELKIm TEEWARLNAL G s AR RAGHERGs t he product
of claimO with paranitrochloroformate or disucci mdyl carbonate. 171. A

met hod of making a c&HPRIRH™®F the formula: OO0 HOPAG: XIS ~ wherein
PAG i s a pol yal kyl ene gl ycol npoiety having n subunits and nis from2 to 25;
Xis 0 or N, andi6214 TWOn@@bf (i3 61 whiehin thEPEOSIcBI3YBROELeach 0 i s

i ndependently selected and is froml to 15; the nmethod conprising: reacting

a conpound of fopmgul amethQfmﬁmg%cm ufd ShR shri@S defined above, with a
conpound of fornula: ere is -NHor -OH in solvent, to

yield a conpound of for rrul a

C=X-PAG, PAG -X-C
5 (Formula V)

wherein

each C is independently selected and is an alkyl moiety having m

carbons and m is from 1 to 20; and

each PAG is independently selected and is a polyalkylene glycol
10 moiety having n subunits and n is from 2 to 25;

each X is independently selected and is a linking moiety;

the method comprising reacting the ‘product of claim 0 with

paranitrochloroformate or disuccimidyl carbonate.
171. A method of making a compound of the formula:

0

HO—PAG,-X

wherein
PAG is a polyalkylene glycol moiety having n subunits and n is from 2 to 25;

X isOorN; and
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0 0 HO PAGE MY ™P3! A nethod of malti ng a conpound of t RETPEHRIPE2% 0 o
OO0 NCOPAG X O (Formula WVII) wherein PAGis a polyal kyl ene gl ycol noiety
having n subunits and n is from 15 2 to 25; 115 WD 2004/047871

PCT/ US2003/ 037996 Xi s or N and each o is independently selected and is
from1l to 15; the net FPG'HOEHWWP@P%“&%%%WWQ@ oduct of claim 170 using
an activating agent selected fromthe group consisting of disuccinimdyl
carbonate, t 5 par aniht mebdd compdstmignat e, phosgene and N- hydr oxysucci ni nmi de.
173. A nethod of making a conpound of the formula: O 110H OO Cm X-PAG'

PAG'X-Cm (Formula VII1) WE!E{ Rof ndependently selected and is an
al kyl noiety having m 10 carl gn(s) goﬁgdor%ﬂ%@m romlto 20; and each PAG is

i ndependently selected and is a pol yaI kyl ene glycol npiety having n
subunits and nis from2 to 25;

cl

o
5 wherein o is as defined above, with a compound of formula:
HO—PAG,-X
where X is -NH or —-OH:
in solvent, to yield a compound of formula:

0

HO~PAG,-X
(\
10 172, A method of making a compound of the formula:
0 O

N
(-- O

_0 PAG,-X

0 (Formula
VD

wherein

PAG is a polyalkylene glycol moiety having n subunits and n is from
15 21025;

115



each X is independently selected and is a linking noiety. o is fromlto 15;
15 the net hod conprising: reacting the product of claimO0 with a conpound of
formula: OMO208478710 in the presence of a base in a solREANS2003/3799Fhe

met hod of claim 173 wherein the base is K, C03 and the solvent is an 20
aqueous and/or organic solvent. 116 WD 20041047871 PCT/ US2003/ 037996 175. A
nmet hod of making a conpound of the formula: O OIl ) OO N/~ O COm
X-PAG' PAGY X-Cm (Fornmul axl;Xh 0hghein each Cis independently selected and
is an alkyl noiety having m 5 carbons and mis froml| to 20; and | each PAG
is independently selected and is a_ pol yal kyl ene gl ycal noiety having n
subunits and n is from?2 to 25%2ckgisppdspepden erﬂ'é%“é‘r?ﬂ%ﬁlﬁl"? Id2}%cted and is a
linking moiety; o is froml to 15; 10 the method conprising reacting a
conpound produced acdlrwéting chmoprising activetingagragiict of dairn 170 wiisghun activating

Ny xySucel o de e k(S BELHE Shi, AR 5 HLAERLOSALY °

5 paranitrochloroformate, phosgene and N-hydroxysuccinimide.

173. A method of making a compound of the formula:

O
/\L OH
0]
Cp—X-PAG, PAG-X-Cp,
(Formula VIII)

wherein

each C is independently selected and is an alky]l moiety having m
10 carbons and m is from 1 to 20; and

each PAG is independently selected and is a polyalkylene glycol

moiety having n subunits and n is from 2 to 25;
each X is independently selected and is a linking moiety.
ois from 1to 15;
15 the method comprising:
reacting the product of claim 0 with a compound of formula:

OH
HoN

o]
in the presence of a base in a solvent.

174.  The method of claim 173 wherein the base is K,CO; and the solvent is an

20 aqueous and/or organic solvent.
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wherein X iwolyewosNd or His, X is Lys, Arg, H's, and X picg8hsRs7deks. 15
177. The natriuretic peptide analog of claim 176 conprising a nodifying
noiety conjugated at the S residue. 178. A natriuretic peptide anal og
conprising a structure: SPZ' MV QGSG CFGRZZNMDRI SSS SX' XZX C wherein Z' is
Arg or an am no agid at he ttt]an_Lys, and, wherein Z2 is Arg or 20 an am no
acid other than Lf]g', \ﬂf@?ﬂ(&ﬂdrﬁ’ wakinga coppound pithe forayla: pre |1 e or a
conservative substitution thereof, wherein X2 is Leu, Trp, Tyr, Phe or a
117 WD 2004/ 047871 PCT/ US2003/ 037996 conservati substitution thereof, and
wherein X is Ay and Arg, or a conservative sub3i ion thereof. 179. The
natriuretic peptide analog of claim178 where Z' i9d Lys\and Z2 is other

than Lys. 5 180. A natriuretic pepjide anal og conprlisingya structure: K
CFKGKNDRX' KX2QSGELX C- NSFKY wherlgin X is T, a -R~H//P, T, E wherein X2
is K Nnethyl, Arg, S, D P, wherejjn X o S, P, Om Har, Har,
p- am di nophenyl Ala, 1, any 10 h S a positive charge
other than Ay, or Try. 181. The natriuretic\peptide ofOclaim 178 or 180
further defined as conprising natriuretic geptide conjugate, conprising a
nodi fyi ng noi ety copixuoRed, AGRXFE, of the Lys residues therein. 15
118 (Formula IX)

wherein

each C is independently selected and is an alkyl moiety having m
( 5 carbons and m is from 1 to 20; and

each PAG is independently selected and is a polyalkylene glycol

moiety having n subunits and n is from 2 to 25;
each X is independently selected and is a linking moiety;
ois from 1to 15;

10 - the method comprising reacting a compound produced according to the

methed of claim 1 with N-hydroxysuccinimide.
176. A natriuretic peptide analog comprising a structure:
SPX'MMHX’SGCFGRRLDRIGSLSGLGCNVLRX’Y
. wherein X'is Lys, Arg or His, X’ is Lys, Arg, His, and X is Arg or His.

15 177.  The natriuretic peptide analog of claim 176 comprising a modifying moiety

conjugated at the S residue.
178. A natriuretic peptide analog comprising a structure:

SPZ'MVQGSG-CFGRZ'MDRISSSSX'X*X’C
wherein Z' is Arg or an amino acid other than Lys, and wherein Z? is Arg or

20 an amino acid other than Lys, wherein X' is Gly, Met, Leu, Phe, lle or a
conservative substitution thereof, wherein X* is Leu, Trp, Tyr, Phe or a
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10

15

179.

180.

181.

conservative substitution thereof, and wherein X* is Gly and Arg, or a
conservattve substitution thereof,

The natriuretic peptide analog of claim 178 where Z' is Lys and Z” is other
than Lys.

A natriuretic peptide analog comprising a structure:
K CFKGKNDRX' KX* QSGLX® C-NSFKY
wherein X'is T, a, R, H, P, T, E;

wherein X? is K, N-methyl, Arg, S, D,P;

wherein X° is Arg, K, Y, F, S, P, Om, Har, Har, p-amidinophenyl Ala, I, any
other amino acid that has a positive charge other than Gly, or Try.

The natriuretic peptide of claim 178 or 180 further defined as comprising a
natriuretic peptide conjugate, comprising a modifying moiety conjugated to

one or more of the Lys residues therein.

118
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