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present invention relates to the fields of anphiphilic polymers, and
specifically to bioconpatible mcelle-form ng conb-type pol yners.
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colloidal suspension of polymer aggregate particles having hydrophobic cores and

hydrophilic coronas.

Comb-type amphiphilic co-polymers differ from block co-polymers in that the
backbene is largely hydrophobic or hydrophilic, with polymer chains of opposite polarity
pendant from the backbone rather than incorporated into it. Comb-type copolymers have
been prepared with hydrophobic backbones and hydrophilic branches (Mayes et al., US
Patent No. 6,399,700), and also with hydrophilic backbones and hydrophobic branches
(Watterson et al., U.S. Patent No. 6,521,736). The former were used to provide muitivalent
presentation of ligands for cell surface receptors, while the latter were used to solubilize

drugs and deliver them to cells.

Amphiphilic polymer aggregates have been studied as carriers for solubilizing
insoluble drugs, targeted drug delivery vehicles, and gene delivery systems. They have a

more stable structure than conventional low-molecular-weight micelles, due to chain
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For thisndcRisi@Bs, attachment of targeting

In addition to the need to solubilize, distribute, and deliver drugs, there is a need for
targeted drug delivery systems that home in specifically on a target tissue, tumor, or organ.
This is usually accomplished by attachment of antibodies or other ligands with a specific
affinity for cell walls at the target site. However, PEG lacks functional groups except at the
ends of the polymer chains, and the majority of the terminal groups are inevitably taken up by
bonds to the other block copolymer component. For this reason, attachment of targeting

moieties such as antibodies or cell-adhesion molecules to PEG block copolymers is generally
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efficient at delivering drugs to the desired cellular targets. There is also a need for targeted

antiviral agents that are similarly stable and biocompatible.

SUMMARY OF THE INVENTION

The present invention provides biocompatible comb-type polymer molecules,
comprising a hydrophilic backbone having branch-point moieties, and hydrophobic branches
attached at these branch-point moieties. The invention provides agqueous suspensions of
polymer aggregates formed from such polymers, and provides methods for solubilizing
insoluble or sparingly-soluble organic compounds, such as drugs, dyes, vitamins, and the

like, by incorporating such compounds in the hydrophobic cores of the polymer aggregates.
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hydro%“??ﬁggeﬁﬁ?%ﬁm%%ﬁﬁfﬁgﬁﬁﬁﬁﬁﬁéVd%ﬁﬁcks A. Hydrophobic side chains
Cand ligands Z are attached to the branch-point noieties.
Preferably, the side chafps—G—3are |inear or branched hydrocarbons,
optionally substituted tth ngq jor nore hydrophilic substituents, O
C6- C30 cyclic or polycy¢lbh-erhydrocarbons optionally substituted with
one or nore hydrophilic \subgpti nts. Side chains C may al so be
hydr ophobi ¢ am no agids, pepiides, or polyners. Suitable hydrophilic
substituents for the sigde—ctarns—C arerhydroxyts—car doxy, and am no
groups, as wel | ide, sUBfonapidesul f8xi de fone groups.
Pref erred hydrophil substytuents ar épotar—aproti g groups such as
tertiary am de, sul foxide, aphd sul fone. The ligands_Z mre |igands
havi ng specific binding afff+nrtyy} for the surface of a virus.
"Specific binding affini{y" Greanls that the ligand is capabl e of
bi nding to the surface of a—wtr in vivo in the presence of the
many cel lul ar surfaces and macrondl ecul es found in mamalian body.
The group s is a bond or a spacer noiety, and when s is a spacer each
s may carry froml to 4 groups Z. Theg value of n ranges from3 to
about 100; the average value of p ranges from1l1l to 2, and the
average value of r ranges froml to 4. 4 '

The structure comprises a backbone formed of alternating branch-point moieties B

c

and hydrophilic, water-soluble polymer blocks A. Hydrophobic side chains C and ligands Z
are attached to the branch-point moieties. Preferably, the side chains C are linear or branched
hydrocarbons, optionally substituted with one or more hydrophilic substituents, or Cs-Csp
cyclic or polycyclic hydrocarbons optionally substituted with one or more hydrophilic
substituents. Side chatns C may also be hydrophobic amino acids, peptides, or polymers.
Suitable hydrophilic substituents for the side chains C are hydroxyl, carboxy, and amino
groups, as well as amide, sulfonamide, sulfoxide and sulfone groups. Preferred hydrophilic
substituents are polar aprotic groups such as tertiary amide, sulfoxide, and sulfone.

The ligands Z are ligands having specific binding affinity for the surface of a virus.
“Specific binding affinity” means that the ligand is capable of binding to the surface of a
virus in vivo in the presence of the many cellular surfaces and macromolecules found in
mammalian body. The group s is a bond or a spacer moiety, and when s is a spacer each s
may carry from 1 to 4 groups Z. The value of n ranges from 3 to about 100; the average

value of p ranges from 1 to 2, and the average value of r ranges from 1 to 4.
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Fig. 1 shows the effect of administration of a composition of the invention on the

mean survival time of influenza-infected mice.

Fig. 2 shows the increase in survival time of influenza-infected mice when treated

with a composition of the invention.

Fig. 3 shows the weight loss over the course of 7 days of influenza-infected mice

when treated with a composition of the invention.
DETAILED DESCRIPTION OF THE INVENTION

The polymers of the invention, referred to herein as “n-polymers”, have a comb-type
architecture, with a backbone formed of alternating branch-point moieties B and hydrophilic,
water-soluble polymer blocks A; and having a plurality of hydrophobic side chains C

attached to each branch-point moiety, as shown in Formula 1. The side chains C are
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poly(propylene glycol) polymer chains that incorporate non-glycol linker units, including but

not limited to bisphenol A diglycidy! ether, bisphenocl B diglycidyl ether, bisphenol S
diglycidyl ether, hydroquinone diglycidy! ether, and the like. For purposes of this

specification, any such linker moieties are not counted as “monomer units™.

The polymer block A most preferably has an average length of between twenty and
fifty monomer units. The polyethylene glycol chains may be end-substituted with functional
groups suitable for use as linkers to other moieties, including but not limited to amino,
mercapto, acrylate, acrylamide, maleate, maleimide, and the like, at one or both ends. The

value of n ranges from 1 {0 1000 and is preferably between 3 and 100. The overall molecular



value of n ranges froml to 1000 and is preferably between 3 and 10
The over atM® ’II%"é%ﬂ Sar 6 WD 2008/ 091246 PCT/ US2007/ 00160F¢ IIEZ&‘H{”"%FW
the it-polynmer may range from 1000 to 100,000 daltons or nore; it is
preferably above 2,000 daltons, and nore preferably above 7,000

dal t ons ro i c noieties e a fe

bo. 1 B St HHeR PR mw%%g%‘gf%ﬁ"q OB 0B HRoR plibi S HESbreBRBLTSY
or NRb&EY,000BMkdsCariiiidtd prafpdly abewd 7,090 I:lanonérlydr ocar bons
(optionally substi tuted with one or nore hydrophi | i ¢ substituents),
hydr ophobirgydraphdbic Apidiies (PERY bel@r antt cﬁQi:ﬁBRﬂhﬁ,-an&mdyeliﬂ for byadhptehiﬂeaﬁ
substituents include, but are ng limted tgqqu}/ (ﬂ‘IE’ et.he I
cyanbycesswbans (R oy s i ene e pudioy i BrpSpeonsydics
CO gﬁgdl‘%&ﬁ% g @i%a@fé\ﬁﬂsa&tg&whh%%y m&ehgm?aﬂm%b@tnu&ﬁs), &y drophobic

OXy su stltuents In this context erm "substituent”

i ncl enhéno adids, pebtides andipolyrotrs o SHisalde hydrophilio pubstiwents inglude, putgremet 5
car b%pm tdOcH1 Ii}IfIiréI?ﬁ Qtéglr Q?QLOI) ] %ﬁie{}’uﬁ&léﬂﬂ Groupal %B’éﬂficélﬂecdf@érﬁﬁﬁte@

Thus, ages, eterocyclic rings, ‘may

i ncoapo(c‘,atoeﬂzol abityd @)Wﬂ)&ﬂ:ﬁﬂp@@bﬁ}@rm gr-cranoCosamides ef @raéIm?SV S*@Fﬁ‘tulﬂv%l y
h t‘

S ¢ IS e Bl B g dnollts R Ao FHEL 0B AR LE O, N,

aci dpr Spfdry(darbdraaibincinahe Hydroqmbyx( thdinor rmgagsstdl)l. ofahel medgip G mehus, ether

I d I t , d
Doy RS S, s SRl B "éy%‘f BN ReE; *ang

I h t '
oot ) B o B WGP s
I.\Oij &ﬁ}ﬁyt ags&bd ﬁltim-y bllﬂgc)ma’s eBuﬁ@laﬁhﬁémas maydabhﬁo hpd:sgy ecitle ldudlrh mamh I

r t.er t
et o PoRy @b GpRoBrc) PP Pl e it RRLERES ] o & gpém‘fgh? S °

each fytolic h&id mxa%& ThdirmcftOhy BoRY acidb) an ly@ﬁﬂndﬁ@cla@d , 000,
and 613’(? p?ef er ag g eIIIINeen 1860; )f;m gi5I00 Thgqfi P val ue

(oct Rebi(andaidesly polyRathAsPIEEH Bé‘d(l?qI-I”(PI‘%SFﬁI‘)E%IF’é H‘IIIféIﬁCIBB%‘iﬁu"I‘L 2 and
pref ?%gk&;ym%%g%la&%é) RPRHL It v Hlerctiod) Ib%lﬂ%ﬁ'ﬁﬁfaﬂmt Yrolfc@Me§hnd t han
abou to be suitable for use

ner al nmetwathogg
in tlpelxﬁb@tgéwrow’w@ﬁ%ﬁebn inpoietiRs ey alen be selepier frogy Bydterhplie pyolecules,

| nsol gyl g éﬁmx@éx%f choﬁy vﬂa a!ﬂhbéIoIéi)é a'cﬂﬁ ﬂIyIiIQI ﬁobm'B?:ﬁﬂ&est Q@Jtﬂe'lﬂé&' drife- H

forns a sSeparat e phase wheh m xe i's a distinguishin

f eat umaieoflat weighbobeash|ngeietysC eﬁgrpaitpsthan\ﬂ@npteéwabllmetwm 3 msig 1.ERG fwg
C ar e, -
chai OB hréFaphEpeckeaf fod B S Yoo GRALRA [61 e MRl 11
nor e mgrdam$hamaj1duai Wy ared m@mﬂﬂg gpezﬁtgm“bﬂn ebruiti2, 0, atid pegrd iprefexahlyt greater
deg i of 1. ce
et il T d apl s g CF GBS bk Sl B U BARCE
di f f énesitiohribthetthalecule C-H is substantially insoluble in water. “Substantlally 1nsoluble”

means that liquid C-H forms a separate phase when mixed with water.

It is a distinguishing feature of the comb polymers of this invention that the side
chains C are not regularly and uniformly distributed along the polymer chain, but rather occur
in clusters [Clp. These clusters are spaced more or less regularly along the polymer chain,
depending on the degree of monodispersity of the polymer units A. Thus, the distance
between two side chains C attached to a common branching moiety B is different from the

distance between two side chains attached to different branching moieties.

In an embodiment of the invention particularly suitable for , the branch-point moieties

B further comprise one or more reactive functional groups X, as shown in Formula 2.
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The groups X serve as attafgt t points for drug nol ecul es, tissue-
or cell-targeting noieties idds-targeting noieties, or matrix
attachnment noieties (such as fof Pt he pur pose of coating the surface
of a stent or other nedical device). In certain enbodi nents, there
may be a single attachnent point X 21n other enbodi nents, there may
be three or four different types of- reactive groups. The matrix
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cell-targeting noretires Inc ut are not “I'rmted to
r ec epteot esqber fiedical deydeells In eartaih oabediments] tharh araytberasnglsgitagiinetiites,

such_as i | Loines aT= ' L., (
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to -OH, -NH,, -SH, -CHO, -NHNH,, -COOH, -CONHNH,;, haloacyl, acetoacetyl, -CN,
-OCN, -SCN, -NCO, -NCS, and the like; reactive double bonds such as vinylic, acrylic,

allylic, maleic, cinnamic, and the like, and groups with reactive triple bonds such as
acetylenecarboxy and acetylenecarboxamido (suitable for Michael additions, Diels-Alder

reactions, and free radical addition reactions). -

Exemplary cell-targeting moieties include but are not limited to receptor-specific
ligands, antibodies, and other targeting moieties, such as peptides possessing an Arginine-
Glycine-Aspartic acid (RGD) amino acid sequence or a Tyrosine-Isoleucine-Serine-Arginine-
Glycine (YISRG) motif; growth factors including epidermal growth factor, vascular
endothelial growth factor and fibroblast growth factor; viral surface ligands such as sialic
acid and N-acetylneuraminic acid derivatives; cell receptor ligands such as folate,
methotrexate, pteroic acid, estradiol, estratriol, testosternone, and other hormones; mannose-
6-phosphate, sugars, vitamins, tryptophan, and the like. Antibodies are preferably

monoclonal antibodies directed at cell-specific surface antigens; suitable targeting moieties
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coupled proteins, peptides, and other targeting or pharmacologically active agents, such as

antibodies, growth hormones, imaging reagents, and the like

“Matrix” refers to organic or inorganic materials, surfaces, and deposits, such as glass,
silica or metal surfaces, extracellular matrix, protein deposits such as amyloid plaques of
various kinds, cell surface, virus surface, and general homogeneous or heterogeneous

surfaces that may or may not be well characterized, including prions.

Examples of glass or silica matrix attachment moieties include various halosilanes,
alkoxysilanes, acylsilanes, as well as chemicals exhibiting such functional groups including

polymers. Other attachment groups can be devised based on the particular physico-chemical
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Formul a 1, pdhgidw e 3£)Qreelﬁféﬁ39@§§@(§w@§ that CAUH @tfur Hﬁ}i?ma?"lﬂdependently be
di astereoneric isoners and m xtures thereof. The D der ad

of acatagheshalptit exlydbolcyd PECerster carkpnyl gioban Thajrwrtien $pearapassessingle
sui t ai%é'ge Orgl’tﬂ)%ls QE | Sl rg% o].e?égmi%ﬁnerg Ete 0RO BLs boflfy. 1 ved

from acet enedi car nown to under go
D| eI sFrAtkrdaﬂﬂoreedue tooths fw:tdsyﬁumeins cfufbns D emvda bithe inveniae eoerphpasses all

. (23-728 . b bi q

b o1 et I RS o el Py an” o ' gener ate a
| t

cpoxi dat 1 ofht BF AU édéﬁ‘%cﬁéwgeﬁgﬁdwa?%m LHaethad e DLay Yl Blan ﬂgr

11 V\Ru2abig/hak4miREIdies2 Mt/saamhpiE] thedp oy ds@EMARed froti PEGFarll 1 0 0O

0 (acce:tH%ene%?carboxyhc acid is known to undergo Diels-Alder reactions with furans (M.
Delerba et al., Macromol. Rapid Commun. 18(8):723-728 (1 997)). Thus, it may be subjected
to a Diels-Alder reaction with a 3,4-disubstituted furan to generate a species such as §, and
polymer 5 can be modified by hydroxylation or epoxidation to provide reactive groups (e.g.,

Xand X’ in Scheme 1).
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On OY-C[Oxidation) OO"to OCH2CHp)m On 10011 Y-~''" CXX
CY 5 Whwawou2dimilarly, reaction of PEG with ethyl &6ddVRAT7E1607
tetraacetic acid dianhydride will provide a polyester of formula 6:
0100 a~r _(OCHZCH2)m* On 6 Oher suitable branch point

noi eti es may be derived fron1tartaric acid, acetylenedicarboxylic
acid, nitrilotriacetic aci 4,3, 45 - dlphenyl ul f one
tetracarboxyllc acid dian yd |de 3 di phenyl et her
tetracarboxylic acid dian dfgagéziﬁ%;ﬂﬂdwﬁmgh -WD 2008/ 091246
PCT/ US2007/ 001607 di anhydri de, al kanedithiols ch as

1, 2-etanedi thiol and 1, 4-butanedithiolg bis(2- nercaptoethyl)ether,
2-nercaptoethy|su|fide, di mer capt opr opanol , di mer capt opuri ne,

di mer capt ot hi adi azol e, di ner capt osucci i c acid,
benzenedi net hanet hi ol s, benzenedithiols, dihal ogenated

benzenedi net hanet hi ol s, d%?ahogenated 4, 4'-thiﬁ§;§benzenethiol and

the like. Wiere Y and Y' 3grelfiOH, hydrophobic g ps C may be I|inked
to the polynmer by ami datifdh op—esKeri KPEE T 'on t he carboxylic acid
groups. The hydrophobic groupg-€CPars preferably™elatively snal
(Cs-C20) and predomi nantly hyd bon noi eties, and may be |inear
or branched or contain oneQor pore\rings. Exanples i ncl ude but are
not limted to covalenthyg. ached\mogeti es derived fromthe GH

nol ecul es n-octanol, n-decanol, n-

[ [Oxidation]

O O
*4-0 ——— OCHchg)m o
n

1 I
Y-'}: X by C—Y'

5
Scheme [

Similarly, reaction of PEG with ethylenediamine tetraacetic acid dianhydride will

provide a polyester of formula 6:

- o o -
*ﬂv_cy’u\j F/JL\iocFQCHQﬁr——’
¢1:N\_qd/N

O OH H 0

6

Other suitable branch point moieties may be derived from tartaric acid,
acetylenedicarboxylic acid, nitrilotriacetic acid, 3,4,3',4-diphenyl sulfone tetracarboxylic acid

dianhydride, 3,4,3',4'-diphenyl ether tetracarboxylic acid dianhydride, pyromellitic
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dodecyl am ne, n-pentadecyl am ne, chol esterol, and cholic acid.

Al t hough ﬁﬂbﬂﬁﬁwvﬁﬁrs of the invention are represented1"31*1?51?52007"'001607
conveni ence, as having at nost two different hydrophobic side
chains, is should be understood that m xtures of two or nore

hydr o 0 e -'nt 0 a. var,i of
R U R R S i L A TR
ex anpmrcagtqadiﬂ)mﬂierp}nfe@capnbem;]ﬂfulﬁbe rcEerclapﬁﬁn%ﬁdor d}mé’mapvagunne,

ar.ed b tin et ene col w.t c.a ri A
For m e BBeiarolt, BrpSraiaie By ot e PR g ok Frensfitiots
form &haragenaaed der?zenwntaﬂmemml,aﬁmogunfa&dm 40 6l ek B ne!, tafd Figs fike.
the desired conb polyner 9 (Schene 2). The DIT-derived am de conb

pol ynmers r aytieee amﬁmbyrefonnwc&o%@i@gﬂoabedﬁay be hmaécetd“tha@olymer by
ir-Polyper. A pecific In Schene 2 is designated

. th
G 8 FPLebPy RBFtARAEoa AR Do GEPOUI 451 HEPEE 0% FEATOBERIc Broups C rc

( LD CHQZ fg%%”fbl’é‘tﬁelg smaIIQCsle@ Qd(ﬁ%i%@xﬂg W&imc%oﬁ@c@(ztﬁég dnd Qa? peH

OH O x@qqpqr Rrgnghed or c((gqu }_mgqg mpre rings. Examples include but are not lnmte to
covalently attached moieties derived from the C-H molecules n-octanol, n-decanol, n-

dodecylamine, n-pentadecylamine, cholesterol, and cholic acid. Although the polymers of
the invention are represented, for convenience, as having at most two different hydrophobic
side chains, is should be understood that mixtures of two or more hydrophobic compounds

may be used to introduce a variety of hydrophobic side chains into a particular polymer.

As one specific example, a polymer of formula 2, where X = OH and r = 2, was
prepared by reacting a polyethylene glycol with maleic anhydride to form the polyester 7,
followed by reaction with dithiothreitol to form 8. The acid 7 was then amidated with n-
octadecylamine to form the desired comb polymer 9 (Scheme 2). The DTT-derived amide
comb polymers represented by formula 9 are referred to herein as *n-Polymer A”; the

specific polymer 9 in Scheme 2 is designated “C,g-n-Polymer A”.
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U S. Patent No. 4, 755,528) for

(prepa}ggﬂgymF@guw7

di t hi ot hreitol

| eads,

after

deprotection,

to the correspondi ng

am no-functionalized n-polyner 9b (Sch

PCT/ US2007/ 001607 O 0 NHBoc

O (CHZ

0 71loa OO0 O NHBoc Hb'—(Cﬁi%%HZl
ocC

3).

14 WD 2008/ 091246

O + HS'" ~SH OH HO NHBoc
NHBac, ~(OH O O n 8a 0 O

NHBoc - S (OCHZGHz) m Hn (CH2)17CH3 (CH2)17CH3
9a 0 0 o %
O0~—(CHzCH20)n DTT
——

k5

(CHz)wCHa

0

r’ﬂ\TOCHQCHQm~—-

L\H,OH

O

“"‘C’J\__s\/l\]/\ KM\(OCHZCHz)m

!
{CHy}17CH3

Scheme 2

CigHazNHz

——

Substitution of 2,3-bis(t-butoxycarbonylamino)butane-1,4-dithiol (prepared by the
method of DuPriest et al., U.S. Patent No. 4,755,528) for dithiothreitol leads, after

deprotection, to the corresponding amino-functionalized s-polymer 9b (Scheme 3).
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s- NH2 (OCHZCHz)m O S NHz O NHNH n (CH2),-I1CHa (C 9b Hz)17CH3
Schene 3 WO I{ES/P0H/ 091246 PCT/ US2007/ 001607 Use of t hBHRAEEIHT o
110c likew se | eads the polyners of general structure 9c, wth spacer
groups L in place for subsequent attachnent of targeting noieties
(Schene 4). The spacer groups L may be any of the spacer groups

known in the art use in attcgchl ng ligands or labels to substrate
nol ecul es, i ncl ud| g but not lijited to CZ t H%:o al kyl ene and

ol i go(et hyI ene gl i ng or}g - CH2CH2O uni ts.
BocHN O O HN o CHZCHZO)m + I—F“(b 0 7 L~NHBoc 10c
H2N~L HN-O ~ NH n (CHZ) 1P0RT L~-NH2 (CH2) 17CH3
9c Schene 4 In ot enbodl , a PEG polyner with term nal am no
groups may be used to 10a

- 2:) GH i -0
(CHalyrCHa (CH)17CHs
94
Q o
| NHZ
s\/k(\ (OCHCH)p 1~
o) S
NHZ O "
- (2::2) CH i -0
17 3
CHa)yyCH
9 {CHa)4yCH3
Scheme 3
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prepare exanpl es having am de bonds between the A and B units, as
shown in 3YQAWBAPIRL 10- 14 bel ow. Each of these pol yanm dRSI/RE)01W1607
derived via reaction of the PEG diam ne H2N (CH2CH20 nmCH2CH2- NH2
with the appropriate cyclic anhydride: 16 WO 2008/ 091246

T 200 OAB01 B B SRBER R Pt 1

(O tsp43d2 QrongsHi2 EHAade fOr Bubis3quérit atthdhnYer oKta¥gding mOiedicN(Sohkine 4). The
(CHzCH20) nCH2CH2 H_N N ~9—| HOn 14 Hnder mld cotndi ti.ons, .the_
abov EPAGFT E5C RS Ly may b 2K &F M Par IR Py  ing i3 AT TRBYTS IR GTachipg Heands

f or MR ik ORISR uBS A RRAERLs, [IRAMNGbEGAR AMMRNS OYitb T} englencaagt i ve
groups but still suitable for attachnment of hydrophobic C noieties.

Al t eclige(siylpne ghyeol) sparsrit hayimgonctedem Cib:EPbenddded to the ends of
t he polyner A blocks, and the branch point noietjies can cone into
exi stence at the tinme of polynerization (Schene 5). 17 WD 2008/ 091246
PCT/ US2007/ 001607 0 0 O (CH2CH20)m i n-Cl6H33SH COH HO

BocHN\L

o) 0
HN’J\O
O_(CHchzo)m l + HS\/S/\
oM HO L, SH
o
S o e
7 I~NHBoc  10¢

o /L
0
___OJ\' HN™ SO
—Lg (OCH2CH2)m—
Oﬁ) ST o
0 NH ’Y
ANH Y NH An
i .

NHz (CHg2)17CHa

HaN.

}
(CH2)17CHz b~

9¢

Scheme 4

In other embodiments, a PEG polymer with terminal amino groups may be used to
prepare examples having amide bonds between the A and B units, as shown in structures

10-14 below. Each of these polyamides may be derived via reaction of the PEG diamine

H2N-(CH2CH,0),,CH,CH,-NH; with the appropriate cyclic anhydride:



00 7 HRO) _- H2NCH2CH2CH2NH2  C16H335 11 SC1 J
OO0 13 fé&%’ (CH2CHR0)/ ~j~N=~N1 | Ao C16H13§&n%§%%@§r;re
5 1In addition to sinple diamnes such as 1, 3-di am nopropane, as shown
in Schene 5, diamnes having (optionally nasked) reactive functional
groups X may be enployed, leading to polyners 15 suitable for
attachnment of targé¢tiag rm|8t|e ]_QSCth’T'E 6). In the foriul ae bel ow,
p may range from 044, jland e h i's independently the sa or

different from an t r uph\X t

t (@ 0pLORERECHA T eacyjve
group X need not bethent

f o' " exanpl e be an NH gr oup
wthin the chain ofY omsthat makes Yhe dianmine, as |n the
monomer H2N- ( CHZ) 3{ NH¢( CH2) 3- NH2. 18 2008/ 091246 PCT/|UR2007/ 001607
OO0 (X)p ~QCH2CHZO L HZN-L-NHZ RS | SR /OHHy OO 13 xIA (X)p
SRO (CHZCHZO) v--)~1 -M SR On 15

Q@ H.N N, G
*+N ‘)_<_ N-{CH2CHz0)CHaCHz
N Js o N{CHCHO)mCHCH, 12
Y Y
. O O

O 0
=N — N—(CHaCHO)y—CHCHz~*
H H n
13
@)
I I
Y-C X X c—Y

- /”\ Hj\ﬁ—(cwcnzo)m{:l—tgcm-——*

3 N__ N

/E 14
OH H 0

L n

Under mild conditions, the above amido acids are the expected products. Upon
heating, imide formation can be expected, leading to polymers with fewer reactive groups but
still suitable for attachment of hydrophobic C moieties. Alternatively, the pendant side
chains C can be added to the ends of the polymer A blocks, and the branch point moieties can

come into existence at the time of polymerization (Scheme 5). '
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Schenme 6 Certain of the it-polynmers prepared as above possess

reacti ve YoOWEYOM24uitable for further derivatizati on, R/ E2HER1607
targeting noieties such as small nol ecul es, peptides, nucleotides,
sugars, antibodies, etc., or to effect crosslinking of the pol yner
chains via bifunctional or multifunctional crosslinking agents. In
particul ar enbodi nents, partial derivatization of the reactive
groups on the polyner chain is carried out to generate n- polyners
having a variety of differe reactive @roups, which permts
attachnent of a variety of rget drug noieties to a single
pol ymer chain. Thus; addi |on0*ﬂnﬁcgﬁﬁm stloi thisdaBliiri ¢ anount of
acryloyl chloride (or nal € c _arhydri td the it-polyner of Exanple
Il will provide a polynmer w tfh both acryljoyl (or naleyl) groups and
residual hydroxyl groups. Subsequent MJchael addition of a

sub-stoi chiometric anobunt of a mércapto-carboxylic acid, for exanple
HS- (CH2) 3- COOH, woul d provide a polymer with hydroxyl, acryloyl and
carboxyl groups. Addidion of cy telne i ntroduces am no and carboxyl
groups, in addition aq¥ reS| reactive groups |eft behind by
sub- st oi chi ongt i g mre % Anot BdiCHFhEdath to

pol y-funct i onal® n-an%mn% mmn%yés the del Tberate onTssion of a
fraction of the hydrdphobic chatns C. The rc-pol ynmer of Exanple 1,

for exanple, can be ‘brepared wPt h unreacted carboxylic acid groups
by the sinple expedient ofl I|n1t|ng the anount of pendant-form ng

al kylamne in the am dation step. Yet another approach is amdation
with a m xture of am nes, a fraction of which contains a reactive
group X. Also, 19 2008/ 091246 PCT/ US2007/ 0%6% untgler appropriate

condi tions (excess maleic anHydride i\yn Step eﬁce s DIT in Step
B), a polyner pr g\?/ﬂ { f free thiol
groups nmay be gen rgFﬂéi Qﬁb ir- of Ex le 1 g ntains, by
desi gn, hydroxyl groups dermmadﬁfronlthe DIT froi ety in the backbone,
whi ch serve as reactive groups X. Esterification of t hedkb groups
with acryloyl chloride or nethacryloxl chloride in aqueous nmedia in
the presence of a carbonate/bicarbo dte buffer results in acryl oyl
substitution on the -OH groups. The acrylated polymer can be readily
subj ected to radical polynerizatiofpembish or w thout added radlcal
nononmer such as an acrylic conmpound or crosslinker such as

bi sacr yl i Cm%%%l%f}@)m b a@&ﬁi’%@ s AGElaribpAphe, bOSh G 9&1{&{& s,
drug delivery (acting as ymer depots or reserv0|rsé

t opi clédmimep haviag(eptionaEy ms&@d)skawvsémﬁ@@abgmapﬁxrmm 9em1>h>eyeaclfe9qlmg

group, p?ﬁ{x]r(xﬁ’}{s 18 SQ‘? }ﬁéjP rea%&q?érﬁ o 1 ERALL oBRHL (SGRme ). RATHE foltndlae

witha sdch
below, p may range from 0-4, and each X is independently the same or different from any

other group X that may be present. A reactive group X need not be pendant, but may for
example be an NH group within the chain of atoms that makes up the diamine, as in the
monomer HaN-(CH);-NH-(CH;)3-NHa.
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cysteine residue in a protein, enzyne, peptide, antibody, Fab'?2
fragment WO J08%091246agnent, or ot her targeting noiety (SEHERI007)001687 o
(CCHzCHz)m S~ N, HL On (CH2)17CH3 (CH2)17CH3 protein-SH
,.(protein) OO OSvlY\S (OCHZCHz)n, ©O0 ---r NHn (CHz)nCH3 NH
(CH2) 17CH3 S (protein) Schene 7 A n-polyner possessing reactive
hydroxyl groups, after drying, can also be esterified wth maleic
anhydride to attach the nmal eate group, a M chael acceptor,

pol yner, the maleic doubfje bond is 0 --

si mul t aneousl y genera;ﬁ; a free garboxylic group(;.gd n the resulting

---------------- < -G(BHZC-I-I-ZG)};%J\) s-e - HZN_EEGG§7"()91246

lab(!)li for a fildel addition, in particular,
with a thiol, such as t f a'd ine residue in a protein,

enzynme, peptide, antibo Fab' 2 fragnent or Fab'- fragnent, or other
targeting noiety- (Schene 8)33 and the carboxyl group is avail able
for coupling to am no groups of drugs or ligands, or the |lysine
residues in proteins and peptides.

o n Ol()p o SR o
Fronenon T A L
SR o : Q
n
15
Scheme 6

Certain of the w-polymers prepared as above possess reactive groups X suitable for
further derivatization, to attach targeting moieties such as small molecules, peptides,
nucleotides, sugars, antibodies, etc., or to effect crosslinking of the polymer chains via
bifunctional or multifunctional crosslinking agents. In particular embodiments, partial
derivatization of the reactive groups on the polymer chain is carried out to generate w-
polymers having a variety of different reactive groups, which permits attachment of a variety
of targeting and drug moieties to a single polymer chain. Thus; addition of a sub-
stoichiometric amount of acryloyl chloride (or maleic anhydride) to the #-polymer of
Example 1 will provide a polymer with both acryloyl (or maleyl) groups and residual
hydroxyl groups. Subsequent Michael addition of a sub-stoichiometric amount of a
mercapto-carboxylic acid, for example HS-(CH;)3-COOH, would provide a polymer with
hydroxyl, acryloyl, and carboxyl groups. Addition of cysteine introduces amino and carboxyl
groups, in addition to any residual reactive groups left behind by sub-stoichiometric amounts

of reagents.

Another approach to pely-functional n-polymers involves the deliberate omission of a
fraction of the hiydrophobic chains C. The n-polymer of Example 1, for example, can be
prepared with unreacted carboxylic acid groups by the simple expedient of limiting the
amount of pendant-forming alkylamine in the amidation step. Yet another approach is

amidation with a mixture of amines, a fraction of which contains a reactive group X. Also,
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A differerfo ?B;Bﬁ]g%‘lgray further be attached to the newy j /ﬂLﬁg%&qﬁm

(or previous aval | abl e) carboxylic group via am dati on
| east two di fferent targeting noieties can be attached even under
saturating reaction conditions (i.e. the noiety to be attached is

pr esaif{der bPprd ﬁhtﬁ febﬁdmbﬁg fexeé’s%(iﬁ:ﬁéw aﬁawdncmn( Aqr@d%cmlmm @tep B),
anhydri de H NH n CH2) 17CH3 CH CH 9 ( 92 3 OHO

( OCHZCPRlyFep p@péraﬁoshaweg@ ere@owlﬁm ¢lfree thigl grounsInady gmvﬁtv@}ls
OH OHOS-protein 0OQO OOS (OCHCH2)m NH H O (CH2)17CH3 NH n
pr ot ei n- S- Thawpolpyarafixapmplol Seniatns, By design, hydroxyl groups derived from the

DTT moiety in the backbone, which serve as reactive groups X. Esterification of these
groups with acryloyl chloride or methacryloyl chloride in agueous media in the presence of a
carbonate/bicarbonate buffer results in acryloyl substitution on the —=OH groups. The
acrylated polymer can be readily subjected to radical polymerization (with or without added
radical monomer such as an acrylic compound or crosslinker such as a bisacrylic compound)
to obtain hydrogels suitable for controlled drug deiivcry (acting as polymer depots or
reservoirs) and for topical applications (such as skin patches or ointments). The acryl group
can also be subjected to a Michael addition, in particular, with a thiol, such as that of a
cysteine residue in a protein, enzyme, peptide, antibody, Fab’2 fragment or Fab” fragment, or

other targeting moiety (Scheme 7).

_O/u\’ W {OCHCHa)mm1—
Qﬁ) o \(O
N In
(CH2}47CHsz (CH)1CHs

1 proftein—SH

S,(protein)

T \)Y\ Hﬁocﬂzcwm :
s..._.

an

\(proiem)

Scheme 7

A n-polymer possessing reactive hydroxyl groups, after drying, can also be esterified
with malejc anhydride to attach the maleate group, a Michael acceptor, simultaneously

generating a free carboxylic group. In the resulting polymer, the maleic double bond is
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OH Pol yners beari ng pendant carboxyl ate groups nay be ami dated with
am nes un¥r2008/9HR4al coupling conditions, and they may F{ITEES2b&/001607
converted to isocyanate groups via the Curtius rearrangenent and
then coupled with am nes or alcohols to formureas and 21 WO

- eactBIRAIRAS DA eS8 % B b Ay DR ABE! & WFbTRAC g feside

attagh at]:ﬁéﬁﬁi leAgy ) ipRpli@s anfib@®, FabIeSagAeht e Fabt frggiefdol Sthth@rgeting
polymer. by at |east partially reacting one of the .reactive groups

with ’HO’SWa forkemeR) and thefarkoxyl SrotLis aNakdle 15 ORISR goER R RS AT he

gr OURfug é§rlﬁga{nti@ror%@lﬁyﬁi%@&1@&35%?}?@@&1‘5%% gelgfest he conditions of the
reaction. The latter can frequent be acconplished by using

et hyl enedi AMifgeAl mdieBHnAY f@:@@é}tbdatéch@d 18GRe ﬁaeiynﬁﬁoau&tl (o} PRvIcRly
am no gr oups differ considerably. Preferabl is amdation is

car r iax@ilghle) easbexylis@penmyia agrdpfion. ¢ Ehusta é%aﬁ%ttwcn@ﬁf@fqn& tprgetingyaoieties can
hydr t I I i
R i T A e S L e S R e S e
anm ndn sEheldometrgrexgesspr sat urati ng condl t| ons, as nmany as thr ee
different peptides or other targeting noieties can be attached to
the n-polyner: dne wia the thiol, one via the amine or hydroxyl, and
one via the cartogsy?liﬁc acol groupli Hydroxyl jand th| ol groups can al so
be converted to |pri | Des, r@aH4CH it h™85i ridi ne or a

hal oal kyl ami ne (& as brogpoe cam ne or |chl agdkday| am ne) .

Ami dation wth|cysieanm ne Wl | roduce a|disul fide, which can be
directly reacted widHy, by, t he cystgH & of a peptide or antibody to
attach the peptide or antibsdy; JF zgén *be first reduced, e.g., wth
am noet hanet hi ol or DTT, for further reaction with a pepti de or

anti body. By performng pa¥tial reactions, one can introduce

addi tional reactive funconal groups to a polymer of the invention,

i ncl udi ng but not I| te@ (1) thiol-reactyve groups such as
acrylic or nalei ac der vatives® (2) carbpxylic-acid reactive
groups such as a no h droxyl EH%H‘ eatdin-9ié gr oups such as
carboxyl, and (4)] di _T ve groups stich as hercapto. The
nunber of such adde unctlanal s per pplyner nol ecul e may
range from1l/r u t s ever It| hes of r Jddepending on the reagent
used and the quantlf 2’7 tenna&ﬂwely two or nore specific

l'i gands can be attached to NPT ove specificity of binding to say, a

virus, or cell surface. Two @t nore specific |ligands can al so be used
So as to cause an interaction between different cellular targets,
for exanple, one |igand ma(yHtarget a

Y ——S-protein
\)\'/\ HJ\(OCHzCHz)m

(CHz)wCHa o (CH L cH
o 2)17-Ha ’
protein-5 o Scheme 8
OH

Polymers bearing pendant carboxylate groups may be amidated with amines under
typical coupling conditions, and they may also be converted to isocyanate groups via the

Curtius rearrangement and then coupled with amines or alcohols to form ureas and
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virus particle, and another ligand may facilitate binding to a
phagocyt e W@ MBEM4Gr i nging virus particle into proxi mRyI/B2000HaEH
with the phagocyte and pronoting phagocytosis. Such derivatization
allows the attachment of three or nore distinct targeting and/ or

e e
may &t tored aadh tasdeing pesittidsc t argeti ng agent, an 22 WO 2008/ 091246
PCT/ US2007/ 001607 i magi ng agent, and a therapeutic agent to a single

pol ?/ger charea am@xﬁd E@h@ﬂ e anueiticed &l ﬂledmiﬁ&ﬁ_ ﬁ’gi)yatdéast bgtipfbj]{ yemetinioht fo’f the
yi e a_targete t her.apeuti pse | Str tron a e | ency. o

t ar g&fISHye CEAINSVITD A CHaFMBE: %l&%mageﬂﬂ%mm&#e uwaﬁ 8§ 3@6 opg 8§ f*@p’é%f’? FEPups
uni t §s EfthdrHRoiRered B8 Lfire@btidd ehdeP MR Hon ok @ HislSreadtithnl ITHR) lefér chhspl ay

of the Ii1gand on the@go%%rrer chain and on the nanoparticles surface.
¢

Mul t ifieamenly B aqsompl y ngigg sthvdengaiaaiog Aks s’é§§°§gpw LEssingapepl’s of
the taLded amﬁféqr %I%%Sg.ﬂmffer coﬁeil&érw?! eRdre MY, RO B34 A R iPeakRE PR

effective In arance of their targets tthan the nornal dival ent

ant i sepkirets stapnafirstibeliniroduptioniohife pydrophabicasndan ehvivgd Aapeidgrox apptben
¢t A PR BB W ook SR e ARINDGE LA By o TRV 1R e amine,
W tuet o R IRERAEL ] SR B8P enT00REY £1ARE TG pBner ol
cl eansugeting atcéstiesfean peptthched tathe phlymeri gamvg the thicideriq Vieihe ahineREG
pry PR el B RERYLE S RMES P01 | Tance.  Furcher, a

2V e v DA TR Glok ot bleo tR SRR OL et Blchank Bnffits bPicGhon 3

nonoreiriding ar gbaloalyhameatey(suckiws bratmokthyjartine dr spllospetimliming) eAmidation

di fferent eptides jin,multj.v nt f.ormat. w,Jdl .le .
oo TrE i eant Yo I Paliea o gh by L BB pé hrbot Bk w IR GE Bystcine
B_ol é_rm‘ra peptidder butilddyhy ar]taé}t he Ipbpigdaompiﬁodg; mgran&;@ﬁ'ﬁaﬁied%cgso grgheavim
i ndi ng regi on,. an ot.he epti de coryesponding t e -5 or

S mippsifrmniolgs Bl Tory o Haionitib S Eore O HBAM G pooti do
corresponding to the other receptor (CXCR- 4 or -5 respectively).
Soeh D oY BettOrE PAAL T SEORS ok SRS PIEpeT ALTEOM At e FanE! ang
I endeirolipto\d palgmenadine ifientiah iaclhding e lnbsliamdd td enahipl-reactive groups
non-i nfective,. In additiqgn, the su acﬁnt ,gro, erties of the pol yner
woul (FUFsaHRIRlic BT mARIE PSideratIe 170 oY IERP ARG QUIUGR g Ao
bi ndigRGydtdisA g3V aRinaPRRt i e oupsiRhlas RBIR&W, @fd (MatisdlfiietéRtiee Wrdups
the same bi ndin patterns (CD4, CCR-5, CXCR-4) or a xt ure of

pept isHed a%mrwgw ThePwaherenf suph addadfyngtiopal BEQUBSBFERRHIAF frolecule may

act i VhideEBomCRPuP fo sRPI eMEfpied BEr, @edihH 8n AR MRS udkd And BRARANEEY
free wéus I neffective, and thus may be
used.

Alternatively, two or more specific ligands can be attached to improve specificity of
binding to say, a virus, or cell snrface. Two or more specific ligands can also be used so as o
cause an interaction between different cellular targets, for example, one ligand may target a
virus particle, and another ligand may facilitate binding to a phagocyte, thereby bringing

virus particle into proximity or contact with the phagocyte and promoting phagocytosis.

Such derivatization allows the attachment of three or more distinct targeting and/or
therapeutic moieties to the polymer, through different functional group attachments (such as

amine, carboxylate, and thiol). Thus, one may attach a tissue-specific targeting agent, an
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i deal for sto spread of infection, by using them as conponents
of condomWQnHﬁ’g #6 and the like. In addition, such p&qTﬁ&pzﬂmW%e
Injected into patients to reduce the HV burden. Cenerally, when a
pol yfuncti onal reagent such as DIT is enployed, there may be parti al

cross- | i nki ng of mer chains via.esterificati.on o he carb ylic
1 d TP sERD Al SRS Aget A AR B0Vt SR S IPR I B bups

I Nt hgsea@Bly loFlhd Stk RRr Qhll Fg]ztwi Pelpabaittsapentic gvhotseaeelaﬁ;eﬁenateﬁ@bmdymf
bi sphenol, A di gl ycl dyI residues, may al so contribute to cross-

| i nkitAigeting £k ‘354‘3@“61? ent in the PEG starti ng material. The
resul ting crosslinked hy drog@{ 23. WD 2008/.091246 PCT/ US2007/.001607
st r uct ur esPErdREE OT (1gaidy to the eppating ungs o yersRf thejnvgpiign affords

i ncr eagikiRgiehhGispial %@&h&fl gdnRich thé pOSlekr BKAAGANAlonNe Rxpaidies surface.
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suspen renmal n stab In sone cases,
spar iattgtly tesotllsiind thereby aﬁmafnetyvmdn additionethy suifesiahteroperties of tber;@lymcr

but npy 8 1 Sdttoadsetsﬁbﬁgaﬁgn 8?@8 Rrﬂ'h& L5"tsre %‘ﬁ%lﬁc}in “ﬂls%éﬁ%?g:qug%és,

t he éy arns at e core of the par C es. or t ur poses e

pr es enall mokctles mhattiffesfeiesvish thefshmednindisg phttetag (€04, @§R—5 CXCR-4) ora
mixture of peptides and small molecules, preferably with complementary activities, can be
employed. The resulting polymers will render any free virus ineffective, and thus may be
ideal for stopping spread of infection, by using them as components of condom hbricants and

the like. In addition, such polymers may be injected into patients to reduce the HIV burden.

Generally, when a polyfunctional reagent such as DTT is employed, there may be
partial cross-linking of polymer chains via esterification of the carboxylic acid with DTT or
similar side reactions. Secondary hydroxyl groups in the central region of the PEG chains,
e.g. those associated with bisphenol A diglycidy! ether residues, may also contribute to cross-

linking if they are present in the PEG starting material. The resulting crosslinked hydrogel
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agent gsteaRdspatiglyNgaReebluble ARRrANC TBE enclltd ISF soMliliBing aAkhStance in an
anal ogues, and nucleic acid compl exes. Nucleic acid anal ogues include
speci EReQCRvERt compEptiRtactias hewapepyrseb it spistancs syitsa combitis

aci d qumbleame ARntiOR IS HeQITRLeRXSSF Whter, Rblag 00 BthEh (vatGLdfubl Ednflex of
substantially charge-neutralizing anmount of cationic or polycationic

s peci &8 sulpsiance pad e priyesTofliempbvely sbe pelymesr agddhe gphistaaee fabe solubilized
| NSOl 4By Ge BmBEA 1AL tRELIBEANRLEEEREnic HRALLAIAN ﬁﬁ'o&’%ﬁc’f solP&fi #tAved

there I's In nmany cases a need for a neutral pharnmaceut

conpad evaparatipor Asxeanepidaryqirpeass iscleaoiediis U.eaBainabNyg. 833083 i n
wat er; ut | [ Yerdal L | Ag when
N i T R R A A A
pr esesssermbleRintd oanapakiiclephaing tleepaipglpisbobicsubsianca disseived atopng thet

pH 7. S .far,t.he r es of. this disclasyre, . ri,ngl v, sol ubl e”
P houi s Hokin L Epas o oBaRER i b oL BeaRl i BIR M bR,
an aduelspshiieborobe thas saffihertiydbwean themitarfstal ifreesmethi ol feymitanlag ueous
yield an inprqved or. nore-usefu onposition. Thus, a drug that is
s SERTRSE T BrtSleg 1S HBRPAEOET ane. of D/ 11 ter, i o oparingly
sol ubl e" i uni t j.ntr adm nistra

a d S o RsIEE S %g ¢ ma H%iiegﬂdjssol 5'18 epéso &
result of THEBLIFTYy HIPAHE Y %P‘é TRCF R, IRFERHTH 5O B B o
but may exist as a solid nanoparticle surrounded by and suspended in the C chains at the core
of the particles. For the purposes of the present invention, this is a differences of degree, as
the practice of the invention does not rely on any particular degree of mixing of the C chains
with the sparingly-soluble substance. The substance may in some cases dissolve at the
molecular level among the C chains, but in other cases it may exhibit any degree of phase
separation from the C-chain environment. In some cases, it can be expected that the systermn

will move from one state to the other as a function of temperature.

The solvating power of the hydrophobic core of the polymer particles can be modified
by modifying the hydrophobic C moieties. Suitable modifications include but are not limited

to the introduction of one or more hydrophilic substituents, such as hydroxyl, ether, amide,
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" PEG sbebies. of commerce having a nol ecul ar wei ght distribution of 1430
- 1570 _ Such material may incorporate bisphenol A diglycidyl ether,
whi ch int rBﬁhurhe$>ur;ﬁxemmjsyﬁ1kmdmegajdrgg thapds intolubl: atewtiwal pH istdoasidEfsd

chai rde nsure.that .t he ner s, Qf the I nvention haye
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pr eferabl e are PEG po

o S bR oLl 3L o2 2952 TONOT) BROT 6, SuEh 25 20,
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of a artr cularly preferred PEGis "PEG 28" from Pol ¥pur which is

>95% ToriteapEremeP Siis dissloseis Sspajiaglytipiubis shopld bg wrdearstepd togeger to any
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magnetic or preferably " mechanical stirring. In step A

mel t edeldamdmrapeadcoranprpdiseid compesities. paus. friag éhatrvfejodp@tely Sotuble, e.g.
to the extent of 2g/liter, is “sparingly soluble” if a unit dose for intravenous administration is
5g

As a result of the ability of the polymers of the invention to solubilize
pharmacologically active species, the present invention also provides pharmaceutical
compositions, which comprise ene or more n~-polymers of the invention in combination with
a therapeutically effective amount of one or more pharmacologically active agents. The
polymers of the invention can render effective what would otherwise be an ineffective
amount of a pharmacologically active agent. For purposes of this disclosure, therefore, a
“therapeutically effective amount” is the amount of agent that renders the overall composition

effective.

All patents, patent applications, and publications mentioned herein are hereby

incorporated by reference in their entirety.
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added with stirring. The quantity of mal eic anhydride should match

t he nunbeWQI00PPY24G er ni nal hydroxyl groups as closely RETHOREII0E607 A
shortage of mal eic anhydride will result in hydroxyl-term nated

pol ymer chai ns, whereas an excess of maleic anhydride will consune

thiol groups in the next step, ' remature chain termnation
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P oo LSSt helfeater R et TR, e FroBPk SRl iR, O
r edup8Rmers ¢ oﬂﬂﬁ:' ih@shtioRYhak€ ﬂ{e&ﬁbﬂgeﬂrﬁﬂﬁﬁbw dnid cﬂnsnls‘@ﬁﬁpx@béﬂms; the PEG is
tertiary am ne base suc 5@8 é}ste Cvsuff V\?}E&I’ '15 s(ilhaq
to t Reefprelbt fremohbiselirna f‘oarﬂde ¥ WeRg ostifg polymer
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(1.4 carboxylic acid groups) is then added in
por t FEMEHARHO)dllaneleoran wolgbel2¥s added as necessary to naintain

SULECTNG. AT Fedtiofl orb/0finl A% Liler HriShitth BirhSoph R ERLORHNGHA\R aronith
et 9 an(fl, to opti

preferably ween 1 I'mze the reactivity of
al ky eaginegc optetierdbigengdhanicalstirtihgs reacti on can be conduct ed at

Y L ik e

| ef t addat withlsyikréng. Ehd q;uanhsseoﬁnedlelct a}qhydatib yhafld eratehutminvgniey of REGht .
terminal hydroxyl groups as closely as possible. A shortage of maleic anhydride will result in
hydroxyl-terminated polymer chains, whereas an excess of maleic anhydride will consume
thiol groups in the next step, leading to premature chain termination and terminal carboxyl
groups. The reaction temperature is not critical, and the process can conveniently be carried
out at temperatures between 45°C and 100°C. The preferred temperature of the reaction is
between 65°C and 90°C. If elevated temperatures are employed, the maleic anhydride tends
to sublime, and steps should be taken to see to it that the maleic anhydride remains in
solution. Minimizing headspace and submerging the reaction vessel in an oil bath are
effective methods.

Depending on the temperature selected, the reaction may be completed in 2 hours or

less or can be conducted overnight. The reaction may be monitored by TLC on silica gel
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reaction mxture is centrifuged at about 800 xg for I to 3 hours, to
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menbrane “or Synt hesi s "of n-pol yners rrEIl
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The m xtur was. stirred.under. ar us aphydr | de

Londe. 1o Sl Teaion mEHE dHneRiea 'S GREE Fom) SHopEa i e A area o

r eaCtbsr thepeRturddsr doept 2aholieo deagiyl iedcetEDAY, thef. titAusd to a pH of 7.0
using 1N NaOH. The final reaction mixture is centrifuged at about 800 xg for 1 to 3 hours,

JD

to remove solid contaminants and by-products.

After centrifugation, the supernatant can be chromatographed on a GPC column
{Toyopearl™, Sephadex™, Sephacryl™, Biogel™, and the like). The = polymers are
amphipathic materials, however, and will exhibit affinity for most GPC column packings,
which complicates the removal of contaminants. Alternatively, the polymer may be
chromatographed on a large-pore hydrophobic interaction column (e.g., TOYOPEARL™
Phenyl 650C, Toshoh Biosciences, Montgomeryville, PA, UU.8.A)), eluting with a gradient of
methano! in water. Preferably, the reaction mixture is dialyzed against several changes of
acidified and nentral water to remove low-molecular-weight starting materials and reaction
by-products.

The reaction mixture may also be extracted with butanone, isopropanol, butanol or

other polar organic solvents to remove organic impurities, but substantial amounts of the
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condensed mal ei ¢ anhydride on the vessel walls was scraped back into
t he react WSh20R¥9%1&4%. The progress of the reaction was HAMPHE4198y
TLC on silica gel plates, using ethanol and hexane as sol vents
separately, with UV visualization and iodine staining. The reaction
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m xt ur e viscosity, until the mxture could be stirred

(at ?"Sy%%s?é)“:g&%gr?% m xture was stirred at 65C under argon, and
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polymer) was added.”'After another hour, a third portion of EDC (0.28
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1.4 nol EDC per nol of carboxylic acid) was further added, t accoun

. t
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Af t edithfthdeitbl@ATTOND] bingivaleas teo aquiivalent €f PEG) and NN, N’ N’-tetramethyi-
ethylenediamine (TEMED, 1.02 equivalents) in water (2 volumes water per volume of
TEMED) was then added fo the reaction mixture with stirring. .The reaction was stirred at
70°C under argon for 2.5 hrs, left at room temperature overnight, and then stirred again at
70°C for 2 hours. The reaction was monitored by TLC and was judged complete upon

complete disappearance of the DTT.

Water was added to the above reaction mixture to reduce the viscosity, until the
mixture could be stitred (at ca. 25% solids), the mixture was stirred at 65°C under argon, and
N-hydroxysuccinimide (0.1 mol per mol carboxylic acid groups in the PEG-dimaleate-DTT
polymer) was added, followed by bexadecylamine (1.05 mol per mol carboxylic acid groups
in the polymer) and N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide (EDC, 0.56 mol per

mol carboxylic acid groups in the polymer). The mixture was stirred under argon for 1 hour
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nmol DTT an 0.55 nol ,T | nal,ei.c_anhydri de. wer e

O yorbe Tofypet 73 4Rl RE Y ABf bobther FRY S 2aBRUVAL b VB! fiuttifladad 1o

It aaa@ﬁ:h]?ﬂ:ir}lbwofmm t@hyﬁﬂ@@sif@diﬁma&\/&ﬂﬁm z&tdedza'; E&Heﬁsdﬁy ltﬂmﬁintain
mnutes, (0] (0] S| OW CO etlo oV, t he next (0] S as the,
e G 65 theadieg Lelis Thr B sEnegt gyl o, Ner. and the B Vol ncifiined
PEG- Bifuitlel )8! A W@iﬁaﬁ b LK abasedRal Rmikige W20 caHbd 8t O57 drdieel

in Exanple 1 was followed, except that 1.5 nol _dodecyl am ne per, nol

1
of c&?%@@ﬁﬂég%m%gpww ThCpiscp witprthanghundithealkifamine appeared to

N-hy ﬂﬁ@éﬁgﬁ%& @étg&éﬁco&%tio& OndRhs BEh sHBkd $br SRRl & HACTHE reaction
groups) and 1,1'-Carbonyldiimdazole (CD, 3.0 29 ----------u---
- - - - mixture was then acidified with. IN HCI to a pH of ahont 4.5, stirred for 24 h.to destroy _ .

SR - U's) STy j, Of

7! H%g% aﬁﬁ Bl Whth
car bggg/aftgda—lag%’ grdou st mefpé@ag’ccige;ﬁi, n %{ eiltr ea%ftllq%ir\lrav\{as stirred at
80 Cdbdecylamimeuthss rgactiomowkeebndpcigd ablmns 408§5€ HivBeraast Widh) octiaflecylamine,

foll g};%@&pg@t%%ggn%{pégégg%(g?%a @j ugated to the polyner: Exanple 3a:

unde anrne ecyl am ne Exanple 3c: octadecyl am ne

Exanpl e 3d:,. _deh [ ' ¢ I : - Al

cther - Exasi e 3RS Rt A8 oo R o a1 bRl LR

hy dr aboatel 00Ky doril Boigh to sérerale agsidhahyalidsz iAdterecarifigatdn; the reactilon mixture

deny dr QA0 SLbE wAS o BAR 1 forndR8 B e BhpuShQ 1 GredflefheBN S Breltéled as
an alternative to isopropanol extraction.

By this method, the following amino compounds are conjugated to the polymer:

Example 1a: undecylamine
Example 1b: octadecylamine
Example 1c: 4-nonylbenzylamine

Example 1d: 3-[(4-phenoxy)phenyl]propylamine

Example 2: PEG-Di(allylamidosuccinyl)dithioether High Molecular Weight Polymer

The procedure outlined in Example 1 was followed, except that 0.55 mol DTT and
0.55 mol TEMED per mol maleic anhydride were used. Vigorous stirring was necessary as
the viscosity built up rapidly. It appeared that most of the reaction was complete within 5-10
minutes, followed by slow completion over the next 4 hours as the temperature was raised
from 55°C to 80°C.

Example 3: PEG-Di(alkylamidosuccinyl)dithioether Polymer

The procedure outlined in Example 1 was followed, except that 1.5 mol dodecylamine
per mol of carboxylic acid groups in the polymer was employed. N-hydroxysuccinimide

(NHS, 1.0 mol per mol of carboxylic acid groups) and 1,1°-Carbonyldiimidazole (CDI, 3.0
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Exanpl e 3 c acid hydrazi de Exanpl e 4:
PEG- co- (aﬁ’l?yﬁ)wdygucci nate) Pol ynmer A solution of PEG (Pé:.TgéSZWP5607
and triethylamne (2.32 m, 16.65 mmol) in dry diethyl ether (10 m)

is cooled at 0 C under argon and treated dropwi se with
met hanesul fonyl chloride (1.03 m, 13.32 nmol). Stirring is

conti ‘Ej{‘w@ﬁe \la

et hernq‘k!?gevhgJri Oog‘g{}ﬂ%x c?dcg@gr&l@e one Jgggyﬁ@%ﬁ%d %%%a%%ﬂéd %egsol ‘gﬁg)r 4
in orlnbarsandvmrkcd pp esigkovehe tri et hyl ami ne hydrochl ori de, which is
filtered fromthe solution. The filtrate is treated with lithium
broni de ( BBthigmededsthe fulddyirgrainine gowmgovadsazé coxjugeed 20theinolythem t he
mxture is diluted with hexane and filtered through a short colum of
silica (3 cm Eompledavwndec@aingeTM (0.5 cm), and eluted with

hexane. The filty i ered and evaporated to |eave
a, W di br ono- PE aa%;pgepg %Eraﬁ yl%%%%rrrltg PEG is reacted with one

equi val ent of E}%ﬁblbﬂtydaetddé&ylamme
bi s( met hoxycar i 0 nol ane by the nmethod of Godjoi an
et al. Tetrahgl?oﬁ%?ﬁl égt ?é}yg’ zé)’es%]%?%e (1996). The resulting

di met hyl t art r atexdiigsle Bei yieflédrol B-afapsptinflietittrwi th  KOH in met hanol ,
and then am dat d wi tB dodeg | am,ne_or. hexadecyl am ne as in exanpl es
| and 3 above RiF o 1958 geeVanigg anpl es” 3a- 3k. Exanple 5 PEG

Copol ymer i zati Oﬂﬂ)xéi\hﬁlé sEDIhadicariyklfdradade 30 -------- LT S

------------- _Example 3pypleinasid bydaadpcT/ Us2007/ 001607 Dry PEG i s

reacted with et@y&n@@ggg qighpgfoﬁbfegggggdqu@%@ anhydride by the nethod
described in Exanpl'e 1, and is then amdated with dodecylam ne as in

Exanple 1 or heseanrleg) aﬁhohéaa@hﬁr%pl e 3, or with the amnnes in

exanpl es 3a-3k.g d}wglggks B AR hydtDRIel Ol | owi ng di anhydrides are
co-pol ynmeri zed w't subsequent |y am dat ed: Exanple 5a:

NaPhLsal B1eh Sk EBCA ok ﬁazg.i?,ycgg Plgymexanpl e Sb:

Peryl'enet'et racar box anpl e 5c:

Benzo p hen I
R T stﬂﬁz&w@h?%g}%ﬂiﬁﬁsg%ﬁa* ;1685 e ind

But ambethgltq’cm;;ﬂ gm@/m qpo praea apddrepied dzppwise with methanesulfonyl
Bi Cy%'h%rﬁde?a DL 1539 imdi e)3 é‘lvﬁn%%&ﬁﬁﬁ ooyt 1931% %Qx&imeﬁ% r@fﬁﬁp' e

I*enét ef ram ne pentaacetic aC| di anhydri1 de Exanpl e
3 4, 3bmp6ramrtpfm‘r%/1h sih¢ other tsstvepematasioand| drg aeeipure O Samblyig pddps to the residue

in order to precipitate the friethylamine hydrochloride, which is filtered from the solution,
The filtrate is treated with lithium bromide (2.31 g, 26.64 mmol) and heated to reflux for 20
h. Then the mixture is diluted with hexane and filtered through a short column of silica (3
cm) covered with Celite™ (0.5 cm), and eluted with hexane. The filirate is dried, filtered and

evaporated to leave o, 0-dibromo-PEG an oil.

o,@~-Dibromo-PEG is reacted with one equivalent of 2,2-dibutyl-4,5-
bis(methoxycarbonyl)-1,3,2-dioxastannolane by the method of Codjoian ef al., Tetrahedron
Letters, 37:433-6 {1996). The resulting dimethyltartrate-PEG polyether is saponified with
KOH in methanol, and then amidated with dodecylamine or hexadecylamine as in examples 1

and 3 above, or with the amines in examples 3a-3k.

Example 5: PEG Copolymerization with EDTA dianhydride
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Exanple 5i: 3,4,3" ,4"-D phenyl ether tetracarboxylic acid dianhydride
Exanpl e S5¥O B8N i ti c di anhydri de Exanpl e 6A: PEG di diT/€S2007/001607
co-polynmer with pendant thioethers. PEG di mal eate, prepared as in
Exanple 1, is reacted with dodecanethiol (two equival ents per

equi val ent of PEG di mal eate) using the sane procedure as used for DIT
in Exanpl dilutian i ecassar as..no .pal ni.zatign take

pl ace, and‘gﬂ%%Egg%Ee@FEﬂ Vt'lgi e@%ﬁ&ﬁ@?@&’%ﬁrﬁ?ﬁﬁ"ﬁ gﬂggﬁé—%gf]ﬁé? bﬁ?‘be.m 83
TEMERQcGatk) & Exkipls flemhdas theb el ditBe with dddet Plamditdedn Baenpleadki on is
foll owed by the di sappearance of starting materials, using TLC
Tenpdiexadaoylamipe apin Greopile A ongih theaminpoisexsmplsidahi ol by

vapori zation becones signifjcant can be enployed (up.to, ca 00 Q.
A slight drdbasame mapres theifollowine dantwidpidsy ag qoopqlumﬁvzeds‘a'ﬁb#’aﬁ%aﬁe
mal ei &LHRERSy anhlfricess al kylthiol is driven off at the end of
reaction by "sparging with nitrogen or argon, and/or heating under

vacuum unti | nEQﬁn{;l% ﬂ?ﬁ%ﬁﬁ’cﬁﬁleﬁé‘tcﬁ%&bm@ﬂic@iﬁngk@id@y this nethod,
the followi ng thiols nay be conjugated to PEG di mal eate: Exanple

6Aa: ner capt osuBsample Sk Pervignetetagappxdicdisnbydede| e 6Ab:

t et radecanet hi l : W ; 'arﬁgﬁ@ e 6Ad:

2- mer capt oet hag%}éﬂr' %ﬁéggm he anpl| g%%%g?hd%m cgg%opropa_nesul fonic

acid 31 WO 200Bx@8pe4el: paT/(Hexedwrogdwopylidsrg)diphkihali anhydride

6- mer capt ohexangj ¢ _acid. & - I . +4- mer capt obenzoi c
xamp]%x% ﬁ%rxgaﬂgi%t:ra%ﬁ}b%&ggé AR Briaé

acid t-butyl ester nmer capt oaceticacrd t-butyl ester
Exanpl e 6Ai : 4- ExarhpledifyBauyblods,R 2batd)tne-203 %, frtattacaibrayit diaglydride

3- (t-but oxycar banyl am no)benzyl rcapt an anpl.e .6Ak: .4 decyl benzyl
ner capt an Thi ol @X%ﬁ%& bté?ﬁtgﬁé%m i %p(?ﬁ‘gﬁa%?cg%ﬂgdhr YN abl e for
attachment of CeEgfmplesSh: 3anil/doDipheaytsalfone werabarboxylimnalid dianbpdridey

PEG, i ami ne. co- BERYRR Y or-013 HERURDY R OTREPLIOnY G e S RRkE °°

(CHZCH2O) ~/ |  Example 5j: Pyromellitic dianhydride

Example 64: PEG-diamine co-polymer with pendant thioethers.

PEG dimaleate, prepared as in Example 1, is reacted with dodecanethiol (two
equivalents per equivalent of PEG dimaleate) using the same procedure as used for DTT in
Example 1. No dilution is necessary, as no polymerization takes place, and the reaction is
conducted in molten PEG-dimaleate. The TEMED catalyst is added and then the thiol is
added. The reaction is followed by the disappearance of starting materials, using TLC.
Temperatures up to the point where the loss of alkylthiol by vaporization becomes significant
can be employed (up to ca. 100 °C). A slight excess of alkylthiol may be employed to fully
saturate the maleic groups. The excess alkylthiol is driven off at the end of reaction by
sparging with nitrogen or argon, and/or heating under vacuum, until none is detected by odor

or by TLC.
By this method, the following thiols may be conjugated to PEG dimaleate:

Example 6Aa: mercaptosuccinic acid di-t-butyl ester
Example 6Ab: tetradecanethiol

Example 6Ac: hexadecanethiol

Example 6Ad: 2-mercaptoethanesulfonic acid

Example 6Ae: 3-mercaptopropanesulfonic acid
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SR The th obtained in Exanple 6A is am dated w

1, 4-di am %@gﬂ%‘i{% equi val ent of di am ne per two cW‘WB‘U@S}“,‘”
using the sane procedure used for dodecylamne in Exanple 1, with
dilution with water is as necessary to maintain the fluidity of the
reaction m xture. Additional aliquots of EDC are added as necessary
to ensure co gﬁng aB¥ictad BRY ¢y the thiol adducts
of Exanple 6A an%iﬁgl%{a% %%%ﬂé%xar el'::coind;s/terte]g‘%té~ a

PEG di anmi nobut aFisamplk pave: éene@ypmhmzommm@ubutyhestﬂrol | owi ng di am nes
may be convert {08k G oxycar bonyl ) :

Exanpl e 6Ba: Ze)? A% ea-c ?norgnc%ﬁ%a&rﬁc?%él eﬂ%ﬁx npl e 6Bb:

N , N'-di (BOC) hExaiﬁplhySIAéne(t hﬁtbawarhmykﬁnmﬁjwaxféﬁnol N , N'-di (BOC)

spennl ne Exanpl erm di ne Exanpl e .6Be:

NN EOE e Ry PR R O e BB agrat i ne
Exarfpl e 6Bg: | yBidifiplk clkt %Ldseﬂbehzyﬂin&ﬁ@tea 6Bh: 1, 6- di ani nohexane
Exanpl e 6Bi: 1, 4-phenyl enedi am ne Exanple 6Bj: 1, 3-phenyl enedi am ne

Exaerl e 6BRhiolk, }{hvﬂig&ﬁhdiﬁrblfbﬁcﬁtﬁmﬁl gratips hreasuétholpifaicattz-@8Bment of € chains, - -

----oijeties. -- --- ---------- R V\02008/091246
PCT/ US2007/ 001607 Exanple 7: PEG Di (aI kyl succi nat e) di t hi oet her O

- - SYQxQRyre GﬁqﬂE@EEzhmmé-b@bz@n@r withhRddnIhideshefd. hexadecyl et her of
DTT (nmeso- 2, 3-bi s(hexadecyl oxy) butane-1,4- dithiol) is prepared by a
nodi fication of th procedure of S Sas%l et al .gmChem Pharm Bul | .

33(10):4247-4266 ( _985) h| Sl is adderd DEG} di rrlal ept el by the nethod

of Exanple 1. By bs are
coupled to the PEG poI yrrer

meso- 2, 3- bi s(n- but dxy) but ane- 1 @Rﬁllthl oI n

The thiol adduct obtained in Example 6A is amidated with 1,4-diaminobutane (one
equivalent of diamine per two COOH groups), using the same procedure used for
dodecylamine in Example 1, with dilution with water is as necéssary to maintain the fluidity
of the reaction mixture. Additional aliquots of EDC are added as necessary to ensure

_complete polymerization. By this method, the thiol adducts of Example 6A and 6Aa through

6Ak are converted to a PEG-diaminobutane polyamide.

By this method, the following diamines may be converted to a PEG polyamide
(BOC = t-butoxycarbonyl): '

Example 6Ba: 2-(0-BOC)-1,3-diamino-2-propanol
Example 6Bb: N* N”-di(BOC) hexaethylene teiraamine
Example 6Bc: N’ ,N”-di(BOC) spermine

Example 6Bd: N’-BOC spermidine

Example 6Be: N’ ,N”,N**’-tzi(BOC) pentaethylene hexamine
Example 6Bf: agmatine

Example 6Bg: lysine t-butyl ester

Example 6Bh: 1,6-diaminohexane

Example 6Bi: 1,4-phenylenediamine

Example 68j: 1,3-phenylenediamine

Example 6Bk: 1,4-diaminobutane-2,3-diol acetonide
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Exanpl e 7b: neso- 2, 3- bi s(4- nonyl phenyl nmet hoxy) but ane- 1, 4-di t hi ol
Exanpl e 7W0 0¥Y12463_ bj s( bi phenyl - 4- met hoxy) but ane- 1, 4- §FE{{S5§07/001607
Exanpl e 7d: 4, 6-bi s(decyl oxy) benzene-1, 3-di net hanet hi ol Exanpl e 7e:
4, 5- bi s(decyl oxy) benzene- 1, 2- di et hanet hi ol Exanpl e 7f:

3, 4- bi s(decyl oxy) t hi ophene- 2, 5- di net hanet hi ol Exanpl e 8A:

substituted P ucgj nat es Jet hod of Exanple | is followed,
exce%’f‘“ -‘Hﬁ? fig%?é@Z@%ﬁ”“éﬁ%‘é’f‘ﬁ?f?”anhydri de is used in place of
mal ei ¢ anhydri de. The dodecenyl substituent provides the pendant C
chains in the final pol yger. By t his nmeyhod the folll ow ng substituted
succi ni ¢ anhydri des YR w th PEG Exanpl e SAa:

i sobut enyl succinic™ anyl & Ab (G -yl succinic
anhydride Exanple SAc: aoctadecenyl succini,c anhydri de Exanple 8Ad:
3- oxabi cycl o- hexane- 274-¥li one Exanpl e cycl ohaxanedi car boxylic
anhydride Exanple 8Af pHthalic anhydri®e Exanple $AY: 4-decyl

pht hal i ¢ anhydri de Exanple 8Ah: hexahydronet hyl pht hal i ¢ anhydri de

Exagpl e S@‘g@: 23@%1580?1&&% h?h@lgof&m'gxyQﬁ?b.dﬂ2§EBiamkﬁ:%eﬁﬂo?cy)butaneél 4-

nor bor nenedi car boxyl i ¢ anhydri a e - cantharidin '
2008¢@9‘9@4§P@W@9§§0@Wfé§?ﬂ0 rPﬁ?%péé‘m ‘."P%'i %%?glf‘c%é{-e&ﬁ%ﬁ‘t?g% ¢
anhy qjlgj%z@g)a(.ﬂ@éf(@%%). KR SaeBRPECLEEn Aefic bolihahe o tihakige 1.

anhydri de anpl e 8An: S-acetyl mercaptosuccinic anhydride Exanpl e

8B: PEG Dtséahigxh@tﬁbé,%y%ahmh ditleh bARINEArc Vol @ O RTEEG bkt Oups

By the nethod of exanple 1, the substituted G succi nat es obt ai ned

as descri bed i'Exaﬁgﬁg%:@ﬁes%&,@&%(ﬁ%td}ﬂ%lﬂﬁ%-@ﬁfﬂiﬁﬁ@l reacted with
DIT. By this nethod, the following dithiols are reacted, wit, ny of

t he substit ut edREBle hceeivat-d OiEhmenyenElnrkey B L4siti) es 8A

and 8Aa t hr oughe B1e YRR, SR BLEANEH oty ibiiile-1 Bxammable 8Bb:
propane-1, 3-dit

Example 7d: 4,6-bis(decyloxy)benzene-1,3-dimethanethiol
Example 7e: 4,5-bis(decyloxy)benzene-1,2-dimethanethiol
Example 7f: 3,4-bis(decyloxy)thiophene-2,5-dimethanethiol

Example 8A: substituted PEG succinales

The method of Example 1 is followed, except that 2-dodecen-1-yl succinic anhydride
is used in place of maleic anhydride. The dodecenyl substituent provides the pendant C

chains in the final polymer.

By this method the following substituted succinic anhydrides are esterified with PEG:

Example 8Aa: isobutenylsuccinic anhydride
Example 8Ab: 2-octene-1-yl succinic anhydride
Example 8 Ac: octadecenyl succinic anhydride
Example 8Ad: 3-oxabicyclo-hexane-2,4-dione '
Example 8Ae: cyclohexanedicarboxylic anhydride
Example 8Af: phthalic anhydride

Example 8Ag: 4-decyl phthalic anhydride
Example 8Ah: hexahydromethylphthalic anhydride
Example 8Ai: tetrahydrophthalic anhydride
Example 8Aj: norbornenedicarboxylic anhydride
Example 8Ak: cantharidin
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Exanpl e SBc ane-1,4-dithiol Exanple SBd: pentane-I,5-dijthiol
Exanpl e BYQeZOBﬁ@%ﬁ?e | ,6-dithiol Exanple 8Bf: 1,4- benzgﬁgg'lsgﬂq"@fmm
Exanpl e 8Bg: 1, 3- benzenedi thiol Exanpl e 8Bh:

1, 4- benzenedi net hanet hi ol Exanpl e 8Bi: 1, 3-benzenedi met hanet hi ol
Exanmple SBj: 1, 2- benzenedi met hanet hi ol Exanpl e 8C. PEG di am ne

copolynmer with AR i 108 81c§bb e @r ?%ﬁﬂﬂgi Of exanple 6B, the

substituted PEG su C|nateota|n ed 1n Exanple 8Ais
co- pol yner i zed Esapipld Swiﬁmh@bmWEZ mwm@dmuwc aphedridsi | owi ng

T B L s
S |

(oo B %OS%E#S%" @”(%&%e’fmﬁ maf??ﬂaﬁeffhsﬁa’r'%éﬁgg%&@ Fel °V - soc

Eam o sor tagniodef el & taghoR kAR REHAS R, ‘?‘2@%%%‘;

1, 6- @kamplw@@xam&SAEx]&nngSEQate fbadte@heﬂy]l)@ffedl am ne 34 V\D

2008/ 091246 PCT/ US2007/ 001607 Exanple 8C : 1, 3-phenyl enedi am ne
Exanpl e 8@y this shethiodmhedblideing-dithbislae/reanted eathdey dElanpibstiBiedHHss

of  PESUTELHIDEE PhAEREE! BRI En 7 RTRGMR ™ "ol of tosyl
chloride (5% Ss) ..Whi ing under argon. To this
reaction mixt %Wé§%§8dggla§ei%ﬁ§{m * tetramet hyl ethyl ene di anine
(TEVMED).. The rlaa@ﬁplelsB\baqarwmaljdﬂhhat ed at 45 C for 2h. The

products were r oI ve u5| n Q.e hyl acet ate, tol uene, or
et hanol as TLC %‘lﬁé &-8i%8yi ate may be extracted from the

reaction m xt urm{mplglg]atdolpéﬁﬁae-usnaﬁman of tolunesul fonyl chloride,
ot her sul f onyl atplca?r%]p g%ent %eggn%t\ 8d1t}n ﬁyl

Example 8Bf: 1,4-benzenedithiol

Example 8Bg: 1,3-benzenedithiol

Example 8Bh: 1,4-benzenedimethanethiol

Example 8Bi: 1,3-benzenedimethanethiol

Example 8Bj: 1,2-benzenedimethanethiol

Example 8C: PEG-diamine copolymer with penidant alkyl groups

By the method of example 6B, the substituted PEG succinate obtained as described in

Example 8A is co-polymerized with 1,4-diaminobutane.

By this method, the following diamines are co-polymerized with any of the
substituted PEG succinates of Examples 8A and 8 Aa through 8An:

Example 8Ca: 20-BOC 1,3-diamino-2-propanol

Example 8Cb: N’, N”-di(BOC) hexaethylene tetraamine
Example 8Cc: N’, N”-di(BOC) spermine

Example 8Cd: N’-BOC spermidine

Example 8Ce: N’, N”, N*”’-tri(BOC) pentaethylene hexamine
Example 8Cf: agmatine

Example 8Cg: lysine t-butyi ester

Example 8Ch: 1,6-diaminchexane

Example 8Ci: 1,4-phenylenediamine
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chl ori de e 4), triflic anhydride, or tresyl l.de
al so be ug‘gﬁﬁ}()ggg% Pat ent Application 10/ 397332, P&&l]‘?@}ﬁ'%ﬂﬁ?%a-
20040006051) . Pol yest eri fication of PEG ditosylate: To 1 nol of

nolten PEG ditosylate, with stirring under argon, is added 1 nol of
S, S -didecyl - mesa- 2, 3-di mer captosuccinic acid and 2 nol of TEMED.

DMVF i s added asgn idity. The reaction m xture
Is heated to %ﬁ%ﬁg%gé@ ’rr%@%%%%%n#éj until, conplete by TLC -
Exanpl e 10: PECE)E.?inﬁIﬂaGﬁiknyj4)d1dnm(dbumw2a3-dd3)ltabetomdher Medi um

Mol ecul ar Wi ght Pol ynmer (Cl6-7r-Polynmer B) CL5H31000 OCOC15H31 O

O - - SxomplD9 RIS ahieXehicdlion URRGSbsribdredideids10. 24 g, 6.1 mmol s)
prepared as in Exanple | was placed in a dry 125 nml flask and heated,
to 70 C urRi¥E ditogydatet donetnbl bHBEGRGisdoIved aulDdIF Fomehed anis) wan added 2.1

h
T B R S B S5 I
(3 mivyas aflied 20Imbl efitettanetdiyl Ethplénamaiﬁne a EMBD)b drtte réadtion Renhem| of
wat er, i

n v cu Y olid ' bout The .dri ed
ol yrigsebeisdt 15 43 G of T bk resosagiite Thaah “Hndisss s o
it e@%oﬂ&d@(s@l&ﬁ@ FhePEG ER0 St Wosy tedg@ehcteBatdth tthy teaclidromistare
(1.689 g, . s) was added with stirri ?nd the m xture wa

stirrég U’Ill'éf'@te %ﬁj’éﬂ ofiipngsyHpnyichgidea pihgr qpoﬁ’é’ ajingragents such as mesyl_

-t 'c'hlond’e (?se:e'I*Z)Ia.n’lplkTflL ,iriflic 2 ride, &Q@ﬂ%ﬂ&%@y Rsb/H200 (70 ULO07
to aéi\;g chloride can be vari to obtain rees of substitution from

0- 100%gest Appligatias W@?TVZ)PM‘@F*OW 39@‘&9 85 ke reaction ni xture to
i sol ate the "Cl6-7c- _PoI ner_ B" this nethod the follow ng acjd

are est er iRalgrstexifigatione R’@@r@m%‘? olipd mep! afgeclten REGegionyle ePE’@hDTT
copol ypets ux@@g}go‘ﬁ i’soaﬁldegll %@1 tﬁfs ,&-&68ERReds- @«dlﬁ@%&%ﬁé&ﬁzc acid and 2

succi nate Exanpl e [ henyl - 4- car boxylic acid
4- cnctrwfmf&waaetmfll?a@uaéde peseesanOw: mpialain Swidityy n’HPecrea%mqai mlxtvre is

heated to 80° C and stirred for 24 h or until complete by TLC.

Example 10: PEG-Di(succinyl)-di-(O-Acylated)thioether Medivm Molecular Weight Polymer

(C16-m-Polymer B)
015H310c;o OCOG15H31

~ {OCH;CHg)y
OoH
O n

PEG-dimaleate (10.24 g, 6.1 mmols) prepared as in Example 1 was placed in a dry
125 ml flask and heated to 70 °C under argon to melt the PEG-dimaleate. To this molten
material, with stirring, was added water (10 mL) and a solution of DTT {0.961 g, 6.168
mmols) and TEMED (0.723 g, 6.166 mmols) in water (3 mL). The solution was stirred at 70

°C for about 4 hr. Removal of water in vacuo gave the solid polymer in about 90% yield.

The dried polymer (5 g, 2.7 mmols) was heated to 70-90 °C under argon to melt it,
and TEMED (0.635 g, 5.5 mamols) was added. Palmitoyl chloride (1.689 g, 5.5 mmols) was

added with stirring, and the mixture was stirred under argon overnight. (The ratio of polymer
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As an alternative to the use of acid halides, the DIT-derived

hydr oxyl OYQHPIEOYR4G c- pol ymers may al so be activated wiRGTHS28074104607
(2, 2-di net hyl -1, 3-di oxol an-4-yl nethyl) carbodiimde (BDDC) and
coupled directly with carboxylic acids; see Handbook of Reagents for
Organi c Synthesis, Reagents for dycoside, Nucleotide, and Peptide

synthesis, .Ed. David _ Crich, WI 2005 07-108 f erences

t her dPAFY! qan pp. vagg( E%Qmams‘?%;ﬁstogls%[gst%%%} go%‘fadlg?@ﬁ"f&r Pol yrer
A.  CardionivlictrydCindn&ubss Added eslthpabotion snigtife ts R dt@ that tCAGh-PoBand 5™,
havi ng reactive am no groups, using standard peptide bond fornmation

met hodol ogR@hi§ ehefhod the foltawing Acideiatteestar HRGORIE the 19ydroH drdepsaifitio

groups.to the car ylic acid functionality of the polynmer. These
mat eﬂ‘%?f-‘gmﬁﬂgmﬁéé]gﬁff%w&@ﬁed by esterification of rc-polyner
hydroxyl groups with cyclic . anhydrides. For exanple, Cl16-ic-Polyner
A di mal eat e wasEprepsisa S%Cleﬁc@a ing maleic anhydride with

Cl6-it-Pol ymer fAxlypleaos! CHosiRsyPsuckinhfeows: C16-7r-Polynmer A (2 g)
and mal ei ¢ anhydride (0.85 g& were ground in a dry nortar and
transferred to Bx®opieilOcoBiphasylthasiipylig 2cithe f1 ask was heated at

90C, under ar gogxam%lgrma; %-@Ety{l}iﬁeﬂyl%&ét{creicﬁw- The solid reaction

m xture was then ground and sldrried wth water, and the m xture was
transferred to Exahpleydes Hexgd¢ab-ynppacisut - of f). The ni xture was
di al yzed against water to renove excess maleic acid and | ow

nol ecul ar  uehgbiteRYn R RAHE LSe oPRS BQﬁies,rﬁEW@H@ri%&ﬁh%&@%?oﬁﬁs@r@—he
bag and dried at 60C to constant vvelght, to g_lve Cl6-7c- Po émer A

di malaedyreers mapoalsy be qpibvapest wish d§3-Hs ((3.Aeimatiyd-ldhisixelaphylnetied) can be
var | . ' iU ' :05,100%.0f .

a0l ChrARt BDOT 2k ol Bl K eRTG a2 P rdbok of Reagents
di gl yeoPagenictgriesiRdlepgenin/§ro2Clyrosdnl Niciioyidel 4l B@t‘rf@};&mm]td-ri's,@i Cevid

> .8, 11 ab : [ c
2 7%?}{7%@&%%8% Ptyl?ﬁrladt%.‘%fegér%"ﬁéﬁ%@c 36°WO 2008/ 091246 _
PCT/ Lﬁ?a 71% g?i@%&oﬁﬁgﬁ%g@# %ﬁm}ehgof@}d;?h}g&yr?grlx.ner A to anhydride can

be varie ut1ons “var rom 0- 100% of full

st oi chi omegky i . | 'ﬁﬁﬁi ro Sttabl 'E!Q‘qﬁ . .
. . -~ 1 .

bi s(aconi tgﬁg%x@i%ﬁ%fsgo yr;[g? PR 5? g g%‘éé%%@aoconaﬂc? i ltd"%gc? an%é&ﬁ“éeeammo

( 1. 3grgypspesieg stadadgeptide hend frtriation ofetiDdahydies (Blg.avie vasbotiomgrey e

Cl16-i_r - Pol . bi s(aconj t at.e) jm | nn | 1 ow

iy T ink st Ap S Wi B uPplie et g ORl of B fym fikse

anhy dnatdsials afe teadily obtabieldityyestdrifieatidh ofuwy-pbiynadjhyslt@g/! geotrs twitheeyclic 5

and 6. ior,to di I an aid.to rification., A second, .

di al gdxg ¢ Fof e¥amp ya@-:%f%vméé cpﬁglé%kle was prcpa.re@l by reacting maleic

anhydride with C16-n-Polymer A hydroxyl groups as follows:

Cli6-n-Polymer A (2 g) and maleic anhydride (0.85 g) were ground in a dry mortar
and transferred to a 50 mL round bottom flask. The flask was heated at 30°C, under argon,
for 2-3 hr with stirring. The solid reaction mixture was then ground and slurried with water,
and the mixture was transferred to a dialysis bag (3.5 kDa cut-off). The mixture was dialyzed
against water to remove excess maleic acid and low molecular weight by~products, and the
retentate was removed from the bag and dried at 60°C to constant weight, to give CJ6-n-
Polymer A dimaleate (1.79 g). The ratio of Polymer A to maleic anhydride can be varied to

obtain substitutions varying from 0-100% of full stoichiometric esterification.
Example 11a: Cl6-n-Polymer A diglycolate
Cli6-m-Polymer A (2 g) and diglycolic acid anhydride (1.0 g) were reacted by the

method of Example 11 above, to give Cl6-m-Polymer A diglycolate. As with maleic
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acid formof the ]gol ymer, if desired. Exanple Ilc: succinic an _ydrl
Exampl e | “106‘!088? taric anhydride Ecanple 11 e: phthal |liCTéﬂ$ﬁ9 404e07
The reactive doubl e bond introduced through esterification with

mal ei ¢ or cis-acotinic anyhydride nay al so be used to add
thiol-containing ligands to the polymer, as described in Exanple 12

bel ow. anple 1 ei n f Cl A ]
R ey ok S R T R L Y

to V@cﬁhﬁﬂ(ﬂ)@%bi’ﬁﬂﬂﬂoiblﬁ@nmdwtmﬁm:oﬁtl rred vigorously. Cysteine (24
ng) and TEMED (30.5 ul) were added to the reaction m xture, and the

M Xt Wmipds [ 551 C1RA-Rly%HSONDbisapaitalepir € under an argon at nosphere.
The progress of the reaction was nonitored by TLC (silica gel plates,

nh but anol ¢ pe-atrayment (g} @1 acdniticlgciduntty deliefe €L.65 @) waird Feantedibydhe n.
The reaction_m xtur howed anhn rin I,.tive. spqQt co-mgrating
Wi t hTgiao 81?];?’?‘?%1?"?1%3 QV?réO &h&d é‘gi'fyezg Oiy'ﬁ?’g‘ﬁ?(ﬁ(lf’??mrﬁ%gi tive spot,
whereas the startin di d not col. o t

The met hod dedEilap & o e b e Ao b o sy
gr OURRhePhsiHE AnhRFidRb bﬁrdmhbﬂw,mhépﬂuﬁamge adjusrbd tdpetivegn M3l é:udm 9
carboxyl substituents. For , tOSUCCI n| C %8 da

to t REOF & flmslrfgascanaﬂﬁtmrrﬁ@fmﬁ &&P@?g SRSt P4 aﬁ 1 provides i 2y

016 lagfdﬁgmr@th@pg ARk aP8&irefXanpl e 12b: C 16-n-Polymer A dicrylate
Exanpl e 12c: C16-n-Pol ymer A (bis)aconitate 37 WD 2008/ 091246

PCT/ US2007/ 00165vampigdicospscpyephydileco H 0 0O S (OCH2CH2)m L O
OO S O (CH2kLabhlR 1747 gt anhydride

Ecample 11e: phthalic anhydride
The reactive double bond introduced through esterification with maleic or cis-acotinic
anyhydride may also be used to add thiol-containing ligands to the polymer, as described in

Example 12 below.
Example 12: Cysteine adduct of Cl16-n-Polymer A Dimaleate:

Powdered Cl6-n-Polymer A dimaleate (Example 11) (253 mg) was added to water (5
mL) and the mixture was stirred vigorously. Cysteine (24 mg) and TEMED (30.5 ul) were
added to the reaction mixiure, and the mixiure was stirred at room temperature under an
argon atmosphere. The progress of the reaction was monitored by TLC (silica gel plates, n-
butanol-acetic acid-water, 3:1:1) with detection with ninhydrin. The reaction mixture showed
a ninhydrin-positive spot co-migrating with the polymer. Cysteine also gave a ninhydrin-
positive spot, whereas the starting polymer did not give any color with ninhydrin.

The method described above was used to infroduce additional carboxyt groups for use
as attachment points, using thiols having multiple carboxyl substituents. For example,
mercaptosuccinic acid was added to the following C16-n-Polymer A diesters:

Example 12a: Cl16-n-Polymer A dimaleate
Example 12b: Cl6-n-Polymer A dicrylate
Example 12c: Cl16-n-Polymer A. (bis)aconitate
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HO2C S- g%?@g{éﬁ‘bﬁ bCO2H D ~ HXRC CO2H Exanple 12c | nd:amﬁznbm%mm

manner, utaric acid is added to the fol | owi i
Cl6-7c-Polymer A diesters: Exanple 12d: Cl16-7c-Pol yner A dinal eate
Exanpl e 12e: C16-7c-Pol yner A diacrylate Exanple 12f: C16-7r-Pol yner
A (bis)aconitate 3. Use of it Polyners to Solubilize Insoluble or
Weakly Sol ubl e Substances Exanple 1: 3plubilization of Dyes To 1.0
m aliquots of a 50ngy/ m aqueous soI ut| @GP2H

PECr 1500- co- succi nyl - DTT- bi s- ol yner (C16-Pol ynmer A,
Exanple 1), centrifuged to renn e i § ubK®:zht erials but not

ot herw se purified, re ded ss amounts of the dyes Fosin Y,

di chl or of | uor escei n, and dan I VA4 i n separ e contalner

(Fl exExcel TM cl ear p rop ene melgh b OMBRCRL S product of
Al'l Excel , Inc. Vbst en nponents mer stirred
together to forn1a p ste he contalner were thep attached to
the bottom of a smaljl jenmelry uItr onlc clieaner bath u |ng a

wat er - resi st ant doubl €- st&gly enditgh wat er "added to

the bath to i Mmerse the g}u booaLs t@abou(c:l-lgbﬁcdshel ght.

Soni cation was perfor rred in steps of 5 mnutes. The
l'iquids were transferredy tr| g}e tubes and centrifuged tw ce
for 30 mn. in a bench top cent b‘ge to pellet out undissolved dye.
The supernatants were transferred to clean tubes and centrifuged
again, to renove entrained solids.gapgpenstons of same anobunts of
dyes in sane anount of distilled water as the anmount of the polyner

sol ution v a]%lﬁflgfa&l%érrb 8. Ifaﬁﬁ Qbﬁ?ﬁs aaaccf:t%r}}mé ?Alﬁymng@tﬁ—w—?olymer

resul ting solutions were spot on TLC plates to form
ci r cltedieftertam t he drops. 38 WD 2008/ 091246 PCT/ US2007/ 001607 The

intensities of n%mnég%a VEEEL ?%%?ﬁﬁ g?tﬁpot s made from standards

of dye solutio e 1'n ethan wat er to determ ne
appr oxi mat e corﬁ:mnplatmexn@,w{mﬁolsmﬁénaerywhown in Figure 1. The

solubilities of t he 1?“?% b 5’\9‘%‘%1{*\@‘{:1*6@955(0 &ed by di ssol vi ng
e

appropriate anou’fﬁm% yé in d6i oni zed wat er
(unbuffered) at room tenperature, and adding (i.e. titrating wth)

furt g.e{ls%}'grl’o?ym@re'sct% §oqugllitzg lx?sboth%lg or%aﬁly goluble Substances

Example 1: Solubilization of Dyes

To 1.0 ml aliquots of a 50mg/ml aqueous solution of PEG1500-co-succinyl-DTT-bis-
C16-amide polymer (C16-Polymer A, Example 1), centrifuged to remove insoluble materials
but not otherwise purified, were added excess amounts of the dyes Eosin Y,
dichloroflucrescein, and Sudan IV, in separate containers (FlexExcel™ clear polypropylene
weigh-boats, WB2.5 size, product of AllExcel, Inc., West Haven, CT), and the components
were stirred together to form a paste. The container bottoms were then attached to the bottom
of a small jewelry ultrasonic cleaner bath using a water-resistant double-stick tape. Just
enough water was added to the bath to immerse the weigh boats to about 1/3rd height.
Sonication was performed for 15 minutes in steps of 5 minutes. The liquids were transferred
to centrifuge tubes and centrifuged twice for 30 min. in a bench top centrifuge to pellet out
undissolved dye. The supernatants were transferred to clean tubes and centrifuged again, to
remove entrained solids. Suspensions of same amounts of dyes in same amount of distilled
water as the amount of the polymer solution were treated in the same fashion, as controls,

The resulting solutions were spotted (25 ul) on TLC plates to form circles from the drops.
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sol utions tration of Sudan IV in 50mg/m poly
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gives an indication that the dye is not in an aqueous environment, but is encapsulated in the

organic environment of the self-assembled polymer particle cores. Indeed, changes in
fluorescence spectra have been used as a method of determining changes in the polarity of the
microenvironment (e.g. “lipid probes™). The color of the Sudan IV solution in the polymer
was reddish brown, as opposed to red in ethanol solution and brown powder when suspended
in water. Eosin Y did not show a significant visual shift (pink in water to reddish pink in the

polymer solution).
Example 2: Solubilization of Medically Relevant Substances

Purpurin, Amphotericin B, Camptothecin and Doxorubicin were selected as
representative sparingly soluble active pharmaceutical ingredients (API). Amphotericin B is
used in a liposomal formulation as an injectable antifungal, while Camptothecin and

Doxorubicin are anticancer agents. Purpurin is a DNA intercalating dye with potential
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C18- n- Pol and/ or Cl16-n-Polynmer A-folic acid conj t

bel ow) . ﬁ%@f’pgz‘glﬁ on was denonstrated by spotting thmﬁ%&%ﬁ%}@a
APl and non-sol ubilized controls on TLC plates, as described above
far the dyes. Dried polyners were reconstituted with water, with
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16- 7c-Pol ymei A to__doxorubi cin nass ratio, followed y addition of

suf f iasil @¥ev/BNolasesl Gho-ackelamer Powabberal P YW/ pad E&M"BBW&W B was used at

hydroghlgyi de. The m xtures were vigorously shaken for 24 hours and
then tw ce centrifuged at 2000 xg to renove undi ssol ved solids. The
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of carrying into each”sol ution was
spot tsedicated foBhkeat lowkiwer iddeyepntrifiged)taics at 2000 1B Ito wraooundisseled

The 39i80uPn S phUbl A LA BReOULELogHARLY of Lhe ci rele and an

i nne m gra Ion o mer with encapsul at ed

materi al . xo%tmm d%oc (bRGK 6 YRS wm{gmgmﬁa asldBol b PE6HRIRSA
y ccesstul

fringe of e aqueo s on zone, |ca I'n
sol ulftdiymeat A an damtumcm hadlrolcmaindg mms ratioe oeatcaps UblateddC Wawdtdlgmer Ago
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AC ltwmencentrli%./lrgrgcg atBZOO Ox{é) ‘él(\)// r\ém%\{% %Xisszol/%gg olids. The amount of pelleted solids

was not significant.

The mass ratios of solubilized APIs to polymer are shown in Table 1. No attempt was
made to maximize the loading of the polymer, therefore these ratios represent lower limits on

the amount of API the polymers are capable of carrying into solution.

A 10 ul sample of each solution was spotted on a Bakerflex™ silica gel TLC plate
and allowed to spread. The aqueous solution forms an outer boundary of the circle and an
inner circle formed by migration of the polymer with encapsulated material. In all cases,
there was very little API in the peripheral fringe of the aqueous-only zone, indicating

successful solubilization and minimal leakage of the encapsulated material.
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Purpurin 5:1 2. 51 not done Canptothecin 5:1 2.5:1 not

Amphot eri%ionzoi%{g’%?“f 2.5:1 not done Doxorubicin 10:1 5: f%ﬁ'@(fszgogwgmm
Eosin Y not done not done 1:1 4. Bioconpatibility of it Polyners
Exanple 1: Suitability for topical enollients, creans or pastes A
concentrated oily wax of the polynmer of Exanple | was rubbed on the

inner wrist skin by the inveplaL 288, 0RssiNEsr APfs upt ake. The

materi al appeared to be absor macol ogi cal waxy
creams, with sli ght softenl nf@ﬁ@ﬁ@uW@EWRﬁ%l ate or deI ayed

allergic re " }
observed upon this s nq %\fﬁplAcal lapp?sl,/éfé, °|’bb"h Alvanylo .
pol yners are hygroscopi c waxes at roomtenperature, with an expected
np of aboutpufdridC to 60 G:or greater, depsnding upon thetemaposition.
Pol ymers madgtoibeditn | owes:1 MW PEG s may éven be |iquid mtdmeom
t enper at ur exmiBgeringd| yme¥:s may be sol i @38t room t enpetadd®Ee, nelting
at body te %&*me Thu¥:t he properties: Io these rr MWoiPfers make
t hem excel E8H Ysubst r at eX*#¥¥ nmaki ng | ofP'S8% creams, 6fntnents,
emol lients, and other delivery fornms, either by thenselves, or in
m xture with various substances, i ncI udi ng active pharmaceuti cal
agent i1 S for parenteral adm nistration An
aqueo ?'g%q"gﬁtewﬁgf Sﬁ%z}ag’?yﬁ%r of Exanple | was prepared in
phospmainqﬂé)mf&ercéﬂzgzs’eﬁnope:aaadmﬂfwm treapemegasias o steril e tubes
t hrough 0.22um filters. A maxi mumtol erated dose protocol was
enpl oyed, AMveneintra@B-dilshivex ofihecnol e ddixemple ! avasgybbest om BiiingrEwIiey
body i

5P Bt yeneidd (bRl 87k P el dppREERh: B8 ek By
ever ytoaharm&dmdﬁ@ea‘l wealxymalils 48th gighpsoftemingiefybadisag Np snmedistegrsiginyed
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per f cippidativh. sel ect ed sectl ons. 41 - --------- e
----- WO 2008/ 091246 PCT/ US2007/ 001607 No observabl e differences
were f oundMany oli ehebé polynizhe aiediypgyosoepinmexes hierooontengierativee withcint he

I': (r)ﬁg;q%cg:agc% mp (I)\P abou? % Vét%o DC!’IC,I cfnregrrga gre pend%n%sﬁpoorﬁsth\é\%ro%pos#Qn Polymers
made with lower MW PEG’s may even be liquid at room temperature. Some polymers may

be solid at room temperature, melting at body temperature. Thus the properties of these &

polymers make them excellent substrates for making lotions, creams, ointments, emollients,

and other delivery forms, either by themselves, or in mixture with various substances,

including active pharmaceuntical agents.

Example 2: Suitability for parenteral administration

An aqueous solution of the polymer of Example 1 was prepared in phosphate-buffered
saline and then filtered into sterile tubes through 0.22um filters.

A maximum tolerated dose protocol was employed, wherein CD-1 mice were
subjected to a dose of 10ml per kg body weight tail vein injection of up to 5% w/v aqueous
solution of the polymer. The mice were observed for 12 hours 'continuously and every 2hr
thereafter until 48 to 72 hrs, depending upon the group. Blood samples were taken and
analyzed. Some mice were sacrificed and first examined for gross histology. Microscopic

histology was then performed on selected sections.
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control apjals in the gross histology of various organs, |
heart, Iuﬁggﬁm%WHﬁ s, spleen, liver, intestines, stonégha&%ﬂgh@gp7
skin, nuscles, bones, brain, and | ynph nodes. Miltiple specinens
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asi al’odl ycoprotein receptor (ASGPR), and  'pol yners bearing
covalbenomg npondled gl act osanmine are delivered to the liver; see L.
Seymour et al., "Hepatic Drug Targeting: Phase | Eval uation of )
Pol ymer - Bl icopsided ihasithe palymer jsipafe {of Bundéngy Psw%lyl?afm@ﬂfegﬁgem n

( 200%&{%@9@%&%&%@%@ erferB FOrmBRINOAE! 1tBs fdaxampleroldkpktt that the

synt he section above) (461 , 0.2 mmols equival ent

per rmoboati ingafenn oyalwabitigns,rap an@tag?ﬂmamtsamy, agd branchigl gerosols,
di sper si. . ( Lo gH de
(0: Bl i SEEA b b e R b R el B R o 15
m nutaesniantda@orsol uti on of gal actosam ne HCl (0.386 mmol s) and TEMED
(0.387 nmmols) inl m water was added. The solution was stirred and
t he r%aAttachmentsof Thtgeting MyictieCton-Rilyiners gel and devel opnent in
1-butanol -acetic acid-water (3:1:1). An additional amount of TEMED
(0. 0Bxampd &) AipfanerfErdrciassrmive trfd-TEDEPpizrmer & g 3midn Bprd fofmeaton.
added to force the reaction to conpletion. Wen TLC showed a_steady
state w t hGalestosarnined Glorfaizgistthe Repdticaaialqglrcopeeiein rspentpstAS GPRpgad
dialy . - of f gﬁgﬁr N=ToF QR

wat erﬁ%nggﬁ%e%ﬁ@&?@w tr}m ec Lﬁ?%?aswei gh{ﬁ%ﬁdggg%{rae%? (gﬁ)aerr}}jveg%eg?’(jdgﬁgﬁng Tn‘
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gg) fr éaa%@@%ﬁ%ﬁé@é%%@ﬂ@@%%@a%@% the-F%iﬁ of the product showed
(nrmhydrin negative). sanple of the

Cl6-n-Polymer B (Example 10 in synthetic method section above) (461 mg, 0.2
mmols equivalent COOH per repeating unit) was dispexsed in 14 mL water, and to this
dispersion was added EDC HCI (0.485 mmols) and N-hydroxysuccinimide (0.464 mmols).
The mixture was stirred at ambient temperature for 15 minutes and a sotution of
galactosamine HCI (0.386 mmols) and TEMED (0.387 mmols) in 1 ml water was added. The
solution was stirred and the reaction was followed by TLC on silica gel and development in
1-butanol-acetic acid-water (3:1:1). An additional amount of TEMED (0.079 mmols), NHS
(0.078 mmols) and EDC HCI (0.193 mmols) were added to force the reaction to completion.
When TLC showed a steady state with respect to consumption of GA, the reaction mixture
was dialyzed (3500 Da cut-off membrane) against 3 x 1000 ml deionized water to remove the
low molecular weight reactants and by-products. The retentate was removed and dried at

60°C to constant weight (348 mg).
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as necessarytt ntarn fluidit eattants are stirred
at Aéplubillizatien akpprimenty dasexbabalfavem noi sture. Water (80 nl) is added,
and the mxture is stirred at 50 C for an additional 2 h. After
cool Engnple 3 otadherpee/aV-acey! nauraminix voide NAN A cldyoredo saga ns+P dyrens]
HCl, 5% NaHC(O3, and water (2 x 2000 ml each) with a 3.5 kDa cutoff
menbr ane. MNputminigaad derivathvies arglargeting mppiaties, fonimflugngawiriseatbeearsaiof h

0. 2%43 ermaggtutisin and hedraminidase coat proteins, bofli of Which até kiwi & bind t6 Sfalic

- - - - aeid: Several methods forcoupling NANA-and-its-derivatives-to-the m-polymers of\the

2008/ 091?46 PCT/,US2007%/ 001607
vention were developed.

Example 3a: Attachment of N-acetyl neuraminic acid (NANA) to C16-n-Polymer A via

esterification.

BDDC (2.44 g, 8.56 mmols) and C18-n-Polymer A (10 g, 4.28 mmols) are combined
and heated to 70 °C, and stirred together under argon for about 30 minutes. N-acetyl
neuraminic acid (3 g) is added, followed by THF as necessary to maintain fluidity. The
reactants are stirred at 40-70°C overnight, protected from moisiure. Water (80 mL) is added,
and the mixture is stirred at 50 °C for an additional 2 h. After cooling to room temperature,
the mixture is dialyzed against 0.1 N HC, 5% NaHCOs3, and water (2 x 2000 ml each) with a
3.5 kDa cutoff membrane. Spotting on a silica gel TL.C plate, and visualization with 0.2%
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VI aa spacer. Cysteam ne” (2-am noet hanethiol) hydrochloride (0.93

Mol i N vedLldueWds seiddtof 016- ép&ﬂubmlcﬁgl BoRH IS FSNbKsi SRR lLYRa ",
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hr. The product was purified by dialysis, first against 20 mmolar sodium acetate, pH 4.5 then

against water. The retentate was removed and stored for use,

Example 3c: Attachment of N-acetyl neuraminic acid (NANA) to C16-n-Polymer 4, via a

spacer.

Cysteamine (2-aminoethanethiol) hydrochloride {(0.93 mmol in water) was added to
an equimolar amount of NANA monomaleate (solution prepared as described above),
followed by an equimoelar quantity of TEMED to facilitate the addition of thiol to the double
bond. The reaction was followed by TLC on silica (i-PrOH-EtOAc-water, 4:3:2) until the
reaction was complete (absence of O-maleoyl-NANA , detectiqn with orcinol /H280, or

wrea/HCl reagent) to give targeting moiety D.
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di al ysis. Exanple 3f A second sanple of Cl16-7c-polsy®er A diglycolate

havi ng two carboxyl groups per repeat unit was aliso conjugated with
MNA in the sane fashion. 4% ------------

== -==" - -====" FIN I - -A- - - - - -TTT-F--" =---- -=" V\D
2008/ 091246 PCT/ US2007/ 00166’7/F a . meptwpf 1 3- 0- net hyl
neuraninic acid (MNA) to CLf-rr-Hpol ymet B. CI6- 7r JPol yn¥f B, 43
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HO o

E

By the same method, cysteine and glutathione are added to the maleic acid
monoesters of NANA and DANA.

By the method described in example 3b above, the mercaptosuccinate conjugate of
Cl16-m-Polymer A bis{aconitate) was amidated with targeting moiety D. This polymer
contained up to 8 -COOH groups per repeat unit (See “Synthesis of n-polymers”, example
12¢).

Example 3d: Attachment of N-acetyl newraminic acid (NANA) to Cl1G-w-Polymer 4, via a
spacer.

By the method described above, targeting moiety E was conjugated to C16-n-polymer
A diglycolate (See “Synthesis of a-polymers”, example 11a)polymer.

Example 3e: Attachment of neuraminic acid B-methylglycoside (MNA) to Cl6-m-Polymers.

having on average a single carboxyl per repeat unit (0.396 mmo!) was dissolved in
water and allowed to react with NHS (0.4 mmol) and EDC+HC] (0.64 mmol). Neuraminic
acid-B-methylglycoside (VINA) (0.42 mmol) was added. The reaction mixture was stirred at
ambient temperature (25-30 °C) for 18-24 h and then purified by dialysis.

Example 3f° A second sample of C16-n-polymer A diglycolate having two carboxyl groups

per repeat unit was also conjugated with MNA in the same fashion.
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D- gal act O'A!@g @m&%ﬁwgaﬁeﬁpﬂie%a%sx 1§s éﬁ%@%o%gosﬁn%%a&ﬁﬁx afier
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i's adépdypis, fﬁ’éﬂ@d?lfﬁﬁepé?\ of @etgww’@a agid WRghY %ﬁ@ﬂ% %wmg{ﬁ‘dﬁﬁrrream& or

reac%&pHF%éﬁéégg%erQy_ TLC. The reaction mxture is dialyzed (3500

kDa cut-o rane) against 3 x 1000 m deionized water to renove

the |gy ‘?Cﬂt@é'hnwg éanabﬁﬁﬁ@m&napslzyb&rmr oducts. The retentate is
renoved and. dried at to constant weight. The |evel of sugar

i ncor por at4asamieiy (@@1631 Branatent IBYbHOLR Bral Reviaminidase, pnd BPlyPT'?éS bearing
guaniygy, lﬁ?oi AU (’rﬁgﬂvalént Ifog%ﬁg’are iafiblefdof ikfadilza vifisREpi@foR! dase

assay my Be carrie ow ng the procedure of Potier et al,

Anal . Bi Occ'“JﬁdT}:aPo%gm&Sﬁ (6194R) is BYIREINT0 M HARBTERE 10 mu&eEDc
C16- 7t - pol ynercgf\agé%f%y col ate” (See "Synt hesis of n- pol ymers' agml e

11 eI;lCle@ Zaran drexspurgningide (i mimghe dihe e i giirresd 19TH
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e resulting mxture a solution of 1- mnosine (2.14
nol (6'meipahexd/l}-nabamylarst eenanidioptd. 2dj trstadeain R- g e R-galagioreys e

B T
TEMED (0.67 mmols) in 1 ml water is added. The solution is stirred at room temperature,
and the reaction is followed by TLC. The reaction mixture is dialyzed (3500 kDa cut-off
membrane) against 3 x 1000 ml deionized water to remove the low molecular weight
reactants and by-products. The retentate is removed and dried at 60°C to constant weight.
The level of sugar incorporation may be determined by a colorimetric assay for the guanidine
group (Can. J. Chem., 36:1541 (1958)). A neuraminidase assay may be carried out following
the procedure of Potier ef al, Anal. Biochem., 29 287 (1979).

Example 5: Attachment of Mimosine.

C16-n-polymer A diglycolate (See “Synthesis of w-polymers”, example 11a) asa 4.5
% wi/v solution (1 mmol repeat units, ca. 2 mmol in COOH groups) was reacted with NHS
(2.27 mmol) and EDCHC! (2.23 mmols), and to the resuliing mixture a solution of 1-
mimosine (2.14 mmol, prepared in 5 ml water and pH adjusted with TEMED to increase the
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C16-n-Polymer A dimaleate was prepared, starting with PEG of molecular weight

4500. BayRab™ human rabies immunoglobulin (hIgG) was treated with pepsin in the usual
manner in an acidic pH buffer to generate the F(ab")2 fragment, which was purified by
ultrafiliration using 50kD filters. The F(ab*)2 fragment was coupled to the PEG 4500 C-16-~
w-Polymer A diglycolate by the EDC method described in Example 5 above.
Example 6b: Attachment of anti-rabies antibody fragments to C16-n-Polymer A Dimaleate:
The F(ab')2 fragment of BayRab™ hlgG (see example 6a) was reduced with DTT (or
alternatively TCEP), and spent reagent was removed by ultrafiltration using 30kD filters.
The Fab'-SH fragments were coupled to PEG 4500 C-16-n-polymer A dimaleate by Michael
addition of the free thiol to the maleic acid double bond at pH 7-8.3 (TEMED). The
conjugates were purified by ultrafiltration using 100kD filters to remove low molecular

weight contaminants.
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Exanpl e 6 C- 16-7r-polynmer A dinal eate was conj
reduced F?’eﬂ)f@ 9ﬁ?‘ggment of BayRabTM hl gG as descri bed ?&gﬁgﬁ@?ﬁ@f’e
6d: Attachnent of Peptides toCl6-zr-Polyner A D naleate: The peptide

K. DYRGAKHW VYYTC ("Rab | ") has been reported to bind to Rabies
virus (T.L. Lentz, 1990, J Mdol. Recognition, 3(2):82-88). The

t erminal %%B@eé@'%é%bgqgtlg‘é@%lgﬁ%ﬁ&&n %&4;%% 6jPartd et

Pepti de-i ner A con I'maleate (two
mal eiI*’éatémfchgmmn&bf Bsyﬁeb“”rldgéaas des¢nibeddidoiveg.ed from PEG 1500 (0. 157
mmol) was dissolved in water (6 nL) and the pH of the solution was
adj ustrenptecichbdreci@nem phPeREREDC Ithe-fvdynérdé LipalesTe-mmol ) di ssol ved
in DMF (3.1 m) was added, and the reaction mxture was stirred at

ambi ent t dineqreptide mqul € Ratel D dae beanmrepprtedito binditeRabised
bet t . i

e THR C s Eenpe G Rl AP FRE AT YR RSB R R idnbiifue

El | mayes sisédettsyntdesiak lansﬂtntnﬁghies W’eptxdémcﬂ’eiymasA adsiedateo Thei Qlgp-t@alymére
DIVF t nd t ti tLd

o PR G A Faraes PR BRag dhSFe FER P 4960 .97 BRSS
ul t r afasldissoRed it hiaeege nﬂ_.)lzﬁsdhﬁ)e QHTtiﬂthé sigation as edjustet o G¥oat@omitk) tra

F s ReaRhY, Fwoi&?@ 57 rondf dissveirghbml Bl i Wan ode R psrepastiong

t hr egniRARé hﬂ@&u&&i &t AhblehieRPeraNie wlas Spak ahile the fatfibnpH v de)
wer e prepared by aut onmated solid-phase S%gt Egm s,,,and co \‘-Jhggﬂfl ed to
PEGI Seranimnse byivesen S-S di hup@igeeof ferestion Fiker bydesting ction

pept hﬁﬁmrgm]ﬁn@s réé?@m@ih _RAb 2inanBtedRlR a@tﬂost negative.
KGWKHWAYC{ NFD) (" Rab3" ) Exanpl e 6f: KGAKOMYC(NH) (" Rab4") 6.

Ant i Watar waze dﬂdttg) beingidonothg RYIE congspirgiipe and tiy repehinn mieuie %3S
I nf | 'ﬂgﬁ%?ugec-lg%r}@vé-ég&aﬁ bt FP;SE%&PHQ&' U8R %Peat shbkin @ &§seﬂtx‘aﬂlt@red

mouse protection assay si ng vei n injection, 200ul/

| ed tlroogh 53 kEY mrlﬁmﬂbﬁﬂﬁmlt thmisen bt 1QkDset! ‘(TFC&%@Z%)@W é%ﬁ ed

\?\n' u : \élr%tg%t)aTl\%%% g‘vﬁﬁ; \‘r%t;egré Feﬂf}hto% ggee l%ﬁ%é% %ﬁ‘ £ °\6ﬁ*£‘h‘h§"5 £ct ed

(0.15% s td, dhe ]"I%ﬂlﬁ\i(k% 0

above. Pos tre%mcf ani réﬁﬁgge 4?@Ed)ose Moglrzés@gé?%eér)bl n ect%%ﬁﬁie}
whi | evepe psapamdtberohmmmmtisohéfpéasmadme@sh@@r@npxgamd toPEGE 5t i-palymer A
Posi tcﬁr\r/)glegt% %E%l sofll Bl Ser 48 the Rab1 peptide: )

Example 6d: KDYRGWKOWVYYTC (“Rab2”)

Example 6e: KGWKHWVYC(NH;) (“Rab3”}
Example 6f: KGWKOWVYC(INH;) (“Rab4™)

6. Antiviral activity of n-polymers.
Example 1: Efficacy against Influenza.

ATCC VR-1520 (H2N1) Human influenza virus was used in a mouse protection
assay. A single tail vein injection, 200ul/20g BW led to 99.5% lethal infection in control
animals (7 days untreated survival).

Ten mice were in each group. Mice were tail-vein-injected with 200ul/20g body mass
of a low dose (0.0375%) and a high dose (0.15%) solution of the w-polymer B-MNA
conjugate of Example 3 above. Post-treated animals were dosed 24 hours after infection,

while pre-treated animals were dosed 6 hours prior to infection, Positive control animals
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WO 2008/ 0 9%859(;5/6[52007/ 001607 were injected with an W%%"Z@ﬁ?ﬁﬁe

amount of |gand whil e the negative controls recei

buffer injection. The survival tinme was used as the index efficacy
end point. Body weight was tracked as a study parameter. Hi stol ogy
of internal organs was perforned in both gross exam nation and

m cr Ared B{ ?ct?d(%ml raﬁtelqgﬂrsgeﬁﬁ Stibhst G f&gﬁ%ﬁ@s\g}ﬂ HWeBatve diRrdlfEREE a

in surviva ours (+/- or the high dose
t r eatatimt buffarugectdmnpared to only 2.94 hours (+/-- 0.75h SD) for the

ositive ntrol. S.
Fi gand, t eﬁu@ﬂv%ggg W‘ eg?c?fpeanstt%%: (lz)l}drg’egs‘,a chn Q%?a f’og{t Er?%gt’r %ﬁ%h tq%%%mt(:ked
t he ké@gandy @saneten Histvdogmaod mmndmrga:mmasqmpﬁogaeé irs hightgrosst axeminatiano

of 0.2 w.w. Thus the gol yﬂgr 1con ate é a significantly high
| eve PO FRiFTOSEARIE P ARRAAPR: %’tsﬁ”é dé‘é‘r‘f d ligand control. Gross
hi st ol ogy B inelebseds swvasmwas smmoaﬁtmm 4%h sdyfor thekighrlotdie hi gh

dose pol ynmer B-MNA conjugate at owed nor nal

o HEEERE B AP RRLD B2t PN (RO TR b Ao i) PERETY
r eduggd 7)) ekl thobastbibs e Golsk oF 1BMME I M¥h BEse BédtfichtdéaRsokds )& most,
effects of the influenza infection. The body weight |loss in

pr ot 8eB3% Af therligmme. FRPGHIbS aaxinuyopolymer-geygaeate 6“‘?%“"5’5‘ Rpgp of Q2 wiw.
tr eatfipeh IS AYRS: &&H t&l %&d 2 mgrfi?ﬁcaﬁt%y\h{éﬁqgvei of efitbhcYRSmpaRa tb AN

that in the 03|t|ve cont rol , suggesting an associ ation
Wi t huph@l;uggadtuga%@m@ at her than the polymer (Fig. 3). A small

Veéi ght  gai g Qf hﬁg}c/%pé‘sc\” # 99m1é1@séb§>§€ SAEAatBSE sotAiRleSn the ﬁfgfm'dé@@y

agai nst Rabi es ps of ten Wiité Swiss mce, ca. 20 g each, m xed
sexepolymere3-MiyAoyomiiigate eatingnt gioup Sb@\mfbmmtﬁﬁ P&%@'&? expeRichaldn one

chal | et’l d n%}}{ebglﬂt&#a%h Rhceobiag Sh&% d%98§ eQ‘l of iR celilsn%ﬁﬁﬁ'rﬂﬁﬁbe

wer e enge virus s |es strain,
di | utttcibutablelto the effd@Oof MBS ftonza Defpetion. dEe lmubwmaht ioparraplymcgpn and

b d I f
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Example 2: Efficacy against Rabies.

Groups of ten White Swiss mice, ca. 20 g each, mixed sexes, were employed in an in
vivo protection assay. Mice were challenged by injection of 3x the LD50 of rabies virus.
Injections were 0.03 ml CVS (challenge virus standard) rabies strain, at a dilution of 10°®
(100 LDso/ml). Day-to~-day survival, paralysis, and body mass were monitored.
Intraperitoneal administration of drug at 25, 48, and 72 hr, and intracerebral administration of
drug at 25 and 48 hr, were investigated. Results are presented in Tables 1 and 2.
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(dose/ i nj x 2% 3% 45678910 11 6a 0.4 10 1

4111 ow%gﬁé/."%”‘i‘tz) 10 10 10 10 10 53 0 0 6¢ 2.0 10 %ﬁﬂg’%ﬁ%‘%&g"?o
7100 6d2. 11010 10 10 101051 1 1 0 6e 2.4 10 10 10 10 10 10
500 613.0 10 10 10 10 10 10 51 1 1 0 6 2.6 10 10 10 10 10 10 4 0

0 Rabl peptide (0.5) 10 10 10 10 10 10 7 2 0 0 Rab2 peptide 0.5 10

10 10 10 10 10 53 1 1 0 Raba peptide 0.5 10 10 10 10 10 10 5 1 0 0

Rab4 peptide 0.5 10 10 10 10 10 10 30,9 d 1.0 10 10 10 10 10 10 5 1
10 8e 1.2 10 10 10 10 10 1 44 1 ¥ 611.5 10 10 10 10 10 10 5

1
00 6 1.3 10 10 10 10 10 9 4EfpdriGemBal/Rhbiedin ®lick 10 10 10 10 10 10 5
0 0O Ba RabT" 2.0 10 Q.. . 0 9‘% g‘%,g 10 10 10 9
300 6c 0.4 10 10 1’3‘9 °Té"q‘f%p3fﬂ"8'"8mla§§1“|’ﬁé‘ 695 SHEMT0° 10 10 6 2 0
0 ne B@mMPR#10 10 9 951 1 1 0 *dBasyoptijfedierd on days 1-3 Table
2 In _ra‘E%ﬁ‘QB'ET%’P) admipi stration. nunper of suryivors pxangl e S
AR B2 (RS S 1A UETI L TEA DTS SN BT I B A S Sl
0.4 ¥ Gndon) o 2 171d ¢ 9o ¢ Yo |90 ¥ hy 1044018 T3¢ ¢ P 3
10 16—%16 etdo.oP I0T7 36 T 3007 1600 I HeL U HT UV L, ang P 0
6d (2.1) 10 10 10 10 10 10 5 1 1 1 0
Ge (2.4) 10 10 10 10 10 10 5 0 0
6f (3.0) 10 10 10 10 10 10 5 1 1 1 0
6g (2.8) 10 10 10 10 10 10 4 | 0 g
Rab1 peptide (0.5) | 10 10 10 10 10 10 7 | 2 0 0
Rab2 peptide (0.5) | 10 10 10 10 10 10 | 5 | 3 1 1 0
Rab3 peptide (0.5) | 10 10 10 10 10 10 5 1 0 0
Rab4 peptide (0.5) | 10 10 10 10 10 10 3 0 0
6d {1.0) 10 10 10 10 10 10 5 1 1 1 0
6e (1.2) 10 10 10 10 10 10 4 1 1 0 0
6f (1.5) 10 10 10 10 10 10 5 0 0
8g (1.3) 10 10 10 10 10 ) 4 1 0 0
BayRab™ (0.4} 10 10 10 10 10 10 5 0 0
BayRab™ (2.0} 10 10 10 10 10 10 1 6 1 G 0
6b (0.4) 10 10 10 10 10 9 3 0 0
¢ (0.4) 10 10 10 10 10 10 4 0 0
Saline 10 10 10 10 10 10 8 | 2 0 0
None 10 10 10 10 9 2] 5 1 1 1 0
*doses injected on days 1-3
Table 2
Intracerebral administration; number of survivors
Example # Days post-infection
{dose{in]., mg}
1 2 3 4 5 & 7 8 9 10 11
BayRab™ (0.4) 9 9 9 8 9 9 9 7 1 0 0
8g (0.4) 10 10 10 10 10 10 7 3 2 2 0
Saline 10 10 10 10 10 10 7 1 1 1 0

*doses injected on days 1 and 2

50



50 -------m e - CLAIMS W claim 1. Use of a conb
pol ymer consisting essentially of the followi ng structure: 1411 r s
A J n +al conprising a backbone fornmed of alternating branch-point
noi eties B and hydrophilic, water-soluble polynmer blocks A, and
havi ng hydrophobi c side chains C and ligands Z attached to the
branch-poi nt noieties, wherein: eacggﬂﬁgﬁgphobic side chain Cis

i ndependently selected fromthe gro isting of C6- C30 linear or
br anchegehygihocar bons optionally substituted with one or nore
hydrophilic substituents; C6-C30 cyclic or polycyclic hydrocarbons
opti onal | §- S¥gs<f iacomb grolaimen coistiog esspifially lof thedphowing skudierei t uent s;
and hydrophobi c am no acids, peptides and polyners; each ligand Z is

i ndependently a |igand havin N fic binding affinity for the
surface of said virus; s is bond or a spacer nviety; the val ue of
n ranges from3 to about 100; verage val ue of p ranges from

greater than one to four;,.-and the average val ue
8, for the preparation off a nedicanent
of an infection of an } byBa vi+us] . of claim1l,
wherein at |east one |igand-s—iacetyl’ acid or a
derivative thereof 51 3.~Th use:Tf claim2, wherein said |ligand is

r ranges from1l to
nt or prevention

sel ected fromthe group consil$tiny|of N-acetyl neuramnic acid,
neuram ni ¢ acid O-nethyl gly¢aside] and

4- guani di no- 2, 4- di deoxy- 2, 3- dehydro®2 N-acetyl neuraninic acid. 4. The
use of claiml wherein at least one ligand Z is a peptide, antibody

or anti body fragnen ving specific hinding affinity for e -
S fce. of cabAgE AbadgihahenRES hterrafind Ri-AhAbnLPhictict B bnd Siiephilic,
an Fab or F(ahers3lubladkand: ikt Wednd kM WRBIbhobic side chains C and ligands Z

attached to the branch-point moieties, wherein:

each hydrophobic side chain C is independently selected from the group consisting of Cg-
Cs linear or branched hydrocarbons optionally substituted with one or more hydrophilic
substituents; Cq-Csg cyclic or polycyclic hydrocarbons optionally substituted with one or
more hydrophilic substituents; and hydrophobic amino acids, peptides and polymers;
each ligand Z is independently a ligand having specific binding affinity for the surface of
said virus;

s is a bond or a spacer moiety;

the value of n ranges from 3 to about 100;

the average value of p ranges from greater than one to four; and

the average value of r ranges from 1 to 8, for the preparation of a medicament for

treatment or prevention of an infection of an animal by a virus .

2, The use of claim 1, wherein at least one ligand is N-acetyl neuraminic acid or a derivative

thereof.
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anti-rabies 1gG imune globulin. 6. The use of claim1l, wherein at

| east one ligand Z is a peptide selected fromthe group consisting
of KDYRGAKHW/YYTC, KDYRGAKOWYYTC, KGAKHW/YC(NH2), and
KGAKOWYC(NH2). 7. The use of any of clains 1-6, wherein the

wat er - sol ubl e pol ymer block A is selected from the group consisting

of poly(ethyl ene gl yc,g{)%), pol.y(propyl ene glycol), o
pol y( ety endiersnes claingg Whegsimgaid hgangnpsolectasdram theyoup songstingaray-acetyl

pol ysaggh Eﬂiﬁli@%cid?ﬁl%g%gglﬁila\éfﬁﬁf—ﬁe@?ﬁ%l?g{?i%; and B R G2 9L BB :2.3-dohyro-

wher ei n the pol yner Alis s romtHRe group consisting

pol y( etivptaylecyhmont 3cid.pol ypr opyl ene gl ycol ), and copol yners ther eof
9. The use of claim8, wherein the polyner block Ais poly(ethylene
glycol). 10. The use of claim8, wherein the polyner block A has an

_______ fragment having specific binding affinity. for the surface.of said virus. _ _ _ _ . .. _ 11. The

use of claim1l, wherein the polynmer has the structure z z s s OO
(OCH2CH2)m -SSYY OOn wherein mis 4-700, and Y and Y' are

i ndeperfdent IThegiet elctlaith 4 whereinrseiddigenpiscorisb ot Fah)ofragRient GRjveCOOR h®Ryn
NHR, N%i-’ral:%'s('f(i NHOR . NRNHZ, NHNHR,  NRNHR' and NHNRR' , wherein R
and R "are’in épeh‘a%nf{ I%/ Sef'ected fromthe group consi sting of C6-C30
branched or |inear hydrocarbons optionally substituted with one or

nore hydrophilic suhstituents, -C30 .. cycli.c or polycyc|jc
hydr oc# bons! g pes ?‘Fyl’é’ﬁ’ﬁgﬁéfi ‘Etgf?aéh‘)% l_taen@ fdS BPCRIP éelw%fjr %@fﬁiﬂlﬁ group
subst i tc'dﬁ§1§t§1ig ANEDR R VRGPV ¢ vaid, neDRIAPK Aveplivdes and pol ymers. 12.

The use of claim 1, wherein the polymer has the structure O YO OY O
-S S ( CEEREHRWVMY G(NH2), apd KOWHOVYYC(NH,).

7. The use of any of claims 1-6, wherein the water-soluble polymer block A is selected from
the group consisting of poly(ethylene glycol), poly(propylene glycol), poly(ethyleneimine),

poly(vinyl alcohol), poly(vinylpyrrolidone), polysaccharides, and copolymers thereof.

8. The use of claim 7, wherein the polymer block A is selected from the group consisting of

poly(ethylene glycol), poly(propylene glycol), and copolymers thereof.
9. The use of claim 8, wherein the polymer block A is poly(ethylene glycol).

10.  The use of claim 8, wherein the polymer block A has an average length of between 4 and

700 monomer units.
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O00On wherein mis 4-700, Wis 0 or NH,L and Y and Y' are

i ndependently selected fromthe group consisting of R COR COCR
CONHR, CONRR , CONHOR, CONRNH2, CONHNHR, CONRNHR , and CONHNRR' ,
wherein R and R are independently selected fromthe group

consi sting of C6-C30 branched or |inear hydrocarbons optionally
substituted with ope or re. drophilic, substituents, C6-C30 cyclic
or pol ytycli WBPE@%‘%b&&%ﬁ%%WQR&F%&%@FFW‘% with one or nore
hydrophi |l i c substituents, and hy ro@obi c am no acids, peptides and

pol ymers. 53 13. The use of claifm 1,7 wherein the pol yner has the
structure OO' ' OOP-SRHYyU HFS' (OCHCH2) m 4Fi s Z ()p n

wherein the noiety D is| derjved4roid a dijam ne having the general
whepeip e ch d}%b ndently a
piss—0- 4, d mis 4- 1 and wherein R

structure HZN-F D NH2
reactive functional group,
and R are independentl ected from theYdgroup consisting of C6-C30
branched or |inear hydroca& bons optionaldy substitutied with one or
nore hydrophilic substituents, C6-C30 «cyclic or polycyclic
hydr ocarbons optionally substituted with one or nore hydrophilic
substituents, and hydrophobic am no acids, peptides and polyners. 14.
The usewhdreialnaism-100, whiEY ahd Yt Be: ipddpy identli sdedidiefr@h tecgroteconSlsting 63 FOH
O* X _g=9 - S~ -1~ - - - 0 wherein mis
& 700, SRVGOBRSRNNARINERS GNERRNHOE Vi ASHEs DRoHIE. FHENANRR t he
group wRRShH IR e fleferleiAREERE iBfn the Qi?ﬁf) cOYGEAE BF BQRS, branched or

y

optionally substituted with one or nore hydrophilic substituents,

C6- C30 limper hixdrenarhons griipopilcsubyidited arithoms oo proroedronhiliasybstitnenie st h

one or . bidd ' ] onhohi c ' °j ds,

O ne 1 TREE o RSP b ot IBRE bhttHah subdifddXHOGRHRforE MG
substituents, and hydrophobic amino acids, peptides and polymers.

12. The use of claim 1, wherein the polymer has the structure

O vyo oy 9
) - "S—H—S“ . (OCHZCHZ)m
Z-s-W S
O O

wherein m is 4-700, W is O or NH, and Y and Y’ are independently selected from the group
consisting of R, COR, COOR, CONHR, CONRR’, CONHOR, CONRNH,, CONHNHR,
CONRNHR’, and CONHNRR’, wherein R and R’ are independently selected from the group

n

consisting of Cg-Csp branched or linear hydrocarbons optionally substituted with one or more
hydrophilic substituents, Ce-Cso cyclic or polycyclic hydrocarbons optionally substituted with

one or more hydrophilic substituents, and hydrophobic amino acids, peptides and polymers.
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15. The use of claim1, wherein the polyner has the structure OO
S-L-S- (OCH2CH2)m ~R Rai Z-s-W-Ws-Z OOtn wherein mis 4-700, L
i s phenylene, C2-C6 al kyl ene, or benzenedi net hyl ene, Wis 0 or NH,
and R and R are independently selected fromthe group consisting of
C6- C30 br anched or linear hydrocar bons optional Iy substituted with
one or S,lh ydr o I|c bstl uen C6- C30 cyclic or polycyclic
hydroc b 65 ?F& EP% 5 b B rore hydrophilic
substltuents and hydrophoblc amno acids, peptides and pol yners.

16. The use of any of clains 1-4 wherein the virus is_an influenza

virus. 17. The use |of n clains 46 elnthe irus is rabies
virus. 18. A pepti g nekg_r consi st)l g of
KDYRGAKOW/YYTC, %@H 2

n

wherein the moiety D is derived from a diamine having the general structure
Ho NH,
X
wherein each X is independently a reactive functional group, p is 0-4, and m is 4-700; and
wherein R and R’ are independently selected from the group consisting of Cg¢-Csg branched or
linear hydrocarbons optionally substituted with one or more hydrophilic substituents, Cs-Csg
cyclic or polycyelic hydrocarbons optionally substituted with one or more hydrophilic

substituents, and hydrophobic amino acids, peptides and polymers.

14.  The use of claim 1, wherein the polymer has the structure

- C)S’S—KS*I)\(OCHzc*'iz)m
'--_R R y
Z-5-W l\[r-W—s;-Z
&)

wherein m is 4-700, W is O or NH, and R and R’ are independently selected from the group
consisting of C¢-Csg branched or linear hydrocarbons optionally substituted with one or more
hydrophilic substituents, Cs-Csg cyclic or polycyclic hydrocarbons optionally substituted with

one or more hydrophilic substituents, and hydrophobic amino acids, peptides and polymers.
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15.  The use of claim 1, wherein the polymer has the structure

0 0
* Ojﬁfs——]_———&’-)l\(oc*'zc"fz)m
— R R‘ g
z-s-w—( SWez

O o n

wherein m is 4-700, L is phenylene, C,-Cq alkylene, or benzenedimethylene, W is O or NH, and
R and R’ are independently selected from the group consisting of C¢-Csg branched or linear
hydrocarbons optionally substituted with one or more hydrophilic substituents, Cs-Csg cyclic or
polycyclic hydrocarbons optionally substituted with one or more hydrophilic substituents, and
hydrophobic amino acids, peptides and polymers.

16.  The use of any of claims 1-4 wherein the virus is an influenza virus.

17.  The use of any of claims 4-6 wherein the virus is rabies virus.

18. A peptide selected from the group consisting of KDYRGWKOWVYYTC,
KGWKHWVYC(NH,), and KGWKOWVYC(NH,).
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