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APPLI CATI ON This application clainms priority of international patent

appl i cat iwo 2bis/09P3§/ US2006/ 01820, filed January 19, 200@cTiuseocconteent s of
whi ch are incorporated herein by reference. FIELD OF THE I NVENTION . The
present invention relates to the fields of anphiphilic pol yners, and
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branches (Mayes et al., US BACKGROUND

Amphiphilic block copolymers comprising a hydrophobic block and a hydrophilic
block have been well studied in recent years, because of their capacity for self-assembly into
a variety of nanostructures as the surrounding solvent is varied. See Cameron et al., Can. J.
Chem./Rev. Can. Chim. T7:1311-1326 (1999). In aqueous solutions, the hydrophobic
compartment of an amphiphilic polymer has a tendency to self-assemble in order to avoid
contact with water and to minimize the free interfacial energy of the system. At the same
time, the hydrophilic blocks form a hydrated “corona” in the aqueous environment, and so the
aggregates maintain a thermodynamically stable structure. The result is a stable, latex-like
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
backbone 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 multivalent
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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J. C%Egagelz,l 9%@323-334 (2003)). See also Grefer al., Int. Symp. Controlled Release Mater.
20:131 (1993); Kwon et al., Langmuir, 9:945 (1993); Kabanov et al.,, J. Controlled Release,
22:141 (1992); Allen et al., J. Controlled Release, 63:275 (2000); Inoue et al., J. Controlled
Release, 51:221 (1998); Yu and Eisenberg, Macromolecules, 29:6359 (1996); Discher et al.,
Science, 284:113 (1999); Kim et al., U.S. Patent No. 6,322,805; Seco et al., U.S. Patent No.
6,616,941 and Seo et al., European Patent No. EP 0583955. The use of poly(ethyleneimine)

(PEX) in this capacity has also been reported, with a focus on delivery of oligonucleotides
(Nam et al., U.S. Patent No. 6,569,528; Wagner ef al., U.S. Patent application publication
No. 20040248842). In a similar vein, Luo et al., in Macromolecules 35:3456 (2002),
describe PEG-conjugated polyamidoamine (“PAMAM”) dendrimers suitable for delivery of

polynucleotides.

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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activity against these viruses.

Recently, the pharmaceutical company Starpharma announced the successful
development of a dendrimer-based biocide (VivaGel™) that prevents HIV infection by
binding to receptors on the virus's surface (Halford (2005) Chem. & Eng. News 83 (24):30).
Chen at al. (2000) (Biomacromolecules. 1:473) have reported that quaternary ammonium

functionalized poly(propyleneimine) dendrimers are very potent biocides.

There remains a need for a drug delivery system that is stable, biocompatible,
amenable to the attachment of targeting moicties to the exterior of the aggregates, and
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 aqueous 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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The structure comprises a backbone formed of alternating branch-point moieties B
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 chains 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
mamimalian 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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The polymers of the invention self-assemble into polymer aggregates that efficiently
solubilize, distribute, and deliver drugs in vivo; have antiviral activity; are non-toxic,
biocompatible, and stable; and are capable of bearing multiple cell- and virus—targéting

moieties on their exterior surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

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

5
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chai fge Cpreferably, the polymer units A are poly(ethylene glycol) chains of formula —

(CH2CH20)n— where m is between 1 and 10,000, preferably between 3 and 3,000.

In the manufacture of poly(ethylene glycol) of various grades, it is known in the
industry to couple a divalent linker moiety (e.g., bisphenol A diglycidyl ether) to two
poly(ethylene glycol) chains, effectively doubling the molecular weight of the polymer while
retaining a relatively narrow molecular weight range. The resulting “poly(ethylene glycol)”
molecules are consequently interrupted at the midpoint of the polymer chain by the non-
glycol linker moiety (see, e.g., the poly(ethylene glycol)-bisphenol A diglycidyl ether adduct,
CAS registry No. 37225-26-6). Higher oligomers, i.e. those having three PEG chains
separated by two bisphenol A diglycidyl ether moieties, are also known, see for example
international patent application WO 00/24008. As used herein, therefore, the terms
“poly(ethylene glycol)” and “poly(propylene glycol)” encompass poly(ethylene glycol) and
poly(propylene glycol) polymer chains that incorporate non—glycol linker units, including but
not limited to bisphenol A diglycidy! ether, bisphenol B diglycidyl ether, bisphenol S
diglycidyl ether, hydroquinone diglycidyl 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 to 1000 and is preferably between 3 and 100. The overall molecular
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poly(anhydrldes) poly(orthoesters), and poly(phosphoesters), polylactones such as
poly(epsilon-caprolactone) poly(delta-valerolactone) poly(gamma-butyrolactone) and
poly(beta-hydroxybutyrate). C moieties may also be selected from hydrophobic molecules,
such as cholesterol, cholic acid, lithocholic acid, hydrophobic peptides, and the like. The
molecular weight of each moiety C is greater than 40, preferably between 50 and 1,000, and
most preferably between 100 and 500. The logP value (octanol-water) of the molecule C-H
is greater than about 1.4, and preferably greater than about 2.0, and more preferably greater
than about 2.5. In general, any moiety C is thought to be suitable for use in the present
invention if the molecule C-H is substantially insoluble in water. “Substantially insoluble”

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 [C]p. 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.



not limted to bisphenol A diglycidyl ether, bisphenol B diglycidyl ether,
bi sphenol S diglycidyl ether, hydroqui none diglycidyl ether, and the I|ike.
For pur posexoafosifass specification, any such |inker nopi @eCTAS2@07001601
counted as "nonomer units". The polyner block A nost preferably has an
average |l ength of between twenty and fifty nononer units. The pol yethyl ene
gl ycol chains may be end-substituted with functional groups suitable for
use as linkers to other noi @4)@5 including but not limted to am no,

mercapto, acrylate, gcrylamdé, naleate, maleinmde, ™Sand the |like, at one or
both ends. The val ug of R—rarges—Hrom 1l+e—1660—ahn s preferably between 3
and 100. The overal ecul @ wei ght—ef t he P pol may range from 1000

to 100,000 daltons gr me+e—t—s—pref ekably—abeve 2, 000 dal tons, and nore

preferably above 7,0Q0 daltons. Hydrophobic noieties & may be the sanme or
different, and may be for examsphe |inear hydrocarbons (optionally
substituted with one or m)Ea(hy[girophi lic substituents)., polycyclic

hydr ocarbons (optionally substitpted with one or nore hydrophilic
substituents), hydrophobic am no acids, peptides and polyners. Suitable
hydrophilic substituents include, but are not limted to, hydroxyl, ether,
cyano, and am de functional groups. Specifically contenplated are Cto C20

al kyl gro beay i d ano t ts.
M thi o conFannatazhans i ety CURNDs X BT e RlndGREP BY ahsihEg | jent o
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pr ef ar aybicalle] dkirvadtive gharps vélﬁﬁre@BQ):teﬂ|ﬁ¢1h&’tm¢ho®bB.gﬂ@ﬁps bmﬁwmyﬂ]alasnobe
short ol orrers Suitable oligoners in de.oligaq r ox ds such as
pol yP 5!“?&‘%1 for foppigg C%HFW@&%MW@% CC%FQ%CLC q OHB? )Serva?rf"&

COPO L iBRhSer® ol ﬁ)(rglln\/é:ﬁllole%u%l hsu@ st dedlifdeink lni‘oxé‘@ésdifmﬂifaeg‘éﬁr@CI ds, and
pol y(am no aci ds) (anhydri des), poaly(orthoesters),

pol yﬂ%‘ﬁéh%@?@?’%*}tg cbmew raeteaﬁssésugh ehfordhe gpiposs ef W?ﬁmgéi& ke ohe)
pol y (Al Bothe BERACIRNR). BPEHAARERBoBM O HRGE ARS)bed N fngle attachment

point X. In other embodiments, there may be three or four different types of reactive groups.

The matrix attachment moiety may attach to a matrix via covalent bonds, specific non-
covalent interactions (e.g., antibody-antigen, or non-specific interactions (e.g., via ionic
pairing or “hydrophobic” interaction). Suitable reactive groups X include but are not limited
to -OH, -NH,, -SH, -CHO, -NHNH,, -COOH, -CONHNH,, haioacyl, 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 sijalic
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



pol y(bet a- hydr oxybutyrate). C noieties nmay al so be selected from

hydr ophobi ¢ nol ecul es, such as cholesterol, cholic acid, lithocholic acid,
hydr ophobwo 2pespvizies, and the |ike. The nol ecul ar wei ghtrcofuse@chorsoi ety C
is greater than 40, preferably between 50 and 1,000, and nost preferably
bet ween 100 and 500. The | ogP val ue (octanol -water) of the nolecule CGHis
greater than about 1A, and preferably greater than about 2.0, and nore
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groups known in the art be useful for formng coval’ent [T nkages between
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single. ]& ment I . I'n other enbodi nents, there nmay be three or four

di ffe"r‘%’ﬁ Vlr ?%lgcet i ve groups.
Other attachment groups of medical relevance may be small chemicals, peptides,

antibodies or antibody fragments, enzymes, or active pharmaceutical ingredients, that may
affect biological processes such as hormones or hormone agonists or antagonists, substances
that interfere with virus binding, substances that interfere with cell cycle or cellular processes
after intracellular entry, and the like. Cells of unicellular and multicellular organisms,
including bacteria, fungi, higher animals, and plants, may be targeted. Biotin may be
attached to the n-polymer and used as an attachment point for avidin- and streptavidin-
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



The matrix attachnent noiety nmay attach to a matri x via coval ent bonds,
speci fic noncoval ent interactions (e.g., antibody-antigen, or non-specific
i nt eract iWoESA9R4s Via ionic pairing or "hydrophobic" Porarsa@ioors)?

Sui tabl e reactive groups X include but are not limted to -COH, -NH2, -SH,
-CHO, - NHNH2, -COOH, - CONHNH2, hal oacyl, acetoacetyl, -CN -OCN, -SCN, -NCO
-NCS, and the |i ke; reactive doubl e bonds, such as Vi nyI ic, acrylic,
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Particularly preferred branch-point moieties are the conjugates of dithiothreitol

(DTT), dithioerythritol (DTE), or 2,3-diaminobutane-1,4-dithiol with two molecules of
maleic acid. The combination of this branch-point moiety with polyethylene glycol as the

moiety A generates the polymer backbone of Formulas 3 and 3a
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surface antigens. In preferred enbodi nents, the present invention provides
p- pol ynmers bearing |igands for viral neuram nidase or hemagglutinin. It is
wel | - est awbizedsadii4hat such pol yners have antiviral propectiusgoo7notchei r own
right; see for exanple T. Masuda et al., Chem cal &Pharnmaceutical Bulletin
51:1386-98 (2003); M Itoh et al., Virology 212:340-7 (1995), and Reece et
al., US Patent No. 6,680,054 (2004). The hydrophobjc cores of the

ant i whegin ¥ndnEr may kel ﬁrﬁﬁay‘?ﬁaﬁ’r %F%e@ﬁ‘é@@f’refeﬁ%blﬁr%?éﬁ? o & R2may
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ant i Efé’&leé@m@%‘ﬁfﬁg %Wﬁﬂﬁ%@lgﬁ“ﬁdffgﬁglpﬁﬁﬁﬁm% Ongl‘% b?ﬁ‘eb %e}ﬁ%’%el\/at rix" refers
t 0 ORYARESnARE, dUQb YR Hdur H@gtrﬁfde&iéearﬁéﬁsflﬁ%&nul&rld titeipOshtién erdaitpasses gliass,
silica or netal surfaces, extracellular matrix, pr ot ei n deposits such as

amy| ehialpmes@ad diastespoperc lomess anddpfxiugs thegeol. vi rus surface, and general
honbgeneous or het erogeneous surfaces that may or r%l—“ ot be wel |l
d adpragimp

char act er Bedielsrldgaaddypchpf agrdyleps dicpthexylds acg]flég Yalspaervpps a

att a% BN bIRLE boBE rdo@&&uqzl%r &m&esthe @bg&b&an %%nv&i kexyBEGanEs,
acyl silanes, as well as’ chemncals bi'ti ng such functional groups

i ncl amtmlgngbpa}rhemhc @%@krm%%mfg@ Aldes FegsEope vilthdirang on the
part 'I% ér@% ePRY Sir. &9091'3? @frﬁzﬁ% 69(38317% 5’72@(19%) Mghié, Xt may bt 3Bbiected
C or “exa e tho

atta noi'eti es € used int
to a Diels-Alder reaction with a 3,4- dlsubstltuted furan to generate a species such as §, and
polymer 5 can be modified by hydroxylation or epoxidation to provide reactive groups (e.g.,

X and X’ in Scheme 1).
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coating of stents, are known to those skilled in the art. In a third aspect
of the invention, the branch point noieties B are connected to other branch
poi nt noiwoizess/wizewhere in the polynmer chain, so as toprtoruse@7o0w8sl i nked
hydr ogel structure. Such crosslinking my be effected by reacting the
polymer with nmultifunctional noieties that contain honofunctional or

het er of uncti onal groups, at |east one of which reacts with X or a reactive

group on C located on a fi st branch poi nt nolety, and at | east one of
whi ch reacts with X or wtlh reactl e functlon group present on C at a
second branch poi nt nnlet n be made via a link to

the term nal functional ups of the polyner "chiaian A. Such crosslinked

pol ymers nmay optionally contaln reactige functional groups suitable for
attachnment of drug nol ecul es or targetlng noi eties. The branch-point noiety
Bis typically derived froma nultlfuqktlonal nmol ecul e having a plurality
of reactive groups, two of which are suitable for attachnent to the
hydrophilic polymer unit A and two ®f which are suitable for attachnent of
t he hydrophobic noieties C. Nbiety Bl my optionally have additional

reactive groups X as descybedyaboye. ~FReEHLOH: Yy preferred branch-point
noi eties are the conjugat ¢ othreitol (DFT), dithioerythritol

(DTE), or 2, 3-diam nobut ane-| iol with two nol ecul es of mal eic acid.
The conbi nation of this branchyperQt nmpiety with pol yethylene glycol as the
noi ety A generates the pqQl yney backhone of Fornulas 3 and 3a 3awherein Y
and Y' may be the sane or different, and are preferably selected from OH,
NH , ONH, NHOH, and NHNH . In a pregferred enbodi nent, the hydroxyl or

am no groups of the dithiol are the r@ﬁ%tmme groups X serving as
attachnment points for targeting or dr

nolreties, while the functional
groups Y and Y' serve as attachnent woints for C noieties. Alternatively,
the groups Y and Y may serve as attachnent points, while the hydroxyl or
am no groups are used to att  noi eti es.

OCH,CH)m

1 1
Y-C X X C—Y'
5
Scheme I

Similarly, reaction of PEG with ethylenediamine tetraacetic acid dianhydride will

provide a polyester of formula 6:

- . o 4
*__O)H HK(OCHZCHZ),,, L
N
O
H o)
| O ToH IR
6

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

dianhydride, 3,4,3',4'-diphenyl ether tetracarboxylic acid dianhydride, pyromellitic

12



Formul as 3 and 3a are intended to convey that each sul fur atom may

i ndependently be attached al pha or beta to a PEG ester carbonyl group. The

i nvent i orwene@anppasises singl e i soner comnpositions as wel lPcagaspiotoorees of

regi oi soners at one or both G S bonds. Furthernore, due to the four

asymmetric carbons in Fornula 1, the invention enconpasses all chiral,

meso, ,.and diastereoneric isoners and m xtures thereof. The D el s-Al der

adductianiydgde3ikancdithialasush,as| L Z-cthanedithiel andild-hrtanedithipk §is€dr ve as a

sui t s j ' y [ved from PEG
ahbgaftbamglctmel, 2 miERlaBlok iy R X afmér%aptfoﬁga&egéél, %ﬁéﬁgglﬁ?%tggde

and acetyl enedi carboxylic acid i s _known to uh _ feactions
wi t h dimerpaptotivadiBeeler Gimnes¢apadsuceinisrasith benzensd inathanatiriols] B¢gpnadidigiag

19972 ) _ : ol 5 . 3 :
SL0. hialpddifed tdna PR ABUAHONREL Sthal b Ral 2o QAR BRIOT A B e o
b difi ’ ( . . . .
(o 0ty o XS Ui o B A8hbOC S B AN RABh MR JOUPS -
PEG vantitlatéarhgd estesification @f thet qastaweic acicgrdupt. afily biydrdghakiié prappe @i ate a

| f f ; i tabl b h i nt i.eti deri d
P oSl IR Sl - RED Ao ERGp AR A B SiPon PRl by B, 471V
g, 21 glin,ejﬁ en:lliupi‘lé‘mﬁ: or&ltmrl'leaﬁmenét e:tmafagni:ngx )EXam}ﬂg“S gxpﬂidﬁrbgyﬂgi e limited to

, 4, - dl e et.ner err arl X | aCl I an riae,

o1 orktenfty BRERY Foiages Al S iei-uf efiarul® ool Adeerohits! and
1, 4- hisdeexaslinidd, lpenidetPamivy, RgltsteioNHnHehBRE acid: NMEHoREh A6 otk metd bfde,

di merﬁa togr,opanol , di mercaptopurijne, dinercaptothiadiazol e, )
di mert %B}V& iR pae TEPEESPRed, HBNSUYERICRED 38 HaY M GIt B10shivyry drkkeggnt fy grophobic

di hal segesrabrdihpoaRNedidRiieaeia Siturcd iR 38 B flydrophobic compounds _
4,4' -thiobi sbenzenethiol, and the |ike., Were Y and Y' "are COH, hydrophobic
gr oupgEaPsrEsedde introgusg a richeoidyidyerhobis siderhrins e a pagisularippheari on of t he
carboxylic acid groups. The hydrophobic groups C are

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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preferably relatively small (Cs-C20) and predom nantly hydrocarbon

noi eties, and may be |inear or branched or contain one or nore rings.

Exanpl es wochesdwifaat are not limted to coval ently attaebhedsowirevices
derived fromthe CH nol ecul es n-octanol, n-decanol, ndodecyl arni ne,

n- pent adecyl am ne, chol esterol, and cholic acid. Al though the polyners of
the invention are represented, for conveni ence, as having at nost two

di fferent hydrophobic side chains, is should be understood that m xtures of
two or nore hydrophobi c conpounds may4e used to introduce a variety of
hydr ophobi ¢ si de chai He-(EriChl2@mplart i [cul@r “porymer. As one specific exanpl e,
a polyner of formula 2, where X = OH=afd r = 2, was prepared by reacting a
pol yet hyl ene glycol with nal eic anhydriode to formthe pol yester 1, followed
by reaction with dithiothpeitol to fogm 8. The acid 7 was then am dated

w th noctadecyl amne to fg¢rmthe desifled conb polymer 9 (Schene 2). The
DTT-derived am de conb | yoecs.cieoiesent ecpry formula 9 are referred to
herein as "p-Pol ynmer A" th speC|Pbc p IynEr*Q in Schene 2 is designated
"C -p-Polyner A'.Schene Bstitu

2, 3-bi s(t-butoxycarbonyl agi no)butane- ,4 dithiol (prepared by the nethod of
DuPriest et al., U S. Patent Nozy 4,755,528) for dithiothreitol |eads, after

deprotection, to tfhe rrespondi ng am no-functionalized p-polymer 9b
(Schene 3).8a Sch H%S§i§$ of the buta dithol 10¢ |i kew se | eads the

pol ymers of gener t ur e9%c, Rﬂgﬁ %§ uksHs,NHy pl ace for
i et % Thene ~4)” "The spacer groups L

subsequent attach L of 16

may be any of the spagﬁfjgroupsl§nomh\gnowhe art {for use in attaching

| i gands or labels jto bstrate 1ol ecul ¢s, incl udi but not limted to C2
to C2oal kyl ene and ol i go( et hyl ene glyc8l) spacers having one to ten -CH
CH20O units. 9c Schene 4 In othé& enbodinents, a PEG polyner with ternina
am no groups may Qe used to

'_OJ\__S ’/L(OCHZCHZ),“ —
OY
it NH

|
(CH2)17CH3

4 n

|
9 (CH2)17CH3

Scheme 2

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 n-polymer 9b (Scheme 3).
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prepare exanpl es having am de bonds between the A and B units, as shown in
structures 10-14 bel ow. Each of these polyam des nmay be derived via

reacti on wb 2008209PEG di am ne H2N- ( CH2CH20) nCH2CH2- NH2 wi PloTiuseooappreopr i at e
cyclic anhydride:Under m|d conditions, the above am do acids are the
expected products. Upon heating, imde formati on can be expected, |eading
to polynmers with fewer reactive groups but still suitable for attachnent of
hydr ophobic C noieties. Alternatively, the pendant side chains C can be
added to the ends @f the poly A bl ocks, aggdsdche branch point noieties

can conme into exi gz b ime of le rization (Schene 5).14 Schene
5 In addition t015|npl &laﬁlﬁes} uch as I, {an$topr opane, as shown in
Schenme 5, diamn awi ng (4 1y nasked) measet | ve functional groups X

may be enpl oyed, | dgading to pollynmers 15 suitable for attachnent of
targeting noieties (Sche 6). 1n the formul gg, bel ow, p may range from 0-4,
and each X is independently the sane or different fromany other group X
that may be present. A reactive grouprx need not be pendant, but my for
exanpl e be an NH group within the chaln of atons that nakes up the di am ne,
as in the nononmer H2N- (CH 2) 3- NH (CH2) 3- NH2. 13 15 Schene 6 Certain of the
p- pol ynmers prepared as above possess reactive groups X suitable for further
derivatization, te attach targeting nnletles su as small nol ecul es,

pepti des, nucleotldes sugars, antibo etc., {or to effect crosslinking

of the polyner ch a bif ion éfﬂyéééf nctional crosslinking
agents. In partic kﬁf e rt| 1 Vati zatTon of the reactive
groups on the pol nerlgﬁain is to generate p- polyners having a
variety of different ctive groups |ch permits attachment of a variety

of targeting and drug noieties to a single polyner chain. Thus, addition of
a substoichionetric 8a '

[~ -
@ O
4 J\) NHBoc B
g (OCHCH )™ e
e} S
NHBoc o
N 2:) CH N -n
(CHa)rCH (CHy)17CHg
9a
1 3 \/j\)/'\ <¢(OCH2CHZ)m =
n
(CH2)17CH3
CH CH
9b (CH2)47CH3
Scheme 3
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anount of acryloyl chloride (or maleic anhydride) to the p-polyner of
Exanple 1 will provide a polynmer with both acryloyl (or maleyl) groups and
resi dual wodnewoph24gr oups. Subsequent M chael addition ofPCa/US2007/001607
sub-stoi chionetric anmount of a mercapto-carboxylic acid, for exanple

HS- (CH2) 3- COCH, woul d provide a polynmer with hydroxyl, acryloyl, and
carboxyl groups. Addition of cysteine introduces am no and carboxyl groups,
in additi &lsewod theryutanedithiohlO¢ Hiewisg deags sagrolymers Qfegsmael pyucture 9¢, with

sub- st ol chi I y ncti onal
A e R

hy dr spehebgrouphhimay @ arifhef the ppdogneroups kB ¢helart fasuse iaafickingcligange
prepared w.th r. J We'B b h i xpedi ent of
o e S RIS R R R L N BBl C RO B Pon ot ep.
Yet olisgd(bthylappiyadthspaserabbdiagionn tovidnh CH0HQ4r enif  ami nes, a fraction of
whi ch contains a reactive group X. Al so,under appropriate conditions
(excess mal eic anhydride in Step A and excess DIT in Step B), a pol yner
preparation having a desired popul ation of free thiol groups may be
generated. The p-polyner of Exanple 1 contains, by design, hydrqgxyl groups
derived fromthe DIT noiety in the backbdt&HNwhi ch serve as reactive gr oups
X. Esterification ofothese groups with acryloyl chloride or nethacryl oyl
chloride in aqueous diainth resence OHN rbonat e/ bi car bonat e buffer
results in acryloyff s@stiCHe?on the usQH_groups. The acryl ated pol ymer
can be readily subjl eciogd to rasli pol ymerT zali orefwith or without added
radi cal nmononer sucH[ as an acrylfjc conpounQ§EpNUrosslinker such as a

bi sacrylic conpound)©to obtain Kdrogels suifable for controlled drug
delivery (acting as pol yner7 depots or reservOhrEgocantOd or topi cal
applications (such as skin patches or ointnents). The acryl group can al so
be subjected to a Mchael addition, in particular, with a thiol, such as
that of a cysteine residue in a prptein, enzyne, peptide, antibody, Fab'?2
fragnent or Fab' fragnent, or oth fargeting noi ety (Schene 7).

— HZN\L —_
(o]
o)
1 /[% HN/KO
—s\/kﬁ\ (OCH,CH2)m——
0 S
e) NH \)/O
NH
T HpuCH;s b ol - - n
(CHz)7CHa \NHz (CH2)17CH3
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-(CH,CH,0),,CH,CH;-NH, with the appropriate cyclic anhydride:
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protein-SH Scheme 7 A p-pol ymer possessing reactive hydroxyl groups, after
drying, can also be esterified with nmaleic anhydride to attach the nal eate
group, a Wbchaalvimeceptor, sinmultaneously generating a fPceascaroory? i c
group. In the resulting polynmer, the maleic double bond isavailable for a
M chael addition, in particular, with a thiol, such as that of a cysteine
residue in a protein, enzyne, peptide, antibody, Fab'2 fragnment or Fab’
fragnent, or other_targeting noiety. (Schenme 8), and the carboxyl group is
avail abl e for coupli t o H@M noogr ou of drugs or |igands, or the |lysine
residues in proteijns d peptides. AAMifferent qgiety ,further be
attached to the n \My Lpg uce - erW(SUS(F'S}Z vk e) caribboxylic group
via am dation. Th at -1 east two diNferent targeting noijeti es can be
attached even undgr slaturating reactipn conditions (i.e.[ the noiety to be
attached is prese i% stoichiometricPexcess). naleic analydride protein-SH
Schene 8 Pol yners bearing pendant carboxyl ate groups may be ami dated with
am nes under typical coupling conditions, and they nmay al so be converted to
i socyanate groups via the Curtius rearrangenent and then coupled with

am nes or al cohols to form ureas andgarbamates, respectively. Such

reacti ons nmay be jus t oaNat r oiffee tje hydr ophobi ¢ grodps C, or to attach
targeting noi et i.gsy ee apiTgs ca nEOEHgEES ot he~ pol yper by at

| east partially rjgact -p§—ohe o redctive groups wth a diam ne. The

di am ne nust be @ so that one e amne groups{is either protected
or unreactive under ghe conditions of the reaction. Thg jatter can
frequently be acconplished by using ethyl enedi am ne at "a pH of about 7.5,
since the pKa's of

o) o}
*4N — N—(CHoCHzO)—CH,CHy
H H n
13
o) o
i I
Y-G X X c—Y

o) ]

o )
'“‘ﬁ/K HI\Q—(CHZCHZO)mCHzcw—*
N\__J/N
O/[ i} y
L OH H 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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the two ami no groups differ considerably. Preferably, this amdation is
carried out as a separate step after the introduction of the hydrophobic
pendant gwoupes/oofe4pepti de or anot her nol ecul e havi ng a earhiszgozioeiegT oup can
then be attached by am dation at this free am ne. Thus, even under
saturating conditions, as nmany as three different peptides or other
targeting noieties can be attached to the p-polyner: one via the thiol, one
via the am ne or hydroxyl, and one via the carboxylic acid group. Hydroxyl
and thiol groups can also be converted to prinmary am nes by reaction with
aziridine or a hal oal kyl anpne (such asgbronoet hyl am ne or

chl oroethylam ne). Am dation with cystearnine will introduce a disulfide,
whi ch can be directly reagte VWQH%ﬁbyhihelcys¢@mgﬁ&iof a peptide or antibody
to attach the peptide or @ntigoedy; orgcanibe Tirst reduced, e.g., wth

am noet hanet hi ol or DTT, fo urther regction with a peptide or anti body.
By perform ng partial reactoons, one cao introduce additional reactive
functional groups to a polynmer of7the invention, including but not limted
to (1) thiol-react ve groups such as acrylic or maleic acid derivatives,

(2) carboxylic-acid peactive groups such as am no or hydroxyl, (3)

am ne-reactive groupgt_such as clarboxyl, and (4) disulfide-reactive groups
such as nercapt 0. e R(fErben:Obf s %Q ded funstHamatH gHEuUPs per pol yner

nmol ecul e may 5%@% fropul/r yp_tolseVeral mutiptes—of r, depending on the
reagent used and thejquantity uged. Alternatively, two or nore specific

| i gands can be attacloed to i nprove specificity of binding to say, a virus,
or cell surface. Two or nb3e specific |igands can al so be used so as to
cause an interaction between different cellular targets, for exanple, one
ligand may target a virus particle, and another ligand may facilitate

bi nding to a phaggcyte, thereby bringing virus partlcl into proximty or
contact with the phagocyte a pronoalng ph 6t y\iige Such derivatization
all ows the attach néHﬁghé;] NQVﬂLQJJ ct arget ing and/ or
CieH13S n
14
Scheme 5

In addition to simple diamines such as 1,3-diaminopropane, as shown in Scheme 5,
diamines having (optionally masked) reactive functional groups X may be employed, leading
to polymers 15 suitable for attachment of targeting moieties (Scheme 6). In the formulae
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 HoN-(CH>);-NH-(CH;);-NH,.
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t herapeutic noieties to the polyner, through different functional group
attachnents (such as am ne, carboxylate, and thiol). Thus, one may attach a
ti ssue- spwoizbesmotAsget i ng agent, ani nagi ng agent, and aPChasa@endice7 agent
to a single polymer chain, and subsequent selfassenbly of the polynmer wll
yield a targeted therapeutic whose distribution and efficiency of targeting
can be nonitored. Attachnent of ligands to the repeating units of the

pol ymers of the invention affords nultival ent display of the ligand on the
pol ymer chain and on the nanoparticles surface. Miultivalent display often

| eads to great increases_in affinity for the tarqu) For exanpl e,

mul tival ent anti bodies n be far re effective 'Hp | earance of their

targets than the nor i@l entoantibodi es.  Battjohydrat bi ndi ng proteins
and car bohydr at es are—known to be nuktswal ent in nature, and ineffective if
nmonoval ent. Simlarly, QH val ptide and carbohydrate targeting
noieties will be far nore effectivg than the nonener al one. The increase in

MWV due to attachment to the pglymer results in reduced renal clearance
rates of peptides and other Iligands. In addition, the PEG backbone affords
to the peptide benefits simlar to those of PEGyl ation, including evasion
of immune surveillance. Further, a nultivalent targeting noiety wll
decorate a multivalent| target (sgy, a virugxparticlegrapd feutralize it far
nore effectively than jthe rnonongric taﬁpﬁij g mpiety. fhelability to

di splay mul tiple (diffheppthopept? E?mk v «W ||l lead to
&

enhanced specificity. {For exanpl e, tguly H V-spegific (HIV virus-bindi ng)
pol ymer can be built attachi ng &pepti de correspondingccg,the cH4

bi ndi ng regi on, and anot her peptide corresponding to the -5 or CXCR-4

bi ndi ng region of the virus, and possibhy a third peptide corresponding to
the other receptor (CXCR-4 or CCR-5 respectively). Such a polyner could
conpl etely mask the virus's binding reglLopg and render the virus unable to
attach to cells and thereby non-infective. In addition, the surfactant

005t Sl SO 0 R hirid B xR
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 -
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 n-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 poly-functional n-polymers involves the deliberate omission of a
fraction of the hydrophobic 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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smal |l nol ecules that interfere with the same binding patterns (Cb4, CCR-5,
CXCR-4) or a mxture of peptides and small nol ecul es, preferably with
conpl enenvanyosaoii4ei ti es, can be enpl oyed. The resul ti ngcpaisgooensieor | |
render any free virus ineffective, and thus may be ideal for stopping
spread of infection, by using themas conponents of condom | ubricants and

the like. In addition, such polyners may be injected into patients to
reduuadetrrwpmmam@moneéwas mpleigwydridp in Stennt epdesgess BdeinStepBh as DTT

ot of PPRERG petp R Ry TR il Ko Borblo S ar RO ?‘fm‘ P 8RR, 1 Tons.
f’ ESSQ"ZLZ&?’%%[ Ve PRPERIRE | RED b TR B Gdbe e IR 0

cont D’Itiumldrgmmuhe $ackHtdmk] wglcihfsewaeqs raacelvp RESEStX i Estletiﬁcm@ sfithesei ng

mat er n cross el stru us
Tt oPTaPs RGO TR np o ARG A Hisha i Bo Prtfneeset !
Cr 0S shrbBKata®icarbdtechiffdraedulBria asﬂyﬂdyk istlgstithsti sigoratheeiOtd igrongpsc s s| i nker s

53k SRl S A0eRe LA SAMRLEL o L5, S0, O RES. LR led 1 '

nodi tahi®d ridiRnBREEEH & & 4Ryle copBindRGrbangkdt, sugh agh disaogeio c@g’ifpbaw)l ic
grou

s,. and incorporatjon of SU|tabIe crylic groups) either |inear or
cr 0s£9 PhiREPYRBy Bt %F Famzoliediryg d %é\ﬁ%y t(?Fé’t“gcaﬁr?oiy T RS Eposi tori es
t hat (&RRAJI8) &W%;ﬁé’al@ﬁbh&{udr@muséﬁﬂl [HCHES bk GRSmMSHISH Bhe SdreNESupr
absorbed in devices suc ads for adhesive _patches or subdernal

i nsefaR di§o batsefrjé%ted fha %ﬁb@edladdé’t%hmd?aé%%q R Ry suchesdhatiofBe suitabl e
for ”gaamg sﬁf&herlﬁ' 2GSRI Ahbehe t;k@!ﬁde nhanea, Fab? 8] L3€Ent & 18RS GraghRA:, 69D

pol yners o the I'nvention are useful for sol ubil ng, in aquedus sol vent
syst ether taypetiignypietyivedichemedDubl e materials. The nethod of solubilizing a
substance in an aqueous sol vent conprises contacting the sparingly-soluble
substance with a coenb-4ype pol r of the inventdqon in the presence of

water, so as to form d| water-s bl e cBnpl ex of the substance and the

pol ymer. Alternati , rer Fpﬁ*éH stance to be solubilized may
QQFEF gant ¢ émASjon, and the organic

o}

be conbined in at
o L\Tf
NH O*T:; . n
(CHrChs ™ (EH1CHy

sol vent renpved
j protein—SH

S/(protein)

_ E; Kk(ocw

L. Jn
CH CH.
G j; raatr

S
protein)

Scheme 7

A m-polymer possessing reactive hydroxyl groups, after drying, can also be esterified
with maleic 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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by evaporation. An exenplary process is described in U S. Patent No.

6, 838,089, incorporated herein by reference. It is believed that in nost
cases, thwopodsynversssel f assenbl es into nanoparticl es haviPog/uske7/001607
sparingl y-sol ubl e substance di ssol ved anong the hydrophobi ¢ C chains that
coal esce at the core of the particles while the A blocks forma hydr ophilic
corona that sufficiently lowers the interfacial free energ permt an

aqueavalablefos ﬁthfha%ifadflﬁ@npm pattrelan.tyth @ Hipln sughaas that qfig %Wélecr&glége t he
spar ;PG hyssial balpé i&nmlw P 2GRtk ¥r HhiS P ghert NortdiBe: G RinpUt MY
exi st as a soll ficle surrounded by and susp ended i n the C ¢hains
at t heielyr éSdfemen®, p@cﬁ the spehoxyFgroupHe ayailap scwplméogrrés@groqm\@énu on,

this saorqig%m{, PESyAhe HRIRE in BRudile ol AGhige, Of the i nvention does not

rely orr any egreeo X1 ng o chains with the

sparingly- BN, Z@IEJ? | ve at

t he nol ec ﬁlﬁ'{?eveﬁ§ &i@%ﬁ?ﬂw}@%ﬁgﬁ'&{?ﬂ%ﬁq @h in lg égd{%gg te gilr?gglgexhi bi t
any dezg’l@ée)cnbﬂmxahe guepanianmidationo ihusat Bawtaiorditifmnt Brendimg. moitisoerm cases,
it c eepectedth he s emvaL v her as
a fuﬁgtlgon )cé)lfevf3 & under ?&1 rétm eégtso va{‘td’morls o%e%‘eo 1%92?0 ﬁé%& gﬁ% Er%(s:%&e of

t he mkmfmﬁomahble&b&ss) can be nodified by nodi fyi ng t he hydrophob| c C

noi eties. Suitable nodifications include but are not limted to the

i ntroduction of fone or nore hydrophilic substituents, such as hydroxyl,

et her, am de, an )L'aio fuetionalfj groups, ih order to increase the polarity
and/ or polariza PP \F/Hh;\h ophoice:) . _SHei? i ngl y-sol uble material s
that can be ren e‘P sol ublfe b%// /Lt hgse pol yners anhgdiggle f at - sol ubl e vitam ns
and nutrients, |ncl,\u‘d| ng b& not Timted to vitamns A D, E and K

car ot enes, chol ecalif,en0l , and cBknzyme Q I'nsol ubl e dr ugs such as

docet axel , anphotericin B, ayst att#"°Pacl i t axel , doxor ubi ci n, epi rubi ci n,
rubi t ecan, teniposide, etoposide, daunomycin, met hot r exat e, i tonycin C,
cycl osporine, irinotecan abolite (SN-38), statins, and steroids; dyes,
phot odynam ¢ agents, andgkagi ng agents, and nucleic acids, nucleic acid

—sx/\/\ (U\ (OCH,CHp)—{— _Protein-SH

n
CH CH. o
(CH2)47CH3 ¢O (CH2)17CH3
OH

OH

~—S-protein
O OY ®
O O
LI (OCHZCHg)m
OY
O
x
(CH,)417CHy ’/go
; (CH2)17CH3

protein-S—C__o Scheme 8

OH

0

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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anal ogues, and nucleic acid conpl exes. Nucleic acid anal ogues i ncl ude
speci es such as thiophosphates and peptide nucleic acids; nucleic acid
conpl exeswaneosiom46 conpl exes of oligonucl eic acids w tirca/tsadsierso? al | y
charge-neutralizing anount of cationic or polycationic species. For the

pur poses of this disclosure, a drug that is insoluble at neutral pHis
considered "sparingly soluble", because there is in nany cases a need for a
neut vasbarpigs.rasReativea Suehhisgsiionsanay bemsedderipireducsithe Bydrophebis graups
reasgn&gkxlmgﬁ %ﬁ ¥RLgL at a pH below 4.5, but this pH can be highly
irritating ug I's formul ated for ocular adm nistration. A polyner

of the pr ??e%%th%@e[ht 6&%tr%ﬁéed%ﬁ'tﬁ@g$lgﬁﬁr By BE RbLPRATITY x‘eﬁcti}iﬁf(%’é ofShki ne at

pH 7. Also, for t rposes of I scl d0sure, ™sparingly soluble” should
be uredetiwt grodps mm@fcbamm aihe damisteamuset heteboeerssl tha cmetqf the a@mm@ms

vehi C | e %:i}f)rs &Iectedt o gactlk/c?.ﬁngéﬁﬁe agrlxj(g 8%)%%%1‘ ﬂlg Ye \éﬁbql dTXi‘: ?At@r g rrpr oved or

nor - hus erately solu e.g. to
t he ﬁrxqmtlycbfe aquS:hphﬂfed bys;su@ahjflngbq&amdﬂaﬂﬂaqﬂi pf alzouwl i 3, stos ehef pKa s of

t d trat | . |t of ..th bi.l | f th
ol yRERSSS PR T iR et P Rl Bt B oY S speci es,
the gpypaseasiep raﬁeﬂﬂieoﬂtr@dlﬁmm mmd@mrpmmh péaidahCgloupn n@q:&'ptxde) 03 anomT]rc h
conpr i or Mer s t t t
Chermst i B Ee?vf(k?feghléﬁa o Bism torastGhed ot SR Re R BROBFE AT act  ve
agents. t t t | d
o'? her wi setfg‘éngt’fé’ﬂ Héa?rgs@f‘ir%tg“éanv ] Ar{%?asg’%gﬂ%g?rg’%q @ﬁeﬁeé’ltt Pfipté‘xé?s?q;é)\{ggent . For

pur pRs@singfmbidties SirSsd afhed to the iefdly fer:-dnetvirethapkial, icteviy thefdnsiat ov e
amount” is the amount of agent that renders the overall conposition

ef f eBYqroEYL, ﬂ?ﬁOB%Y@H %Caﬁafﬁﬁim%$§Fﬁﬁhtlons and publications nentloned

herein are_hereby i ncorporated eference in _their entiret | MENTAL
Hydroxyl%nd thlo{ é)roups can aqgo e converted to primary armenes by rethlon wit

aziridine or a haloalkyl amine (such as bromoethylamine or chloroethylamine). Amidation
with cysteamine will introduce a disulfide, which can be directly reacted with by the cysteine
of a peptide or antibody to attach the peptide or antibody; or can be first reduced, e.g., with
aminoethanethiol or DTT, for further reaction with a peptide or antibody.

By performing partial reactions, one can introduce additional reactive functional
groups to a polymer of the invention, including but not limited to (1) thiol-reactive groups
such as acrylic or maleic acid derivatives, (2) carboxylic-acid reactive groups such as amino
or hydroxyl, (3) amine-reactive groups such as carboxyl, and (4) disulfide-reactive groups
such as mercapto. The number of such added functional groups per polymer molecule may
range from 1/r up to several multiples of r, depending on the reagent used and the quantity

used.

Alternatively, two or more specific ligands can be attached to improve specificity of
binding to say, a virus, or cell surface. Two or more specific ligands can also be used so as to
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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1. Ceneral procedures. The invention also provides processes for t
preparation of the conb polyners of the invention. Synthesis of th

he
ese

pol yners we 2o@adidsg carried out by one skilled in the arcTafS2ergersiT

synthesis, by followi ng the procedures described bel ow. The key st
material is polyethylene glycol, which is preferably dried before

arting
use. This

I's conveniently done by stirring nolten PEG under vacuum at an el evated

t enpénagiog egenind a theidpleatic sgamp td @ pimglegpoliheschaiy, andlksabgquentiselfr s,

CCPERLRLP ARSI o0 Al RS MR Wit 4 AEERGS G0 PEiSg

gradmrgeﬁngﬁﬁﬁbrmyodneoredrpl oyed in making the polyners of the invent
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Further, a multivalent targeting moiety will decorate a multivalent target (say, a virus

particle) and neutralize it far more effectively than the monomeric targeting moiety. The

ability to display multiple (different) peptides in multivalent format will lead to enhanced

specificity. For example, a truly HIV-specific (HIV virus-binding) polymer can be built by

attaching a peptide corresponding to the CD4 binding region, and another peptide
corresponding to the CCR-5 or CXCR-4 binding region of the virus, and possibly a third
peptide corresponding to the other receptor (CXCR-4 or CCR-5 respectively). Such a

polymer could completely mask the virus’s binding regions and render the virus unable to

attach to cells and thereby non-infective. In addition, the surfactant properties of the polymer

would lead to destabilization of the virus structure itself upon binding. Instead of peptides,

small molecules that interfere with the same binding patterns (CD4, CCR-5, CXCR-4) or

a

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 lubricants and

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

en.

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 diglycidyl 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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thiol groups in the next step, leading to premature chain term nation and
term nal carboxyl groups. The reaction tenperature is not critical, and the
process owWo00@9erkent |y be carried out at tenperaturesPogtuse@n/ odse and
1000C. The preferred tenperature of the reaction is between 65C and 9Q0C.
I f el evated tenperatures are enpl oyed, the mal eic anhydride tends to
subline, and steps should be taken to see to it that the maleic anhydride
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r eaCtblyvelv%t orati 1on gﬂ exemplary process is described in U.S. Patent No. 6,838,089,

incorporated herein by reference. It is believed that in most cases, the polymer self-
assembles into nanoparticles having the sparingly-soluble substance dissolved among the
hydrophobic C chains that coalesce at the core of the particles, while the A blocks form a
hydrophilic corona that sufficiently lowers the interfacial free energy to permit an aqueous

suspension of the particles to remain stable.

In some cases, the sparingly-soluble substance may not entirely dissolve in the core,
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 system

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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al kyl am ne. Wth dodecyl am ne, this reaction can be conducted at about
40~45C, whereas wth octadecylam ne, the tenperature is ca. 55C57C. The
reacti on we 2bes/doomed by TLC until a constant |evel of | etCrAseercaickyl am ne
i s observed, typically after running overnight. The reaction m xture is
acidified to a pH fromabout 3.0 to about 4.5 and stirred at room
tenperature for about 24 hours to destroy unreacted EDC, then titrated to a
pH ofand cPangsfunetiond! Kiee®s, Mmadér taancreasgdhe pelarityxansy/er p@m@bﬂﬁb’fmﬁ@@ at about
800 x ltg)%mt}l t.8re3. hours, to renove solid contam nants and by-products.
After C ri ugatlon the supernat ant can be chromat ographed on a QPC
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substridbhephalBHd peftfdel IRANTP BERS IukidRid BBMpRikes hRSbnicQohipe®soFact i on
solvent. Preferably, the reaction m xture_ i s subjected to ultrafiltration

usi n@lEaPECASiF acids YBHEh é%bsfaémF‘IlaéI“ITSﬁ‘&F%“%Ih"’é“%)P@BHE‘t ofj Gatignicrr debicationigi ght
gr adggecisich as 5kDa to 1CkDa; 10kDa to 3CkDa, 3CkDa to 5CkDa, etc.
dependi ng upon the cutoff of the filtration nenbrane enployed. An aqueous

sol ution qforknee?mby%ftm@w&?os%&bh%%ge&a% o) 19?&1@!31%%@ nfev.'xtIélb@“sQanﬁch%& to
produce a sterile or virus-free solution gfen I ng on the choice of

filt raparmslneoibblandegruseetlierg. is i mayneases p aced fg5-ans pharmaceutlcal

composition. For example, ciprofloxacin is reasonably soluble-in water at a pH below 4.5,
but this pH can be highly irritating when the drug is formulated for ocular administration. A
polymer of the present invention will solubilize ciprofloxacin in normal saline at pH 7. Also,
for the purposes of this disclosure, “sparingly soluble” should be understood to refer to any
substance whose solubility in an aqueous vehicle is such that an increase in solubility would
yield an improved or more-useful composition. Thus, a drug that is moderately soluble, 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 one or more n-polymers of the invention in combination with
a therapeutically effective amount of one or more pharmacelogically 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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Exampl e 1: PEG D (al kyl am dosucci nyl ) di t hi oet her Medi um Ml ecul ar

Wei ght Pol ymer (O  6- p- Pol yner A) Pol yet hyl ene gl ycol (PEG 1 500, Sigma

Chem cal wWo.2posnas24dri ed under vacuum at 800C until bubblres/tst@pperof or m ng.
(8-12 hours, depending on the quality of the PEG ) The dried PEG can be
stored desiccated under argon indefinitely. The dried PEG was nel ted under
argon on an oil bath, and nmaleic anhydride (2 noles per nole of PEG
corrected for inpurities) was ERERERIMERD |y with stirring. The m xture
was stirred under argon at 900C. Because nal ei ¢ anhydride tends to subline,
t he meﬁdn&mWomrmni m zed and the entire reaction vessel was kept at the
reaction . I'ls
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sol vent s separ at
r eacTRYNC RH S%ﬁfﬁﬁ/ﬁﬁ&awf‘%%‘w o‘drreszdagcir%%ﬁ%gg) sggiﬁgg?}z%\@gm%}g atﬁ;érg.ﬁal ei c
anhyghy¢Ryledd glyebl) thhidiHs ;deﬁeﬁbeﬁﬁeea\asfoeb set Ehinstdonvewientdy domssbyof water. A

| ut fd threitol (DTT, | ent 9f PEG
and NPT te'pé%éna%%b«a%e i e R A Ty

(2 vphidmes wRé er12|qﬁfursv nOé ot Ealivast ﬁhh mcaddade tded, hire PEGodancm
mxture with stirrin reactl 2ﬁvvass datl7OCung) n for 2.5
hr s stpreflunger FrgapmindsH; F]é(t FranmeEgyhaila drl YrEre AP FPRSET 'f“ﬂes 700C for

& mJ Ge ERRdye@h ﬁ@mﬁ%}ﬂé B@[F@ﬁt:r??zif thee Gnvdifionefor jenalg gt tﬁerrpl ete upon

corrp ete dﬁgar ance of Wat er was added to the above reaction
m xtmlﬁdltSDeer% € 15R6” of semarersy, baying 2 mofreular il dgtbationoktti®ed (at ca.

25% g t AVIER intASH:
N- hydg gx%sé%éa%}n l{ﬁ@oﬂ?@été&sﬁﬁéﬁlﬁ%gg&::é@?%r acllSl ir;toupscesl n the

PEG sticondagsithe dORY] gmuysret t)he\ﬁ;asteadﬁ@@ PEGFrhd %Qewema%ﬁ%rrﬂl%e (1. 05 nol
per pPo ym%lasr &%X Injx\fénagﬁ Qa\q{ BHRFost reproducible and consistent properties, the PEG is

preferably free of bisphenol A, and of low dispersity. Most preferable are PEG polymers that

are >95% monodisperse, such as are commercially available from Nektar Therapeutics
(formerly Shearwater Polymers), Huntsville AL, and Polypure AS, Oslo, Norway. An
example of a particularly preferred PEG is “PEG-28" from Polypure, which is >95%
HO(CH,CH,0),3H, molecular weight 1252. )

All reactions are carried out under an inert atmosphere such as nitrogen or argon, with
magnetic or preferably mechanical stirring.

In step A, dry PEG is melted, and maleic anhydride (2 moles per mole of PEG) is
added with stirring. The quantity of maleic anhydride should match the number of PEG
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 TL.C on silica gel
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in the polyner) and N (3-dinethyl am nopropyl)-N -ethyl carbodiimde (EDC,
0.56 nol per nol carboxylic acid groups in the polyner). The m xture was
stirred uwwoenoszavgns for 1 hourand a second portion of EPRCr(i®2&8/00msb7 per nol
carboxylic acid groups in the polyner) was added. After another hour, a
third portion of EDC (0.28 nol per nol carboxylic acid groups in the
polynmer, for a total of 1.4 nol EDC per nol of carboxylic acid) was further
added to account for loss of EDC to hydrol ysis. Additional water was added
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(EDC) (1.4mol EDC per mol of carboxylic acid groups) is then added in portions, with

additional water as added as necessary to maintain stirring. The pH of the reaction mixture is
maintained above 7, and preferably between 9- and 11, to optimize the reactivity of the
alkylamine. With dodecylamine, this reaction can be conducted at about 40~45°C, whereas
with octadecylamine, the temperature is ca. 55°C-57°C. The reaction is followed by TLC
until a constant level of left-over alkylamine is observed, typically after running overnight.

The reaction mixture is acidified to a pH from about 3.0 to about 4.5 and stirred at
room temperature for about 24 hours to destroy unreacted EDC, then titrated to a pH of 7.0
using IN NaOH. The final reaction mixture is centrifuged at about 800 xg for 1 to 3 hours,
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, U.S.A.), eluting with a gradient of
methanol in water. Preferably, the reaction mixture is dialyzed against several changes of
acidified and neutral 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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0.55 nol TEMED per nol nal ei c anhydride were used. Vigorous stirring was
necessary as the viscosity built up rapidly. It appeared that nost of the
reacti on wieoesopi4et e within 5-10 mnutes, followed by ecowse@Tpbmsdi on over
the next 4 hours as the tenperature was raised from55C to 800C. Exanple 3:
PEG Di (al kyl am dosucdnyl ) di t hi aet her Pol ymer The procedure outlined in
Exanple 1 was foll owed, except that 1.5 nol dodecyl am ne per nol of
carboxylic acid groups in the polyner was enployed. N-hydroxysuccinim de

( NHSzmphiphitisl pahemenart ot te thetrosrpttiion sadventgPoelprablya et reaction mixture is
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as abeight ghyes, sueh aeskidato 1 0kD4; ADkDaitn § ORI Bnpddkids, ecedepenflingat ed t o

t he pol r: appl e..3a:. undecyl am ne Ex |l e 3b: tetrade Lhe Exanpl e
sc; BerEeyieahehbe sl er bR et oy Paritne SRR PE M Rs st br o
2- anna9 ®kRybjeetcnas dexdemd Altdfion 50 -ap e paxiyde a tletile oevibusafirpd solBdon,sebaci ¢

aci d _hydrazi de Eﬁa |.e S{r oleic acjd hydrazi de Exanple 3i: dehydroabietic
aci deRFafRe oo %1%‘?‘839 filteatign jperaluage 9H‘re§%'i-de Exanpl e 3k: palnitic acid
hydrgzi de Exa:%l e 4. PEG co-(al kyl am dosucci nate) Polymer A solution of PEG
(6. 6& HBMesSH B PPRP P amine (2.32 M, 16.65 mmol) in dry diethyl ether

(o B LR ED i oSS T PR RO D LSS O RR S50 P mer

met h
(C16-n-Polymer A) '
Polyethylene glycol (PEG-1500, Sigma Chemical Co.) was dried under vacuum at
80°C until bubbles stopped forming. (8-12 hours, depending on the quality of the PEG.) The

dried PEG can be stored desiccated under argon indefinitely.

The dried PEG was melted under argon on an oil bath, and maleic anhydride (2 moles
per mole of PEG, corrected for impurities) was added gradually with stirring. The mixture
was stirred under argon at 90°C. Because maleic anhydride tends to sublime, the head space
was minimized and the entire reaction vessel was kept at the reaction temperatufe. Any
condensed maleic anhydride on the vessel walls was scraped back into the reaction mixture.
The progress of the reaction was monitored by TLC on silica gel plates, using ethanol and
hexane as solvents separately, with UV visualization and ioding staining. The reaction was

continued for one hour past the disappearance of the maleic anhydride.

The crude PEG dimaleate was diluted with two volumes of water. A solution of
dithiothreitol (DTT, 1.01 equivalents per equivalent of PEG) and N,N,N’ /N’-tetramethyl-
ethylenediamine (TEMED, 1.02 equivalents) in water (2 volumes water per volume of
TEMED) was then added to 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 stirred (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 hexadecylamine (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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chloride (1.03 m, 13.32 mmol ). Stirring is continued for 1 h at 0 0C and
then at roomtenperature for 2 h. The ether is evaporated and dry acetone
(15 m) iwoadaadii46e t he residue in order to precipitateprchastoor@disy? am ne
hydrochl oride, which is filtered fromthe solution. The filtrate is treated
with lithiumbromde (2.31 g, 26.64 mmol) and heated to reflux for 20 h.
Then the mxture is diluted wwth hexane and filtered through a short col um
of silica (3 cn) covered with Celite(tnm) (0.5 cn), and eluted wi th hexane.
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aégér’cgoxy 9&&1&99&%@%@&%@9{ Mult aoa{ilmckoh&easﬁmﬂehﬁd&%lmmeane

tetrac acid de Exanpl e
Bi cy theg¢mparapyrestas prefierably 33 5,56°¢ et r acar boxyl i ¢ di anhydri de Exanple 5g:

Di et hyl enetetram ne pentaacetic acid di anhydri de
The mixture was transferred to centrifuge bottles and spun in a benchtop centrifuge at

about 800xg for 2 hours to separate residual solids. After centrifugation, the reaction mixture
was extracted with isopropanol to remove organic impurities. Ultrafiltration is preferred as

an alternative to isopropanol extraction.
By this method, the following amino compounds are conjugated to the polymer:

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

Example 1d: 3-[(4-phenoxy)phenyljpropylamine

Example 2: PEG-Di(alkylamidosuccinyl)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 5h: 3,4, 3" ,4'-D phenyl sul fone tetracarboxylic acid di anhydride
Exanple 5i: 3,4,3 ,4'-D phenyl ether tetracarboxylic acid dianhydride
Exanpl e 5vo 20ywmomek| i ti c di anhydri de Exanpl e 6A: PEG di 20Tres2@c/0pmhy ner
wi th pendant thioethers. PEG dinmal eate, prepared as in Exanple 1, is
reacted wth dodecanethiol (two equival ents per equival ent of PEG

di mal eate) using the sane procedure as used for DIT in Exanple 1. No

dilution is necessary, as no polynerization takes place, and the reaction
i s comdpet mdl phcarpdoiic e Rwups) wereaddah and EnvEpactiomigs stired AddSE @nd t hen

the thial | T eaction is followed by the di sappearance of
star@’?ﬁrgaﬂ%t%vé’??egf‘g?asugs&r%' TLC. Tenperatures up to the point where the | oss

ca. 100 cPY Yisde R bE S TR SpL AR e PR AP B RIRNNED (LD, et e
the maleic gr O%ﬁgg%zﬁ‘ﬁ‘%ﬁﬁﬁaﬂi'@”m ol is driven off at the end of

reacti on by spargi rogen or argon, and/or heating under vacuum
until none is dateqtiedbigtradiarylaminby TLC. By this nmethod, the follow ng

thiols may be njugated to, PEG di mal eate: Exanpl e 6Aa: mercaptosuccinic
acid di-t-but yﬁ&gg}pg Bﬁxoé’&r%qe@g’éﬁﬁ’:’e t et radecanet hi ol Exanpl e 6Ac:
hexadecanet hi olExaxgipBé: dehydradbieeylamiieoet hanesul f oni ¢ aci d Exanpl e 6Ae:

3- mer capt opr opghesul f gni cid . e G6Af: .6-mercaptohexanoic acid t-butyl
ester Exanple %21‘61"“1’493&%‘8?38855@'%05 YAyt yl ester Exanple 6Ah:
ner capt oacet i ¢ BGinthlé 3DUOypheddkpdeckioniint e 6AI :

4- (t-but oxycar honyl am no) but.anet hi ol Exanpl e 6A :
3-(t-but oxycar b%ﬁﬂ%?@ﬁb%@éﬂf%‘d%ﬂé%@%n

Example 3h: oleic acid hydrazide
Example 3i: dehydroabietic acid hydrazide
Example 3j: cholic acid hydrazide
Example 3k: palmitic acid hydrazide

Example 4: PEG-co-(alkylamidosuccinate) Polymer
A solution of PEG (6.66 mmol) and triethylamine (2.32 ml, 16.65 mmol) in dry

diethyl ether (10 ml) is cooled at 0 °C under argon and treated dropwise with methanesulfonyl
chloride (1.03 ml, 13.32 mmol). Stirring is continued for 1 h at 0 °C and then at room
temperature for 2 h. The ether is evaporated and dry acetone (15 ml) is added to the residue
in order to precipitate the triethylamine 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 filtrate is dried, filtered and

evaporated to leave o,@-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 vGodjoian et 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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Exanpl e 6Ak: 4-decyl benzyl nercaptan Thiols having reactive functional
groups are suitable for attachnent of C chains, and/or the reactive

functi onavogon@ups24amy serve as attachment points (X) forcrarsgetiongo7

noi eti es. Exanple 6B: PEG di am ne co-polymer with pendant thioethers. The

t hi ol adduct obtained in Exanple 6A is am dated with 1, 4-di am nobutane (one
equi val ent of diam ne per two COOH groups), using the sane procedure used
for dodecylamne in Exanple 1, with dilution with water is as necessary to
mai nt ai n Dirg PRGiisdeacgredvithrathylesgshidrometeineeiiceaciddianby dridd bathequeshed of EDC

are gdded as C r t ri ' I's met hod,
L A AR
PEG Hexdieoydbmirgres ipekyapleds .or Byitht the snme¢shodxamplsBatdkowi ng di am nes may be
converted to a PEG pol yam de (BOC = '-butoxycarbonyl): Exanple 6Ba:

2- ( O BOQO) 14 the3atticanmanmer 2he folbawning diarduygdtidessBb cofolymeliZedOdrh REGamtdhy | ene

tetraam ne ampl.e 6Bc: N N'~di (BOC) sperm ne Exanple 6Bd: N -BCC
sper ﬁ\‘ﬂ?ffﬂ‘ée"g?%flﬁte Be: N,N',N'-tri(BOC) pentaethyl ehe hexam ne Exanpl e

16 di am nonexdra G AR et astty iR Buanpl o o8
1, 3- pheny| enedipxainite FsaPalRnéRlacdrbdeydicaimnhpdideane- 2, 3- di ol
acetoni deExanple 1 1E5C BdAphdiohetetnbabsiylica R s ansE
Example 5d: 4,4’-(HexaﬂuoroisoprOpylidene)dibhthalic anhydride
Example 5e: Butane tetracarboxylic acid dianhydride
Example 5f: Bicyclo(2,2,2)oct-7-ene-2,3,5,6-tetracarboxylic dianhydride
Example Sg: Diethylenetetramine pentaacetic acid dianhydride
Example Sh: 3,4,3',4'-Diphenylsulfone tetracarboxylic acid dianhydride
Example 5i: 3,4,3',4'-Diphenyl ether tetracarboxylic acid dianhydride
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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The 2, 3-bi s-O h exadecyl ether of DIT

(meso- 2, 3- bi s(hexadecyl oxy) butane-1,4- dithiol) is prepared by a

nodi fi catworro@fooifae procedure of S. Sasaki et al., ChempPmarszooBobico?
33(10):4247-4266 (1985). This is added to PEG di nal eate by the nethod of
Exanple 1. By this nethod, the followi ng ether dithiols are coupled to the
PEG pol yner: Exanple 7a: wes-2, 3-bi s(n-butoxy)butane-1,4-dithiol Exanple
7b: meso- 2, 3- bi s(4-nonyl phenyl et hoxy) but ane-1, 4-di t hi ol Exanple 7c:

mesO 2, 3- bi s( bikpasp¢ 6 AL rfetrecapydigKaRrEcC Bcﬂldlmﬁle@terExarrpl e 7d:

46- bls(decylox e | t £ 7e:

4, 5-bi s(decyl ox%x)%gngbneﬁgﬁg elt%é%é‘{ (ﬂﬁﬁgct !id)* b@ggg?%:e 7f:

3, 4- bi s(decylr]oﬂc)ahij:llmﬁhhnmeﬁ;aﬁm::ﬂlmzluadleibht}mlest&(anpl e 8A. substituted PEG
succi nates The Jret hod _of pt that 2-dodecen-| -yl
succi ni ¢ anhydﬁ’%@ﬂ%a&‘e@?ﬁ%ﬁycﬁb%? %P&‘ﬂ’@%&ﬁﬁ\/g‘n de. The dodecenyl
substi t uent pr(Béiadq:Be thg EQ@Flﬂﬂmyc@ermQIMnb)behﬂé rhéroaptapol ymer. By this
nmet hod the foll @%3?%9\‘ Y}g CCInIC anhydrldes are esterified with
PEG Exanple 8 ® NS ETW FARAY i de Exarrpl e 8Ab: 2-octene-I|-yl
succinic de Exa 8AC pet adecen de .Exanpl e 8Ad:
3- oxabi cy?ﬂ‘é&ﬁéﬂ ng?cﬁgﬁ?%éloﬁﬁﬁfﬁ%sg Yut%@% Btie aglrjfgl car%gﬁalPl c
anhydnd/dettexeaglve Bitionahgdoabs magnbindrdscetatheasmlpeidAGK) fbrda(gyhnght hal i c

anhydri de Exanpl e 8Ah: hexahydronet hyl pht hal i c anhydri de Exanple 8Ai:
t et r ARYHSpht hal i ¢ anhydri de

Example 6B: PEG-diamine co-polymer with pendant thioethers.

Mp SR
*{(CHZCHZO),“/{K/!/\H/N_“—_—J_-N\KL/U\

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 = r-butoxycarbonyl): '

Example 6Ba: 2-(O-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**’-tri(BOC) pentaethylene hexamine
Example 6Bf: agmatine

Example 6Bg: lysine t-butyl ester

Example 6Bh: 1,6-diaminchexane

Example 6Bi: 1,4-phenylenediamine

Example 6Bj: 1,3-phenylenediamine

Example 6Bk: 1,4-diaminobutane-2,3-diol acetonide
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Exanpl e 8Aj : norbornenedi carboxylic anhydri de Exanpl e 8Ak:

cant hari di nExanpl e 8Al : bi cycl ooct enedi car boxyli ¢c anhydri de Exanpl e 8Am
exo- 3, 6- apoxyed09248, 6- t et r ahydr opht hal i ¢ anhydri de Examplce/tBaeroscaret yl
mer capt osucci ni ¢ anhydri de Exanpl e 8B:

PEG Di (al kyl am dosucci nyl ) di t hi oet her with pendant al kyl groups By the
nmet hod of exanple 1, the substituted PEG succi nates obtained as descri bed
i n Exanpl es 8A and 8Aa through 8An are reacted with DIT. By this nethod,
t he Exinymni/n§Edi-Difodbisuacipategdicied?at t h any of the substituted PEG

succi nates obtai ned as described in Exanpl es 8A and 8Aa through 8An:
Exanpl e 8Ba: ethane-1, 2-dithiol Exanple 8Bb: proparne- 1,3-dithiol Exanple
8Bc: butane-1,4-dithjol FxanpRe 88X pent ane-1, 5-dilt hi ol Exanpl e 8Be:
hexane- |, 6-di t hi ol -Exagphre 8Bf} 4-b Mg TRe] anpl e 8Bg:

1, 3- benzenedi t hi ol =m . 1,2=Dbknzenedi met harjet hi ol Exanpl e 8Bi:

1, 3- benzenedi net hanefHit-of” Exanpl e 8Bj : ;@ benzenedi net hanet hi ol Exanpl e
8C. PEG- di am ne copolymap w th pendant Gl kyl groups By the nethod of
exanpl e 6B, the substituted PEG succi nate obtained as described in Exanple

8A is co-pol lzed Wth - di ag-pobut age. . . hj t fol | owi ng

di am nes Egﬁgggﬁbﬁg’ﬁéﬁe%%ﬂ%ﬁ%@’g?'61? }Ot %’g’ 'l%ll%se%ﬁ%?' g’%&g%%nse ufc}% nat es of

Exangititis]) 3fpaparedAd 4 lmodifphtiBAnS the procedure of S. Sasaki et al., Chem.Pharm.Bull.
33(10):4247-4266 (1985). This is added to PEG-dimaleate by the method of Example 1.

\

By this method, the following ether dithiols are coupled to the PEG polymer:

Example 7a: meso-2,3-bis(n-butoxy)butane-1,4-dithiol

Example 7b: meso-2,3-bis(4-nonylphenylmethoxy)butane-1,4-dithiol
Example 7¢: meso-2,3-bis(biphenyl-4-methoxy)butane-1,4-dithiol
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 succinates

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 8Ac: 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 8 Ah: hexahydromethylphthalic anhydride
Example 8Ai: tetrahydrophthalic anhydride
Example 8Aj: norbornenedicarboxylic anhydride
Example 8Ak: cantharidin
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Exanpl e 8Ca: 20 BOC 1, 3-di am no- 2- propanol Exanple 8Ch: N, N'-di (BQOC)
hexaet hyl ene tetraam ne Exanple 8Cc: N, N'-di (BOC) sperm ne Exanple 8Cd:
N - BOC spwormnai/meskxanpl e 8Ce: N N', N "-tri (BOC) pent aetrhysk@imotsexamnm ne
Exanpl e 8Cf: agmati ne Exanple 8Cg: |lysine t-butyl ester Exanple 8Ch:

1, 6-di am nohexane Exanple 8C : 1, 4-phenyl enedi am neExanpl e 8G:

1,3- phenyl enedi am ne Exanple 8Ck: |, 4-di am nobut ane-2, 3-di ol acetoni de
Exanpl e 9: PEG Trans-esterification Using Substituted Acids PEG ditosyl ate:
To 1 nmol of PEExpaiplsdiliddcyciropigmedicarberybelanttyydrisle was added 2.1 nol of

tosyl chlori deEggg{A{gfn@ | To this
reaction m xture k%ﬁ‘e?gg%sé}}%w # 9132‘% F%ﬂe?ﬁrmgﬁhﬁﬁéne é:ldleam ne ( TEVED).
The reacti on wikampénSAnchiaaetebimarcap®sa@itigranRydridthe products were resol ved
using TLC in ethyl acetate, toluene, or ethanol as TLC solvents. The PEG

di t ogydaple SBayP BE-Binikxbingdofucoimyl)ichivethet wih penddaniradpbigtdupsol uene. | nst ead
of tolunesul fonyl chloride, other sulfonylating agents such as nesyl

chlori de Byebe Bethasl ef eXample i fthe substityted PEE suscinatesoptainddl asrdederitedinal so be

d R Publ t No. 20040006051
ggleyggfmgle%} Fi %\E%P“Aﬁ% %Xﬁosyﬁ%a%gé ’é&?}:ﬁﬂh‘ uofI (r:rgl Itgz PEG- di tosyl ate, .
th st
\-MZ 3- 3 Imrarbé[ ﬁ%@éﬁ%@@é‘)‘@ﬁgﬁﬂﬂg’% &rFqP%Ct%WéB%nbl\/E%?eséﬂg as nec essary
t 0 nouaeimias cfoltametl ty/desttibed mditanglend X tand & Aasthitewhedfhri:0 80 C and stirred

for 24 h or until conplete by TLC. Exanple JO
PEG- Di ( succi nyl|Bxadipl¢ 8BAC ythahed)2-ikloet her Medi um Mol ecul ar Wei ght Pol yner

Example 8Bb: propane-1,3-dithiol
Example 8Bc: butane-1,4-dithiol
Example 8Bd: pentane-1,5-dithiol
Example 8Be: hexane-1,6-dithiol
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 pendant 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 § 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-butyl ester

Example 8Ch: 1,6-diaminohexane

Example 8Ci: 1,4-phenylenediamine
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(d 6-tt-Polymer B) PEG dinmal eate (10.24 g5 6.1 mmol s) prepared as in
Exanple 1 was placed in a dry 125 m flask and heated to 70 C under argon
to nelt twe hBGotisaal eate. To this nolten material, w tRCILUSRON7OYI0TNVAS
added water (10 nL) and a solution of DTT (0.961 g, 6.168 mmols) and TEMED
(0.723 g 6.166 mols) in water (3 nL). The solution was stirred at 70 0C
for about 4 hr. Renoval of water in vacuo gave the solid polyner in about
90% yi el d. The dried polyner (5 g 2.7 nmols) was heated to 70-90 OC under
argon to nelt BExamphe8TEMGDphOn@8Eedipmmes5 nmmol s) was added. Pal ni toyl

chloride (1. 68%?‘8’5\&%?0@&%5&@}%&%& 3\4\41%?51%0{%}5@9, and the m xture was

stirred under verni‘gh eratio o nerto acyl chloride can be
varied to, opt gl egrees.of substituyti from 0-100% of stoichionetry.)
et e e dAAAE T Rrar LR P AP A A8 ai e the » Clo- p- Pol yner B
By this the. f.o | i . 1.651 'gc]1 ' ; g({%g gr oups
of the dr%glg%%imnsy%t?’E@ %%Q‘g%ff)%ﬁ%%?@?&pﬁgﬂ a. %J;?%Qgg?% ga)r%f) e 10b:
Chol asi ef ysykehdaiidia58o BExdapdxeess) shilBisptrenghnder epgadpoxia this wedtibrBxiipiee 10d:
4-Cctyl ph cet.i cid anpl.e 1¢Ce: . He 8- i i
2 P ABP 48 ol ke R R A R fBR - o1 oups of
p- pPabRES a®Y *@ s eTRE piodatie dvend tddolvedubing TLC in ethylacetate, toluene, or
(2, 2-di net hyl -1, 3-di oxgl an-4-yl net hyl ar bodi i ni.de (,.BDDC). and. coupl ed
(i T oEPRgoLE ARG Toe SEGRICSIAY pla B kel ek R B ioPaP e
[S% nt %t@lhueﬁﬁllgﬁgﬁé gg%éﬁegﬁllg@iﬂ ShloNugJ aa?i defongRginPegtil eucynthesi s ,11Ed.
Vi ch, ey, R. - and r ences therein). appl e ;
Car bRlpride (ssielingtb sl _V&'eﬁ?e»e-f E?Fﬁ_&cg‘hﬁfde/x“%?‘aia \ |“)F*E:d ég? gfé’ubsti tuted
pol Y Mafesit ApPlisiaRd 1073 FBBaCkubliAARSNN200400066501 | ve am no
Polyesterification of PEG ditosylate: To 1 mol of molten PEG-ditosylate, with
stirring under argon, is added 1 mol of S,S’-didecyl-meso-2,3-dimercaptosuccinic acid and 2
mol of TEMED. DMF is added as necessary to maintain fluidity. The reaction mixture is

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

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

(C16-n-Polymer B)
C15H31OCO OCOC15H31

o) ﬂ O
07 g s (OCH:CHz)y
HO OH
s) (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 mmols) 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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groups, using standard peptide bond formation nethodol ogies (e.g., via
carbodiim de reagents) to link the am no groups to the carboxylic acid
functi onavotgosavii4he pol ymer. These material s are readi lpgTaisc@rnedoby
esterification of r~polyrner hydroxyl groups with cyclic anhydrides. For
exanple, O 6-p-Polynmer A dinmaleate was prepared by reacting maleic
armhydri de with C16-p-Polyner A hydroxyl groups as follows: C16-p-Polynmer A
(2 g and mal ei c anhydride (0.85 g) were ground in a dry nortar and

t r ansf &yl ebloride sarbbe marigdoterabtaiotdegrees pHgbstifition it - 16 Ioéat ed at 900C,

under ﬁ‘:rhg étr)ﬁf rWatg?’ wg% ﬁﬂédno%é fda 8Q€rhm-{ht%r t%l 15&21{6%% k. b?@ ggmr fpYas then

groun wat e ure was rans to a

di al ysi S %grgm(ssm?thlé%ecﬁ o%@ %J@%e@séh L& Wit h}gl %%S’?%%ﬂ% Bﬂh wat er to

remove excess erc aci w nolecular wel S, and t he

r et edi(sdceinyd® B dvViecbfolyonert he bag and dried at 600C to constant weight, to
give Cl6-p- Polynmer A dinmaleate ( 1.79 g). The ratio of Polyner A to nmaleic
anhydri de can [Exaumi¢ &0h:t Oledbbadn substitutions varying from 0-100% of ful

stoichionetric . esterifica a: C16-p-Polynmer A diglycolate
C16- p- Pol yrer A F<2mpl &wﬂ Qh&%&@@fﬁggﬁ.yﬁ anhydride (1.0 g) were reacted by

t he nmet hod of Eﬁamnﬂela& Bﬁﬁ&ﬁyl@@m@bmguﬁaﬁdp Pol yner A digly colate As
wi th mal ei canhydri tio of Polymer A to anhydride can be varied to
obt ai n subst i tfﬁ"?aﬁﬁg \lré‘it] tylpBrRdeceY8aetk ful | stoi chiometric

esterification]5&mﬁﬂ@h§bJngmﬁgﬁ;me@hMaer A bis(aconitate) C16-p-Polynmer A
(2 g) and aconitic aci d anhydri de (1 35 g) were reacted by the method of

Exanpl e 11 above, |ve C16 conitate In a si.mlar
manner ¢ R PR TESRAS TR i B e off P - BB s iRt Pa when
us ij n go@ﬂtafdm:@%oéﬁe dctivatahi 1 Btmsd @, nauabth?my 3b@oadnaus¢-ymném>_ylpet }Neen 4.5
an pri |a is as.an ajd to purification |a Si s
agai ﬁ%rtboémznffe @@DSP wRpleh r%féﬂycwﬁ%?%%swlf%ﬂ% |S§?r®fln5€§qo e
Jfor Organic Synthesis, Reagents for Glycoside, Nucleotide, and Peptide synthesis, Ed. David
Crich, Wiley, 2005 p 107-108 and references therein).

Example 11: Carboxyl substituted esters of C16-n-Polymer A.

Carboxylic acid-substituted polymers are used to attach ligands having reactive amino
groups, using standard peptide bond formation methodologies (e.g., via carbodiimide
reagents) to link the amino groups to the carboxylic acid functionality of the polymer. These
materials are readily obtained by esterification of z-polymer hy'droxyl groups with cyclic
anhydrides. For example, Cl16-n-Polymer A dimaleate was prepared by reacting maleic

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

Cl6-n-Polymer 4 (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 90°C, under argon,
for 2-3 hr with stirring. The solid reaction mixture was then gr;Jund 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 CI6-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
Cl16-m-Polymer A (2 g) and diglycolic acid anhydride (1.0 g) were reacted by the

method of Example 11 above, to give Cl6-z-Polymer A diglycolate. As with maleic
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Exanpl e lie: succinic anhydride Exanple Hd: glutaric anhydride Ecanple |le:
pht hal i ¢ anhydri de The reactive doubl e bond introduced through

est eri fi cwDI2008/0024h mal ei ¢ or -acotinic anyhydride nmay acsasbe7ovsmd7to add
thiol-containing ligands to the polymer, as described in Exanple 12 bel ow.
Exanmpl e 12: Cysteine adduct of C16- p-PolynerA Dinal eate: Powdered C 6-

p- Pol ymer A dinal eate (Exanple 11) (253 ng) was added to water (5 nL) and
the m xture was stirred vigorously. Cysteine (24 ng) and TEMED (30.5 ul)
wer earagdedethe taio ofRudymenAntp ahbydrjdearad teheried e obinebstitions daming oom

tenp rat a9n. at The progress of the reaction was
m)nl %’Ped5§9/‘%1‘i%g“8§{g’ﬂ° ¢A atéc ”F%?%g{mlhbut anol - acetic acid-water, 3:1:1)
reaction mxture showed a

h_det ect.i,on n g h
n| n i’cddgi F\?Agéf’P%it %% ra’fI?at‘a with the poI ymer. Cysteine al so gave a

ni nhydrin ItV of ne | £ any col or
wth ni nh%?l nbJ g’h"ep qzr%gﬁggagérrnlhg %515;!1893 {Vte% I??\‘%{g%gggﬁé addi ti onal
car bexyHodgrfdxampiol 1 aiseveatd gwemmzmrm éw(mnngte).hl ols having multiple
car boxyl substituents. For exanple, nercaptosuccinic acid was added to the

foI | owi ngIﬁ@hmld?ohmf tie fhillesting sny@chidpt erel@aple@hittpCR6imy Relymar di. mal eat e

e 12b: 2c. C I rs A
( b| s )\ate S @é@ﬁﬁ?s Ofiiﬁ%’ ¥ “bdﬂtg 1 ﬁ} ﬁ adju% C{r:rté)rb(? %‘ﬁ ‘thaégfgc acid is
addegkidorotdislybiglak Qﬂ\lbiﬁgo@ll&ﬁhai?m{ yﬁ%cdhdjdleb_/tsﬁr@axrﬁt(&m HCJIZJIIOVlG‘ﬂﬂhp Pol yer
A di mal ate lle 12e¢; p- Pol ynmer A diacrylate
amd 'E% ymer, if desn'ed

Example 11c: succinic anhydride

Example 11d: glutaric 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 C16-n-Polymer A Dimaleate:

Powdered C16-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 mixture, and the mixture 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 introduce additional carboxyl 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: C16-w-Polymer A dimaleate
Example 12b: C16-n-Polymer A dicrylate
Example 12c: Cl16-n-Polymer A (bis)aconitate
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Exanpl e 12f: C16-p-Polynmer A (bis)aconitate 3. Use of p Polyners to

Soi ubilize Insoluble or Wakly Sol ubl e Substances Exanple 1: Sol ubilization
of Dyes T™WODRo@/wi24al i quots of a 50ng/ m aqueous sol uti orCEUS2007/001607

PEQ SOO co- succi nyl - DTT- bi s- C16-am de pol yner (Cl16-Polynmer A, Exanple 1),
centrifuged to renove insoluble materials but not otherwi se purified, were
added excess anobunts of the dyes Eosin Y dichlorofluorescein, and Sudan 1V,
in separate containers (FlexExcel (tm clear polypropyl ene wei gh-boats,
WB2.5 size, product of AllExcel, Inc.COMsi, Haven, CT), and the conponents

were stirred together to form gopast e contai ner bottons were then
attached to the bottomof a small | MYeblirasoni ¢ cl eaner bath using a
wat er -resi st ant doublre-std ck t ap. ust enoﬁgh wat er was; added to the bath
to i mrerse the wei ghiboatls to abolit |/3rd h@i ght. Sonicaftion was perforned
for 15 mnutes in st m nu¥es. The LiqQuids were tfransferred to
centrifuge tubes and{centri{uged fa fo(gg(ﬁpﬁzc‘ﬂzima ench top

centrifuge to pellet [of i ssol ve dy§.T\T;%osupernat ants were transferred
€

to clean tubes and cgntri }gged agaig, tor ve entrained solids.
Suspensi ons of same uni's of dyes]in samepgount of distilled water as
the amount of the pol ynefCtisttso oe tre(?;t'_fa)d in the same fashion, as
controls. The resulting $8:0: ofsTwere spot ed?é ®ul) on TLC plates to
formcircles fromthe drops. T eﬁ@ﬁ&Hties of the spots were conpared with
spots made from st andar d¥0e®” dyeos@l uti ons made in ethanol or ethanol /water
to determ ne approximate concentrations; the spots are shown in Figure 1.
The solubilities of the dyes in water were_determ ned by dissolving
appropriate anount of the dye in 1 EB%¥nieddcdei oni zed water (unbuffered) at
roomtenperature, and adding (i.e. titrating with) further water as
necessar y In a sishilag mamngt. -meeptpglwatioagid iy hgd"@dﬁé follgwing CAf-stiglymary i n
50ng1/(£\ iefQlymer was approximtely 0.2 ng/n, as opposed to 0.000 ng/nl in
Su

H20 an 1V is insoluble at neutral pH). The concentration of
Example 12d: C16-n-Polymer A dimaleate

Example 12e: Cl16-n-Polymer A diacrylate
Example 12f: C16-n-Polymer A (bis)aconitate

3. Use of n Polymers to Solubilize Insoluble or Weakly Soluble 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,
dichlorofluorescein, 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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Di chl or of | uorescein was approxi mately 5mg/m in 50mg/ M pol ynmer, as opposed
to 0.010 ng/mM in H2O The concentration of Eosin Y in 50ng/mM pol ynmer was
appr oxi mawel2gosmomg6n , as opposed to 0.007 ng/m in H OpcThs:@awbwad rati os
(amount of drug per unit amount of polymer, g/g) were calculated to be
approximately 1:250 for Sudan IV, 1:10 for dichlorofluorescein and 1:10 for
Eosin Y. The payload ratios of 1:10 for polar conpounds that resenble

phar maceutical |y active substances in physicochemnical properties are higher
t hanThhmsensijesof ahd spats waterramimared WD (spels seadsdrom piandards of die solutions

Cre ( r o) Lz Q.Y 1S a
pho?%lggﬂnv%g%%o@lr ﬁ%%égf/g@%gn&gt%rﬁéata %&O\%}J’t}%}& gbl\?%rn &XﬂI"Sﬂﬁ%ﬁ | CI %ﬁcy, and
suchsiwenciarftigatedd Flod silibiiisendf thodyes iv wateawerendadaminehby Hisspluingrer of

Exanple 1.may be expected.to.be pharpacol oqi cal l tLWe hot oacti vabl e
oyt otRRIP RIS Bmpgnt abiGe dyg in L | OFmore ATRaed diated (udptfcrbdiiar ot
di chieafeidiiRl @sCadding (i.d. hierafing wit) fatlartvader {sredelisaly tyebtamsanege) over

that in.water (greenish yellow) was visually noticeable and gives an
i ndi ¥APHYM-t hat the dye is not in an aqueous environment, but is

encapsul ated in the. ' ' t th | f - I I
ot ol e dF eoreaiangn St SHHGRL P b R PR Y D SRR heed as a
et hgghdakd eteo.eomn%/ﬁﬂ i PROY8EdAMNIV heinpsihibleidt Yie@tal . The casruirsvament (e. g.

"lipid probes”). The color _of the Sudan IV solutjon in the I was

r eddPashlgFosnarcsezn m@@emlaa‘@e@d%aﬁ%&lﬁéﬂmg/ ) Pﬁftyf’ﬁﬁ’ aérﬂi’pﬁf‘%ﬁ}‘?y(gﬁmer when
suspgpAafid 1, et codeliirition ¢ EbsitPl iR 50W Am$ b8l 6ARtppioxiahteBhs f t  (pi nk
in water to reddi sh pink in the polynmer sol utl_on%amExa le 2: i

Sol ubig/mh s ioprowst WO Qameimine Hebant hapaydeadases wgﬁéﬂmw&ri cin B,
Canp ' rdh G I TN @ial forgl

ol LB R B Pt e B o dsed i
a | i pbborefludresarin and ol Oder BesinfY-ect abl e antifungal, while Canptothecin and

The payload ratios of 1:10 for polar compounds that resemble pharmaceutically active
substances in physicochemical properties are higher than those generally attainable with
liposomes, cyclodextrins, Cremophor™, or detergent or other solubilizing systems. Eosin Y
is a photoactivable singlet oxygen generator with a very high efficiency, and such
concentrated solutions of Eosin Y as are made with the polymer of Example 1 may be

expected to be pharmacologically active as photoactivable cytotoxic agents.

The change in fluorescence spectrum of dichlorofluorescein in the polymer solution
(reddish yellow/orange) over that in water (greenish yellow) was visually noticeable and
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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Doxor ubi cin are anticancer agents. Purpurin is a DNA intercalating dye with
potenti al pharnmaceutical utility, and Eosin Y is a photosensitive singlet
oxygen r exgends/osiisdi potential use in photodynam c therapgr/uSawh/osdsh7 was
solubilized in water with Cl6-p-Polyner A d 8-p-Polyner B, and/or

Cl16- p-Polynmer A-folic acid conjugate (see below). Solubilization was
dénonstrated by spotting the solubilized API and non-sol ubilized controls
on TLC pl ates, as described above for the dyes. Dried polyners were

r ecopbdriao¢westalmtlitywandEosini X 15 dphutosegsitisg singlet onyzearrdagen ivdt pasentiad

necessar en | uti j i S, N -

o porgnrmattiibabRanSheY, Gk YT bR KICTERNT Y i B YRR s,
Snd Cl|8=7q9Pd;19in}EfrBl; ail/oa € 1 6sefobme? %-falic. acid conjsgeie (wadelovP?0 Suipbilizasicmdded
irect to I m of polyner, sol uti.on, sul ting,in,po [ AP S ratios
o " 555 fighoesiisc s BRRIPE fo Sl APES doi B YIRa b TR0 1241 20,
C18- prab] y deseribed sboseffor fherdyéaxor ubi cin (see bel ow). The mixtures were
sonicated for 1 hr at |ow power, and then centrifuged twice at 2000 xg to

remov fe unirkd@oradersalérd secohbttusstionith waterpelth deathgs akitatbonyasd satication
significant. or upi ci.n .hydrochl ori de was conbine i ol rs as,above
at  a2ypeopssenys- Y hepd ?/ﬁ‘élf“tlﬁx't"‘@sa?ﬁ(}?rs%sdt Wﬁﬁf&?&eghl(gﬁyﬁ'?o#%%yﬁqs&se%r at a
5 1 Lol @hat, @iGrda-Erdtmilydet A Waxaedat sYowRRasd CaBimPollyaldr Bwwas Byedaddi ti on
of sufficient 3M sodium acetate to neutralize the doxorubicin

hydr 8¥hWbti de. The ni xtures were vi gorously shaken for 24 hours and then
tw ce centrifu%ad at 2000 xg to renpve_ undi ssol ved solids. The anmount of

pel | et ed $BPEgedbsianserdp mg)gkasraddad directlygtopimicofnalyrger spiutes iPIHRER APIs to

pol yg@fynﬁ:rr%ﬁhﬂm rhtfos/ 6643 :€ fdr CNORAJ10MBE AVRS: MBI FoladBXE-H PRy hBeAl oadi ng
of the polymer, therefore these ratios represent |ower limts on the anount

of Apnd { HefopBll$riePalyaras Bagaemtdopdoroabigingges brigwaol bt MBHUwes Beul sanpl e
of eagh a0k w08 NASwHoRNdr EthdMWeR cBRHAIREH SX{cLt 2600 kg @ AfhovEndsBivRd

solids. The amount of pelleted solids was not significant.

Doxorubicin hydrochloride was combined with polymers as above ata 10:1 C16-n-
Polymer A to doxorubicin hydrochloride mass ratio, or at a 5:1 folated C16-n-Polymer A to
doxorubicin mass ratio, followed by addition of sufficient 3M sodium acetate to neutralize
the doxorubicin hydrochloride. The mixtures were vigorously shaken for 24 hours and then
twice centrifuged at 2000 xg to remove undissolved solids. 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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and allowed to spread. The aqueous solution forns an outer boundary of the
circle and an inner circle formed by mgration of the polynmer with
encapsul avedossemderssal . I n all cases, there was very |itece/twaBoziomedhe

peri pheral fringe of the agueous-only zone, indicating successful
solubilization and m ni mal | eakage of the encapsul ated material. Table 1:
Sol ubilization of APIs Polynme Substrate Mass Rati os C16-p-Pol yner A Fol at ed
C16- p- Pol ymer A C18-p-Polymer B 10%W/ v 5% wW v 2% w v Purpurin 5:1 2.5:1 not
done Canptothecin 5:1 2.5:1 rablelbryolubitipationofcAIsB 5:1 2.5:1 not done
Doxorubicin 10:1 5:1 not donedtpsémSubshale Maierdt@ys done 1:1 4.

Bi oconpatibility of p Polyners Exanple 1: Suitability for topical

enol lients, creans orlépaddhgser A coRdeatllainddlyoiet % wak!éf-Polyreer Bol ynmer of
Exanpl e 1 was rubbed odo%hevinner wisf%sKYn by the in¥eMor and observed
for uptake, The materials. ppeared to be al sor bed sim'la(;ox to

phar nmacol o@;gﬁg waxy cresa?rs, wth sli ghé'sgofteni ng of "tg{’u& zar ea. No

: . protheciny 1 .3 n Tl

i medi at e Qnp j\r@%egj al gy gi c responsespsguch as reddgRifde rash, or

i tching, weberehaerved upon this singl esfiopi cal appliGatda®. Many of these
pol ymer s aeesihiygr oscopi crondoces at room heriper at ure, wiith an expected np of
about 45 50-0C-er—greater—depending—upon—the—conposition— Pol yners
made with lower MVPEG S may even be liquid at roomtenperature. Somne
polymers nay be solid at roomtenperature, nelting at body tenperature.
Thus 4t Béoqongpdihiliysofof Polyagersp pol ymers make t hem excel | ent substrates for

maki Qgcalmg ej P’rssziitag;l%/i%f to_B}cm %Bﬁi%nts,emlz}nk %pkﬁstes

A concentrated oily wax of the polymer of Example 1 was rubbed on the inner wrist

skin by the inventor and observed for uptake. The material appeared to be absorbed similarly
to pharmacological waxy creams, with slight softening of the area. No immediate or delayed
allergic responses, such as reddening, rash, or itching, were observed upon this single topical

application.

Many of these polymers are hygroscopic waxes at room temperature, with an
expected mp of about 45 °C to 60 °C or greater, depending upon the composition. 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 7
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 pharmaceutical 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 'sarnples 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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and other delivery forns, either by thenselves, or in mxture with various
subst ances, including active pharmaceutical agents. Exanple 2: Suitability
for parenwvenads/@unni strati on An aqueous sol ution of thecpaisgevenowb7 Exanpl e
1 was prepared in phosphate-buffered saline and then filtered into sterile
tubes through 0.22umfilters. A maxi numtol erated dose protocol was

enpl oyed, wherein CD-1 mce were subjected to a dose of 10m per kg body
wei ght tail vein injection of up to 5% w v aqueous sol ution of the polynmer.
The ni ce WerebsebysbleviiffereocesiRetedomsd bothe ibhwoluhiemisindbaweey thikheontiebr eaf t er

unti] .48 to. 72 hrs, .depegndin . (e} . aken and
anal Wc&‘?ndcégﬁée?ﬁe@gn e ggsogé%vg ?%(raad&grﬁagefsi#g%m%?%&ﬁeg %%g&aﬁ%ggt i st ol ogy.
M cr esaafiaginkals irpihe @yossdssiblogn gfenfionsegasninskidad ledrts dotgsokigndys, obser vabl e
di fferences were found in.th | ood. chem stry between_t control mce and
t he TRIGHE dyCHIUEstngs, ‘B’E@?}bﬁqc@e i Pe%ﬁ&%% %PeT’é’g?lgh%"%WQ’f%oti‘%ﬁ conpar ed
LO CMHltliﬁlb s@@difmif? froth dlihﬁlregit g&aTﬁgiofhﬁirmymfe stadied u\ét}ouhgﬁaﬁxg :réuéﬂ(ljtsdi ngk
eart,. lungs, kidneys, , liver, intestines, .Sstonmac er, in,
muschiias oberued. W oRtvaBlriFisiABReT See ORI SR 5 THHRLE o8 ran el r ent
Or OURSsiRE. 8HIERIthaNElReyaisudived sWinkRatihl har@ndisiskd withekpespbaieuedhe No
obervabl e differences were found in cellular tissue structure of ,ex%ﬂi ned

ti sshelymesofbisgmpliss that Hiresasting Splmperay PRats 3y S8t HmeRTARSAE vt
EXPOGMIEnd hdEadi0 the polymer. This inplies that the casting is a tenporary
phase and as the tinme progresses it will beconme normal. It is concluded

that the poiVEREILES] Sai ﬁxefﬁéﬂyrﬂﬁl‘ﬁs G#Me (P RedRaPudtNal I piRenhisficalbORAt inl N

i njectabl e preparations and other parenteral formulations. It is reasonable
to ekyectablepapataiionsang piher pareaird prmplatipns Jf iy jeatnabledgieapect thatdhe apl et s,

nasap, RIKAYs s & 60 9&@65@, AERSH BrabRIOhL DY YaLy, SKI/BrontRAM g4I/ Pat ch,
eyedrops, ot Fer 't opi cal routes, and other routes of adm nistration.
sublingual, skin cream/lotion/patch, eyedrops, other topical routes, and other routes of

administration.
5. Attachment of Targeting Moieties to n-Polymers

Example 1: Attachment of galactosamine to C-16 n-Polymer B via amide bond formation.

Galactosamine (GA) targets the hepatic asialoglycoprotein receptor (ASGPR), and
polymers bearing covalently-bonded glactosamine are delivered to the liver; see L. Seymour
et al., “Hepatic Drug Targeting: Phase I Evaluation of Polymer-Bound Doxorubicin” J. Clin.
Oncology, 20(6): 1668-1676 (2002) and references therein.

C16-n-Polymer B (Example 10 in synthetic method section above) (461 mg, 0.2
mmols equivalent COOH per repeating unit) was dispersed in 14 mL water, and to this
dispersion was added EDC HC] (0.485 mmols) and N-hydroxysuccinimide (0.464 mmols).
The mixture was stirred at ambient temperature for 15 minutes and a solution 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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5. Attachnment of Targeting Moieties to p-Polyners Exanple J: Attachnent of
gal actosam ne to C- 16 p-Polyner B via am de bondformati on. Gal act osam ne
(GA) targeoesmifiepati c asi al ogl ycoprotein receptor (ABGPR)IS200am06pD] yer s
beari ng coval ent| y-bonded gl actosam ne are delivered to the |iver; see L.
Seynour et al., "Hepatic Drug Targeting: Phase | Eval uation of

P&l ymer - Bound Doxorubicin” J. din. Oncology, 20(6): 1668-1676 (2002) and
ref erences therein. Cl16-p-Polymer B (Exanple 10 in synthetic nmethod section

above) (48LGwf the pfodwbiloweduiofterds @D dpiamegatiest iAngpmaplef thias di sper sed
in 14 wat er 3 hi | heb ..mol s) and
A e b B D T A o e e

t enpshoatedrtbe persedd ofi G t(emhgddn positive) dteie sfimgRF acteferantan€@AHC (0. 386

mmol s) and TEMED (0.387 mmols) in 1m water was added. The sol uti on was

st i r Eatnplad : thiecheaet afgoionasd o) wedobymeFUC on silica gel and devel opnent
in 1-butanol -acetic acid-water (3:1:1). An additional anmount of TEMED

(0. 079 MBI (BHS g, 8.56 48mwis) vels verighddDEticCh 126 .nil 3ounvbbatjormlagk added t o

forc he reactio onpl etion, TLC.showed .a st te with
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nol ecul a | ght reactants an - products.. The entate re ed and

dri eléFaé‘E‘{ @Omﬁb%@“éé?\%’feéﬂtﬁnwﬂﬁ tggfrgﬁg’g?@}e.r ’f‘l’_r(‘fﬂ’(?fl{ ? %’1 @’B&Sﬁuﬁ%ﬁ% ?Fdag%gﬂo free

GA (Whbhyakd R18egatbh\selficidht JHMPtEmake biGingpRdsible. iR By ctast waselstkddat6N HO

at 1000C to hydrol yze bound GA.. TLC anal ysis showed t he presence oc{ GA
Té%é?’ gn OWg achment

( ni nfYrdPTG opedightsrptegtediirm mpisturg: OWRE, I aROTRLE 3
of T Qhief (86 il .)tv0asGHe®: RaHEBREAURDRES §ixdiai®0 € £ afmalisbn¥es hwaifghed out

in a 125 nL round-bottom flask flushed with argon (BDDC i s very viscous
wi t heomdingytol PR tempsiatie By minare ves fapsiered tha pestion of dialgsiptuybgrg with aa (1 0

9 4. 28RS Wesrr afdefall 8 d Dsidst 8k HABBCEY X600 &1)Water (2000 ml), 5%
sodium carbonate (2 x 2000 ml) and water (4 x 2000 ml), to remove unreacted reagents and
by-products. The bright yellow-orange retentate was was removed. A portion was
evaporated to constant weight to determine the solid concentration, and was used for the

solubilization experiments described above.
Example 3: Attachment of N-acetyl neuraminic acid (NANA) and analogues to n-Polymers.

Neuraminic acid derivatives are targeting moieties for influenza viruses because of
the hemagglutinin and neuraminidase coat proteins, both of which are known to bind to sialic
acid. Several methods for coupling NANA and its derivatives to the m~polymers of the

invention 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 moisture. 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 HCl, 5% NaHCO3, and water (2 x 2000 ml each) with a
3.5 kDa cutoff membrane. Spotting on a silica gel TLC plate, and visualization with 0.2%
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heated to 70 OC and the reactants were stirred together for about 30

m nutes. Folic acid (3 g) was added foll owed by sufficient THF to nake
stirring woeesnoe46The reactants were stirred at 40- 700ECoxseonghic)7
protected from noi sture. The THF was then all owed to evaporate and water
(80 nm.) was added, and the m xture was stirred at 50 OC for an additional 2
h- After cooling to roomtenperature, the mxture was transferred to a
section of dialysis tubing with a 3500 Dalton cut off, and dial yzed agai nst
0. 1 dxciti6l in( 20% sBEOAC atijl, atiS0E, shposdnedrporaion obdeurmménic Beidnte the x 2000 m)
and ter (4 x 2000 mM), to renove unreacted reagents and by-products. The
bri g‘},ﬁ T oW orange retentate was was renoved. A portion was evaporated to
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of N-Ralginyt Aneur am ni ¢ acid (NANA) and anal ogues to p-Pol ymers. Neuram nic
acid derivatives are targeting noieties for influenza viruses because of
t he henagsiNHA ceiyinargmiréc rcdiNIANS B((c’annprls), siabsc abigtdridsf(ORRinsmots)e known

to bind t iali id. veral. t hpd or i.n i
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At t aggduie rﬂheqid‘dk&@a&tﬂ/dsha@w&mrﬁrgﬁmar&bﬂﬁdcdd\iﬁ%)cgt batiil ﬂ‘hpnﬁatwmﬁ?t\iﬁéai at4 e
esteridlcati B 2.44 g, . 56 and..C18- p- Po I .

nmol 6533 gr‘%tgé %ﬁ%ﬂ{@@%’%@rﬁ%gg %&é‘?gl(#}gj&?ba%ﬂslgﬁ p 1?‘%8 q’%‘é@?%éﬁfﬁggrgr’ar gon
for sfhoytundDiHe RuiRmh wit @eeilyte (HRhendINANL) dbtdddiog)wills omtte 1, S@] drowed by
THF as necessary to maintain fluidity. The reactants are %&i rred at 40-700C

overWeghiCl prageaidt dhe reasHPRBIXLG Was (RRlEd Iq IRPPHIgMBLatEf 88 WAlE &e ni xture

IS sfiddeti®d h§lrorPzdre bREesdattld bR, THe re MRS sd10Gbit BONKNA 0OM
tenperature, the mxture is dialyzed against 0.1 N HO, 5%NaHCO3, and water

(2 xmpoowaleptecyahysediditgclly J spbresireptfegFtiodenbr ane. Spotting on a silica gel
TLC plate, and visualization with 0.2%yrcinol in 70% sulfurjic acid, at
1300C, shéwmsequaewy Frtan ofCH-mmoliyass fAidislyeslatei (e pypthesis of m-polymers”™,

example 11a) (1.23 mmols repeat units, 2.46 mmols -COOH) was adjusted to pH 4.5-6.5.
Carbodiimide (EDC HCI, 3.86 mmols) and N-hydroxysuccinimide (2.6 mmols) were added
and the mixture stirred at ambient temperature for about 60 min. A solution of NANA
monomaleate (2.49 mmoles), prepared as described above, was added, and the pH was
adjusted with TEMED to pH 6-7. Stirring was continued at arﬁbient temperature for up to 26
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 equimolar 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 /H>SOj, or

urea/HCI reagent) to give targeting moiety D.
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pol ymer. Exanple 3b: Attachnent of N-acetyl neuram nic acid (NANA)

nonomal eate to Cl16-p- Polynmer A 5-N-Acetyl neuram nic acid (NANA) (0.86
mrol s), mebenes/@ntagdri de (0.93 mmol s) and tri et hyl am nePCTASZW700BIE) wer e
dissolved in 1.5 nL DMSO in a dry round bottoned flask. The flask was
flushed with argon and placed in an oil bath. The m xture was stirred at 65
Cto 85 0C and the progress was checked by TLC on silica plates

(i-PrOHEt QAc-water, 4:3:2) until the reaction was conplete (absence of
NANA, detection with orcinol /H2SO4 or urea/ HO® ). The reaction

m xture was cooled to roomtenperature, and wat s added to hydrolyze

t he excess maleic a/nW%\. The resulti§f sol tion Jof NANA nonomal eate was
used directly inHé\Ubsequen}/r”acti Qs. Al _aquegus soj ution of CL6-p-pol yner
A diglycol ate (See "Synt h€si | e”tcha) ( 1.23 nmol s
repeat units, 2.46 mols - s adjusted to pH 4.5-6.5. Carbodiimde
(EDC HO, 3.86 muols) a dr®xysucci ni niPde (28°mmol s) were added and
the m xture stirred at anbient tenperature for about 60 mn. A solution of
NANA nmononal eate (2.49 mol es), pregmred as descri bed above, was added, and
the pH was adjusted with TEMED to pH 6-7. Stirring was continued at anbi ent
t enper at U@ thedsanmitPmlethod65IN-Actiye-2[B-0chitlro Badedxy hedramihib vcidi(BIAMAF waki 1 st
agai nst 20 mmol.ar sodi um acet at pH 4.5 then agai nst water. The retentate
was ‘?%WﬁVé‘?ﬂ“é!rﬁiV%fl%?rté’ége’F’Bi!“t?é"é‘?’%Exanpl e 3c: Attachnent of N-acetyl
neuramnic acid (NANA) to C16-p-PolymerA, via a spager. Cysteam ne

(2-am noet hanet hi ol ) hydrochloride (0.93 mml in ter) was added to an
equi nol ar anmount of NANA nononal eate (sol ution ared as descri bed
above), followed by equenol ar quantit facilitate the

addi tion of thiolt¥0o the do e o

//,
//,
7,
‘on

H NHAc

HO' O

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
Cl6-n-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 neuraminic acid (NANA) to C16-w-Polymer A, via a

spacer.

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

Example 3e: Attachment of neuraminic acid B-methylglycoside (MNA) to C16-m-Polymers.

having on average a single carboxyl per repeat unit (0.396 mmol) was dissolved in
water and allowed to react with NHS (0.4 mmol) and EDC~HCI (0.64 mmol). Neuraminic
acid-p-methylglycoside (MINA) (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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bond. The reaction was foll owed by TLC on silica (i-PrO4EtO Ac-water,
4:3:2) until the reaction was conplete (absence of O nal eoyl - NANA

det ect i orwoi2oés/@uimsnol / H2SO4 or urea/ HCl reagent) to gipee/usasgebdieny noi ety
D.D By the sane nethod, 5-N Acetyl -2, 3-dehydro-2-deoxyneuranm nic acid
(DANA) was derivatized to give the targeting noiety E. E By the sane

nmet hod, cysteine and gl utathione are added to the nmal eic acid nonoesters

of NANA and DANA. By the nmethod described in exanple 3b above, the

mer c &psroplacier Aauehmentjalfa@enestyl@rsr quinit gaid(MNA) 18 HéomiPohmey Bas ani dat ed
with targeting noiety D. This polynmer contained up to 8 -COOH groups per
repeat unidl 6(@Belyﬁ$}rﬂ Heshisrasholss FOYQTHbesis) inelvanhpiaéerignd neupapint acid -

Attach HANA) V, a
cpac i Sl BloR T i AR erBEL ), e R Mo e o e o
C16- po pﬁbmrﬂmiesﬁNH]Sgh;Ebb hdtveat¢rSees adgpdit folleived bfy 4@-rpl§>lr9melte§ EDGxanpl e

h t of d
(nnono S otiar 8 s ThE RS Eoh rvarE s ef aP iy BB RN EE T 20
uni It 48 Qo%&%ar[ﬁﬁa)ymﬁs’oydm@@h\sﬂﬁbal gel mﬁsomnﬁarajuedvge@etame mamrt(drwz)h NHS (0. 4
mmol ) an

ur am.ni c cosi de VNA
(0. 2 DFHRPT WD 2RO VDR PN D el FEr Al SO Ergeon
t enpyiad e Stattdiyy SilyRie), Hud TLIBo e feadtion blirthrdpdve d petpleyspdit ad»-yxsg&tmgx anpl e
3f: A .second sanple of C16-p-polynmer A diglycolate having two carboxyl
gr oupdthdBe PPRREAL unit was al so conjugated with MNA in the same

fashi on. Exarrple 39: Attachpent of b-O uramnic.acid (MMA) .to

CL6- p- Pol HEPOISMEESBUINEHIG Phile SBOVeSam %éargﬁ ¥b°a?§rV§,fe?ﬁ(%‘°I‘n1)=ﬁ%t er,

and RSN ANH the Présdnde of neuraminimc acid when visualized with orcinol/sulfuric acid or
urea/HCL reagent on TLC.

Example 4: Attachment of zanamivir fo C16-m-Polymer B.
Zanamivir (GG167) is a potent inhibitor of viral neuraminidase, and polymers bearing

this molecule as a multivalent ligand are inhibitors of influenza virus replication.

C16-n-Polymer B (920 mg) is dispersed in 30 mL water, and to this is added EDC
HCI (1.2 mmol) and N-hydroxysuccinimide (1.1 mmol). The mixture is stirred at ambient
temperature for 20 minutes, and a solution of the trifluoroacetic acid salt of 5-acetamido-7-
(6'-aminohexyl)-carbamyloxy-4-guanidino-2,3,4,5-tetradeoxy-D-glycero-D-galacto-non-2-
enopyranosonic acid (U.S. Patent Nos. 6,242,582 and 6,680,054) (0.39 g, 0.67 mmol) and
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 et al, Anal. Biochem., 29 287 (1979).

Example 5: Attachment of Mimosine.

C16-n-polymer A diglycolate (See “Synthesis of r-polymers”, example 11a) as a 4.5
% w/v solution (1 mmol repeat units, ca. 2 mmol in COOH groups) was reacted with NHS
(2.27 mmol) and EDC+HCI (2.23 mmols), and to the resulting 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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met hyl gl ycoside (Toronto Research Chem cals), 40 m cronoles, were m xed
together, and 40 mcronoles NHSin 0.1 mM water was added, foll owed by 40
m cr onol esoBD8/deyrsochl oride in 0.1 m water. The react iPOm/USR200700BONAS
shaken at anbient tenperature for 48 hours, and anal yzed by TLC on silica
gel with isopropanol-ethy acetate-water (4:3:2). Detection with 0.2%
orcinol in 70% sul furic acid, at 1300C does not generate a col or reaction
with the starting polyner, but TLC of the reaction m xture gave a purple
spot salabiliiy)vatsiaddediintchstirned gcinybvent. teiperapot wnd pHodfigbogh6.8s7 fan abbet 22ove
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I nfluenza virus replication
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enopyr.angsonic acid (U. S Patent Nos. 6,2 2 68Q, 054 0. 39 g,
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The | evel of sugar incorporation may be determ ned by a colorinetric assay
for the guRAEAl BRCEAGEFoL HAfleind andBRMine-36ntdfdds pdfiRf}) Thefudifldteasy Ni dase

assay may be carried out follow ng, ] . . . .
maleate ester of a n-polymer A is reacted with cysteine residues using triethylamine as

000

catalyst. To a polymer diacrylate (0.3 mmols repeat unit, 0.6 mmols acrylates) suspension in
water was added cysteine {(0.66 mmol) and triethylamine (1.32 mmol). The flask was flushed
with argon and stirred at ambient temperature overnight (about 18 h). TLC of the reaction
mixture on silica (i-PrOH-Ethyl acetate-water, 4:3:2) showed the absence of cysteine and a
ninhydrin-positive spot for the polymer, indicating addition of cysteine to the acrylate double

bonds.
Example 6a: Attachment of anti-rabies antibody fragments to C16-n-Polymer A Diglycolate:

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
ultrafiltration using 50kD filters. The F(ab’)2 fragment was coupled to the PEG 4500 C-16-
n-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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t he procedure of Potier et al,Anal Biochem, 29 287 (1979). Exanple 5:
Attachment of M nosine. Cl16-p-rolynmer A diglycolate (See "Synthesis of

p- pol ynmerw0,20@xm@anmpbe 1lla) as a 4.5 % w v solution (1 mrolr/use@eadiconi t s,
ca. 2 mol in COOH groups) was reacted with NHS (2.27 mmol ) and EDC HC
(2.23 mols), and to the resulting m xture a solution of 1- mnosine (2.14
mmol, prepared in 5 nl water and pH adjusted with TEMED to increase

t hesol ubi | | ty) was added and stirred at anbient tenperature and pH of about
6 8 7 f or Eapople @2-PEXQ 8700 Thétprpalsmend]dimalegter was epnjpgatedtoNeticzed t he

a%_}%&*arﬁ]{n%gt&Oé\kég-bf’r&gﬂéglagladég%gjg?ggg(,g aised to 6.1 by addition of

ure JcD cutoff) against water to

fem)é%?,hgzwd't A2 WOJM gﬁ?ﬂ‘ﬁd’-m‘ﬂﬁh%%‘r LrpflRLR. Exampl e 6 Alfachment

of pep es an prote| n eate and Diacryl ate: GCeneral
procedure G agnment s
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presence, of TEMED. ce for stel lgne=cont ai ni ng
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cystg’r‘ﬁté‘“(Ua%ﬁ‘wt)”%ﬂ‘ttt?‘inBFWr‘éHPﬂ grgerg HEPFLR was 1 ushed

Wt hyf @ Sined Bekwideh BLED. @Trog&B‘s”H &fithe }&B’Q&E %ﬂ&l@edk\é&b@lt&iing(tﬁbmabu&@ h). TLC
of the reaction mxture on sjlica (- I acetat -water,  4:3:2)
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showetxurewih &dlean'graggds éifira ahag 42 Ihlﬂi‘ﬁ]?E 4 PRR's e was gﬁd’teg‘l“b‘fe t he
pol y RBfrer Wit i1d 8riaf dohindRe PMP Xh&nAatib R atkd hedehotl it Bindmella bonds.

centrifuged to remove a small amount of precipitate. The clear supernatant was ultrafiltered
through a 10 kD centrifugal filter unit (Amicon Ultra 10 kD, cat# UFC901024) and the

retentate washed with water repeatedly to remove low molecular weight contaminants.

The following three peptides (O = ornithine; NH; designates a C-terminal amide)
were prepared by automated solid-phase synthesis, and conjugated to PEG1500 n-polymer A

dimaleate in the same manner as the Rabl peptide:
Example 6d: KDYRGWKOWVYYTC (“Rab2”)
Example 6e: KGWKHWVYC(NH;) (“Rab3”)
Example 6f: KGWKOWVYC(NH) (“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 n-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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Exanpl e 6a: Attachnent of anti-rabies antibodyfragnments to C16-p-Polynmer A
Di gl ycol ate: C16-p-Pol yner A di mal eate was prepared, starting wth PEG of
nol ecul arweenghv12d600. BayRab(tnm) human rabi es i munogl elbwhiseoofNbGE)7 was
treated with pepsin in the usual manner in an acidic pH buffer to generate
the F(ab')2 fragnment, which was purified by ultrafiltration using 50D
fi“lters. The F(ab')2 fragnent was coupled to the PEG 4500 C 16- p-Polyner A
di gl ycol ate by the EDC nethod described in Exanple 5 above. Exanple 6b:

At t agbreinjece veith an e@abvasntamouns of fiea digamd, svitils taF neggivPaioptrels 1acaivedd eat e:

The F(.a pent of BayRab(tm hlgG (see exanple 6a) was reduced with
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eptide K 1") has been reported to bind to Rabies virus

( T. Lanq_%)nth thedggis of tth?E’IaSS ‘P@é:%fg‘ﬁr the dnetadosg: t‘Be’Zt“B%')t COTREPAEIS AR-FAMAh s of

thi sp peps beige \ﬂ%éndl %@Qnﬁﬁgsyélhiaﬁﬁh&ﬁ PRV donRaktesibBeRiiod 8ats HOd . k. A
conj ugate. The Cl6-p-polymer A dimaleate (two nmaleic acid noieties per

r epeﬁhu%ﬁhﬁtpplmrl oparpeptecihoprd aissgpiicatly Wgh lays] of offisacy cunparedite Bewat er (6

i dtcggtrgpl ution was adjusted to about 8 with TEMED. The
pept ?‘%’%15 %%‘rlol) dissolved in DW (3.1 m) was added, and the reaction

m xt ur e wasossthistolody s vmimsentcr@@ﬁp@reaﬂmp@twn@éﬁowg@wemtheéﬂlgh\ém‘reeact i on
P e T L R R L P S
EI | namarew estionwibe ateadtmite ghtwedslightly reduced ]evel of white cells, which may be
attributable to the effects of the influenza infection. The body weight loss in protection
groups (high dose - 8.9%, low dose - 6.2%) as well as treatment groups (high dose - 9.0%,
low dose - 9.4%) was less than that in the positive control (- 9.8%), suggesting an association
with the ligand itself rather than the polymer (Fig. 3). A small weight gain of 0.7% occurred

in untreated mice.

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 LDs¢/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.

49



Water was added to bring down the DVMF concentration and the reaction

m xture was centrifuged to renove a small anmount of precipitate. The clear
super nat an0 20msp9ud46r af i [ tered through a 10 kD centri f ugaicTfuskéoemnoieny t
(Arnicon Utra 10 kD, cat# UFC901024) and the retentate washed with water
repeatedly to renove | ow nol ecul ar wei ght contam nants. The foll ow ng three
peptides (O = ornithine; NH designates a Cterm nal am de) were prepared by
aut omat ed sol i d- phase synthesis, and conjugated to PEG@ 500 p-polynmer A
dimal eate in the same manner as the Rabl peptide: Exanple 6d:
KDYRGAKOW/YYTC (" Rab2") Exanpl e 6e: MI-IV\X/YC( NH 2) ("Rab3") Exanple 6f:

KGWNKOWYC(NH 2) (" Rab4") 6. tiwvl raIt l ti.vi.t of p-polymers. Exanple J:
Ef fi cacy against |nfluenza. BV 'ﬁ%ﬂm Hunen i nfluenza virus was
used in a nouse pr ot eﬁtrapmtaaezayndnﬂnistnagbn, mumbewdsmrwnpsct i on, 200ul /209
BW | t ’; 899 ;% Hethal—-nAfeettor— Cbld&g égt-ln d .
sur vj v Ee,. ey ce were in each group. ce were tail-vein- injected with
200u] / 20g bod\i masstof a2 ow 8ose @0. 0335%) &nd a7 hi gh ddse 190. 13%
sol ut i oneafo.4)he pt pud yheto B- MMA comd upat® bf 1&Exampl g B labovied Pos® - tir eat ed
ani nal s eerxeoydosed ™ howrs| afad er 1hf ectdon, 1Whil® pre-treatedian? ngl s were
dosed 6 lee(® pripridolitifection, Fositi¥el cthtrol Ant naulSwereli nd eqt ed
w thl an_eédq@.val enf &hounto of ¢ ep 116 gandd 19 elthel nbgati vietcont®olls
recejvedéa(z48l i ne|btdferi1d nj et?j pnl0 Thel&urvilal $i vas ed!asOtHe i ndex
ef ficacy 6e(@d)poi nt . 1Body18e| gif Otradked & 5 &t Lidy pak andt er O Hilst ol ogy
of inter®al2®r gank Whs! p#d f pr Medl i #0 bot A0 gr 03% ex4m nht§ on land 'Q‘Lﬁscopi c
exan RaylipenptideRBSH| t 0 af e1EGShpwtP i h mglr 240 2| Thelifhct Qnl sutvi@all time
was bRasP geptigeq06x] - 10 4Bh1G5D) ﬂ(hr the hidh dod® | 5 | 3 1 1 0
Rab3 peptide (0.5) | 10 10 10 10 10 5§ {1 ] 0 0
Rab4 peptide (0.5) | 10 10 1o 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
6f (1.5) 10 10 10 10 10 10 5 0 0
6g (1.3) 10 10 10 10 10 9 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 | 8 1 0 0
6b (0.4) 10 10 10 10 10 9 3 1o 0
6c (0.4) 10 10 10 10 10 10 4 |0 0
Saling 10 10 10 10 10 10 6 | 2 0 0
None 10 10 10 10 9 9 5 1 1 1 0

*doses injected on days 1-3

Table 2
Intracerebral administration; number of survivors
Example # Days post-infection
(dosefinj., mg)
1 2* 3 4 5 6 7 8 9 10 11
BayRab™ (0.4) 9 9 9 9 9 9 9 7 1 0 0
89 (0.4) 10 10 10 10 10 10 7 3 | 212 0
Saline 10 10 10 10 10 10 7 1 1 1 0

*doses injected on days 1 and 2

50



treatnment group, conpared to only 2.94 hours (+/- 0.75h SD) for the
positive control (Figs. 1 and 2). On the basis of the mass of ligand, the
hi gh dosewonreesioyeras corresponds to, at nost, 0.03% of t reTiisg@n@doieassun ng
t he maxi mum pol ymer - conj ugate substitution ratio of 0.2 ww. Thus the

pol ynmer conjugate showed a significantly high | evel of efficacy conpared to
the unconjugated |igand control. G oss histology as well as m croscopic
exam nation of some mce in the high dose polynmer B-MNA conjugate treatnent
group showed nornal patterns, excé@ in bone marrow sections the
treated m ce showed slightly reduced | evel of white cells, which may be
attributable to the effects of the influenza infection. The body wei ght

| oss VRSB ecti on groups (high dose - 8.9% | ow dose - 6.2% as well as
treat mept gr, [ : 9 se.- .9.4% was ss than that in
t he pos?'t i%é’?ﬁggﬁcti ?‘%Itg%trg%ﬁ%% ?Q%rgbl%néisoﬁ :%ntga%alﬂfeﬁg%f?{%rﬂ PO i/ YHE: | i gand

i tsel f ratweichchapris¢radouinistering(thisgid Blimala somb lpolyeh@ tongsling @fseMialfyp

occurred i&t%g(gg%%ggg%&%e:aanpl e 2. Efficacy against Rabies. G oups

often Wiite ca. 20 g each, m xed sexes, were enployed in an in

Vi vo protection assay. Mce were chall enged by injection of 3x the LD50 of

rabies virus. Injections re—6703 m CVS (chall enge virus standard) rabies
strain, at a dilution of 1 62(1 O LD50o/m ). Day-to-day survival,

paral ysis, and body nass el rtored. Intraperitoneal adm nistration of

i ntracerebral adnmistration of drug at 25
and 48 hr, were investigafe B |ts mre—presented in Tables 1 and 2. Tabl e
1 Experinmental Rabies |n ce Intraperltoﬁbal nistration; nunber of
survivors *doses injecked on gays 1-3 Table 2

=),

comprising a backbone formed of alternating branch-point moieties B and

drug at 25, 48, and 72

hydrophilic, water-soluble polymer blocks A; and baving hydrophobic 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
Ce-Csop linear or branched hydrocarbons optionally substituted with one or more
hydrophilic substituents; Cs-Csp 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 2 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.

2. The method of claim 1, wherein at least one ligand is N-acetyl neuraminic acid or a
derivative thereof,
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I ntracerebral adm nistration; nunber of survivors *doses injected on days |
and 2CLAIMS W claim 1. A nethod for the treatnent or prevention of an

i nf ecti orwofoamozaasmal by a virus, which conprises adm mrCstuseen@oteo7 sai d
animal a conb pol ymer consisting essentially of the follow ng structure:
conprising a backbone forned of alternating branch-point noieties B and
hydrophil'ic, water-soluble polymer blocks A5 and having hydrophobic side
chains C and | igands Z attached to the branch-point noieties, wherein: each
hydrbphobThe slettedodfailaimC, |Vsharﬂd§p@d@mllly sgletted troth ﬂapmum@r@w@ug of

con of C. M tituted
Wi t Stygnetrlrroa?ném% g rdoiﬁﬂﬁ?&lc &6 §1 ﬁ? ﬁ%e t%w&% cyc ?%L%@B?OAiééyc?
hydrnsalehgm-mfncetymwrgmmd)mdtut ed with one or nore hydrophilic
substituents; and hydrophobic am no acids, peptides and pol yners; each
ligand Z is independently a |igand having specific binding affinity for the

surfgace ofhéaiethod ¢fUSains] whereibandatifona 1ppAd @ris ahiaatiyodyt drentibbde of n
ranges from 3 to abgut  1Q0; e e age ranges from greater than
one FeSRERib avg}g&ppﬁgicg\yggg@@%qﬂlérg}e d 8?18@?“%?’8???1 to 8. 2. The nethod
of claim1, wherein at | east one ligand is N-acetyl neuramnic acid or a
derivative thereof.3. The nethod qf, claim?2, wherein said Ilgand IS

sel ebt ed Themethpd ‘{fr‘%‘ﬂﬁ‘ % shsredn 53ig 1’&?“?\#%1%? (APDA Egemsnhi Vit M neur ani ni ¢
aC' %Qﬂé@&kw}aﬂémh@ﬁm@@@bﬂj guani di no- 2, 4- di deoxy-

3-dehydro- N-acetyl neurani ni ¢ aci d.

6. The method of claim 1, wherein at least one ligand Z is a peptide selected from the
group consisting of KDYRGWKHWVYYTC, KDYRGWKOWVYYTC,
KGWKHWVYC(NH), and KGWKOWVYC(NH).

7. The method 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 method 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 method of claim 8, wherein the polymer block A is poly(ethylene glycol).

10. The method of claim 8, wherein the polymer block A has an average length of

between 4 and 700 monomer units.
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4. The method of claim 1l wherein at |east one ligand Z is an anti body or
anti body fragnent having specific binding affinity for the surface of said
virus. 5.woheosnwitaed of claim4 wherein said |ligand i s aoTRSa@w7)p216b7 agnment
derived from human anti-rabies 1gG imune globin. 6. The nmethod of claim1,
wherein at |least one ligand Z is a peptide selected fromthe group

consi sting of KDYRGAKHWYYTC, KDYRGWKOWYYTC, KGAKHW/YC(NH 2), and
KGANKOWYC( NH 2) 7. The nethod of any of clainms 1-6, wherein the

wat ertdsol UHieengibpg wéelaishds kvhardis thegiadpmedhds thenstrbeugr oup consi sti ng of

pol y(ethyl ene glycol), poly(propylene glycol), poly(ethyleneinine).

pol y(vi nyl al cohol), polyvi nyIZpyrr | i done), pol ysacchari des, and copol ymers
thereof. 8. The neth of cI aism 7, vvherel n the polymer block Ais selected

fromthe group consigtin ly @t hyl ¥ne gI ycol ), pol y(propyl ene glycol),
and copol yners ther . The hod V\:h rein the pol ymer bl ock
A is poly(ethylene gllycol )§S Th 8, wherein the pol yner

bl ock A has an averageYtgngth of betwe 'and 700 nonomer units.11l. The
met hod of claim1l whérei @ the polynmer hgs the strucftyre wherein mis 4-700,
and Y and Y' are independently selected fromthe group consisting of R OR,
COOR, SR, NHR, NRR , ONHR, NHOR, NRNH2, NHNHR, NRNHR , and NHNRR , wherein
R and R are inde endent sel ected fromthe group consisting O C -C O

br an¥eEEinm isidd YD eresindencindeatly yelsatbd frotuthe grovipt doreiteingof BYr €

ont1 ORITSOES é?fH%‘?S‘S B iR, MRl RN e S5ERRNR

hydr @\ﬁmﬁbm R andi Rloaraon@ta)enmm seiestedrfiom ahy pRiug.cordstindh6f ORThHOS agéhedl i M 1,

eSS SAL BaSELELAT o it bl oo 2.5, 1
cyclic or polycyclic hydrocarbons optionally substituted with one or more hydrophilic

substituents, and hydrophobic amino acids, peptides and polymers.

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

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
consisting of Cg-Csp branched or linear hydrocarbons optionally substituted with one or more
hydrophilic substituents, C¢-Csg cyclic or polycyclic hydrocarbons optionally substituted with

one or more hydrophilic substituents, and hydrophobic amino acids, peptides and polymers.
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consisting of R COR, COOR CONHR, CONRR , CONHOR CONRNH2, CONHNHR,
CONRNHR , and CONHNRR' , wherein R and R are independently selected from

t he groupwoanss/®iisag of C - C30branched or |inear hydrocacharsgoopoiconal |y
substituted with one or nore hydrophilic substituents, C -C30 cyclic or

pol ycyclic hydrocarbons optionally substituted with one or nore hydrophilic
substituents, and hydrophobi c am no acids, peptides and pol yners.13. The
met hod of claim 1, wherein the polyner has the structure wherein the noiety
D i s13er i Veenfettarm of daian ,nehdreinithg polymeg dasthel strctuiet ure wherein each X is
i ndependently a reactive functional group pis 0-4, and mis 4-700; and
wherein R and R are independently selected fromthe group consisting

O Co- C O branched orol i near hydrocar®ons tionally gubstituted with one or
nore hydrophilicisu ti&ts -C/b\gyc c or polyaycHc hydrocar bons
optional |y substiTHt e I t rHrmr% ydr HemdUbstituents, and

hydr ophobi ¢ am ng aci ds, pepti and polyners. 14. The net hod of claim1l,
wherein the polyner has the stirlugture wherein mis 4-790, Wis O or NH and
R and R are independently sel ®d fromthe group consisting of C6-C30
branched or |inear hydrocarbons optionally substituted with one or nore
hydr aBbietd he sty DUSBEBvedGroka@impitlei lmvirg thelpynatal stauchydr ocar bons
optionally substituted with one or e hydrophilic substituents, and

hydr ophobi ¢ ami no aci ds, pept i*@r%ml\&hers 15. The met hod of claim 1,
wherein the polynmer has the structure wherein mis 4-700, L is phenylene, C
-C al kyl ene, or benzenedi net hyl ene, i s O Qr NH5and R and R are

i ndependently selected fromthe group consi sti ng Cbranched or | i near

hy dr whereboerehap is mdqurrgfie@%bgtrwtcatf@&nwlpﬁalcﬁ{e%rp w&r‘é’ "W‘d%i) 1/PPrand
sub S%E}é?rpg dq{" &e% hdéﬁtl?rseﬁeée}iqy&ﬁ kice ARodp @6A% RS ARL CQNerhhdhed or

Z

substitute one o nor e drophilic substituents, and ydrgfhoblc
am nbnmmdérocpmwgoaauy qa@rstymtqdwtllene wh@on@hmgp@ilcanlystwﬂ% srfg301- 4
wher el Ny L4 -withEnd Bt RoR o cl ai ms
Crflc Or% ¥ cg%@lc'rh gl%lggfbrgé%bj@ Vi Swﬁmé xlpeptéﬁt sel ct ed f]r omthe
gr oupabsunsn&t hnd) hpdrolDYRCMOWACIC peptides and polymers.
14. The method of claim 1, wherein the polymer has the structure
e, O)H, _—>__<—'S‘j\ (OCH2CH2)m
w—n/ RN sz
Z-s- S-
o O n

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

one or more hydrophilic substituents, and hydrophobic amino acids, peptides and polymers.
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KOAKHW/YC(NH 2), and KGAKOW/YC( NH2) .

WO 2008/091246 PCT/US2007/001607

5. The method of claim 1, wherein the polymer has the structure

R-<
W-s-Z
0] n

Z-s-

. Ojg's——Lmswgi(OCHzCHz)m
W—"/\R
o

wherein m is 4-700, L is phenylene, C5-C; alkylene, or benzenedimethylene, W is O or NH, and
R and R’ are independently selected from the group consisting of Ce-Cso branched or linear
hydrocarbons optionally substituted with one or more hydrophilic substituents, Cg-C3 cyclic or
polycyclic hydrocarbons optionally substituted with one or more hydrophilic substituents, and
hydrophobic amino acids, peptides and polymers.

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

17.  The method 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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