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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows the activity of
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si de chai attacheﬁ %gh brancag poi nt. _noiety, as shown in
b K

For mul & & Fapger gihave established E(FFR 78 P%Oﬂl%m%‘ﬁﬂdﬁgﬁt for

noi et i &scepwﬂmhlaféa)aemrﬁéysebﬂt EGF%elﬂdiﬁﬂﬁth'Eﬁn@%lfﬂgérﬁgbﬂd%glogé}ﬁd ns or
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substituted with one or nore hydrophilic substituents), polycyclic
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The branch point moiety B is a multj-valent moiety having bonds to two polymer
blocks A, bonds to 1-2 side chains C (on average), and, when r is non-zero, one or more

“ 3

bonds to spacers “s” and/or ligands Z. In particular embodiments, the bonds to B and s
and/or Z are established via a plurality of reactive functional groups, which are capable of
serving as attachment points. In particularly preferred embodiments, the targeting moieties
are covalently attached to the branch-point moieties of the polymess of the invention, and a

drug is incorporated into the core of the aggregates, 50 as to form a targeted drug complex. In



The Di el s- Al der adduct of acetylene dicarboxylic acid and a furan may
al so serve as a suitable branch point noiety, For exanple, the

pol yest er | from PEG and acetyl enedi carboxyl i G}l own
Sopahaiii, st froti

to underg er reactions with hums (M Del erba e

Macronol ;. Rapi d Conmun. 18([_8) 1 723-728 (1997)). . 9 | ' | OCH2CH21, 1
other embodiments, if the targeting moiety is an agonist or antagonist of a cell-surface

receptor, the targeted polymers or polymer aggregates may exhibit drug-like effects even in

the absence of an encapsulated anticancer drug,

- The invention further provides methods for the preparation of the comb-type
polymers, aggregates, and targeted polymer aggregates and drug complexes described herein.
The polymers of the invention self-assemble into polymer aggregates that efficiently
solubilize, distribute, and deliver drugs in vivo; are non-toxic, biocompatible, and stable; and

are capable of bearing multiple cell-targeting moieties on their exterior surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the activity of exemplary compositions of the invention in a cell

proliferation assay in a culture of A549 tumor cells,

Fig. 2 shows the activity of exemplary compositions of the invention in a cell

proliferation assay in a culture of H441 tumor cells.

Fig. 3 shows the activity of exemplary compositions of the invention in a cell

proliferation assay in a culture of Skbr3 tumor cells.

Fig. 4 shows the activity of exemplary compositions of the invention in a cell

proliferation assay in a culture of MDA-MB-231 tumor cells.

Fig. 5 shows the activity of exemplary compositions of the invention in a cell

proliferation assay in a culture of BT474 tumor cells.
DETAILED DESCRIPTION OF THE INVENTION

Examples of the polymers of the invention, referred to herein as “n-polymers®, have
been described in international application No, PCT/US06/01820, filed January 19, 2006, the
specification of which is incorporated herein by reference in its entirety. They 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
relatively short, hydrophobic moieties, which may be aliphatic or unsaturated molecules,
chains or oligomers. The value of p is ideally an integer, either 2, 3, or 4. In practice the side
chains are often introduced via chemical reactions with less-than-perfect efficiency, resulting
in an average value of p for the polymer preparation as a whole that is not the intended

integer. Non-integer average values can also be obtained by design, as discussed below.
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Thus, the average value of p in the polymers of the invention is greater than one and may be
as high as four (1 <p <4), In preferred embodiments, p ranges from about 2 to 4, and most
preferably 1.5 < p < 2. It should be understood, when an integer value is referred to below,
that the integer is idealized and does not refer to the average value actually found in physical

samples of the polymers being discussed.

The backbone polymer block A is selected from hydrophilic and/or water-soluble
polymer chains, including but not limited to poly(ethylene glycol), poly(propylene glycol),
poly(ethylene imine), poly(vinyl alcohol), poly(vinylpyrrolidone), polysaccharides, and the
like, Preferably, the polymer units A are poly{ethylene glycol) chains of formula -
(CH,CHO)r—~ 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.; bispheno! 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 giycol)” 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 diglycidyl 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
weight of the w-polymer may range from 1000 to 100,000 daltons or more; it is preferably
above 2,000 daltons, and more preferably above 7,000 daltons.

Hydrophobic moieties C may be the same or different, and may vary from one

monomer unit to the next, and may be for'example linear hydrocarbons (optionally
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in clusters [C],. 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, which are

separated by a polymer block A,
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In an embodiment of the invention particularly suitable for targeted delivery, the
branch-point moieties B further comprise one or more reactive functional groups X, as shown

in Formula 2, which are suitable for the attachment of targeting moieties.

(Fl{)r
B A

[,

In Formula 2, the individual reactive groups X may be the same or may be different

2

from one another, and may optionally be blocked or protected as may be necessary during
assembly of the polymer 2. The average value of r will range from 0 (in those embodiments
with no X or Z groups) to about 8, Typically, the reactive groups will be selected from
functional groups known in the art to be useful for forming covalent linkages between
molecular species. In certain embodiments, there may be a single attachment point X. In
other embodiments, there may be three or four different types of reactive groups. Suitable
reactive groups X include but are not limited to -OH, -NH,, -SH, -CHO, -NHNH,, -COOH, -
CONHNHj, haloacyl, acetoacetyl, -CN, -OCN, -SCN, -NCO, -NCS8, and the like; reactive
double bonds such as vinylic, acrylic, allylic, maleie, 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 moisties include but are not limited to receptor-specific
ligands, antibodies, aptamers or peptides that bind to a specific cell surface receptor, 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 (EGF), vascular endothelial growth
factor and fibroblast growth factor; cell receptor ligands such as folate, methotrexate, pteroic
acid, estradiol, estratriol, testosiemone, and other hormones; mannose-6-phosphate, sugars,
vitamins, tryptophan, and the like. Receptor agonists and receptor antagonists, whether

comﬁetitive or allosteric, may be employed.

10
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suitable targeting moieties include not only complete antibodies but also antibody fragments

0
S

containing the active antigen-binding sequences, such as Fab’2 fragments, Fab’ fragments, or
short chain peptides (e.g., complementarity-determining region (CDR) peptides) or analogues
of the active antigen binding sequences of such antibodies. Suitable antibodies include, but
are not limited to, antibodies directed against tumor antigens such as NCA90, NCA95, CEA,
CD15, CD20, CD22, CD33, CD52, VGEF, and EGFR. The antibodies are preferably
monoclonal, and may optionally be humanized, chimeric, or fully human, and they may be
PEGSrlated or otherwise modified. Polyclonal antibodies may nonetheless be employed with

advantage in certain circumstances, due to their multiple antigen-binding capabilities.

Particularly suitable antibodies include, but are not limited to, tositumomab,
ibritumomab, alemtuzumab, bevacizumab, cetuximab, geminzumab, panitumumab,
rituximab, epratuzumaﬁ, tositumomab, and trastuzumab, and antibody fragments or peptides

comprising the binding domains thereof,

In an alternative embodiment, biotin may be attached to the m-polymer via the
functional group X, and used as a non-covalent attachment means for avidin- and
streptavidin-coupled proteins, peptides, antibodies, growth hormones, and other targeting

moieties,

In certain embodiments of the invention, some fraction of the branch point moieties B
are connected to other branch point moieties elsewhere in the polymer chain, so as to form a
crosslinked hydrogel structure. Such crosslinking may be effected by reacting the polymer
with multifunctional moieties that contain homofunctional or heterofunctional groups, at least
one of which reacts with X or a reactive group on C located on a first branch point moiety,
and at least one of which reacts with X or with a reactive functional group present on Cata
second branch point moiety in the same polymer molecule. Cross-linking may also be made
via a link to terminal functional groups on the polymer chain A. As with the linear comb
polymers of the invention, such crosslinked polymers may optionally carry targeting

moieties.

The branch-point moiety B is typically derived from a multifunctional molecule

having a plurality of reactive groups, two of which are suitable for attachment to the

11
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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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wherein Y and Y* may be the same or different, and are preferably selected from OH, NH,,
ONH,, NHOH, and NHNH,. In a preferred embodiment, the hydroxyl or amino groups of
the dithiol are the reactive groups X, serving as attachment points for targeting or drug
moieties, while the functional groups Y and Y” serve as attachment points for C moieties.
Alternatively, the groups Y and Y’ may serve as attachment points for targeting moisties,
while the hydroxyl or amino groups are used to attach the C moieties.

Formulas 3 and 3a are intended to convey that each sulfur atom may independently be
attached alpha or beta to a PEG ester carbonyl group. The invention encompasses single
isomer compositions as well as mixtures of regioisomers at one or both C-S bonds.
Furthermore, due to the four asymmetric carbons in Formula 1, the invention encompasses all

chiral, meso, and diastereomeric isomers and mixtures thereof,

The Diels-Alder adduct of acetylene dicarboxylic acid and a furan may also serve as a

suitable branch point moiety. For example, the polyester 4 derived from PEG and

12



"N (CH2CH20) rn-CH2CH2 0 X X' C- 17 Under mld conditions, the
above ami do acids are the expected products. Upon heating, imde

formati onyg@hy, P/? Sepected, leading to polynmers with fe%i&{U’éﬁﬁ%hX&%

groups but stl sul tabl e for attachnent of hydrophobic noi et es

Unwant ed | f.ormat i an be r of,,avoi ded hy per m ng
onct i ey e Reanns BUraS SRSl e Step IS DR ons

Al t er nabdlan®h ¥, all Mcrospl ®Bpid Cotmus Nid(3)F28-728(190B).added to the ends of
t he pol yner A bl ocks, and the branch point noieties can cone into

exi stence at the tine of polynerlzatlon (Schene 5). In addition
to sinple diam nes such as -dlanﬁhopropan as shown in Schene 5,
di am nes having (optional | 38@%@%@, upcti onal groups X may
be enpl oyed, leading to polynmers 15 s or, attachnment of
targeting noieties (Schenme 6). In the fornul ae bel ow, p nay range
fromO0-4, and each X is independently the same or different from any
other group X that nay be present. A jreactive group X need not be
pendant, but may for exanple be an NN group within the chain of atons

t hat makes up the diamne,;y ag in thg nononer
H2N- (CH2) 3- NH- (CH2) 3- NI -1%[. ) J-nrai 2v£}3-en1l - G 6H33SH
n

=]

(OCH2CHa)py

o O
1l I
Y-C c—Y
1 [Oxidation]
o] o]
0 —_— QCHCHz)m *
n

o
i

Y-C XX —C—Y

Scheme 1

Thus, it may be subjected to a Diels-Alder reaction with a 3,4-disubstituted furan to
generate a species such as §, and polymer 5 can be modified by hydroxylation or epoxidation

to provide reactive groups (e.g., X and X’ in Scheme 1).

Similarly, reaction of PEG with ethylenediamine tetraacetic acid dianhydride will

provide a polyester of formula 6 upon subsequent condensation:

13
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Other suitable branch point moieties may be derived from tartaric acid,
acetylenedicarboxylic acid, nitrilotriacetic acid, 3,4,3',4'-diphenyl sulfone tetracarboxylic acid
dianhydride, 3,4,3',4"-diphenyl ether tetracarboxylic acid dianhydride, pyromellitic
dianhydride, alkanedithiols sich as 1,2-ethanedithiol and 1,4-butanedithiol, bis(2-
mercaptoethylether, 2-mercaptoethylsulfide, dimercaptopropanol, dimercaptopurine,
dimercaptothiadiazole, dimercaptosuccinic acid, benzenedimethanethiols, benzenedithiols,

dihalogenated benzenedimethanethiols, dihalogenated 4,4’ -thiobisbenzenethiol, and the like.

Where Y and Y* are OH, hydrophobic groups C may be linked to the polymer by
amidation or esterification of the carboxylic acid groups. The hydrophabic groups C are
preferably relatively small (Cg-Cpo) and predominantly hydrocarbon moieties, and may be
linear or branched or contain one or more rings. Examples include but are not limited to
covalently attached moieties derived from the C-H molecules n-octanol, n-decanol, n-
dodecylamine, n-pentadecylamine, cholesterol, deoxycholic acid, cholic acid, retinol, vitamin
A and the various cis and frans retinoic acid isomers, the various tocopherols, and
arachidonic acid. Although the polymers of the invention are represented, for convenience,
as having at most two different hydrophobic side chains, is should be understood that the
interior solvent properties of the polymer aggregate may be modified or “tuned” by
employing mixtures of two or more hydrophobic compounds, so as to introduce a variety of
hydrophobic side chains into a particular polymer. In addition to solvent effects, arising for
example from hydrogen bonding and dipole-dipole interactions, physicochemical properties
such as liguid crystal phases and phase transition temperatures can be modified. Such effects

are well-known, for example from studies of membrane bilayers.

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

14
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comb polymers represented by formula 9 are referred to herein as “n-Polymer A”; the

specific polymer 9 in Scheme 2 is designated “Cz-n-Polymer A”,

O
HO'(CHchzo)m'H + QO —_—i
O
O C
O—{CHCHO) DTT
e g
OH HO
o 0O
7

[~ 9

JO\ 0
oH
0 CiaHayNH
-—s\/l\(\S (OCHCHy -
HO.
WI/ OH o
0 o i

8

o
| )‘\ H
i _S\j\[/\ (OCH;CHa)m
o S

Y OH °

B (E:) CH ol -
2T {CH2)}47CH3
9
Scheme 2

Substitution of 2,3-bis(t-butoxycarbonylamino)butane-1,4-dithiol (10a; DuPriest ef
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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g
HOY

3%

S OH
NHBoc ‘Kﬁ/
n

O 0 _l
o .
1 O)H NHBoc
S\/H/\s (OCHCH T~ ———
Q.
Y NHBoc o
) (E: y7CH o -0
AT (CH2)17CH3
9a
0]

0 é(ocmc]@m —
NH In
(CH2)1?GH3

(CH CH.
ob 2117CHs
Scheme 3

Use of the butanedithiol 10¢ likewise leads the polymers of general structure 9¢, with
spacer groups L in place for subsequent attachment of targeting moieties (Scheme 4). The
spacer groups L may be any of the spacer groups known in the art for use in attaching ligands
or labels to substrate molecules, including but not limited to C; to Cap alkylene and

oligo(ethylene glycol) spacers having one to ten -CH;CH,O- units.
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15 Schene 6 19 Certain of the a-polyners prepared as above
possess reactive groups X suitable for further derivatization,

attach ta ‘#Qﬂ %&letles or to effect crosslinldng o} %R@(B?B%Qﬁr
chains via bitunctional or nultifunctional crosslinlcing agents
particul ar enbodi nents, partial derivatization of the reactive groups
on the polymer chain is carried out to gggﬁﬁate a- polynmers having a
variety of different reactive groups, whic rmts attachnment of a

vari ety of "targeting |et|es td’a single ner chai n. Thus,
addition of a sub-s unt of cr?loyl chloride (or
mal ei ¢ anhydride) t the a pdﬁyner Il provide a

pol ymer with both a @yl (oHO gr8up resi dual hydroxyl
groups. Subsequent M hael addi t on of a s 0|ch|onetr|c anount of

a nercapto-carboxylic acid, for exanPl e HS Cl-12) 3- COOH, woul d

provi de a polyner with hydrgxyl acryl oyl arftiiBesar yl groups.

Addi tion of cysteine introduces am no and carboxyl groups, in
addition to any residual reactive jgroups |eft behind by

sub-stoi chionetric anobunts of reagerts. Mot her approach to

pol yfunctional a-polyners involves tlhg deliberate om ssion of a
fraction of the hydrophobic chains jghe a-pol yner of Exanple 1, for
exanpl e, can be prepared with unreact carboxylic acid groups by the
simpl e expedient of limting th@& anount of pendant-form ng al kyl am ne

in the am dation step| Ye® anothe apprQ@ch is amdation with a

m xture of am nes, a gitﬁn Qm ontalns reactive group X

Al so, under appropria eoco GEﬁH%m anhydride in Step A
and excess DIT in Ste 8rat|on having a desired
popul ati on of free thilol rou nerated The a- pol yner

of Exanpl e 1 contai ns,L by) eS|g hydro groups! nleri ved fromthe
DIT noiety in the backboﬁ?ﬂWWh hmgerve(ﬂ§ LE@active groups X
Esterification of these groups with acryloyl chl oride or nethacryl oyl
chloride in aqueous nedia in the pregence of a carbonate/bicarbonate
buffer results in acryloyl substitution on the -COH groups. The

acryl ated pol yner can ‘be readily ﬁ@ﬁ@FCted to radi cal polynerization
(with or without added radi cal £4such as an acryllc conpound or

| k h . bi t bt
L e abl oF oin b SihRiumerds § EEaPPRTD T Bibiohioeo Sams e Bdelte o
reser V Oprejsare ﬁdﬁﬂlpfe@ ha\fa@g)ziuﬁﬂb bevdle bétavadn th & a{]di B(iiﬁlt@%? Slohi ip ahjf\é/lhﬁis Olr
ol nt nen rou can C ae
S 1ol uelhe Behbrtse dioRaS By B S0uaTxs Kag SHofipriot o PEC A, v

resi duegpm- @Hmm OH, M witR 8Rh cROSvadRb' 2 fragment or
Fab' fragnént or %th%r t%?getlng ﬂ%ﬁgﬁy Schen% 7). WD 2009/011702

PCT/ US2007/ 073880 (OCH2CH2) m O NH

—

-——ﬁ s s II:il—*(CHgCHzO)m*CHZCHz'--'-"' 11
Y Y

L O 0 d
] [ N_"(CHQCH20)|-"'CH20H2 * 12

n
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(CH2) 17C1-13NH (CH2) I 7CH3 1 protein-SH protein) Scheme 7 A

i t-polymer possessing reactive hydroxyl groups, after drying, can

al so be e§$85&$'ﬁ9myﬁth mal ei ¢ anhydride to attach thePHEhgﬂ%%Wg&gup,
a M chael "acCeptor,” simultaneously generating a free carboxylic
group. In the resulting polyner, the mal eic double bond is avail able
for a Mchael addition, in particular, with a thiol, such as that of
a cysteine residue in ngtein,.enzyne, pepti de, antibody, Fab'?2
fragnent or Fab' fragnentjj or ot ljer targeting noiety. (Schene 8), and
t he carboxyl group is.jaya™N.able i IRo groups in a
targeting noiety, suchiids simeﬁggg#éﬂggéﬁ% Piqt ei ns _and

pept i des. A differe orety may further be attached3to the
newy introduced (or pgevia avay | abl e) carboxylic group via

am dation. Thus at |eaft twodiNferlent targeting noieties can be
attached even under SaburatXngXre&action conditions (i.e. the noiety
to be attached is present in stoichionetric excess). OH OH CH

) ]

o)
N (N\ﬁ-—(CHQCHZO)mCHzCHa--*’
H

N\_/ N
4
G/E;»1 H o !

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. Unwanted imide formation can be
reduced or avoided by performing reactions at lower temperatures and/or under aqueous
conditions. 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).

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 fr'om 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,)3-NHa,.
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OH Schene 8 An alternative preparation involves the am dation
of PEG di nmal eate, followed by reaction with a dithiol, as shown in
Schene 9. ‘Y%ﬂmg’[’h% may be carried out via the use of %Ir/iugﬁm‘ﬁ&tsgos
or any of e many known carboxylic acid activation processes,
including but not limted to nethods enploying EDC, DI PC, DCC or the
like, with or without further catalysts such as NHS, HOBT, DVAP,
pyridine, or TMED. The PEG di mal eam date is then reacted with DU or
another dithiol to effect a M chael -1igke addition to the doubl e bond,
t her eby producing the desitked pol yner X The advantage of this process
is that one may choose, f omOaT((b‘b‘%/"é%i al|l y:Su¥esgH i de sel ection of
preformed PEG di mal eani dates,ont he precise mononers (and the ratios

t hereof) that one w shes tofincorporatfle into the polyner. 0 frqj OW
nl HO 00 7 N-(CH2)17CH3 yH3eOi 2c)7,(

0
I/‘kO(CHgCHzo),,j\

HoNCH,CHoCHaNH
CigHaaS—T TSCieHa ibnalanli ‘: ’
\’ron Ho\")
(e) Q
13
0 :meS \j\
H
Pl
oo~ IW e (g
(o] (0]
CagH4aS n
14
Scheme 5

(T)p
HN-f T —NH
/ﬁ\otcmcnzo)% S
RS- ‘ SR -
Kﬂ,OH Ho\“)
0

o)
13
o *p TR' 0
H | . H
. (CHchzo>m/u\T\[(N_i:| N\u/‘\/u\ .
0 0
SR
n
15
Scheme 6
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00 Schene 9 Pol ymer s bearing pendant carboxylate 'groups may

be am dated with anm nes under typical coupling conditions, and they

may al so ed to isocyanate groups via the Cur

rearrangenen?u%%ﬁgé hen coupl ed with am nes or al cohol SEFH%]S%]P'H%)??SO

and car bamat es, respect h reactions ﬁé’be us % troduce
e table fo

the hydr ophSBitan g BeiEol eE?rP-“IPBIegtaf 3hoKe POFFER TR r%‘?”@? Free

am nes f@ar BRivatiafion] Eﬂ&@c@hch Birdefify ﬁ@ieﬁé@ér 10 ¥ ffedt cﬂo@s@;ﬁhn?@f th P&Iﬁﬂmer
reacting one of the reactive groups with a diam ne he di_am ne nust

be chogBiinsya b%tl%ﬂwulflﬁ@cwwsaimsag% SnPRdicuiay Frtodinggisy,

unr eactj\g déRQQi’zaﬁ&?onHE”&@é&tﬂvQ BRuSfontiRepdl @i bhi is chitRd bat tb Qénefeld -
frequently be acconplished by using ethyl enedi am ne at %t gof about
a8

7.5, sipatymershavigga variety ok 41@“9%"%?’&’%0‘@3%%@‘ RATMFtEttacyp

Pref er glpl.y euh@hl%leaég tgﬁtsin%fb daoﬁjnfeawahﬁcthqytadmo@otsﬂedaars@mmm&a af t er
t he introduction dant %r oups._A peptlﬁe or
E

anot herameBRi@s mrélowaﬁhiw&e épr@&\l%wwrtdo ehiodtsrr-paimneid Fxpaplsd it ned by
am dat ipfidta ﬁoﬂ‘n&r%tﬁ%oﬁi@cﬂ%yl (or maleyff lBbBps MAGESIMRAIBYdrGS1 poddsi Ng

condi ti'ons, as ‘many a di fferent targetl ng noi eti es can be
attac heﬁybﬁeeuqnhhdminaelwéqhyﬁwf a %lhét%qhe?ntew At of agpracapioraryeayligAcide or

hydr oxyp ex@iifte @!Se(dﬂzﬁ-é@QHC%lh@ﬁﬁé'vi'dEaﬁ@l&ﬂe&&iﬂ&'ﬂrdr&ﬁ}l aedioli, aan t o

targeti n% nmoi et1es, 1 magi ng agents may al so be i ncorpora ed into the
pol yrrercarbety! greups. nAddianc cysviaminrerdicesiaing 3l sasbery! grouphdn gdifiopitdut i on

of the zagﬂ%igﬁzg réaenw@ @g% bRy kﬁtﬁgtaeﬁeﬁlbﬁcaﬂs{a&t§oﬁe@a @s 198Au,

32Fc 1 6Re 188 67CU, 21 JAt, 213Bi5, 224Pt. c,
and the |i kﬁnoxﬁa%pﬁabﬁah%b%msm @ﬁoiﬁaérs- ﬁhsnfes 1% Behlﬁﬁ&:t SHibsin of 2

endot oxi ns, %el onin, abrin, ricin, or the lik i kewi se be
G

at t achduciien o s hygropheiris chains C. TW@PBWF faﬁf@“{i’iﬁ ]o OFQP‘%E% AHPF al so be
CONVET tslo R Smo ANONER! DRG0 e VA RURAR IhOn) . OF

nmodi fied to primary amtieS by reaction with aziridine or hal oal kyl

ami ne (age ofgerspufforring pikiemine it the pisaten Fap éﬁ‘ﬁtmﬂﬂermrm Son with
cyst ear&m&nm LvhhhmlmﬁwﬁmﬁwgIa%kﬁdnqﬁwmlcsﬁtamaréaemtil &?t}t YAl%@aCt ed

with by the cysteine o peptide or antibody to attac tid
or ant |1@6wppremwé<awn@élom {exgesyagieie aghydaden StepiA podaresss DT AnS H

DTT, f Qlpofylet ﬁ%fmr&tﬁﬁ:%’vﬂ@ aVkdifed BoRBibh LRI thiBNELBRINay be generat@y

perfor m ng part| al reactrons, one can introduce additional reactive

fimctional Slyhn er@fﬁa@wmrcoﬁifmn&fb@dbﬁ%en&dr@fyl gkda@é 84livedfrérd hen ot

limted to (_%’ hi gl -reacti ve groups suc as_acrylic,or maleic acid
der i vatiVemoiefyin the bagidbens, W@J‘:Qél"ﬂe F%&@Pl"?/g"ljﬁ’saﬁrpgs%ﬂ@ﬁn%" &BF5ho or

hy dr oxygkaup§ With 8¢F 09T dhbricle bi/ﬁeﬂé&ylﬁﬂ cﬁuﬁbe ﬁ%qﬁ@hb%&h in 8 greéeﬁe ofa
di sul fide-reactive %r“ﬁfgs such as nercapto. The nunber o such added

f unct | GARPnaR/bicasRonsisbulisr serls imgsrdend F‘é’s porr %&5~P
sever alaeik éﬁiﬁﬁar 8dn ¥e reéliﬂfj’ RFécd 1O RdichEpolyeRgR Mon{HAH oﬁﬂﬁhéuhﬁided

quantity use Alternatively, two or nore specifig targeting
noi et i sadigehmopanysidasen apylis ‘FP&?R?W f§;§§’(§¥lﬂ’i‘<€f stich 512 bisapgylin gorRpuad)

cancer t@%tlam%&‘dirf)@éi@&u:t]ﬂ!@fd?rcoﬂmiﬂ@d &dﬂ@ﬁéﬁdel;} (BRnlak a ﬁemea&@er be used
so as to cause an i nteracti on between ferent get S, for exarrpl e,

one roireseyyoRRying fr denical prplisgiopnsuchyas siip patehes eeeintrants). Bhrcrid her
noi ety Y chdflbd bd AbRcled & PVERMLAIFdRon, in particular, with a thiol, such as that of a

cysteine residue in a protein, enzyme, peptide, antibody, Fab’2 fragment or Fab’ fragment, or

other targeting moiety (Scheme 7),
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conpl enent factors and activation of the conpl enment pathway.
Attachnent of targeting noieties to the repeating units of the

pol yners %0%@9{0119 2enti on results in a nultival ent di spk%¥‘sﬂ57},ﬁ,}3§80
noi eties on e pol'ymer chain and on the nanoparticle strtace.

Mul tival ent display often | eagds to great increases in affinity for
the target. For ex | & multiVvalent anti bodi €6 can be far nore
effective in clearanceliof thel argefs than the nornmal dival ent

ant i bodi es. Carboh ki nd) ng pr Ben,8Ag tar bohydrates are known
re--a ffective 1t nonoval ent.

to be nultival ent

Simlarly, multivalient Tpept bde cand hydrat e targeting noieties
will be far nore efff ectiHve than the oner - al_one. A further
benefit of attachnment ©H)&GH:ge&i ng nq&g}&g§ to the polymer chains of
the invention is a substantial increasé'in nolecular weight, which

results in reduced renal clearanje rates of peptides and ot her

| i gands. In addition, the PEG baclki¥snesdonfers benefits simlar to
those of protein PEGyl ation, such as the evasion of imune
surveil | ance. The conb_pebwiyer s of the invention are useful
for encapsul ating, in agueousTsol vent systens, water-soluble and
sparingly water-sol dbl i cer drugs. The t hod of encapsul ating
a substance in an compri ses coptacting the drug with
a conb-type pol yner i en?i?f:ﬁg t he presence of water, so as
L he GhitsStance and the pol ymer.
Alternatively, the p tu?giance t® be encasul ated may be
conbined in a two-phasguaqu -organjc enul si pn, and the organic
sol vent renoved by ev grg&%o . An ex®ipl ary process is described in
U.S. Patent No. 6, 838, 83, i ncar por at@dtEsein by reference. It is
believed that in nost cases, tie polymer self-assenbles into
m cell e-1i ke nanoparticles having the drug di ssol ved anong t he
hydr ophobi ¢ C chains that coal esce at the core of the particles,
while the A blocks form a hydrophgdiese gorona that sufficiently | owers
the interfacial free energy to permt an aqueous suspension of the
gar ticles t@ #poMiner Ilﬁfs@gs;i@g re?ctive _hydrdﬂﬁdi msga‘segsryi@goami dll@lbﬁ-e&ediﬁ&al: _eOI
rugs nmay not, enti.r, i §splve in the cqore, ,but may exist as so
nanoparViuRasic g R aestiipe malsr gioerad sk AR BERRENOTIY  ho C
ghai NS gherhtfify ﬂ@d’e&aﬁbﬁxilﬁ%r@@f Th th(l; esultifpolphad i mle?f ddﬁbn gmh's ntion )
oes not | on part.l cul ar . ree of. mxing. o e C.chalps wt
he” spariie et Mibe aBitiot dh st siyiohayen 86 ph Sbint Mol ve
at the iffalpagtdih,2hzinfy péptRloagbddy R0’ Xfrginesat or b’ fragneht)er otha s geting may
exhi bi t aq& ree of(ﬁgase seParaLion.fﬂog1the C-chai.n envi r.onnment.
In some@5Rebotpe 1, and he garhoxyl gaun i ayailable for PavRle (g IR VRSP Em one
state tiargbting mdietersuslsasahé lysiae reeidusfin proteitisnad pgmidel. t i ons, such as pH,
tenperature, or shear rate. Shear rate in the bl oodstream for
exanpl e, cam diffedent mdipty magyurthehbé tatlied tethg aeelyahtrodutedvor preditely

| ynphati c, te uch environnental | y-induce h es.in state can
o oI BRI PEBRTE BES AR ALr B LA 5 MR GPR e gineapges Sy
sol vat i begittpehesd evenfunddraathiadnprhaion comiiioas (e. th mofery e nitivhed ispleentcan
be nodified,b difyi.ng the hydrophobic C noieties. Suitable
nodifidﬁ?@gﬁ?gpﬁgﬁ ﬁ%gbut are not linted to the introduction of one
or nore dipolar and/or hydrophilic substituents, such as hydroxyl,
ether, am de, sulfoxide, and cyano functional groups, in order to
increase the polarity and/or polarizability of the hydrophobic core.
Anti cancer drugs that can be encapsul ated and delivered by these

pol ymers include but are not |imted to doxorubicin, canptothecin,
docet axel , paclitaxel, topotecan, irinotecan, imatinib, sunitinib,
sorafenib, axitinib, pazopanib, etoposide, nethotrexate, nethopterin,
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1. Ceneral procedures. The invention al so provi des processes
for the preparation of the conb polynmers of the invention. Synthesis
of these ,5 readily carried out by one skille of
organic sSﬂ#%e§?§'6by fol l ow ng the procedures descrlbg @g%@ﬁ?ﬂﬁﬁ
key starting naterlal is polyethylene glycgl, which is preferably
dried and degasse ore use Thig is conv niently done by stirring
mol t en PEG under at Qan el tedCte erapyse, until bubbles
stop form ng. Thi y"ﬁakégfﬁig_ho & H"lii’e ndnggr?n*the quality of
the PEG Once dri *rﬁe PEGican st or ed |und@gF gon indefinitely.
Commerci al 'y avai | bU@ |ndustr|aINand resedmch grades of PEG may be
enpl oyed in naking tﬁ@ﬂﬂﬁhyners oftnifae, i nvention, for exanple the

pol ydi sperse "PEG 1500" of c8mer ce havi ng a nol ecul ar wei ght

di stribution of 1430 - 15704,Such material may incorporate bisphenol
A diglycidyl ether, which igtroduces secondary hydroxyl groups at the
center of the PEG chain. I¥ der to ensure that the polyners of the
i nvention have the [rost r duci ble and c sistent properties, the
PEG i s 'preferably firgelof bbsphenol| A and pf | d i spersity. Mbst
preferable are PEG|poOly S ﬁ#@w&a&%& ol se, such as are
comrerci al |y avai | gbP rom Nekt 3k erapeutics (fornmerly Shearvvater
Pol yners), HuntSV|IIepAL ané’Po“?EIhe AS | o, Norway. An exanple
of a particularly preﬁmmﬁﬂq (o3} ISin%%- rom Pol ypure, which is
>95% HO( CH2CH20) 28H, nDIecuI Omelb 252 Al'l reactions are
carried out under an inert atjpsphere such as nitrogen or argon, wth

magnetic or preferably mechanical stirring. In step A dry PEG
is nelted, and naleic anhydrlde (2 noles per nmole of PEG is added
with stirring. The quantity$$f nal ei ¢ anhydride should match the
nunber of PEG term nal df%x (%roups as closely as possible. A
shortage of maleic anbydrl "resul t im hydroxyl -termn nated

pol ymer chai ns, wh FQﬁQLén xcess f mal ei cf anhydride will consune
thiol groups in th exi st ep, tOEH4HD,, mat ure chain term nation
and term nal carboky S. reaction tenperature is not

t enperat ures between &bfacan 0C. ™he prefefred tenperature of the
reaction i s between 65GoaRe90 @Wéﬁéwated_tenperatures are

enpl oyed, the naleic anhydri tends to sublinme, and steps should be
taken to see to it that the fll eic anhydride remains in solution.

M ni m zi ng headspace and subnergln%%the reaction vessel in an oi
bath are effectlve met hods Bé di ng on the tenperature

sel ected, t reaction may, be c ete ur,s or I can be
conducted o %ﬁeﬁ‘ﬁ{we PR t’@&ﬂ:‘l"f’@n?‘&iﬁ %é“Wrﬂ%P g’r‘%{?‘ﬂﬁ?ef Ii.f’ B lica
gel pl akfsion ot aldahmn af smdn BeHeik Qafﬁﬁxﬁﬂatibh ehaflibs AHeRnRRR_hOdse bhe

mal ei ¢ an i de. trast A d | odi ne stainj .C all be
used t F8 ‘f%‘“f‘?l eFFe°’taH%°$ﬁ%‘ "a‘b"’%\(mlaﬂgé?‘é‘ﬁt‘%‘ PROFESSy ! %}gd‘Fé%“
bi s- mal patigiebfoanhethids dﬂ@&glmg mm, BIPE) DCT &QRPHIRS dhithol Witk Rir@ghr ei t ol

DTT) and. N, N, N et Jene nn W t h,added
&m ei IYﬁ@é&’sﬂéP{Hé ﬁéﬁfﬁ%yﬁ B Pt ﬂ@% e&?@@ﬂiﬁ?@tﬂ&fw o)
The r e&@iotddﬁmtlﬁD'C'D denﬁklﬁ:r BieHili e efft MMibhadldikk BeiG&H B EhdBoubB 8ok P! d
|ncrea5ﬁ in vi COSlé% nol ecu] ar ght of the product will be
r educed §TEOYRIP t %"§“’? nﬁqqupra(d,v%qgegerrows Bihet pRe 83| oyed.
The nol desefror@ipelahtiOly vekyowinE QMbdGén SPrefdhed PRE difdildaRdated, thedRsist €d,

by repIaC|ng TEME wth aless effective tertiary am ne base ‘'such as
TEA.  monomcrs (@qeige patiog thereppithan one jishes tq igcorpriala ifte thepelymenct i on

m xture to reduce viscosity, and 0.1 nol N hydroxysuccini m de (NHS)
and 1.05 nol hexadecyl am ne per nol carboxylic acid groups in the
pol ymer are added. (This anmount of NHS appears to optimally m nim ze

critical, and the pro @ss c;ﬁ;conv lently pe carried out at
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The reaction m xture nmay al so be extracted w th butanone,

i sopropanol, butanol or other polar organic solvents to renove
organic i but substantial anmounts of the anp ﬂ

pol ymer a%&?d&%ﬁ?tg extraction solvent. Preferabl y?bf’ gio'o'éo:rs ¥on
m xture i s subjected to ultrafiltration using suitable nenbranes to

fractionate the product in§o nolecul wei ght grades, such as 51cDa
to 10l cDa; 10kDa to 301cDaj 301(Da td 501cDa, etc. dependi ng upon the
cutof f of the filtrationghereheedpl gyed. An aqueous sol ution of

the polyner may be subjegtedgyto deﬁg-e dTiTfration so as to produce
a sterile or virus-free sofution epgéndi ng upon the choi ce of
filtration nmenbrane or nmedea. WO 20@/ 011702PCT/ US2007/ 073880 2.
Synt hesis of 7r-polyners Exanpl & | ‘
PEG- Di (al kyl am dosucci nyl Jdi t hi oet her
(C16- x- Pol yner A) £i2BL c@rr( PEG 1500, Signma Chem cal
Co.) was dried under va qumH% umt i l)|-bubkl es st opped form ng.
(8-12 hours, depending o cﬁngl )II/ the PEG ) The dried PEG can
be stored desiccated unded argdn 2 Ndefg nitely. The dried PEG
was nel ted under argon on an oil bath, and mal eic anhydride (2 noles
per nole of PEG corrected for purity) was added gradually with
stirring. The m xturgd wa$ stirred under, argon at] 90C. Because nal ei c
anhydride tends to sybling, thguhead sphce was nimzed and the
entire reaction vess °vva gept at th Ll —-enperature. Any
condensed nal ei ¢ anhydmid t Y el walls s scraped back into
the reaction m xture.j Th progress of reacti pbn was nonitored by
TLC on silica gel pldtesfHusing ethanolygand hexahe as sol vents
separately, with UV visu@fn®€ési on and 'é?_‘(%l @R, staining. The'reaction
was continued for one hour past the di sappear ance of the naleic
anhydri de. The crude PEG di nmal eate was diluted with two vol unes
of water. A solution of dithiothrgitol o(DIT, 1.01 equival ents per
equi val ent of PEG and N,N,N , N -tetrarret hyl et hyl enedi am ne ( TEMED,

1. 02 equi val ﬂ&%} ENED) was
t hen added t]% steggtt@%ﬁm{ﬁq%g{yﬂt 5 t'ﬁﬁﬁrb?%%é&é@%ﬁﬁragé%% on was
sti r r edypiral To@ling genditignggmd they nziyslsp he converfiad tg isopsoate Ewhpeviathar e
overni gbﬁrtmé‘:g%éﬁ&ﬁerﬁtahd e PR Bieh bnfRCod ALorBIsNOEA wkbmd eact i on
was nonitore was | udge corrp on’ conpl et &

di sappe@t’@ﬁ@éﬁsdﬁsptﬁﬁé’em “Buch reactions ggaehe Lm%toa cg e hyrsophiobig @raupsict i on

M Xt ur ectf f KBS Brdelifo MBS ty, until the mixture could be stirred
(at ca. 25%80|Id%€ %he m xture was stirred at 65C under argon, and

N- hydr oxys quiéé%ﬂ'fhéi%aﬂ Be &trHEJced?’ﬁrthe%'lyn?é? PQ?(%M arﬁﬁlydreﬂ;hﬂé'&r% dfihet N
PEG di mal eat e- DTT pol yner) was ad owed hexadecyl am ne
(1.05 riSRetiye BToMPY W’élh% é@swte» Jh@élaramg mgﬁd@ chpsenise ﬂwbwmé the aging groups

N- (3-di x@%ﬁﬁ&)‘b@t@cfé@% 91&¥Jt‘)t1vé\hnd%zt myé&afdaﬁgbftﬂa R8ctlorDPhe Anar@af0l per ol

carboxylic acid groups in the polyner). The mxture was stirred under
ar gon fiauantiydigracepmplished by gpias ptbylmedwe REH(d abot f5) sigrethend{a’s of

car boxy, VB f er hour,
athir dtirlé cﬁ)’;dtazfﬂgﬁo gfog%%fﬁr(r)bog%&rrr%@ per l)ab radgrﬂ@eﬁilloflé:é ctgigrlfe Et?%% s in

t he pol %?R%iﬂe step afteg ﬂtedtlwd"éiﬁmlomharhﬁmﬂmblmﬂdm Em@f?s oﬁpmﬂw @0@291 d)
vas f urhhiesulaies ol rR gAY upicah th'er?ﬁ@at%f:heﬁ'%ﬁa afadBvg Elot éamme

Addi ti onal water ‘was ad e as necessary to intain f |ty, ‘as the

added sol i dg hﬁ@@@entﬁﬁeﬁs'dﬁz%% bd?ﬂttfghg b EHM asitfre® Eli'fferen?ﬁ%eﬁr%%%&S ég/as

mai nt ai ned between 3.5 .5 (preferabl “pet ween
addi t i g2 8¢ atramh‘?datemitpqnnﬂmnea@a thﬁ@mie@e Vb wiiee or s, oad cmeed at

65C undgyg theea%k)ma&alﬁam . ]rfE?Jthbﬁ’foeththYn Eh&eﬁe%' thﬁgqgéms rﬂ% da‘?éo%”e nt

wi th et hanol) éJntI I I'am ne dppear ed eac st eady
concentiPeppasHe ’é‘ﬁb‘hﬁlﬂ%lymﬁfé §f e invertions enpbling \M@h@atl@mﬂ theydipfribytigniof

the polymer in the body. Radiotherapeutic agents such as '*Au, 3p, 12, 1211, 90y, 18R,

di um Mol ecul ar Wi ght Pol yner
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Exanpl e | b: octadecyl am ne Exanple |c: 4-nonyl benzyl am ne Exanpl e
| d: 3-[ (4- phenoxy) phenyl ] propyl am ne Exanple | e:

PEG Di (al ccinyl)dithioether (Cl6-r-Polymer Ap. 9
al ternatelﬁr/((g)g‘{e'r%lﬁ%é PEG (1.5 IcDh, degassed and Eﬁ@ﬁ%

describ Ve 8.l ea ted Xce dri de re than
25 ol st el ahe "Bl "B i e e SRERNOORL TG Pl ekl bR

descr i badofoRins,&3RAIL ﬁ)rﬂ; naﬁd)rtl{ecalké anagtlikewisp boatichal tdtikgolyures. i n vvat er
and di al yzed agai nst water usi ng a | kD cut off menbrane. The

retent at e walydeskgpaidahielgrbapsredslsoiieoassicd amjneoby Idmﬁh‘:ﬁtlchdsred g ditee

sui tabl'g.for, am

at e.
o e R o SB of P PP PR Vish R SRS ek dali
le mal eaﬁrﬁrhe(waadaebadmbthymiﬁhe arcgmétwlglgﬁﬁgre%ﬁhm;dman ;Wﬁli@?ﬂt@ﬂllwlgged ;‘he
P was a ste 1,S S uti1.,0n a e
P o e ibReR tistifas wucma it fechEramst B b bR fti Aot ahan:
units ?&nhﬂ&iy&@@.tacﬁtlﬁ}i;{été&?? aﬂ?boﬂﬁyﬂbmﬂ&hmm ,de., l&a&hml?eﬂ)artleﬂnol
equrvae er e I.mal eq mni nmum vol une o wat er was
t hen adﬂgﬁlﬁr E‘dlf\-‘%éaeaﬁ na‘ﬂt}aﬁQF@B%f‘sgr%M?’on of EDC.HC1 (3 nole
equi val ent s ol .e PEG di nal eat e .0 1 Xture
e T HePeriB e Stk v et odhsf s TR Bkl )
showed gofsliel pétpmer ofttheinvetion, ididpebuana tivlivdta@) hdreattive@ags ng or
absent) . The g}g‘gml{“&ﬁ m Xt ur.e wasé,ﬁ;:)oo edland excess car boglr i mde was
dest roy%‘a A Lenyyes, &4) G ROie 2P ECaSHY P Ps YR LT 978t ween
2. 5 andorhyfroxyinE) mﬁfxﬁdmﬁwy@c&up@undm‘asedeI Gihé (4) disalfidé-trdastiveagaipast

agueous OH and .t hen again ter,.or. alternative b

ot oo pr B PRGN, | EI R et vodi fuSbioRal sEiyBS beeeSlytnar hfsori ey
formed rnge fins 52 by eskeleraMadlaples dftedepiidiy dnhite fesgat usedarl thd guaatigas

adj usted to between 6.5 and 9 with TEMED, and the tenperature raised
to 60- ¥€ A solution of DIT (1.2 nol ar equi val ent per nol e PEG

di am de) was, i,on mxture strr rn|

dd nd the reac red.o

Bcess 1 hi o lReiie R et R sRe P Tia hitet o b RO B e
chl or oagpedificitydd bﬁﬂﬂlg-EENEﬂrcett el gurfee.aTwe gahoieapdeificmsieties tasdlso bEhe
product s then url.'f b A i nst. water, and 1
P ent oB A 1 BB IR PO e B b A6 oRE okl nay
PEG Di (aiggymamldﬁfxua dimheeebeln; ﬁllld%bﬁlafmdrﬂ?lg :’Ik‘llaylﬁlcglﬂatb e HA&h@Lﬁf Pol yner
Teproce re outline n a el s followe except that 0.55
nmol DTTAW "Ef“% Ctﬁfﬁang E:E%b‘?%h%‘r r@ﬁ%@fﬂcpamdrl de were used.
Vi gorous stiyfri necessar the vis burlt pidly. It
appeared t ha{{aﬁ%g?nﬁftafﬁggng'3?‘8%{?53??11]\/\/5%’8% qﬁ"ﬁ? e%bﬁ Qc}'ﬂmerggff&gm nut es,
f ol | oweitlvéayios tesultsdn applvdivatent dispday dfifte nadaties én fepolymas ctaeanti @enjtier at ur e
was raised from 0¢C. I : . . .
PEG: D (BPRYTISH HEek: SMNTSTen: FPAGP it leads g incroeses faffiiry o e, o
outli netdrgen Hox exapipde, mubivalchicdntibouid carebecfapiotelréfective in etedrardeo dthyik am ne
per r oXyl i cihd groups in.the,pol r s. enpl oyed.
N- hydr o‘)‘%&ﬁ&ﬁ q‘ﬁ?#&@&(‘ﬁﬁgm %ngo‘ﬁﬁ' d&ébrotﬂ%gteﬁnr{le%%\%wf% acid groups)
and 1, bmlﬁayhmyérdhdsﬁndamlnmlﬁmht inJatdrepmd meffecﬁtd if mbn@alehioxyl i ¢ aci d
g;gu&sﬁ%\éﬁaﬁb n&@ %EBptl eh aendrcgr 8ltlyd? Qe %g?gsétlggt 1I'mr3irefe ies V\%h bggar %10];'(-:0 éffe%tl@eour S

than the monomer alone.

A further benefit of attachment of targeting moieties to the polymer chains of the
invention is a substantial increase in molecular weight, which results in reduced renal
clearance rates of peptides and other ligands. In addition, the PEG backbone confers benefits

similar to those of protein PEGylation, such as the evasion of immune surveillance.
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By this method, the followi ng am no conpounds are conjugated to the
poI ymer: Exanple 3a: undecyl am ne Exanpl e 3b: tetradecyl am ne Exanple

oct ad FhiSoExanpl e 3d: dehydroabi etyl am ne Exagpigisie
choI ester?ﬁy% amﬂn%zet hyl ether Exanple 3f: 10- phenoxydglgylﬁ]gm ',r'{%'fssso

Exanpl e Bg i c ,acid drazide Exa | c.ac

Exannl o a0 TRERyh SlBfes cEREiT D s R sl i ipoissothf  1°
hydr azisgleern amﬂreolakle aﬂcaépmﬁgljcwanen-ﬁbldbjahnmzmﬁa dnEgsarrbé meﬂmd of

PEG co- (al kyl atni d sucel. nat e utj o 6. 66

Pol
ol AEPOE R R ATAGE 31 3beoiy SOt SBPRAEHPBH O SR ot rer
(10 m )eyp ocm'&r gfithainv@ntonn ﬁ%rpre%élﬂ@ﬁf R, §0 |ab ﬁﬂmdrmmssﬁbwcbhplex

nethane fo chl o 0 3 rrin conti nued
f or ELP 5 Q%ﬂﬁﬁ %ngla*ﬁ? o‘ﬁﬁﬂne*éwﬁv lﬁtpa%oef %ﬂd t’zs o b %5?1 i s

ev apor ebh&dulaﬂaal nfdfy Ye @&ﬁb]ﬁﬁtﬁln(aﬁo-ﬁha)ﬁe g@eaﬁ;l@iﬂganidbrﬁdlﬁoﬂ and e Qrgaﬁic or ger
to preci Itate t triet am ne rocC ori tere
from t W@RQHFE}?‘?V&H%Y?H@"W“PP - Ap grempl @a%eéals\ﬁﬁﬁwbw wﬁfﬁrf de (2.31
g, 26. %3mb)1néﬂﬁ§brﬂ&aﬁ@dnb?rdf@édcbl)qtis(ﬂeh&%dhhat T8kt tdves, ﬂ’leﬁolyh&ri S

di |l uted exane an | tered hasho coJ um of silica (3
cn) cov e leﬁm&wcsﬂerk#mngpaé e3h itk i atdaisn e maee he

filtratygdiophdbid @dhali‘xs &i&bﬁé&c@ﬁlﬂh@d@é&fﬂtﬁéﬁ&dm WEBMBe A,m&kglfd%@rm PEG
as an qil_. ?ﬁg PEG i s reacted th one equiyval ent of

2, 2- di thugspphilic S‘lmﬁ @etrﬁ@ (e o eiigen lyte&faesal reg eRFERG o DA AHAAVERFS t he

rret hod s@épefRsh 611 tROpRficlad to renkf fedron Letters, 37:433-6 (1996). The
resulting dinethyltartrate-PEG pol yether is saponlfled wth KOH in

met hanol , amso&ﬁwasaampdﬁﬁgeﬁlsmm@drd@dﬂayydoaeﬁmay Gfssd]ﬁ?fﬁfﬂ&(‘dﬁi'e’;lﬂﬂuﬁ&yas in

exanpl es, above, or with the am exanpl.es - 3Kk..
P ex1st as sopd nanoparticies or nanocrystais sum:nundecF by an suspended in the% c%ams at

the core of the particles. The practice of the invention does not rely on any particular degree
of mixing of the C chains with the sparingly-soluble substance. The drug 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 external conditions,
such as pH, temperature, or shear rate, Shear rate in the bloodstream, for example, can be
fairly high, while it is generally low in the lymphatic system. Such environmentally-induced

changes in state can be exploited to control drug release from the particle core.

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 dipolar and/or hydrophilic substituents, such as hydroxyl,
ether, amide, sulfoxide, and cyano functional groups, in order to increase the polarity and/or

polarizability of the hydrophobic core,

~ Anticancer drugs that can be encapsulated and delivered by these polymers include
but are not limited to doxorubicin, camptothecin, docetaxel, paclitaxel, topotecan, irinotecan,
imatinib, sunitinib, sorafenib, axitinib, pazopanib, etoposide, methotrexate, methopterin,
dichloromethotrexate, S-fluorouracil, 6-mercaptopurine, cladribine, cladribine, staurosporine,
cytarabine, melphalan, Jeurosine, actinomycin, daunorubicin, epirubicin, idarubicin,

mitomycin D, mitomycin A, carninomycin, aminopterin, tallysomycin, podophyllotoxin,
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Exanpl e 5: PEG Copol yneri zation with EDTi| di anhydride Dry PEG
Is reacted with ethyl enediam netetracetic acid di anhydride by the

nmet hod de%f)(; @%’iﬂghﬁ Exanple 1, and is then am dated w kﬁlﬂg{ﬁﬁ,@%}}%\ ne

as in Exa hexadecyl am ne as in exanple 3, or am nes
i n exanpl es 3a- 3k. . .ln the same mapner, the, fol I&\i:/i n
di anhy dplaggumycarboplapi| absinte ingHstine, BEECUm SIS A6y %"f@“eam dat ed:
Exanpl giepsnetNRokY Al ehekifh! A8 ﬂérﬁ)%ﬁyés'aﬁ&i m?dnigé drinde drx@mhvellab:

o :

Peryl enet et r acar boxyl i cdi anhydri de Exanpl e Sc: ..
Benzoplrsiodeeas ageafsoowipic asdh.anelsia prid anaiagiss aad nepleic acid complexes.

4" - (Hexphd 48 @iar‘o‘gpésqmde%&ﬁk QicRRt fadphessRRRY, ghésgﬁorﬁmm,ﬁncﬁe:
oXy Exanpl & 5f;

But ane tetracarl I ¢ aci d di anhydride Exa . .
Bi cycl aeptide myletstacils.ciaclgic acidcosanlaxes are gmipsopmlexesiolahggmeleiracidERbnpl e

5g: Di h B&bsRER L i Sng iR\ RYdT R nfooR PRy Qitivkic

3,4, 3 %%ngﬁg%%ﬁgﬁlh?%ﬁe te r%g%%ér%%égjl ?cgaci d s(czlbiranhydri gaewExarrpl e
51: 3, #p&es4’ - Di phenyl ether tetracarboxylic acid dianhydride Exanple
5j: Pyronellitic dianhydride WO 2009/011702PCT/ US2007/ 073880 Exanpl e
6A: PEG di adisaaesd)-of Sieyphitity efjtherpolymeaeafithe Ry SEien o cgcapsulate antisprser

di mal eqirgs, Mk sﬁeén%ﬂw@aiohralsg?smb@;f,&nna&uﬁmﬂsmﬁsbwﬁmmé bheo!
(two equivalents per equivalent of PEG dinualeate) using the sane

pr oced ¥ aoser-galymerss thomvepiipnpn sepbivation wigh adherapeptiselly slsrdiveuedy  as
no pol yjFghd &%éreﬁah&ﬁié@@og?éaﬂggeﬁva&%c%&r 52861 Afd phimBeddeated in

mol ten PEG-di mal eate. The TEMED catal yst™ i s, added and then the thiol

i s addegcepihle cawies T §ivient. fwtpbiguerIriory and rxcipientsinalude syates 2w salinea ppd ng

mat er i ahfd adfivag subhGs bl @AD SR MERS, poPsdcPhdriaes Rk B cellBienll BGiVaRPSE OF
al kyl t hi ol by vaporization becomes significant can _be enployed (up to

ca. 10Chagyof, mdymrigpsthuaetans elifants) Rpfervatives, biaging andHpersingdeerds knampy
sat urat;g (t)]*e% Rk Fglzmg1§§%¥ﬁﬁinv?gﬁtﬁm%éﬁfcﬁ&cr%l’fk&%%h%odl@otﬁér\ws@ﬂn%ef at

t he end of react sparging with nitrogen or_argon, and/or
heat i ngrignabrhavessn Ay ingiedtive pogiat pkandetienneedeyy. Brovmepesipytis c. By
thi's mefiQRure! Herefotd, h OMfeRPeutibii cBfediR¥ aBuii® N thdAh Rt SiAg bl tablielBd £l ©:

the overall composition effective.

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

incorporated by reference in their entirety.

EXAMPLES

1. General procedures.
The invention also provides processes for the preparation of the comb polymers of the

invention. Synthesis of these polymers is readily carried out by one skilled in the art of

* organic synthesis, by following the procedures described below. The key starting material is
polyethylene glycol, which is preferably dried and degassed before use. This is conveniently
done by stirring molten PEG under vacuum at an elevated temperature, until bubbles stop
forming. This may take 8-12 hours, depending on the quality of the PEG. Once dried, the
PEG can be stored under argon indefinitely, Commercially available industrial and research
grades of PEG may be employed in making the polymers of the invention, for example the
polydisperse “PEG 1500 of commerce having a molecular weight distribution of 1430 —
1570. Such material may incorporate bisphenol A diglycidyl ether, which introduces
secondary hydroxyl groups at the center of the PEG chain. In order to ensure that the

26



Exanpl e 6Aa: nercaptosuccinic acid di-t-butyl ester Exanple 6Ab:
tetradecanet hi ol Exanpl e 6Ac: hexadecanet hi ol Exanpl e 6Ad:

2- mer capt qgh bppaaydf oni ¢ aci d Exanpl e 6Ae: 3-ner capt oppepaRasyhizen C
aci d Exanpl e 6Af: 6-nercaptohexanoic acid t-butyl ester Exanple 6Ag

2ci d t- B FIEE e iRE B kol ha AR o pER L R o
Exanpl e p@ﬁqrabi)aﬁeq ofthispbsnpt Ar indrof levndispsydifen Mokt mefmblp wrf’@mm@s dak:
4- decyl r%%g‘l PQB%:@SW asare %L%Png\é{é b]E %ﬁtl\ll ﬁﬁe‘uﬁ&al

groups are sui attach reactive
functi o(fatmeg]kycﬂhpswaudeBnm), HgntatiﬂaéhthPomumtﬁeS OXI}J Iﬂtmwav.ar&get i ng

T €SI PGB0, G 00 VESH b RARAFRLobh 0o
1, 4-di afﬂiOﬁﬁHﬁHta@stomeIeaqarmmg}mmszof di ami ne per two COO—I gr oups),
usi ng t he Saﬂﬁ ré%rt?o%ggl% an'leﬁggt 11831' ag?de?tc%ngs Sl'g SLIIC h%mﬁ'f.) €I cf)r%{;og,rw%}h

dilution w th Wat as necessary o0 nalntarn
reactlomagnchcurmzfemtwmecdmatalatimqgtots of EDC are added as necessary

to ensure c ete rizati on. this. ho t he .t hi adduct s
of Examle. GRoR4- SR FadRb e malle A TFTLMOR g Mo o)
PEG- di aaddedmmmmﬂg.oll‘yan]nadmy of maleicByth¢drids shoaidoaich thia eurhber bOREGQ
di am ne be conve t 0. a PEG.,pol I de = ce .
DUt ox JEAPHNGrof YRRl olbffae oS L A5Rr e b pry it el e
Ex arrpl ShﬁBbxyl -Nrmixated 'p(ﬂsﬁ@ cHaTm,agiggqnb ﬁﬂé&(cbﬂtolf mleicragl_aﬁmgxpﬁlacfiﬁmge
' | a e e:

N N B R DR i AR e et e e R e e e e
EX arrpl egbpgy. Thy séanibort telapdrythreds i kritical, and the process can conveniently be carried

out at temperatures between 45°C and 100°C. The preferred temperature of the reaction is

between 65°C and 90°C. If elevated temperatures are employed, the maleic anhydride tends
to sublime, and steps should be taken to see to it that the maleic anhydride remains in
solution. Minimizing headspace and submerging the reaction vessel in an oil bath are
effective methods.

Depending on the temperature selected, the reaction may be completed in 2 hours or
less or can be conducted overnight. The reaction may be monitored by TLC on silica gel
plates, and is continued until after the disappearance of the maleic anhydride, Visual
contrast, UV, and iodiné staining can all be used to examine the TLC plates.

In step B, the crude PEG bis-maleate ester produced in step A is combined with
dithiothreitol (DTT) and N,N,N’,N’-tetramethylethylenediamine (TEMED) (with added
water, if necessary for fluidity), and the mixture stirred at 70°C. The reaction is complete
within 30 min, as indicated by the rapid increase in viscosity. The molecular weight of the
product will be reduced if more or less than the optimal amount of DTT is employed. The
molecular weight of the product can also be reduced, if desired, by replacing TEMED with a
less effective tertiary amine base such as TEA.

In step C, sufficient water is added to the reaction mixture to reduce viscosity, and 0.1
mol N-hydroxysuccinimide (NHS) and 1.05 mol hexadecylamine per mol carboxylic acid
groups in the polymer are added. (This amount of NHS appears to optimally minimize the
extent of side-reactions.) An excess of N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide
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Exanpl e 6Bh: 1, 6- di am nohexane Exanple 6Bi: 1, 4-phenyl enedi am ne

Exanpl e 6Bj: 1, 3-phenyl enedi am ne Exanpl e 6Bk:
1, 4-di am 3 di ol acetoni de Exanple 7;
PEG Di (al %‘Fsucm A&t e) di t hi oet her The 2, 3-bi s-0- ﬁg}("g 2e°8§/’ me 0h er

2 oo {EDEDbBH 0 e by iy et o5t thptdagd S phenos GHEP " ¢ ¥

Chem Phagitidan&utdier bdidg Jd&)ied%‘ﬂa@ceés%.%ﬁto (rﬂa%ﬁﬁh stuiﬁhg SThespHRsfRéreh@ion

PEG di ma] eat e by the met hod g By |s net hod, the

f ol | owi TEKHEE anzigfaiped ghove Zapd g Eﬁmb@ab%e@ﬁe PR theseastiyite 7a:
NMESO0- 2, chtiM dklarinb OWihtid i) Rminedthib rb4dtion c% ﬁ&lldﬁctzg) at about 40~45°C

meso- 2, 3- bi s(4- nonylphenylnethoxy)butane hi ol Exanp

meso- 2, Wheas Pt sEAs oyl %%&memmrawalﬁﬂ%?%wreacf@ahlﬁﬁcrﬂ@wmby4

6- bi s( dﬂE{Y L cBeaae e lor BAChREARARRHB Escﬂbséb‘e’ﬂn%%aﬂ)eaﬂer running
4, 5- bi s(decyl oxy) benzene- 1, 2- di et hanet hi ol Exanpl e

3, 4- bi s‘(VG@éS}Foxy)thl ophene- 2, 5- di et hanet hi ol Exanpl e 84: substituted

PEG succi natigs reaction Jﬁﬁuaﬁtabiameato dfmﬁaln%auﬂsa) tta(abm\a@%d SesRk that
2-dodecen-1-y1l succinic anhg ride is used in place of nmaleic

anhydr i 9@ ionReTEB Seramyp atawbdt qurn fieiﬁ'i%wf&@%edt BlCybsididisteddo e pHi%s i n
the finghudel VIORZOH and/or TEMED. The final reaction mixture is centrifuged at about 800

xg for 1 to 3 hours, to remove solid contarminants and by-products,

After centrifugation, the supernatant can be chromatographed on a GPC column
(Toyopearl™, Sephadex™, Sephacryl™, Biogel™, and the like). The w polymers are
amphipathic materials, however, and exhibit affinity for some 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
amphiphilic polymer are lost to the extraction solvent. Preferably, the reaction mixture is
subjected to ultrafiltration using suitable membranes to fractionate the product into molecular
weight grades, such as 5kDa to 10kDa; 10kDa to 30kDa, 30kDa to 50kDa, etc. depending
upon the cutoff of the filtration membrane employed. An aqueous solution of the polymer
may be subjected to dead-end filtration so as to produce a sterile or virus-free solution,

depending upon the choice of filtration membrane or media.
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By this method the follow ng substituted succinic anhydrides are
esterified with PEG Exanple 8Aa: isobutenyl succinic anhydride

Exanpl e 8Ab. ., 2- ne-1-yl succinic anhydride Exanple §€‘f/i}52007/073880
oct adecen;%ogﬁ?:@flik@c anhydri de Exanpl e 8Ad:

3- oxabi gy oshexane- 2 4- di one Exanpl e 8Ae: cycl ohexanedi carboxylic
anhydr i égéi’%{’ﬁﬂfgp’é'ﬂf’b’mﬁfﬁ hal i ¢ anhydride Exanple 8Ag: 4-decyl

[ [ | e ,8AhN:, xahydr h thal i c anhydri de
Eanpl o SR PG PRt il e e ol Weight Pobmer
nor bonerf€@df-ediocheryd} c anhydri de Exanpl e 8Ak: cantharidi n Exanpl e 8A1:

bi cycl ooct enedi car boxyl i ¢ anhydri de Exanple 8Am
ex 0}13, 6- epox¥olyethylgnegslycet PERy H00Bigha Chaniaal [Gocvas dribkaiipt ol at

S-acetyl Ay i Exanpl e 8B: .

PEG Di {27y ARDARA St IRy T Bl AtRn o o e auriy of e B e

By the dde ofn bnstorpd desitratechmderudoginiindefieilely’EG succi nat es obt ai ned
as described in Exanpl es 8A and 8Aa through 8An are reacted with DIT.

By this met hdl dried&ECorvssandltaduatiet frgal en ar @l ba@gaﬂgjmmmwriﬁe mgz@lb@d
substit | i.n d@ d | in .es an
Sha thr BuaRC ek P sabAl R AR IS 2089 o5l P et e e ves
pr opanestiTeglugidertiigsin 2EXREp Beca@Bomalbiv teirydrids Wndti td Eﬂﬂilhlef%ﬁ%ﬂﬁd%p%d\ias
ent anesd.: s At hi , e-1,.6-di.thio
5009/ 0 ﬂ’%“dg’ﬁ%%%!s% 8‘55%%@8%%%‘@‘%%@@1‘ e FeeGigIRBRAREE AS1 Ex anpl e
8Bg: 1, oondensed pmaltic dashydride 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 visuvalization and iodine 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’-tetramethy!-
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
and a second portion of EDC (0.56 mol per mol carboxylic acid groups in the polymer) was
added. After another hour, a third portion of EDC (0.28 mol per mol carboxylic acid groups
in the polymer, for a total of 1.4 mol EDC per mol of carboxylic acid) was further added to
account for loss of EDC to hydrolysis. Additional water was added as necessary to maintain
fluidity, as the added solids made the suspension difficult to stir, and the pH was maintained
between 3.5 and 7.5 (preferably between 4.5 and 6.5) by addition of 1IN NaGH or IN HCl as
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Exanpl e 8Bh: 1, 4- benzenedi net hanet hi ol Exanpl e 8Bi:
1, 3- benzenedi net hanet hi ol Exanpl e 8Bj: 1,2-benzenedi net hanet hi ol

Exanpl e 8 m ne copol ynmer with pendant al kyl gpe
t he net hog’0 f@%h@l e 6B, the substituted PEG succi nat e zaof)?{lg 880

descri bed i npl e 8A |s ed t 1, 4-di
By Ui cnagtitd o i Herer o ST SR e oy pigh momﬁ?ﬁﬁf%ﬁwany of
'g(]e S :Jbg;% 'c‘%%l?g“%gg“ﬁ emﬁrédmamalsthehlkﬂéﬁ:ml appeatA ta e 3dahddr siaadn 8AN:
anpl e i.a
Nl ( EROmaiote Y S hen U e B o G Sy i gspgion
Nt o et ag?%“f“’ i ool ““"“F‘?‘%‘ﬁ‘“e el o8
-tri ent ae ene exam ne a e. . e e .
| ysi ne Ercffmb& Sest/ é? Ekarﬁapt@ngeﬁmqwet dﬂgﬂé@ﬂ&a@gﬁ?&%@é&m“ 0
1, 4- phewla,emamaa%m }ﬁzs@e‘mo? u&%sted%ﬁﬁ%ﬂﬁ&jhﬁétﬂd:ggﬂ 0By Bopwte 8Ck:

1, 4- di ani nobut ane- 2, 3-di ol acet oni de Exanpl e 9:
Tr ans- e%dcdetfqnﬂféﬁtﬂw Usi ng Substituted Acids

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 isopropano] extraction.
By this method, the following amino compounds are conjugated to the polymer:

Example la: undecylamine
Example 1b: octadecylamine
Example l¢: 4-nonylbenzylamine

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

Example le: PEG-Difalkylamidosuccinyl)dithioether (Cl6-n-Polymer 4, via Scheme 9

alternate route).

PEG (1.5 kD, degassed and dried as described above) was reacted with excess
maleic anhydride (more than 2.2 mole equivalent of per mole of PEG) under molten
conditions, as described for example 1, and the reaction products dissolved in water and
dialyzed against water using a 1kD cut off membrane. The retentate was evaporated to near-
dryness to provide PEG dimaleate suitable for amidation.

PEG dimaleate , dissolved in minimum volume of water (about 1 part water
per 2 parts PEG dimaleate) was heated under argon to 70-80°C in a reaction bottle. The pH
was adjusted to 5.0-5.5 with TEMED. To this solution was added 2 mole equivalents
hexadecylamine per mole of PEG dimaleate repeat units at 70-80°C. A solution of N-
hydroxysuccinimide (2 mole equivalents per mole PEG dimaleate) in a minimum volume of
water was then added, followed by an aqueous solution of EDC-HCI (3 mole equivalents per
mole of PEG dimaleate) in a slow stream. The mixture was stirred at 70-80°C until TLC
(silica gel, EtOH for development) showed completion of the reaction (hexadecylamine spot
unchanging or absent). The reaction mixture was cooled and excess carbodiimide was
destroyed by addition of acetic acid until the pH held steady between 2.5 and 3.0. The
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PEG ditosylate: To 1 nol of PEG (dissolved in DMF or nelted as i5s)
was added 2.1 nol of tosyl chloride (5% nolar excess) while stirring

under arg reaction m xture was added 2.2 no
t et ramet h;ﬁbﬂiﬁ%ﬁlgbnzz di am ne (TEMED). The reaction vvash)gﬁeﬁmlo?{g]a%at ed

at 45 C for 2h. The ducts. were resolv TLC.in et hyI acet ate,
{ ol uencrodie Wi mded By dipivels Jurhaesips aquﬁﬂ%ﬁ%@?@ﬁ?&?&%@t’%

extr act gerafidly gﬁ\g@élﬁmbﬂwﬂhm@oﬁf#m]w th tol uene. Instead of
t ol unesul f onyl

orlde, quonIatln ents s srres
chl ori de (see Exa %Gdsamléertﬁvqii% yd#‘??:] Img" afep, 4 Life%‘ﬁ‘aﬁaﬁ

al so bey &?Jskéd% betRERIY.5 A wﬁiamqﬁnla{daﬁgt%&%maﬁmatss@{olaon
20040006051) Po

esterification of PEG ditosylate;
mol t en HEG. Aisplygon e&léTTmﬁw@f $Auvalegt Rem aofe B aﬁ%@ﬁmﬂ%wg&m’ésd fn‘ﬁ@}P of
S, S' -di fés‘&mh nIRSR et &Jeﬂﬁ%lﬁapiéé%&ﬁﬁl ﬂhscqu%ﬁdhgd #1H a 3toidkRImedfc TEMED.

DMVF i s added as necessar o maintain fluidit The reaction mxture
i s heat¥wivelsngy CQOMEP@F‘#P A TEMEDow gh%@rncwp Ellmgmpieg d 591'01*

Exanpl ey dGhedREntA 6@&&195195{ nsdwatépmﬁpmé ARt WisQehdafrathle

Mol ecul ar Weight Pol yneér 16- z- Pol ymer B) PEG rral eate
(10. 24 @’apfﬁatlmnunol S) prepared as in Exanmple 1 was pl aced in adry
125 E‘J%aﬂt%ke ﬁ?@@ﬂ%ﬁﬂaﬁzﬁoﬁgcﬁu}.ﬁm%@mﬁf 980 MotechiB) WetdhEPolymer
PEG di nal eate. To this nolten nmaterial, wth stirring, was added

water (10 mghe prsdediréQitliticd @ ERmINE T whOfolbvedy exdBptlihd 0r85ehsl D TaNahd TEVED
sol uti.on was stirred at

(0.723 wat

Yo" &t o ssmelHEMERer ol mysi sitvabidh Bt inredy JATRong SURMERES SEFar s yrrer
i n abouhe 93%6sity Bl!uﬂ up rapidly. [tldpPeéd sk ot YIRS rebdtiod wag complbte Iwilﬁinsﬁ)-lol\/as
heated to 70-9 nder arg n to nelt it, and TEMED 35

ol <) RRYEB BRI DI BYBIEAD B gt ot hsags 1S SRR s R ded
W th stirnglﬁlsssg;to@mﬁ:the m xture was stirred under argon overnight.

(The ratio of polyner to acyl chloride can be varied to obtain

degr eesEinpflh PHG Di(hiR¥lahidosncEnliiiootershalmdai onetry. ) Water was
added to the reaction mxture to isolate the "C16-n-Polynmer B".
By this net hihd ptdeeduodritived ig Ezxands | anefolswet, eXdeptdhatilt Smolhiedévythimaney |

f t d
91 0ups b S R I R PSRl BT Rl 201
aci d Ex@¥Hs,é Ompemwymm%y Iaadgtqups)amd 1} R ahpiyidiibgdazole (CDI, 3.0

Hex adecﬁlgl-ﬁ/ep r(%lioFof%glingylic acid groups) were added, and the reaction was stirred at 80 °C for 4

hours and worked up as above.
By this method, the following amino compounds are conjugated to the polymer:

Example 3a: undecylamine

Example 3b: tetradecylamine

Example 3c: octadecylamine

Example 3d: dehydroabietylamine
Example 3e: cholesterol Z-aminoéthyl ether
Example 3f: 10-phenoxydecylamine
Example 3‘g: sebacic acid hydrazide
Example 3h: oleic acid hydrazide
Example 3i: dehydroabietic acid hydrazide
Example 3j: cholic acid hydrazide
Example 3k: palmitic acid hydrazide
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As an alternative to the use of acid halides, the DIT-derived

hydr oxyl groups of n-polyners may al so be activated with 1,3-bis

(2, 2-dine - =di oxol an-4-yl net hyl ) carbodiimde (

coupl ed dﬁ%%ﬂofh‘?/ﬁ\—/’m&th carboxylic acids; see Handbook o eg%gﬂ??%{’or
Organi c_Synthesis, R nts for G ycoside, Nucleotide, and Peptide
synt hestm Plﬁglf‘ﬁﬁ’%f ,"SWV@SF,)%?@@S" p 107-108 and references

Subst 1 i e ASTR1E S PEELS 6 T frabTamne GG fo47 oD e

aci d- sudisthyltettie (il Opnl) jsreeslsd arte*Qusdel drgnnahd aedted drg@wisdwitihmeihagesileagl | ve

am no gr.oups, i and eptj de bo f 10N t hodol ogi es

(o o, SRt s Sl el s Eiior R TE A b 0ot b

car 3Qf<ykhgera@fdjfgf %B,CTh@éiEé_r}is_Ie;vaﬁratémﬁld@} a/dm]he(l'ﬁhﬂlafs aﬂﬂédetbl it residee ]
readi | y, obt ai ned, esterifjcation of rr- nme, 0X roups wit
cycli ¢ imRira i Resipstegpe E&?EWJ&F%‘?G AT Eﬂ%ﬁ@ﬁﬁas fﬁf%%’f%%é@égmf

pr epar ethefltrite aGtdaR@ withllighiem BRINIEE (2008 \\26.64 felnofabid ke Fefibix fardoOXY |
groups as_fol |l ows: | . l?16- n- Pol ymefr A %?2[ ‘gé’fand mal ei ¢ aghydrl de
(0.85 o)y Heshdhegportirgisidiuigd with hexgpe apd Blisepd thrgpsbrashpy qolpgngf 88c4f 1 ound
bot t om drhyaslered With CeieR (0F%n)eald Ll wil Hexand BE HRFAHEH dridd filtaeBarddr
with stirring. The solid reaction m xture was then ground and

sl urri eyapgretRd fodee c.edibremePRPes at @l was transferred to a dial ysis

bag (3.5 IcDa cqt-off}). The m xture was di altyzed_ agai nst water to
remove exce$soOrRibrme-RES ig reaqigd may oppeauivaleatofidek-dietybdsSpr oduct s, and

the ret . . v _ Dot
const Zﬁ*‘&%@ﬁ% R 2 aghice ) Y o7 Do En i e 1 ©

o Qgiv
Fati o oettP) JHER-(PU e resulting gimeihalareioPBE Relterhonissepoolfied i
subst i thi £ i : : L&hi Aol
esteri f?%%??ﬁ%’%hﬁﬁglﬂgéﬁggl&&%g@?{?%gféy@ni&%hg%go| alit:l%gs in examples 1
C16-i t -dnd[3yabeye, or With G amings i eghpples 3ac3kaci d anhydride (1.0 g) were
reacted by the nmethod of Exanple 11 above, to give C I 6-x-Polynmer A
di gl ycobatrele SnLEe Gapolvmediration it il Tdediantiy@ideat i o of Pol ymer A to
anhydri de can be varied to obtain substitutions, varyi n% from 0-100%
of full stoilthitERds iepeedyithipylerediaminstetiacetivgpid dianky: pihemsthadner A
bi s( acaekdre@in ExampleQl Gnd & 1iRQ |a&iﬁ%fed%ﬁ12!oﬂécﬁﬁﬁﬁhe% ELdnplE bl
anhydride (1.35 g) were reacted by the nethod of Exanple 11 above, to
gi ve Chega 9136@9’%\@? m&"ﬁ‘?‘@ﬁéc‘&'ﬂ’ﬂ’ég‘é nines in exqmples 313K | ar nmi i ner, the
following a drides are c led with Cl6-it-Polyner A _\VWen using
hyar | das of BeHE Brumn e SISV RE My TS ra N Srpb P EHOAS  and
6.5 prisabsehtentlyalydated: as an aid to purification. -A second dialysis
against 0.1 N HCL provides the acid formof the polyner, if desired.
Example 5a: Naphthalenetetracarboxylicdianhydride

Example 5b: Perylenetetracarboxylicdianhydride

Example S¢: Benzophenonetetracarboxylicdianhydride

Example 5d: 4,4’-(Hexafluoroisopropylidene)diphthalic anhydride
Example 5¢: Butane tetracarboxylic acid dianhydride

Example 5f: Bicyclo(2,2,2)act-7-ene-2,3,5,6-tetracarboxylic dianhydride
Example 5g: Diethylenetetramine pentaacetic acid dianhydride

Example 5h: 3,4,3'4'-Diphenylsulfone tetracarboxylic acid dianhydride
Example 5i: 3,4,3',4-Dipheny] ether tetracarboxylic acid dianhydride
Example 5i: Pyromellitic dianhydride
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Exanpl e 1lc: succinic anhydride Exanple 11d: glutaric anhydride
Exanmpl e 11 e: phthalic anhydride WD 2009/011702 PCT/ US2007/ 073880

The reacti bond i ntroduced through esterificaty ]
mal ei ¢ orl‘%(l?%@gfgﬁb@ni c anyhydride may al so be used to ggg%s%%&ssso

bl ow, B ST &t hobdanih Bt O IR yror A Di tnal bate:
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nbut anokorda@td i raslied PHGEdimalede.1 THe TBMED cdelystds adsied mid themthethjalis n.  Th

reacti on mxhure shoved o, 0 BINAL DO LG, ARk EAAT, 100 W n

tsth:r Fimng @g;i ‘ff’;%’idflf pl%%'hg:ita ;oaﬁiladj}ly?ﬂrn;otnleyoy Ve sgpo?, V\’ﬁe'rf(;,;;aitl‘s3 t he
rYtERE ufl toth PEHnIOw alos< ? vepotigation becomes signi t

met hod dgsbcri b?duggove V\ﬁé I,Be% %.(s) i nt rodP lt%ﬂﬂ(ijlnt | gglajn 5 dt% ¥

groups F&Yberuployed fnta o 1R C)p lggﬁexﬁesslsﬁgaﬁgh ) sakaw ng %'LI ?I p1ye

;:ar ?gxy?a@ﬂﬁ” slid ﬁlhl%i?tgﬁo;lpﬁgrhleexmﬂkgﬂﬂmii:edrb)apbffamhebnd of restich byas added

o the follow ng C16-7c-Po i est : EXx | 2a;

Cl6- z- PERaTHRG W aﬁtﬁ?ﬁ?‘b%ft"‘ég"%@gﬁ{ﬂy @eaflﬁg‘sm‘% ‘S"’é’l"'}“_{?‘g‘@’ @‘F?S r‘sa‘}fteéfegc‘:’?? %Ate

Exoggpl eog%m@;lG- z-Polymer A (bis)aconitate CO2H c021. 4

LY.

By this method, the following thiols may be conjugated to PEG dimaleate:

FExample 6Aa: mercaptosuccinic acid di-t-butyl ester
Example 6Ab; tetradecanethiol
‘Example 6Ac: hexadecanethiol

Example 6Ad: 2-mercaptoethanesulfonic acid
Example 6Ae: 3-mercaptopropanesulfonic acid
Example 6Af: 6-mercaptohexanoic acid t-butyl ester
Example 6Ag; 4-mercaptobenzoic acid t-butyl ester
Example 6Ah: mercaptoacetic acid t-butyl ester
Example 6Ai: 4-(t-butoxycarbonylamino)butanethiol
Example 6Aj: 3-(t-butoxycarbonylamino)benzyl mercaptan
Example 6Ak: 4-decylbenzyl mercaptan

Thiols having reactive functional groups are suitable for attachment of C chains,
and/or the reactive functional groups may serve as attachment points (X) for targeting

moieties.

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

SR TLER P
. (CHZCHzo)m/lk"/\‘(N_‘:,_N\IK\| *
1.0 s)

n
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-S C®2H 0 -s rim (cHoi scH3 H020S-i- CO2H HQ2C co2H Exanple 12c
In a simlar manner, 3-nercaptoglutaric acid is added to the

fol | owi ng e Su¥ofigdymer A diesters: Exanple 12d: Cl6- apegbgﬁ@fm
di mal eat e Exanple 12e: C16-z-Polynmer A diacrylate Exanple 12f st

G 6-a-Poly ne{"heAhlgpadSclLat %Qune neExamplethA? 1%/ bR / ,P&%S%LQZ]%S(@%
equivalent of diamine per two COOH groups), using the same procedure used for
dodecylamine in Example 1, with dilution with water is as necessary to maintain the fluidity
of the reaction mixture. Additional aliquots of EDC are added as necessary to ensure
complete polymerization. By this method, the thiol adducts of Example 6A and 6Aa through

6Ak are converted to a PEG-diaminobutane polyamide.

By this method, the following diamines may be converted to a PEG polyamide
(BOC = t-butoxycarbonyl):

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

Example 6B8d: N’-BOC spermidine

Example éBe: N’,N”,N°”’-tri(BOC) pentaethylene hexamine
Example 6Bf: agmatine

Example 6Bg: lysine t-butyl ester

Example 6Bh: 1,6-diaminohexane

Example 6Bi: 1,4-phenylenediamine

Example 6Bj: 1,3-phenylenediamine

Example 6Bk: 1,4-diaminobutane-2,3-diol acetonide

Example 7; PEG-Di(alkylsuccinate)dithioether

I g s {OCHCHa)
H OH
O O n

The 2,3-bis-O-hexadecy! ether of DTT (meso-2,3-bis(hexadecyloxy)butane-1,4-
dithiol) is prepared by a modification of 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 7c: meso-2,3-bis(biphenyl-4-methoxy)butane-1,4-dithiol
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3. Attachment of Targeting Mieties to n-Polynmers Exanple 1:
Attachment offolic acid to C16-x-Polymer A Folic Acid (2 nmol)
was di sso I hydr ous DVMSO and reacted with dicyc

car bodi i ml"’yd‘gg“(0 )%}at anbi ent tenperature to formthe ?ﬁ?@?%ﬂlgrmssso
anhydride. To this reaction mxture was then added equi nol ar
quantities of cyﬁ"éﬁ‘ﬁieﬂé“ fePisieayeehenzeng ot -dimetbreeliel on ni xture was
stirred at anbi emxahBRPRI A5BisRictAbxyRiftnithe-1 2OHREhLAARN, W th
nonitoring of the reaction by After the reacti on was conpl et e,

TLC.
the reaction m xtoREPIRLE S4-bisEeedoxyHbigpheperd diimethanctiielve reacti on

byproducts. The filtrate was diluted with nethanol to precipitate an
or ange- JePPRas b suestited R syrciwgfepi t ate was slurried with methanol and
filtered to fenove e% 'duaf di Pﬁcl ohexyl urea urea and DVSO. The,

f ol at eoyst oaMerestst T kyamale 1gs folloyoh Stshpt thet 2igogecery]ffpuceinic anhydride

276(30) is&l&ﬁﬁp%@@ﬁhalei@‘dﬁh(fﬂriﬂ@s'i“ﬁeid\é@ec&@ bubls@irerdt peSvidel tHepyalayd ¢ 9r oups
with El |l man's r%a1 ent, and TLC did not show the presence of

cyst eanfifns in the fingbpolymegy o1 o cyst eani ne conj ugate was then react ed
under argon with the dinpleate ester of C.1 6-n-polynmer A ( e
11, prepar eog\)nf %Erﬁ’ﬁ‘%& thg&“ﬁ&“’é SHEsHted suge! ?’@H‘Fm@*ﬁ aéﬁétﬁ?é\%g"g)%éf‘n
order to maintain th drophilicity.of t pol ymer aggregates, an
anount of fol at efﬁé%glgg an‘é&é’berw%bcﬁ ie 0Ydd8 ent to consume only 50%
of the avail abl e ExahplaBabg2-otips- Walsuasideshhyéridene pol yner. The pH of
to,6.5-7.5 with TEMED, and the

the reaction m xture adj ust e

m xture was stir éﬁlmgl\%?‘r‘ii %j#tée‘ffﬂ shecic afydiifeat nospher e, The reaction
m xture was then EBia@ply 32d: Bgribitgtlowatas-2Wdithea 3. 510 cutof f menbrane
to renove any |ow nolecul ar i ght  byprqducis and inpurities. The
retentate was reﬁ(ﬁm‘é%ﬂ"iﬁl\g’ﬁe’ﬁ%ﬁ?‘h ax Pﬁﬂﬁ’lﬁ\ﬁ‘?‘épsul ation and cel |
culture assays dEsanple@Afihiialc adhydigel e 2: Attachment of Epiderinal
G owth Factor (E to C16-it - Pol r A, . Epi dermal Growt h
Factor (Sigm) m%%ﬂ?é%ﬁt%ﬂeﬁxrmg‘g@%]ﬂpw ents of 2-imnothiol ane
(Sigma) in PBS EEIAnﬂHfSMYhe%&hyﬂfdn'Yet}%l hebalc Aheddidy ol ated EGF was
attached to the giﬁmal e%te ester of 6-n-pol ynmer A by the nethod

described in exafPiepPlp sAyigrapydrephihalie antedridiol yner was purified by
ultrafiltrati on ZRsmpeSARGorotienddRaboryii a;,jgﬁjria@t entate was used to

prepare the targeted e sul at ed pol yner. Exanple 3: Attachnent of
ant i - EGFR nonocl Eﬁﬁpplﬁﬁgggﬁﬂ@m’t“gnﬂ 6-it-Polyner A Mur i ne

anti - EGFR nonocl grahpla SAl:bag¥lobcimgdiBarbagliamiaasdd €s fluid was
purified by chropato rgg%ov$r Affi niigPakm | mobi |l i.zed Protein A
(Pi erce) colum Eg?m fi Rt -GEpoy el - S0 tetrafydrenhthalic anbyddde, yr i £ i ed
anti body was thi Bkahse 8aARNS-6eA) w@rhREsutenit ALydrinR| eat e ester of
Cl16- x- polymer A by the nethod described in exanple 1, in PBS buffer

at pH 7Edmpte8B. (REG-Di@tkylivhiddshdcthpl) it aatliePWith péndaking bgt i on of
Anti - Cancer Corrpounds@dE?(}arrpl e 1?95)éncapsul ati%n gf C%ﬁpﬂtéo‘%theci nin

C16- r - Pol yn#y the method of &“fﬂipledt the ]gmm(;fha PEG; sr&il@ﬂm)obt(&ﬁféd dt &@&gﬂé@ﬁh i 3
DVBO a m xed W a,.sol ytj,on of Cl6-2E- ynmer A (100 ng, derive
from P%@pgsgéﬁf&?ﬁaﬁ%@% gﬁ?é“%ré?c-“fdi%ﬁ’ ure was sonicated for

about 10-304p k| d.w th water nd._.centr.i.fuged to ve
any solids. ﬂpﬁgigc%Bigg%agoglﬁwﬁtplo&qrgﬁt A RERV IR S&t"F‘ﬂtﬁlrﬂEﬁ]Tg
pr esencecofatsnbaped kadecrindipEcdnplsisa and 8Aa through 8An:

Example 8Ba: ethane-1,2-dithiol
Example 8Bb: propane-1,3-dithiol
Example 8Bc: butane-1,4-dithiol
Example 8Bd: pentane-1,5-dithiol
Example 8Be: hexane-1,6-dithiol
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Exanpl e 2: Encapsul ati on of Doxorubicin in O 6-it-Polyner A
Doxorubicin HC1 (5 ng, Signa) was dissolved in water and treated with
an equi va MED to convert the hydrochloride to I ne
form To t (EEOP%]L}?_ ing free am ne formwas then added SE{;@F%]E)?@%Q@‘
C16- 7E- Pol ymer A (100 ng, derived fromPEG 1.5 | cD) in DVBO, and the
m xt ure processeBxaipik 8RS tladbengenddittdoli bed i n Exanpl e 1 above. Exanple
3: Encapsul ati on_of Lothecin l.m.fol ate-conjugated C16-g- Pol yner
A To the P%’fﬁ“@ %@%O‘E%Spa yer?g?lglz conj ugat e synt hesi zed above,

di ssol ved i n DVE&amyessSBid dig¢tbenzemddimstiometbipl canpt ot hecin in DVBO. A

1: 10 rati o by wejght ,of.,.( { of heei | ymer was used in this
preparati an. Thet’?aél%‘? %l?lgg%exn%%nrggm\{%ggsa&gﬁglcessed as in Exanple 1
above, and gave Bx4ngsé 8Bjvda 2alsmagnefliorthenatigolot heci n encapsul ati on.
Exanpl e 4: Encapsul ati on of canptothecin in EG-- conjugated

CL16- i 1 - BolmyplesC;: APEG-diamiteGopsiomirugjtt redd @l 8kdgrdps ymer A was Used to
encapsul ate canptothecin, in the sane manner as described in Exanples
1 and 3 aboBy.thExetiyd ef esamBlaSBptha sutstitoted BECsueainata ohiaingd gs gescribed in
anti - EGER- conj ugat ed, C16- /i -. i butan C16- 2E- Pol yner A

conj ug ’@H‘pfeorgphgﬁ?'ﬁglyg% fe %?%@83 Was used to encapsul at e

(ea A ot ; iy d 3
canpt ot heci ?}éﬁ tbl@ﬁ%egh%d%ﬁ%lmﬁ%%%“@?%[ﬂ thrizE FHRER SF3hel an

above. 5. I'feratio rior to being evaluated in
t umor cebbtitpedPES sucaineen ofSamples 8Amnd 8pa thsough 84nepar ed above were
diluted to initial concentrations having the conpositions set out

bel ow. WD 2009/ Btargie SCRT2Q-BOC Gadfsmning-3-piepancl

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) pentacthylene hexamine

X

Example 8Cf; agmatine

Example 8Cg: lysine i-butyl ester

Example 8Ch: 1,6-diaminohexane

Example 8Ci: 1,4-phenylenediamine

Example 8Cj: 1,3-phenylenediamine

Example 8Ck: 1,4-diaminobutane-2,3-diol acetonide

Example 9: PEG Trans-esterification Using Substituted Acids

PEG ditosylate: To 1 mol of PEG (dissolved in DMF or melted as is) was added 2.1
mo! of tosyl chloride (5% molar excess) while stirring under argon. To this reaction mixture
was added 2.2 mol of tetramethy] ethylene diamine (TEMED). The reaction was then
incubated at 45 °C for 2h, The products were resolved using TLC in ethylacetate, toluene, or
ethanol as TLC solvents. The PEG ditosylate may be extracted from the reaction mixture
with toluene. Instead of tolunesulfonyl chloride, other sulfonylating agents such as mesyl
chloride (see Example 4), triflic anhydride, or tresyl chloride may also be used (see U.S.
Patent Application 10/397332, Publication No. 20040006051).

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
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Repeat unit mwv Ligand: Ligand mwv Encapsul ated drug: Drug mw
Pol ymer concentration: Ligand concentration: Drug concentration:

PCT/ USZOOQ%Z@%@H:,@;WM ot heci n conpl exed with z-pol ymg?ﬁgﬁ]ﬁywﬁs%l 0

canpt ot heci 5 nm/mM 15.4 t.EMin repeat units
M
P 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-Difsuccinyl)-di-(Q-Acylated)thioether Medium Molecular Weight Polymer

(Cl6-n-Polymer B)
C1sH310CQ  OCOC5Hay

1 —H 7
HO OH
Q 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 stiring, was added water (10 mL}) and a solution of DTT (0.961 g, 6.168
mimols) 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 mumols) was
added with stirring, and the mixture was stirred under argon overight. (The ratic of polymer
to acyl chloride can be varied to obtain degrees of substitution from 0-100% of
stoichiometry.) Water was added to the reaction mixture to isolate the “C16-n-Polymer B”.

" By this method the following acids are esterified with the hydroxyl groups of the
di(succinyl)PEG-DTT copolymer:

Example 10a: Oleic acid

Example 10b: Cholesteryl succinate
Example 10¢: Biphenyl-4-carboxylic acid
Example 10d: 4-Octylphenylacetic acid
Example 10e: Hexadec-6-ynoic acid

As an alternative to the use of acid halides, the DTT-derived hydroxy! groups of -
polymers may also be activated with 1,3-bis (2,2-dimethyl-1,3-dioxolan-4-yimethyl)
carbodiimide (BDDC) and coupled directly with carboxylic acids; see Handbook of Reagents

Jor Organic Synthesis, Reagents for Glycoside, Nucleotide, and Peptide synthesis, Ed. David
Crich, Wiley, 2005 p 107-108 and references therein).
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Conposition: Repeat unit mwv Ligand: Ligand nw Encapsul at ed drug:
Drug mv. Pol ymer concentration: Ligand concentration:

(ig.ngeg} 'r\/lawé)%&%gﬁq(gpt ot hecin (control) canptothecin 34§C§m§§)0471679§3'31

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 #-polymer hydroxyl groups with cyclic
aphydrides. For example, C16-n-Polymer A dimaleate was prepared by reacting maleic
anhydride with C16-n-Polymer A hydroxyl groups as follows:

C16-m-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 ground and slurried with water,
and the mixture was transferred to a dialysis bag (3.5 kDa cut-off). The mixture was dialyzed
against water to remove excess maleic acid and low molecular weight by-products, and the
retentate was removed from the dialysis 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-w-Polymer A diglycolate

C16-n-Polymer A (2 g) and diglycolic acid anhydride (1.0 g) were reacted by the
method of Example 11 above, to give Cl6-n-Polymer A digiycolate. As with maleic
anhydride, the ratio of Polymer A to anhydride can be varied to obtain substitutions varying
fram 0-100% of full stoichiometric esterification.

Example 11b: C16-w-Polymer A bis(aconitate)

Cl16-n-Polymer A (2 g) and aconitic acid anhydride (1.35 g) were reacted by the
method of Example 11 above, to give C16-w-Polymer A bis(aconitate).

In a similar manner, the following anyhydrides are coupled with C16-n-Polymer A.
When using anhydrides of low solubility, the pH may be adjusted to between 4.5 and 6.5
prior to dialysis as an aid to purification. A second dialysis against 0.1 N HCI provides the
acid form of the polymer, if desired.
Example 11c: succinic anhydride
Example 11d; glutaric anhydride
Example 11e: phthalic anhydride
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Conposi tion: Repeat unit ma Ligand: Ligand nw Encapsul ated drug:
Drug mv. Pol ynmer concentration: Ligand concentration: Drug

concent raw ?}]4?4/088 orubi cin conpl exed with 7E-pol yner %ﬁi/%szof)mnisg 0

doxor ubi ci'n ng,/m 23.7 p.min repeat units 5

2009/ 011702PCT/ USZOO?/ 073880
p-M VO The reactive double bond introduced through esterification with maleic or cis-acotinic

anyhydride may also be used to add thicl-containing ligands to the polymer, as described in
Example 12 below,

Example 12: Cysteine adduct of C16-w-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 muitiple carboxyl substituents. For example,
mercaptosuceinic acid was added to the following C16-n-Polymer A diesters:

Example 12a: C16-n-Polymer A dimaleate

Example 12b: Cl6-n-Polymer A diacrylate

Example 12¢: Cl16-n-Polymer A (bis)aconitate
CO,H

COpH
Hozc\)/(
_ S COzH
0 OY u
A

_'S\)ﬁ/\ Hk (OCHCHa ) ——
OY
NH

NH

L 1 _
(CHz}15CH; I/go )
(CHa)45CH3

HOZC h
J/'/\COZH

{

Example 12¢
In a similar manner, 3-mercaptoglutaric acid is added to the following C16-m-Polymer
A diesters: —
' Example 12d: C16-z-Polymer A dimaleate
Example 12e: C16-n-Polymer A diacrylate
Example 12f: C16-n-Polymer A (bis)aconitate
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DOX Conposi tion: Doxorubicin (control) Repeat unit mw Ligand: Ligand
mv. - Encapsul at ed drug: doxonbi cin Drug mwv. 544 Pol ymer concentrati on:

Li gand cog‘?&ﬁogg{&g n: Drug concentration: Conpositi Onfc%gﬁ)ﬂ'}m'ﬂﬁot

mv. Li gand: mv. Encapsul at ed drug: Drug mw

3. Attachment of Targeting Moieties to n-Polymers
Example 1; Attachment of folic acid to C16-n-Polymer 4

Folic Acid (2 mmol) was dissolved in anhydrous DMSO and reacted with
dicyclohexyl carbodiimide (DCC) at ambient temperature to form the internal anhydride. To
this reaction mixture was then added equimolar quantities of cysteamine HCl and TEMED,
and the reaction mixture was stirred at ambient temperature for 24 hrs under argon, with
monitoring of the reaction by TLC. After the reaction was complete, the reaction mixture
was filtered under vacuum to remove reaction byproducts. The filtrate was diluted with
methanol to precipitate an orange-yellow product, The precipitate was slurried with
methanol and filtered to remove residual dicyclohexylurea urea and DMSO. The folate-
cysteamine conjugate (S. Atkinson, J. Biol. Chem., 276(30):27930-27935) gave a positive
test for free sulfhydryl groups with Ellman's reagent, and TLC did not show the presence of

cystearnine.

The folate-cysteamine conjugate was then reacted under argon with the dimaleate
ester of C16-n-polymer A (Example 11, prepared from PEG having a molecular weight of
about 1500). In order to maintain the hydrophilicity of the polymer aggregates, an amount of
folate-cysteamine conjugate sufficient to consume only 50% of the available maleate groups
was added to the polymer. The pH of the reaction mixture was adjusted to 6.5-7.5 with
TEMED, and the mixture was stirred overnight under an argon atmosphere. The reaction
mixture was then dialyzed against water with a 3.5 kD cutoff membrane to remove any low
molecular weight byproducts and impurities. The retentate was removed and used for the

drug 'encapsulation and cell culture assays described below.
Example 2: Attachment of Epidermal Growth Factor (EGF) to C16-n-Polymer A.

Epidermal Growth Factor (Sigma) was thiolated with 2 equivalents of 2-iminothiolane
(Sigma) in PBS-EDTA buffer at pH 7.4, and the thiolated EGF was attached to
the dimaleate ester of C16-n-polymer A by the method described in example 1. The EGF-
conjugated polymer was purified by ultrafiltration and washed with PBS, and the retentate

was used to prepare the targeted encapsulated polymer.
Example 3: Attachment of anti-EGFR monoclonal antibody to C16-z-Polymer 4.

Murine anti-EGFR monoclonal antibody (Sigma) as an ascites fluid was purified by

chromatography over AffinityPak™ Immobilized Protein A (Pierce) column per the
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Pol ymer concentration: Ligand concentration: Drug concentration:
5.44 gg/nl 10.01.tM a-pol ynmer (control) 2278 .035 ng/m 15.4 pmin

repeat uni T._+ FA-nP Conposition: Canpt ot hecin co |
folic aci y@%%%b‘&?zed n- pol ymer Repeat unit nw 5338 L{fglgﬁ@ggg?{)%gg&i d
Li gand nw 441

manufacturer's instructions. The purified antibody was thiolated and conjugated to the

dimaleate ester of C16-n-polymer A by the method described in example 1, in PBS buffer at
pH 7.4, and purified by ultrafiltration, '

4. Encapsulation of Anti-Cancer Compounds
Example 1: Encapsulation of Camptothecin in C16-n~-Polymer A:

Camptothecin (10 mg, Sigma) was dissolved in DMSO and mixed with a solution of
Cl6-n-Polymer A (100 mg, derived from PEG 1.5 kD) in DMSO. The gel-like mixture was
sonicated for about 10-30 minutes, diluted with water, and centrifuged to remove any solids.

The clear supernatant tested positive by TLC for the presence of encapsulated camptothecin.
Example 2: Encapsulation of Doxorubicin in C16-n-Polymer A:

Doxorubicin HCI (5 mg, Sigma) was dissolved in water and treated with an equivalent
of TEMED to convert the hydrochloride to the free amine form. To the resulting free amine
form was then added a solution of C16-z-Polymer A (100 mg, derived from PEG 1.5 kD) in

DMSO, and the mixture processed and tested as described in Example 1 above.
Example 3: Encapsulation of camptothecin in folate-conjugated Cl6-n-Polymer 4:

To the folic acid w-polymer A conjugate synthesized above, dissolved in DMSO, was
added a solution of camptothecin in DMSO. A 1:10 ratio by weight of Camptothecin to
polymer was used in this preparation. The resuiting mixture was processed as in Example 1

above, and gave a positive assay for camptothecin encapsulation.
Example 4: Encapsulation of camptothecin in EGF-conjugated C16-n-Polymer A:

EGF-conjugated C16-n-Polymer A was used to encapsulate camptothecin, in the same

manner as described in Examples 1 and 3 above.
Example 4: Encapsulation of camptothecin in anti-EGFR-conjugated C16-n-Polymer A:

C16-n-Polymer A conjugated to murine anti-EGFR antibody was used to encapsulate

camptothecin, in the same manner as described in Examples 1 and 3 above,
5. Cell Proliferation Assays

Prior to being evaluated in tumor cell proliferation assays, the examples prepared

above were diluted to initial concentrations having the compositions set out below:
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Encapsul at ed drug: canpt ot hecin Drug mwv 348 Pol yner concentrati on:

.031 ng/ml 5.81 i.tMin repeat units Ligand concentration:2.56 ltg/ml
centration:3.48 RAM 10.0 tiM WO
07/ 073880 FA-nP Conposition:folic acl

) Repeat unit mw 5338 Ligand: Folic acid

5.81 pi\
2009/ 0117

n- pol ymer (contr ol
P CPT + nP

CPT

PO

Composition:

Repeat unit mw:
Ligand:

Ligand mw:
Encapsulated drug:
Drug mw:

Polymer concentration:

Ligand concentration:

Drug concentration:

Composition;

Repeat unit mw:
Ligand:

Ligand mw:
Encapsulated drug:
Drug mw:

Polymer concentration:

Ligand concentration:

Drug concentration:

DOX + =P

Composition:

Repeat unit mw:
Ligand:

Ligand mw:
Encapsulated drug:
Drug mw:

Polymer concentration:

Ligand concentration:

Drug concentration:

Camptothecin complexed with m-polymer
2278

camptothecin

348

.035 mg/ml

15.4 pM in repeat units

3.48 mg/ml
10.0 pM

Camptothecin {control)

camptothecin
348

3.48 pg/ml
10.0 M

Doxorubicin complexed with a-polymer
2278

-

doxorubicin

544

054 mg/ml

23.7 pm in repeat units

5.44 pg/ml
10.0 uM
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Li gand nw. 441 Encapsul ated drug: Drug mw -

.031 mg/m
concentr atj
Conposi ti éﬂrr]&

P

CPT +

ﬁ%zp: g/ml 5.81 gM Drug concentration:

5.81 pmin repeat units Ligand

1203?/?0 acid (control) Repeat unit mwm Li gang: EOFI c acl
Li gand %}?41 Encapsul ated drug: Drug nw

Composition:
Repeat unit mw:
Ligand:

Ligand mw:
Encapsulated drug;
Drug mw:

Polymer concentration:

Ligand concentration:

Drug conceniration;

Composition:
Repeat unit mw;
Ligand:

Ligand mw:
Encapsulated drug:
Drug mw:

Polymer concentration:

Ligand concentration:

Drug concentration:

FA-zP

Composition:

Repeat unit mw:
Ligand:

. Ligand mw:

Encapsulated drug:
Drug mw:

Polymer concentration:

Ligand concentration:

Drug concentration:

Doxorubicin (control)

doxorubicin
344

5.44 ng/ml
10.0 uM

w-polymer (control)
2278

035 mg/ml
15.4 pm in repeat units

-
-

Camptothecin complexed with folic acid-conjugated
m-polymer

5338

Folic acid

441

camptothecin

348

.031 mg/ml

5.81 pM in repeat units

2.56 pg/mi

5.81 M

3.48 pg/mi

10.0 pM '
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Pol ymer concentrati on:
Drug concentrati on:
Li gand My,

concentrati on:

CPT + EG-- RP Conposi tion:
W,ated drug: Drug mm Pol ymer concent
ug concentration:

Li gand concentration: 4.411.tg/ ml 10. OpM
Repeat unit mmv Li gand:

T L <
Canpt ot heci n conpl e%g}({ﬂg\nﬁhpﬁ&ds%n

EG:-conthigalt)ed n- pol ymer 5338 EGF 6052 canptot hecin 348
-7

FA

Composition:
Repeat unit mw;

- Ligand:

Ligand mw:
Encapsulated drug:
Prug mw:

Polymer concentration:

Ligand concentration:

Drug concentration;

Composition:

Repeat unit mw:
Ligand:

Ligand mw:
Encapsulated drug:
Drug mw:

Polymer concentration:

' Ligand concentration:

Drug concentration:

CPT + EGF-nP

Composition;

Repeat unit mw:
Ligand:

Ligand mw:
Encapsulated drug;
Drug mw:

Polymer concentration:

Ligand concentration:

Drug concentration:

folic acid-conjugated n-polymer (control)
5338

Folic acid

441

031 mg/m}

5.81 pm in repeat units
2.56 ug/ml

5.81 pM

Folie acid (control)
Folic acid
441

441 pg/ml
10.0 uM

Camptothecin complexed with EGF-conjugated n-polymer
5338

EGF

6052

camptothecin

348

.0868 mg/ml]

16,3 pm in repeat units
910 pg/ml

150 uM

9.05 pg/ml

26.0 uM
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.0868 ng/mM 16.3 pmin repeat units 910 pg/m 150 gM 9. 05 gem 26.0
gM ECGER Ab-nP Conposi tion:

Encapsul a

concentratlon

2635 t@ugu ug nmw.

EGFR_Ab-nP

Composition:
Repeat unit mw:
Ligand:

Ligand mw:
Encapsulated drug:
Drug mw:

Polymer concentration:

Ligand concentration:

" Drug conceniration:

CPT + EGFR_Ab-zP

EGF

Composition:

Repeat unit mw:
Ligand:

Ligand mw:
Encapsulated drug:
Drug mw;

Polymer conceniration:

Ligand concentration:

Drug concentration:

Composition:
Repeat unit mw:
Ligand:

Ligand mw:
Encapsulated drug:
Drug mw:

Polymer concentration:

Ligand concentration;

Drug concentration:

concentrati on:

Repeat unit mw Ligand:
Pol ymer concentrati on:
CPT + EGFR AbitP

Li gand nmw
Li 98p8/us2007/073880

Anti-EGFR antibody-conjugated n-polymer {control)
5338

Anti-EGFR antibody

150,000

.106 mg/ml

19.9 um in repeat units
3,000 pg/m!

20,0 pM

Camptothecin complexed with anti-EGFR antibody-
conjugated m-polymer
5338

Anti-EGFR antibody
150,000

camptothecin

348

106 mg/mil

19.9 pm in repeat units
3,000 pg/ml

20.0 uM

11.0 pg/ml

31.6 uM

EGF peptide (control)

EGF
6052

-

200 pg/ml
33.0 pM

The following cell lines were employed, with the specified growth media: A549 (F12
medium), MDAMB231 (Lebovitz’s medium), H441, BT474 and SKBR3 (RPMI media).

Tumor cells were plated in 96-well plates at 3000 cells/well in complete media with 10%
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Conposition: Repeat unit raw Ligand: Ligand raw. Encapsul ated drug:
Drug mv. Pol ynmer concentration: Ligand concentration: Drug

concent ra%(ggﬂg?lgj%zmrmosi tion: Repeat unit mwmv Li gandbﬁjgiugﬂ]gg}u%o

Encapsul at'e ug: Drug mv. Pol ymer concentration: Liga
concentration: Drug concentration: The foll ow ng cel | FJEHjnes
S

were e g’?iabsmduc Surich anchiscuhpted 24 heuts a3V nT Weli-Bour hsuep feFR S e )|

NN LA RS on ARG (A ok .

conpl etsechegtitioneid¢soriiedopbove. Tested dilutions of stock solutions were therefore lbzl,
30:1, and 90:1, and the relative concentrations were 1.00, 0.33, and 0.11 respectively. Six
test materials were in short supply; these were diluted directly to 30:1 and not tested at 10:1.
Cells were incubated for 72 houss at 37°C in complete growth media after addition of the test
compound. On day 4, using a Promega Cell Titer Glo Luminescent® assay kit, the cells were
lysed and 100 microliters of substrate/buffer mixture were added to each well, mixed and
incubated at room temperature for 15 minutes. The samples were read on a luminometer to
measure the amount of ATP present in the cell lysates from each well, which corresponds to
the number of viable cells in that well.

Resulis for each cell line are presented in Figures 1-5. A relative concentration of

1.00 represents a 10-fold dilution of the stock solutions described above.
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WO 2009/ 011702PCT/ US2007/ 073880 Fetal Bovi ne Serum and i ncubated 24
hours at 37C. Twenty-four hours after plating, test conmpounds were
added in 3 ial dilutions, beginning with 10-fo I i of
t he stock%g%ﬁhgpgﬁ@ descri bed above. Tested dilutions %ngﬁgﬁihﬂﬁﬁ
solutions were therefore 10:1, 30:1, and 90:1, and the relative
concentrations were 1.00, 0.33, afBABM31 respectively. Six test
materials were in short supply; these were diluted directly to 30:1
and not tested at 10:1. Cells were incubated for 72 hours at 37C in
conpl et Weglaomt h nmedi a after addition of the test conpound. On day 4,

using a Pro | Tit ] ( } cells
were |ysed K@g‘{'gﬁbﬁa@:}?ﬁ%ﬁ%gm %ﬁ%ﬁiﬁ%ﬁc}eﬁcﬁ? ?"Z‘?y%%% ?Jorn}aﬂ?ﬂvxzr e added
to each Wedrtacting saiticaanet chirouiiatailhntitanceydmg copgpelated withingeom i nut es.

The sanples were.read o | und: : : unt of ATP
present iH5¥H8%8%§Fmﬁ®%§¥e%‘ﬁﬁ%#ggg%ﬁﬁﬁ%fPfﬁaﬁﬁgﬁ“%gﬁ?gggbnds to the
nunber of viable cells in that | Results for each cell line
are presented in Figures 1-5.ZA el ative concentration of 1.00
represents a 10-fold dilutiljdn_of [t he stock sol utions descri bed above.
WO 2009/ 011702PCT/ US2007/ 0 8%0 AIMS W claim 1. A nethod for

adm ni stering an anticapcer drjug to cancer cell$, which conprises
contacting said cancer S wthisaid anticg drug encapsul at ed
wi thin a conb polyner, saidcgrb-pol yrer—eensi sting essentially of
the follow ng structure\ conprising a backbone/fiormed of alternating
branch-point noieties B an dnephilic, water-sol uble polyner bl ocks
A, and havi ng hydrophobi c sjlde ains Cand targeting noieties Z
attached to the branch-poi nt noi€fies, wherein: each hydrophobic side
chain Cis independently selected fromthe group consisting of C6-C30

| b h hyd I; t ks 1

mor 6 hydr GEATIEE SUSRE SOed o A AR Rt DRI B ndhidople, Of
hydr ocar bevngr-sglible palytgr blotkstA; aut lextingihyfrophbicsidersbrias Gyad Epseting c
SUDSTT L UCH! 26ric82 Fuelbhel RAROBafonHHR hoRibs) Wherein:

gach hydrophobic side chain C is independently selected from the group consisting of

Cg-Cap linear or branched hydrocarbons optionally substituted with one or more
hydrophilic substituents; Cs-Cao cyclic or polycyelic hydrocarbons optionally
substituted with one or more hydrophilic substituents; and hydrophobic amino acids,
peptides and polymers;

each targeting moiety Z is independently a ligand having specific binding affinity for
the surface of said cancer cells;

s is a bond or a spacer moiety;

the value of n ranges from 1 to about 100;

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

the average value of r ranges from 0 to 8.
2. . The methed of claim 1, wherein n ranges from 2 to about 100.

3. The method of claim 1, wherein at least one targeting moiety is selected from the
group consisting of receptor-specific ligands, antibodies, antibody fragments, and growth

factors.
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pepti des and polyners; each targeting noiety Z is independently a
| i gand having specific binding affinity for the surface of said

cancer cel ; i bond or a spacer noiety; the valu S
from1l todé (2)%@0]113‘62? the average val ue of p ranges frO%CS{Uggg[ué'{r"j‘ﬂ%ﬁan

one to four; and the average value of r ranges fromO to 8. 2. The
met hod of claim1l1, wherein n ranges from2 to about 100. 3. The

et o0 ' o C i Rediod BERARLE yrchif8 Rost BRE Wl RO RS ficn 8 ©C' €

fromth si'sting recept or - specl i‘gands, anti bodi es,
ant i bodyrodp @gsietingf raaptogspevifinlifaads, entibodiey@ntibody fragments, and growth

2009/ 011702PCT/ US2007/ 073880 4. The nethod of claim 2, wherein at

| east o ‘é‘oﬁs‘argeti ng noiety is selected fromthe group consisting of
receptor-specific ligands, antibodies, antibody fragnments, and growth

factors 5..The t hod. o |_al: 13 i b | IS ted
fromthe grddpEER iog ﬁa g’ov?he%blll 3@%%‘?&%&{5?%\?&% (Salgitﬂc?rg, gadsogsdsﬁ%?‘ap
endot hedpidim@reeomth fican] wsculdriehdotitelid erovgh actds, fitachlast grofagh fagton £9lig,

nmet hot r exat e

teroic acid. estradio 19l t Q5 SHMRE and

nmannose? -B’r‘?@ﬁ??éﬁtee Pteécﬂﬁacé%tefeﬁf?gfﬁ’ﬁ Ss“ag‘%%%‘g‘*&f{s?%%‘;é‘g’ rFarJ%gsrsreeér)lﬁﬁso rect ed
agai nst ariNGAREs anteAdmdy Giagmerliifebied GRAB NCB20, NOEBE CESDER15\EHA0, or
EGFR 6. T | aj , Wherein said ligand is selected from
t he groGBz%ngsagg{:ng \g(it’EIgﬁfggtéﬁl growth factor, vascul ar endot heli al
grow h factor, fibroblast growh factor, folic acid, methotrexate,
pt eroi c_aci estradi.o stratrio t est isting of
mannose®6- p%@ﬁ‘?ﬁ}i" ,Oféihﬁn gh‘?‘?eﬁ%lafaédsﬁg@fﬂ(glsggl? %tgdgggﬁ?}#ea%ou nq[ogsx%ﬁnggct ed
agai nst epNGRAA, proNGATActorCEAC Ul EBAdntheCERBowiB TR 2or, DEBast @RF2h fagierHolicor
EGFR 7. .The net hod of .claim.1,.wherei i.C A i d
sel ect eftf'%: MEHROEREAG Pgeﬂ‘ﬂc 3%#?5?%%‘1?0%3%5?“0 ﬁé%?sﬁﬁﬁ%ﬁeh@%g%pg gigl%g ca?er’\ o
docet axgitibofiacindtatisddy fiagnoitedianied agdinsoNEARA, NCARS, iGHA CDIOFB2Gi b,
sor af eni b i.Lini pan] et oposi de, nethotrexate, nethopterin,
di chl or 5%%%@#3!3(9&?2%’,&@&%06@?%& acil, 6-nmercaptopurine,
staurosporine, cytarabine, nel phal an, |eurosine, actinonycin,
daunor ubi cin,, epirupicin, .idarubicin. tnitomci 1 0 A,
cani nomyci n,Tf%?rﬂﬁ)“ﬁIBﬁ@t",ar‘f? 1{%{&1‘?}2 W?chbgﬁlgr%%vpﬁcgfl g)% ntﬂg%rﬁg | ati num
car bopl grisi3ting of\oRBiSH| Genptotheatul ddetiaxed, paviitaxkdgbputechtifimtdcan,aci d, and
tamoxif ?n?étinib, sunitinib, sorafenib, axitinib, pazopanib, etoposide, methotrexate, methopterin,

dichloromethotrexate, 5-fluorouracil, 6-mercaptopurine, staurosporine, cytarabine,

melphalan, leurosine, actinomycin, daunorubicin, epirubicin, idarubicin, mitomycin D,

mitomycin A, carninomycin, aminopterin, tallysomycin, podophyllotoxin, cisplatinum,

carboplatinum, vinblastine, vincristine, vindesin, retinoic acid, and tamoxifen.

8. The method of claim 2, wherein the anticancer drug is selected from the group
consisting of doxorubicin, camptothecin, docetaxel, paclitaxel, topotecan, irinotecan,
imatinib, sunitinib, sorafenib, axitinib, pazopanib, etoposide, methotrexate, methopterin,
dichloromethotrexate, 5-fluorouracil, 6-mercaptopurine, staurosporine, cytarabine,
melphalan, leurosine, actinomycin, daunorubicin, epirubicin, idarubicin, mitomycin D,
mitomycin A, carninomyecin, aminopterin, tallysomycin, podophyllotoxin, cisplatinum,

carboplatinum, vinblastine, vincristine, vindesin, retinoic acid, and tamoxifen.
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8. The method of claim2, wherein the anticancer drug is selected
fromthe group consisting of doxorubicin, canptothecin, docetaxel,
pacl it axehyo tRRglSHAN, irinotecan, imatinib, sunitinibp-$REaHSMs0
axitini b, pazopani b, etoposide, nethotrexate, methopterin,

di chl oronmet hotrexate, 5-fluorouracil, 6-mercaptopurine

St aur oSQOr i rifhe nottosdrodbinnef clamss pRavherein the ppiyEIRRloCkA s s5l5Ripd frpm the
daunor ubi ci n, .epirubigi i i G \ i da@ﬁogw'tﬁerégf

cam non§f@Pheen ‘Fﬁ?’}%"gt%&fykér@yl‘%“g%w@%%@F"r@%@gﬁ%‘ﬁwﬁ& oxin, cisplatinum
car bopl ati num vinbl astine, vincristine, vindesin, retinoic acid, and
t anoxi f en. 200 11702P : B f any of
cl ai ns ﬁ&S ﬁﬁé‘}eg?ﬂ%/“?ﬁémﬁé %&ﬁ’?g@é&iﬁg&s‘%%&%ggeﬁm%e group
consi st bargef4 gdl 790 etohyhenmitgl ycol ), pol y(propyl ene glycol), and
copolynmers thereof. 10. The nmethod of claim9, wherein the polyner
bl ock A has an average | ength of between 4 and 700 nononer units.

11. The t | & , ¥y P YiRtrobtage t he structure
wher ei nl{n?i Zﬂ%@%‘b& %ﬁ?éIbﬁgﬁéﬁtﬁﬁgﬂ?ﬁndependent |y selected fromthe
group consisting of It, OR CQOR SR, NHR NRR , ONHR, NHOR, NRNHZ,
NI INH11, NRNIER , and NHNRR , fhergin It and R are independently

sel ected fromthe group consi si ngy of -C30 branghed or |inear
hydrocarbons optional lly sabstit d w
substituents, C6-C30 C i ¢l-g+/pol i

r

y3ubstituents, and

hydr ophobi ¢ am no aci ds, peptides and | ymers. & The nethod of
claim1l1, wherein the polyner has the structure wherein mis 4-700, W
is 0 or NH and Y and Y are independently selected fromthe group
consisting of It, COR, COOR, CONHR, CONRR , CONHOR, CONRNH2, CONHNHR,
CONRNHR whe@ittm GONIIREd Ywhé Ve ams ifdepender®y seleded fiote erpieup dopsistiap 6€Red

opt 1 onac1y i Bt N rONHE. SRCR RN i, MARE, ehtaRuRens

C6- C30 %}e';rﬁ[{ gﬁd nﬁduiy _mdéﬂadngedﬂydﬂmmm ﬁlgtgﬁiub@masﬁdﬁyg olBeCiobrneledar t h
one or npre rophi | i ¢ sybstituents, an _ds,
o O A Hab e i3 B B OO L.

cyclic or polycyclic hydrocarbons optionally substituted with one or more hydrophilic

re hydrophilic
(:(8%’5‘?[6)@61 bons optionally
substituted wth one e hydr ophi

substituents, and hydrophobic amino acids, peptides and polymers.

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

* QCH,CH.
J-s S ( 2CHo)m
Z-s- W-s-Z
0 8] n

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-Cso branched or linear hydrocarbons optionally substituted with one or more
hydrophilic substituents, Cs-Cs cyclic or polycyclic hydrocarbons optionally substituted with

one or more hydrophilic substituents, and hydrophobic amino acids, peptides and polymers,
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1 SR' _n wherein the noiety Dis derived froma diam ne having the
general structure HZN-1 (X)p wherein each X is independently a

reactive fyhghbsdh, group, p is 0-4, and mis 4-700; a@@]"%ﬁﬁ)?bﬁséut
and R are In ependzently seI ect ed fromthe group consisting o

branched,or stjtuted with one or
nore hy %ophjlr elqgarsl% stfl'h”;i er‘lfvserm g'n?ré |t§esg?“ ycycl ic :
hydr ocar bons opti onal I y substitut ed W t h one or nore hydrophilic
substituents, and hoB| c anino CI ds,. peptides; and pol yners.
14. The nethod of clal , pher ei n , poI ner has the structure
wherein mis 4-70 |-0 dr,GH i ndependent |y
sel ected fromthe roup §%nsh*s I g"bf @&CS branched or |inear

hydr ocar bons optl onal ly substi (ﬁt ed with one or norp hydrophilic
substituents, cyclic or \Bghycyclic hydrocarhbms optionally
substituted W|th one or nore hyd ophi lic substituents, and

hydr oph e i de rein mis 4-700,
Lis phg”?l‘f/r ‘é‘ﬁ@g‘% lsqeﬁl C'gttrrloem‘r:lal bnen 'ﬂ%gﬁﬁg?eﬁ%)\l\g—hc *Wis 0 or NH,
and Rand R are |ndependently ecpe i om the group consisting of
C6- C30 branched or |inear hydroCar opt| onal ly substituted with
one or nore hydrophilic substituentgx),C6-C30 cyclic or polycyclic
hydr ocarbons optional |y substituted W th ore or nore hydr ophi lic
subst i t wheatin cactnyl ihiyidépendeatly € reacive durgtoms grope ptis Odsamlnm ispleT 0prmLds .

wherein R and R’ are independently selected from the group consisting of Cs-Csp branched or

linear hydrocarbons optionally substituted with one or more hydrophilic substituents, C¢-C3p
cyclic or polycyclic hydrocarbons optionally substituted with one or more hydrophilic
substituents, and hydrophobic amine acids, peptides and polymers.

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

(fjﬁ j_<~ ’{u\(OCHchz)m
Z-s- R’ \"—‘N-S-Z
n

wherein m is 4-700, W is O or NH, and 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, Cs-Csg cyclic or polycyelic hydrocarbons optionally substituted with
one or more hydrophilic substituents, and hydrophobic amino acids, peptides and polymers.
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16. A pharmaceutical conposition conprising one or nore
pharmaceutically acceptable carriers or excipients, and an anti cancer

drug encawh@glﬁﬂ7w thin a conb polyner, said conb pol g%’hgﬁﬁﬂﬁ?%i ng
0

essentially e follow ng structure: conprising a backbone forne
of alterpating branch-point ieties B and drophilic, water-soluble
pol ymer 1§ ocki& met %fgc%ﬂﬁnﬁﬁi&?ﬂﬂﬁé’ﬁbﬁ}e&ﬂ@it St’?:lﬁtg{ens C and targeting
noi eties Z attached to the branch-point noieties, wherein: each

hydr ophobi ¢ side chain-C isgqi ndependent |y sel ected fromthe group
consi sting of C6-C30 Ifi near JJor branched drocarbongs optionally
substituted with one* e “hydraphitg- pQHY ; C6-C30 cyclic
or pol ycyclic hydrocarfbons, optRonal | yrsdpst.it uted th one or nore
hydrophi | i ¢ substitue t£5V5id hydr ophobi o aci ¢gs, peptides and
pol yners; each targetilng noPety Z is i nd&endent!|y -a® i gand havi ng
specific binding affinity for the surface of said cancer cells; s is
a bond @herdinsh &CLTONDIiEshenyledbeCyal alRylede, 6r bearegedimbihglene] W i G, 100;

t he aver val ue of ranges fro reater than one.t our,, .and the
bk T EER A bR TR TS T

linear hydrocarbons optionally substituted with one or more hydrophilic substituents, Cs-Cso

cyclic or polycyclic hydrocarbons optionally substituted with one or more hydrophilic

subst.ituents, and hydrophobic amino acids, peptides and polymers.
16, A pharmaceutical composition comprising one or more pharmaceutically acceptable

carriers or excipients, and an anticancer drug encapsulated within a comb polymer, said comb

polymer consisting essentially of the following structure:

(53
(Eal]

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

fr £ et N

w
>

soluble polymer blocks A; and having hydrophobic side chains C and targeting moieties Z
attached to the branch-point moieties, wherein:
each hydrophobic side chain C is independently selected from the group consisting of
Cs-Csy linear orlbranched 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 targeting moiety Z is independently a ligand having specific binding affinity for

the surface of said cancer cells;
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s is a bond or a spacer moiety;
the value of n ranges from 1 to about 100;
the average value of p ranges from greater than one to four; and

the average value of r ranges from 0 to 8.
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