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preferred enbodi nents, targeting noieties such as |igands or

anti bodi es are covalently attached -3- to the branch-point noieties
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polymer aggregates formed from such polymers, and provides methods for solubilizing
insoluble or sparingly-soluble organic compounds, such as drugs, dyes, vitamins, and the like,
by incorporating such compounds in the hydrophobic cores of the polymer aggregates. The
method for solubilizing a water-insoluble organic species in an aqueous solvent basically
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aqueous or mixed-aqueous solvent.

In particular embodiments, the branch point moieties further comprise reactive
fimctional groups capable of serving as attachment points for targeting moieties. In particularly

preferred embodiments, targeting moieties such as ligands or antibodies are covalently attached

-3.
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bi ndi ng sequences of such antibodies Exanpl es of
virus-targeting noieties include small n?IecuIe | igands that bind to
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and the |ike; oligopeptides, oligosaccharides, and gl ycopepti des that




- 8- O her attachnent groups of nedical relevance nay be snal
chem cal s, peptides, antibodies or antibody fragnents, enzynes, or
active pharnmaceutical ingredients, that nay affect biol ogical
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substances that interfere with virus binding, substances that
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,4-dithiol with two nol ecul es of he conbi pation of th|
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general, any moiety C which is not appreciably soluble in water when in the molecular form C-

H is thought to be suitable for use in the present invention.
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00 3 3a wherein Y and Y may be the sanme or different, and are
preferably selected fromOH NH2, ONH2, NITOH and NI-INH2. In a
preferred enbodi nent, the hydroxyl or am no groups of the dithiol are
the reactive groups X, serving as attachnment points for targeting or
drug noieties, while the functional groups Y and Y' serve as
attachnment poi Nk & of AdtinGuigAhElchi@R.of Ak LEMBRIYNES ¥ this vere@ionUins thY side chadis

may serve as attachpent poipts, while. the drooxyl ,or .am no groups
are used t & BRIR % apsl prifopply distributed a{‘}%ﬁlﬂﬁﬁjﬂ&@g@hﬁﬁu@ﬁ&ﬁﬁ‘f ‘gccur
i ntended t on,6o0YeY, T8 ci6RGHars Yhbd mét BMediatui-ng aRER HRAbliheN@ain,
attached al pha or"beta to a PEG ester carbonyl group. The invention

enconpassedemsndigt en ths damee of m@nodispessinplibt palmne uals delhusatbe disteagbeices
r€gi 0l SOMeL5, i Glfns @ra'?ga'feﬁ' fo%c% ; Smetib i TPL Qifre bR tﬁe{af%tJnQéJr

asymetric carbons 1n Formula e 1 nvention enconpasses a
chiral, meseyeatodidgshaineatipehed ¢o difforans bwnelite meigtiasr es t her eof
The Diel s-Al der adduct of acetyl ene di caxboxylic acid and a furan nay
al so serve as angeecasicabpiimariof Beinvention; tht Yranghyroing mgipHeseB fiyther comprise

pol yest er &é’&@&fﬁf&&ﬁ@%&ﬁ&@@%&%% &8 s&im%@Mbangsgf dsGen@Qlyhf ki skilaue

to undergo Diels-Alder reactions with furans erba et al.,

Macronol . Feoindn Gewmgakh. 18(8): 723-728 (1997)). 00 (OCH2CF12)in

()]Qr
B A

2

In Formula 2, the individual reactive groups X may be the same or may be different
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 (no X groups) to about 4.
Typically, the reactive groups will be selected from functional groups known in the art to be
useful for forming covalent linkages between molecular species. The groups X serve as
attachment points for drug molecules, tissue- or cell-targeting moieties, virus-targeting mofeties,
or matrix attachment moieties (such as for the purpose of coating the surface of a stent or other
medical device). 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. The matrix
aitachment moiety may attach to a matrix via covalent bonds, specific non-covalent interactions
(e.g., antibody-antigen, or non-specific interactions (e.g., via ionic pairing or “hydrophobic”

interaction). Suitable reactive groups X include but are not limited to ~OH, -NHj, -SH, -CHO, -
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4

00 Y-C [Oxidation] 5 Schene 1 Thus, it may be subjected

to a Diel s-Alder reaction with a 3,4-disubstituted furan to generate
a species such as 5, and polyner 5 can be nodified by hydroxylation
or epoxidation to provide reactive groups (e.g., X and X in Schene

1).

NHNH,, -COOH, -CONHNH,, haloacyl, acetoacetyl, ~CN, -OCN, -SCN, -NCQO, -NCS, and the
like; reactive double bonds such as vinylic, acrylic, allylic, maleic, cinnamic, and the like, and
groups with reactive triple bonds such as acetylenecarboxy and aceiylenecarboxamido (suitable

for Michae! additions, Diels-Alder reactions, and free radical addition reactions).

Exemplary cell-targeting moieties include but are not limited to receptor-specific
ligands, antibodies, and other targeting moieties, such as peptides possessing an Arginine-
Glycine-Aspartic acid (RGD) amino acid sequence or a Tyrosine-Isoleucine-Serine-Arginine-
Glycine (YISRG) motif; growth factors including epidermal growth factor, vascular endothelial
growth factor and fibroblast growth factor; viral surface ligands such as sialic acid and N-
acetylnenraminic acid derivatives; cell receptor ligands such as folate, methotrexate, pteroic
acid, estradiol, estratriol, testosternone, and other hormones; mannose-6-phosphate, sugars,
vitamins, tryptophan, and the like, Antibodies are preferably monoclonal antibodies directed at
cell-specific surface antigens; suitable targeting moieties include not only complete antibodies
but also antibody fragments containing the active antigen-binding sequences, such as Fab'2
fragments, Fab’ fragments, or short chain peptide analogues of the active antigen binding

sequences of such antibodies.

Examples of virus-targeting moieties include small molecule ligands that bind to a virus,
such as aminoatkyladamantanes, Fuzeon™, PRO-542, BMS-488043, sialic acid, 2-deoxy-2,3-
didehydro-N-acetylneuraminic acid, 4-guanidino-Neu5Ac2en (zanamivir), oseltamivir, RWJ-
270201, and the like; oligopeptides, oligosaccharides, and glycopeptides that bind to viral
surfaces, and antibodies and antibody fragments directed at virus-specific surface antigens. In
preferred embodiments, the present invention provides n-polymers bearing ligands for viral
neuraminidase or hemagglutinin. It is well-established that such polymers have antiviral
properties in their own right; see for example T. Masuda et al., Chemical & Pharmaceutical
Bulletin 81:1386-98 (2003); M. Itoh et al., Virology 212:340-7 (1995), and Reece etal., U.S.
Patent No. 6,680,054 (2004), The hydrophobic cores of the antiviral polymers and polymer
aggregates of the present invention may optionally be loaded with one or more conventional

antiviral diugs, which are advantageously released in the vicinity of the viral particle.



Simlarly, reaction of PEG with ethyl enedi am ne tetraacetic acid

di anhydride will provide a polyester of fornula 6: 0 6 O her
sui tabl e branch point noieties nmay be derived fromtartaric acid,
acet yl enedi carboxylic acid, nitrilotriacetic acid, 3,4, 3c4l-di phenyl
sul fone tetracarboxylic acid dianhydride, 3,4,31,4"-diphenyl ether

tetracarboxyl i copgf &taéﬁ:ﬁaﬁgg fﬁ]sd&’meﬁiéﬁl%[@\}ahéetm? WisRAN YIS, peptides,

al kanedi thiols such as 1, anedi t hi ol 4- but anedi t b1 ol ,
bi s( 2- mer capitediengniihedy, fragnﬁ%tﬁ@aﬁt%t%w@a phﬁf@@ceu%ﬁah@g@éxs@té&aéﬁaho|

di mer capt oRgEd: BRiogfHaRbGARE QldAl a@gérﬁi%ﬁﬂs @r hél PR 8RL9 %P&ﬁe!gﬂxhﬁts a@hstnces
benzenedi net hanet hi ol s, benzenedithiol s, dihal ogenated

benzenedi miiahisaiers witsving bidinggwhettnses that interfors Wi SHende prrchvlen procssses

the like. afier mﬁ%&hﬁargn@ﬁ%(y the &k€ s oMMEL-ARRORE GuultcOtuis oggaﬂﬁﬁﬁs BRiuding
|l inked to the poly by ‘am dation or esterification of

car boxyl i ¢ bader ﬁm@ubgherwaﬂﬁyend@é%b%y bpriagpied Bighpmay @@f %ﬁaaﬁﬂy) the n-
relatively p§15r§al=;ﬁ anﬁ%ecﬁ%% aﬁé‘bﬂm@ﬁt%@ﬂﬁoﬂﬁs%ﬁ Yanh }s’f?e’p%ﬁiﬁb&ﬁplég pﬁtau@spep@dw

may be |inear branched or confain one or norée rings

i ncl ude butaﬂ‘h‘?@erﬁ@get}ngrﬁf PWF‘@I%@]& HiYS ECRlE- DS &nﬁﬁﬂ’ééﬂ Qéi‘ﬁli‘ Wém‘mes

pentadecylaﬁgiﬁgﬁﬁgaﬂgggh@&gnw and cholic acid noieties. Al though the
polyners of the invention are represented, for conveni ence, as having

at nost two di fasigmt mhﬁtdfo@&@hlc@mﬁtgdﬁc ﬁ:{&&hﬁls,,sujfﬁ:eﬁla@cuﬁdéoﬁl@ such as glass
understood fhat m tures of or nore hﬁﬂg hob| nﬁﬁ@ 9

used to i nEHEHRIdRet ?"F%WTW ‘H@‘d‘?agﬁ%fﬁ? PYFL'S &Y F‘ﬁ%m &' ucs o
p?r} i cul i’ir vﬂ@iu\)fm RBMs, cell éx&face, virus surfAs, ﬁﬂ%eﬁ@eﬂ@blﬁb@g@éﬁﬂﬁe&m@n@% suntedes
(0] ornmul a ;2 ere epar e Yy reactlnga
polyethyleﬁ@¢§@§ﬁﬁpwﬁﬁ¥ﬁeﬁﬁﬁg#TFQﬁQW?dﬁgggg 8%¥8Tn1the pol yester 7,

foll owed by reagtion w i ot hr.ei The
t hen am dat ed wﬁ’faﬁnp leétogﬁﬂs 5%3%%]& %%:!P%E S 8Ssii%‘rﬂélg an%fqmloflya\%g

(Schene 2) alkdkysilBiET. - adﬂszﬂama;l apwelbes chmnbalp@dh;bnmgsuqhe?pnmm Bwupﬁbydudmg

formula 9 rej i, i £ .

pol yrrer o PoD e SabeS Sl B gkods 40 e Bt HIBE o philG SRRl g
charactensncs of the matrix. Suitable attachment moieties, for example those used in the
coating of stenis, are known to those skilled in the art.

In a third aspect of the invention, 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 C at a second branch point moiety.
Cross-linking may also be made via a link to the terminal functional groups of the polymer
chain A, Such crosslinked polymers may optionally contain reactive functional groups suitable

for attachment of drug molecules or targeting moieties.



- " AO- (CH2DH2gm OHHO 0 Schene 2 Substitution of

2, 3-bi s(t-butoxycarbonyl am no) but ane-1, 4-dithiol (prepared by the -

13 - nethod of DuPriest et al., U S. Patent No. 4,755,528) for

dithiothreitol |eads, after deprotection, to the correspondi ng

am no-functionalized 7t-polynmer 9b (Schenme 3). 0 -}p0O-(CH2CH20)rn
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 o the hydrophilic
polymer unit A, and two of which are suitable for attachment of the hydrophobic moieties C.
Moiety B may optionally have additional reactive groups X as described above,

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-peint moiety with polyethylene glycol as the moiety A

generates the polymer backbone of Formulas 3 and 3a

? wHo on ¢
O “_S_J>‘_<F“S~n (OCH,CHa)r,
. Y v
o o n

3
O O
HoN  NHp
o N o )Tl NOCHCHn
Y Y
0 O I
3a

wherein Y and ¥’ 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~ setve as attachment points for C moieties. Alternatively,
the groups Y and Y’ may serve as attachment points, 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
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HO 00 7 NHBoc SH NHBoc 10a Use of the butanedithiol 10c
| i kew se | eads the polyners of general structure 9c, w th spacer
groups L in place for subsequent attachnment of targeting noieties
(Schene 4). The spacer groups L may be any of the spacer groups known
in the art for use in attaching ligands or |abels to substrate

rrID! ecul eﬁ : lcb:ﬁp‘dsuia&h@@ vdlltas B@frkd 6 rkg6isdrferd® oh®oi®th @8 bents eRetRfifbre, due
aol)/g;;)_( ﬁlt-l y toetﬂee: fo%lr XSC o etnscpcg.'r gxl;ssm ?81%‘1‘3!1% 1_, ﬂ% iz-'n;e-nt'?\(())rf e(xmg.:cl}gpcals_'s%s? a]ljr’gll, OmCSO, 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
acetylenedicarboxylic acid is known to undergo Diels-Alder reactions with furans (M. Delerba
et al., Macromol. Rapid Commun. 18(8):723-728 (1997)).

o) 0
o “N(OCH,CHzly——*
n

4
o 0
*{ N (OCH,CH )
n
o )
& -
[Oxidation]
Y
o 0
{ ™ NOCHCHalr——
n
o

Y—g XX p}-Y’

5
Scheme 1
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76, NHBoc 10C Schene 4 I n ot her enbodi nents, a PEG pol yner
with termnal am no groups nmay be used to prepare exanples having
am de bonds between the A and B units, as shown in structures 10-14
bel ow. Each of these pol yam des may be derived via reaction of the
PEG di am ne H2N- ( CH2CH20) nCH2CH2- NH2 with the appropriate cyclic

anhydride: - 15Thys, it may be'skst;jl&&dmgmﬁqq&rtxem&x wi&lh@B M@M@uﬁfe@m to
acids are the expect ed products. Upon %f’qdl m de formation can be

expect ed, E@&Eﬁff‘rﬁgspﬁaesp%lpwﬁe‘r @%O@W@F é\‘i\%’rbe \PE hgfrgprtiop ot epgxidstion to

sui t abl e f gfoviletdas SupB e NYX QPR BehefaeRi €ti es. Alternatively, the
pendant si de chains can be added to the ends of the polyner A

bl ocks, and t heSilnilamg heaotidrndt PEG with efig/lspediamioareirhartér acidldanhydridk ndll ence
at the tine_of golgfm%ri%?ti%n (Scherme 5). 0O
provide a polyester of formula 6

-, o _

*——o/”\ (u\(omzcw)m—-*
N/ N

‘ O/[OH H o

6

Other suitable branch point moieties may be derived from tartaric acid,
acetylenedicarboxylic acid, nitrilotriacetic acid, 3,4,3',4'-diphenyl sulfone tetracarboxylic acid
dianhydride, 3,4,3',4'-dipheny! ether tetracarboxylic acid dianhydride, pyromellitic dianhydride,
alkanedithiols such as 1,2-ethanedithiol and 1,4-butanedithiol, bis(2-mercaptoethyl)ether,
2-mercaptoethylsulfide, dimercaptopropanol, dimercaptopurine, dimercaptothiadiazole,
dimercaptosuccinic acid, benzenedimethanethiols, benzenedithiols, dihalogenated
benzenedimethanetliols, 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 hydrophobic groups C are
preferably relatively small (Cg-Cyg) 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 dodecylamine, pentadecylamine, cholesterol, and cholic acid moieties. Although the
polymers of the invention ave represented, for convenience, as having at most two different
hydrophobic side chains, is should be understood that mixtures of two or more hydrophobic
compounds may be used 1o introduce a variety of hiydrophobic side chains into a particular

polymer.
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-).--0-(CH2CH20)n 10HHOL- 0 O 17- n-Cl61-133SH 7 0 G eF1338--
0( CH2CH20) m OHHO - SCi 6H33 H2NCH2CH2 CH2NH2

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
octadecylamine to form the desired comb polymer 9 (Scheme 2). The DTT-derived amide
comb polymers represented by formula 9 are referred to herein as “n-Polymer A”; the specific

polymer 9 in Scheme 2 would be designated “Cig-n-Polymer A”.
o]
HO-(CH,GHz0)H  + 6 ——

Q

0 0
0O—(CH:CH,0)5 DTT
—
OH HO
0 "]
7

8]
OH
+— Cygha7NH
O/H“ \/Jﬁ/\ f/U\{OCHZCHz)m“"“ jpiiial3
HO ST
W]) on ‘\(OH

O

— o} dn
8

0]

0
Lg \)\[/\ {OCH,CHy)m{—
o S
L WH

O
NH an

-

]
(CHelrChs (CHrCHy

Scheme 2

Substitution of 2,3-bis(t-butoxycarbonylamino)butane-1,4-dithiol (prepared by the
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0 13 0Cl ef-113S NI (CH2CH20)1--, | 00 14 Schene 5

method of DuPriest et al., U.S. Patent No. 4,755,528) for dithiothreitol leads, after deprotection,
1o the corresponding amino-functionalized n-polymer 9b (Scheme 3).

NHBoc
O—(CﬁchZO)m SH
NHBoc

0a

o]

O)S NHBoc
g (OCHZCHz)m S
HO
NHBoc
O n
Sa
Q o)
O/“\l NHBoc
_.S\)Y\ (OCHCH |~ ———
0 S
o)
NHBoc L\T?
| n
CHa)q7CH %
(CRrCHs (CH) 7 CHs
9a
i;' \)Y\ {;(OGHzCHz)m
(CHz)WCHa
(CH CH
ob 2)17CHa

Scheme 3
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In addition to sinple diamnes such as 1, 3-di am nopropane, as shown

I n Schenme 5, diam nes having (optionally masked) reactive functional
groups X may be enpl oyed, |leading to polyners 15 suitable for
attachment of targeting noieties (Schene 6). In the formul ae bel ow, p
may range fromO0-4, and each X is independently the sanme or different

fro mbany ij her ‘ggbmmh%mdﬂadnhtmyodmmﬁ[se $R0 the fhlyieRCH g\éﬁeﬁ@rs’@udﬁué@ﬂ&&m
not be pendant ut _ma be. an roup Wit t he c
OF " at ot Aot ERERS b Pleffolopi SrvATeet ey PHa o op SRR B 4T
( CH2) 3- NH2 spacdrfgroups Ximgyibe Hﬂf\bﬁh@@&cﬁbﬂ)uﬁ%ﬁ@n Q0P ar( ﬁHﬁﬁﬂQﬂ)aiHmEﬂ@an&sEﬂr
60 labels to subsirate molecules, including but not limited to C; to Cyp alkylene and oligo(ethylene
glycol) spacers

BocHN\L
o
O—(CHoCH,0) T
OH HO SH
O _NH
5 s Y

7 ““NHBae  10¢

O
A

S\/lY\ (OCH;CHa)r
0] S

Y O NH \(0

NH NH n

|
CHa)CHy b
( 2)17 3 NHZ HE)'}TCHS

9¢

Scheme 4

It other embodiments, a PEG polymer with terminal amino groups may be used to
prepare examples having amide bonds between the A and B units, as shown in structures 10-14

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

H2N-(CH;CH, 0y CHCHy-NH,; with the appropriate cyclic anhydride:

-15-



0 SRO 1n 15 Schene 6 Certain of the x-polynmers prepared
as above possess reactive groups X suitable for further
derivatization, to attach targeting noieties such as small nol ecul es,
pepti des, nucl eotides, sugars, antibodies, etc., or to effect
crosslinlcing of the polyner chains via bifunctional or

mul tifunctional crosslinldng agents. In particul ar enbodi nents,
partial derivatization[ofgthe beackﬁye @ oups on the pofjynmer chain is
carried out to generate i f rs havijng a variety of (different
reactive groups, whic

and drug noieties to a

s Attwch

g m MEN T Nef(Cig,Cigt)i@H0H *taﬁ?eting
i polyne@ hai’n. Thus, addit}ion of a
sub-stoieltionetric a of acryl oyl Yoride (or mal
to the at-polymer of anple 1 will prowide a polynmer w
acryloyl (or maleyl) groups and residual hydroxyl groups. Subsequent
M chael addition of a sub-stoichionietric anmount of a

nmer capt o- car boxylic acid, for exanple HS-(Cl-12)3- C0011, would

provi de a pol yner with hydroxyl, acryI%yI, and car boxyl, groups.
Addi tion of cysteine 'ﬁ%iﬁ?d@ s amHho gnhd carboxyl groups, in

addition to any residig N-RELCREH AV~ 12
H

sub-stoi chi ometri ¢ anpbint st

Y %
o e n
o o
N N N (CHCHO)— CHaCHz
H H 1
- 13
o)

o)
*__N)H HLH—(CHQ_CHZD)W;CHZCHE-—*
H
N
N__~
O/E 14
o+ 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. 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

-16-



Anot her approach to poly-functional n-polyners involves the
del i berate om ssion of a fraction of the hydrophobic chains C. The
it-polyner of Exanple 1, for exanple, can be - 18 - prepared with
unreacted carboxylic acid groups by the sinple expedient of limting
t he amount of pendant-formng allcylamne in the am dation step. Yet
anot her approach. i.s. .an dation width@ndhedyure of anines, a fraction of
whi ch contai'ns a reactive group X. Al so, under appropriate conditions
(excess maleic anhydride in Step A and excess DIT in Step B), a
pol ymer preparation having a desired popul ation of free thiol groups
may be gener at ed. The it-pglyner of anple 1 contains, by
desi gn, hydroxyl groups derivedjfromthe T noiety in the backbone,
whi ch serve as reactive group ~oEskenidid cat i pd) HebHt hese groups with
acryl oyl chloride or nethacrylbyl ﬁhlorige ilh aguebus nedia in the
presence of a carbonate/bicarb P& buf feryresults in acryl oyl
substitution on the -OH groups. ¢The acryl abed pol yner can be readily
subj ected to radical polynerization (With or without added radica
nononer such as an acrylic conmpound or crosslinker such as a
bi sacrylic conmpound) to obtain hydreogels suitable for controlled drug
delivery (acting as polyngr depots lor reservoirs) and for topical
applications (such as gkin PEHENES or)_gi nf memt@RECHCHNT:  The acryl
group can al so be §ﬂ%deL%gomo aHNH%HaeI addi t1om, in particul ar,
with a thiol, such as that] of a cysfeine residue in a protein,
enzyne, peptide, antibodyP Fab'2 frAgnent or Fab' fragnment, or other
targeting noiety (Schene 7).A\5%-polyner possessi ng reactive hydroxyl
groups, after drying, can also be esterified with maleic anhydride to
attach the nmal eate group, a M chael acceptor, sinmultaneously
generating a free carboxylic group. In the resulhigg polynmer, the
nal ei ¢ doubl e bond is available fpr a Michael dditidn, jin
particular, with a thiol csua Or-a ey Stgl e Tesfdue in a
protein, enzyme, peptide, antibody, (Fap'2 fragmemt or Fab' fragnent,
or other targeting noiety. (Sche 1%5, and the carboxylJdgroup is
avai l abl e for coupling to am no groups of drugs or |igands, or the
| ysine residues in proteins and peptidega A different noiety
may further be attached to the newly introduced (or previously
avai l abl e) carboxylic group via am dation. Thus at |east two
different targeting noieties can be afts®heéd even under saturating
reaction conditions (i.e. the moiety to be, attached is.pres i
stoi chi ometri c bxasdiiop to simple diapipes ggehas ﬂmpboé’ﬁﬁfaﬁstS}lg‘g? B%:%}T%‘?Sé
groups nay fHe..anmdahe %p%ﬂa'ﬂgr alikinaprebtide funtiopkiGadupe Huplyibe gmpopiet, terdngsto
S

and they may al so be converted to | socyanate. S Mi '
rearr angemﬂymﬂiﬁéﬁl%@ﬁﬂaéﬂnwtph%ﬁg%mﬁ?g éﬁ%g%%eoﬁssﬁf%gfoﬁ%f?eg%g P
and car bang}es.,J-68RE6] MeleNoh JSGRIp @By diRsanByr differas bt 2y iofieT roC®
t he hydrophobic groups C, or to attach .tar ethﬁ% Eﬁg%r%x le be &S
ani nes can the marthe PERsRIE 44 TFRC RS ’?P&P‘P DRVPE REPGR A R TP T AT Ty
reacting ong.of wite i @RGH biARorSd BakSak dpthediathineian i theh inenatiea BN €ChusNH-
be chosen s0 that one of the amne groups is either protected or
unreact i ve (#FdsrNHhe conditions of the reaction. The latter can
frequently be acconplished by using ethyl enediam ne at a pH of about
7.5, since the pKa's of the two am no groups differ considerably.
Preferably, this aznidation is carried out as a separate step after
the introduction of the hydrophobic pendant groups. A peptide or

anot her nol ecul e having a carboxylic group can then be attached by
amdation at this free amne. - 20 -




OH OH Thus, even under saturating conditions, as nany as
three different peptides or other targeting noieties can be attached
to the n-polyner: one via the thiol, one via the am ne or hydroxyl,
and one via the carboxylic acid group. Hydr oxyl and thiol groups
can al so be converted to primary anm nes by reaction with aziridine or
a hal oal kyl am ne (such as bronoet hyl am ne or chl oroet hyl am ne).

Am dation with cysteamne will introduce a disulfide, which can be
directly reacted with by the cysteine of a peptide or antibody to
attach the peptide or @nti body; cor can be fir%b reduced, e.g., with
am noet hanet hi ol or DI, for fudther reac@ﬁeﬁ;giPhHa pepti de or

antibody. - 21 - _ [ HediPlor ming, partial ctions, one can
i ntroduce additional Lre ti vesdunetional groups toa pol ymer of the
invention, including bjut not lifited to (1) thiol-reactive groups

such as acrylic or nal®ic acid Herivatives, (2) carboxylic-acid
reactive groups such as amto or hydr oxyl, (3) am ne-reactive groups
such as carboxyl, and (4) disulfide-reactive groups such as nercapto.
The nunber of such added functional groups per polyner nol ecul e may
range fromhr up to §everal ngltiples Qk,.r. depemding on the reagent

used and the quantity used. 5 Alteggﬁfivaly, t r nore specific

| i gands can be att 6100 nﬁégf%‘ 'Eﬁbz/‘ icfei ng to say, a
virus, or cell surfa¢ce. Two or re¢ specific gigands |can al so be used

so as to cause an inferaction bettween different celldlgr targets, for

exanpl e, one ligand may target a virus particle, and another |igand

may facilitate binding to a phagocytgy thereby bringing virus

particle into proximty or contact wth the phagocyte and pronoting

phagocyt osi s. Such derivatization glkaws the attachnent of three

or nore distinct targeting and/or therapeutic noieties to the

pol ymer, t hr oughe @inf Jreteeifolfmenesrepinal as gy poRéss aabitve ptaipf Xuaitebidor

am ne, carbhoxyl ate, and thioé)_ Thus,#%he % atﬁag%zges sides

ti ssue- speBIrFPderigaang'g SR Rectyg M9 ﬁ?%%ﬁ’ﬁﬁﬁ mogRd “aPther apeuti ¢

agent to angdd@ie, Rehy mtbEka) ok., @ndkfRuhseginkily of tkoamsedbiny vief t he

polymer wil| yield a targeted therapeuti 0s i StLi IO d

B! cr encyvoribRenG bR D e RO T o toar Shbdd2ibdS Bud]
derivatization of the reactive groups on the polymer chain is carried out to generate n-polymers

having a variety of different reactive groups, which permits attachment of a variety of targeting

and drug moieties to a single polymer chain. Thus, addition of a sub-sto ichiomefric amount of
acryloyl chloride (or maleic anhydride) to the #-polymer of Example 1 will provide a polymer
with both acryloyl (or maleyl) groups and residuel hydroxy! groups. Subsequent Michael
addition of a sub-stoichiometric amount of a mercapto-carboxylic acid, for example HS-(CHy)s-
COOH, would provide a polymer with hydroxyl, acryloyl, and carboxyl groups. Addition of
cysteine introduces amino and carboxyl groups, in addition to any residual reactive groups left

behind by sub-stoichiometric amounts of reagents.

Another approach to poly-fonctional z-polymers involves the deliberate omission ofa

fraction of the hydrophobic chains C. The m-polymer of Example 1, for example, can be

-18 -



Attachnent of ligands to the repeating units of the polynmers of the
invention affords nultival ent display of the ligand on the polyner
chain and on the nanoparticles surface. Miultival ent display often

| eads to great increases in affinity for the target. For exanple,
mul tival ent antibodi es can be far nore effective in clearance of

their tar g?[teﬁ LR LR aBbicdic Yal eRupstytihdaslble sxpedient of limiting the amount
Car bohydr a e-% i

I ndi ng_ proteins and carboh¥dr es are kno“ﬁ%%ﬁﬁ#@onwﬁha
mul ti val endf pendavifarming allpdemipeintienidalon FeRh GGt PP SR Y
mul tival e”hiﬂ&%'ﬁglﬁmé@,q R AR b hidiaY O edckinggron Kt As, unildrlapivepriater
nore effective t to

an the nononer al one. The inc se.ln ue
at t achnent cqx@itton@(eﬁs@ﬁsymkicra@@@pfiglrﬁ&FP&H@&&&GSF éﬁilm %*%g%g%m? ates of
pepti des agg &Eﬁ@rhaung@ra@&ed bobubaieh bi 2 thibleopEGapackdenedaf f or ds to
t he peptid Benefits Simlar to those of PEGyl ati on, including
evasi on of i Mg SHEY8Ed JFERGESple 1 2dhtains, by desighihytioeyl, graupsridrivid/adre te

targeting noiety will decorate a nultivalent targe . |
particle) &3 maey imitepackbpne yhic a@]‘qﬂg&eig@c’é’lp@ﬁt Eg&é@%&on%ﬁﬂg%@fﬂéps

tar @J_eéI ing. Wﬁ}:ﬂﬁoﬂrl&ﬂo&ﬁ}& Hethaérsalpﬁ oﬁfilafiawinm\hdohﬁmdii ﬁlitﬁémsef_@ pta
peptides in multival ent format a ..enhanced [ of
exanmpl e, a cepomaje/ Wa\vb%@&#f%wi“m v aﬁyﬁ’ﬁgs-"%fqﬁgqoﬁ i %5 0 I@ﬁ?ﬁp@aﬁﬁe}%m&
bui I't by athgehi o6 13 reRRy hthectotd @&pd poiymeritaton (vethCDvithiuhaldadiadisdi on,
and anot her peptide corresponding to the. -5 Qr %%5?%4 [Walel biai
regi on of tHREORPTEN aSHTRCHGE ST ‘iortcﬁqsglﬁl%gﬁq} B PTGV 800 %‘?Eggﬁtoo o
the other ne&eplomithEI¥ERdnlleCiiRy Beliveyiating vepojmer Seroks cargywygisbend for
could conpléetely nmask the virrs'stbind&g h ﬁions and render the
virus unabltepitabanplieatons (5ge1as R PR Ch AP fon- i nfective. In
addition, the surfactant properdies of the polyner would lead to

destabilization of the vibrus striicture tself ugon binding. Instead
of peptides, snall

IegﬂL§s t d nterffere with the same binding
patterns (CD4, CCR-5,] CXCRl4 i (Kt UteHedrpept i des and snal |

nol ecul es, preferabl wL%hJco | gmeft@ar ypactivitlies, can be enpl oyed.
The resulting polyner|s will r r anb“f?ee virus ineffective, and
thus may be ideal for stHEpin spr ead qm i nfect#dh, by using them as
conponents of condom | ub® %@Hgs nd t hetizkes | n addition, such
polymers may be injected into patients to reduce the H V burden.
General ly, when a polyfunctional reagentysuch as DIT is enployed,
there may be partial cross-Ilinking o pd?yner chains via
esterification of the carboxylic acid with DIT or simlar side
reactions. Secondary hydroxyl gedtip€"in the central region of the PEG
chains, e.g. those associated t h bi sphenol A diglycidyl ether

resi dues, may al so cofitridoute tojcross-linking if they are present in

the PEG starting matefiall The g |ting crosslinpked hydrogel
structures are al so $u|_g§te i a Slgrgﬂoa%a , by suitably
i ncreasing the extent |of_t i§~6$3§§T$ cihg or by explicit

as bi soxiranes, for

serve as repository depot&hi6i: drugs. Q&Hzﬁngabl y nodi fying the
materials (e.g. |ower PEG |ength,s greater open carboxylic groups, and
i ncorporation of suitable acrylic greRips) either |inear ar
crosslinked hydrogel materials can be made that can ser§§”§§7
repositories that can be supported either immobilized on devices such
as stents or absorbed in devices such as pads for adhesive patches or
subderrnal insertion patches. In general,”such crosslinked materials
will be suitable for controlled rel ease rather than enhanced,
targeted rel ease. - 23 - The conb pol yners of the invention
are useful for solubilizing, in agqueous solvent systens, sparingly

crosslinking using alternative.c ssl%htf%s (suc
exanple), materials can bﬁ*nadzzirat argufl exi bl-enhydrogel s which can



mtomycin C, cyclosporine, irinotecan netabolite (SN 38), statins,
and steroids; dyes, photodynam c agents, and inmagi ng agents, and
nucl ei ¢ acids, nucleic acid anal ogues, and nucleic acid conpl exes.
Nucl ei ¢ aci d anal ogues include species such as thi ophosphates and
peptide nucleic acids; nucleic acid conplexes are ionic conplexes of
ol i gonucleic agi,dgcy %Bufcaﬁ'ﬂﬂﬁ%@%je@tw%a@%ﬁ&?ad&%hﬁﬁb%bxﬂ& PPN RoLOT
cationic or polycatfio pur poses " of
di scl osur esuclnasthatgfa hm‘telllﬂsmlﬁyeﬁl ublotsinaenzyeatpeplidepitipedyckaps) fé@“‘@&" or
"spari ngl Ve SOEUD &1 or BREAHSEINE Gy [SEhdnd nﬁ/})&?ﬁﬁ%o%e%m%%afc@&e Hydroxyl

neutr al phar maceuti’cal composition.  For exa oxacin is

r easonabl ygreesiaftee diyin so & edferibiel itk Baleie. ashydblé'é totﬂ*ﬂa@l thi-melgate aup, 2
highly ir rwﬁwg gﬁgp @mtnﬁﬁ?é%ﬂg gdnSrafuR) AP b® /R or ﬁutrﬁﬁe resulting polymer,

adm ni stration resent invention Wil sol ubil’ ze
ci pnfl oxacﬂlnmahlcrﬂw [bowdsis pvealalle %chhamaé@mmf»mpmlapml%@st@@ Frhehi s

di scl osur eth t B3y (flgtlbﬁé 1ﬁ194 1HQ ?0t611§ REKEA, ﬁﬁtl@ﬁﬁfﬁ§&}p§%ﬁﬁa§n@5¢n€6r He® any
subst ance whose %0 ik an ‘aqueous” vehiclei's such that an

i ncrease i fegwhtbf oth@ryar\z@imgdnwxel @%@ﬁwﬁhﬁ%@éaﬂb@w}@m iggerlghle for
conposi ti Ot%g})ﬂ%{rg’amﬂmdér s%h%gs’o?l@@lg@ 'b?ﬂl.th@ yinS RdskiBéBn pRtehs ah@péaﬁ@es

extent of sparingly solub if aunit dose f

intravenous adm BirRldnfimbRR thay fRitidr be attache@@o tBe KR dtroiced [Url‘pﬁﬁb{ldl)‘i y of
the polyners of the invention to solubilize har rrf%ﬁol i)??l cal | gleuctl ve

speci es, t HeilghlosamexylinEpvErfadsn- p?@?/f’“d%"’é efiug moietics can be
conposi ti opschdtivEudaePRbdSBg QA RIcoRBi s % ﬁ@hﬁéwt& bohitdched i$ ré@ntihon
in conbination with a therapeutically effective anount of one or nore
phar macol offPiekipmsiriy erqeye- agents The pol yners of the invention can
render effective what., woul d rwi se be an in ffe t
pharnacologlcaﬁPFm§§TPV@R%Q%ﬁ?ﬂC@%quﬁﬁﬁ%gﬁgm% ?ﬁﬁaw%§§%¥9§%¥gaa

t her ef or e, ty@martd@egslaxgeuhdlﬁ@:{sl eyxd dfef eny hivebervavantetl td isocyheteamophn via dfe

agent that renders the ove tion ef

patents, patieit m&'ﬁ%‘?gle@ﬁ?tl e %%B{Tgwb% 1915 scogre&%l Oﬁgrﬁne'ﬁeﬁ&ﬁeléaﬁbaénraees
her eby |ncg@p@ﬁamedhhy1@£ﬂﬁsengeeumduheumiwaﬂwhmﬁqﬁmﬁﬁqmaﬁm@ENmmmﬁﬂﬁ
General pr cegﬁées The invention al so provides processes for

t he prepar H?EPH% comb pol ymers of the invention. Synthesis of
these polymers ds r & o1k
organi ¢ synt hesﬂ; S, %A%bg%rn{ﬁ&\ﬁg %{Lﬂ%erﬁé gr&e%@fjs‘és%% Egaetabe g\slv 0Thfia
key starti regcmtgempalwlths diangfe. -The p@my@mtyut@wbosgql sbit ongpf thharpige groups is
preferably gl ed; befor Enxg'at%ﬁ% &'&Fﬁhé c%mgﬂ&i\é%@ b€ Mabiford @RE la?&’r b f‘rEaFdaﬁ'iﬁx be
mol ten PEG und rvacu erature, until

stop f or ni agoniPlished hpysitgitaylBedizmizo arapt @f@ﬂ)@lﬁa i g‘n‘%ﬁﬁhﬁclﬁ@ Fcﬂfé]%ei g aggfno
the PEG d M, dpARE kigh bk Yhe
Commer ci al P B TR At R Ao 0 Rl RO, R0 PR B Mo

enpl oyed i mtwelmtmg of the hpdrbghebic perskntieraips. néy pentide pr anpher @%@ﬂﬁﬂfemﬁe

G stri buti Sear e A358 con @ ERR B I o At e bi sphenol

A diglycidyl ether, which introduces secondary hydroxyl groups at the
center of the PEG chain. In order to ensure that the pol yners of the
i nvention have the nost reproduci bl e and consi stent properties, the
PEG is preferably free of bisphenol A and of |ow dispersity. Mst
preferable are PEG polyners that are >95% nonodi sperse, such as are
commercially avail abl e from Nektar Therapeutics (fornerly Shearwater

Pol ymers), Huntsville AL, and Polypure , OGslo, Norway. An exanple
of a particularly preferred PEGis " PEG?28" from Pol ypure, which is
>95% HOQ( CH2CH20) 28H, nol ecul ar wei ght 1252. Al'l reactions are

carried out under an inert atnosphere such as nitrogen or argon, wth
magnetic or preferably nmechanical stirring.



In step A, dry PEGis nelted, and mal eic anhydride (2 noles per nole
of PEG is added with stirring. The quantity of mal eic anhydride
shoul d match the nunber of PEG term nal hydroxyl groups as closely as
possi bl e. A shortage of maleic anhydride will result in

hydr oxyl -t erm nated pol ymer chai ns, whereas an excess of maleic
anhydride will consu thiol groups in the next step, leading to
premature chain terminatjf on a terng nal carboxyl groups. The
reaction tenperature¥is not Critical, @k r ogeiss can
conveniently be carrile t~at Yt efiwer gt ures bet weendidébC and 100C. The
preferred tenperaturg ofl the réHctiofi is between 65C and 90C. If

el evated tenperature aﬁﬁﬂ | oyed, %he mal eit”anhydride tends to
sublime, and steps should be taken tC%&8& to it that the maleic
anhydride remains in solution. Mnimzing headspace and subnergi ng
the reaction vessel in an oil th are effective nethods.

Dependi ng on the tenperature ected, the reaction may be conpl eted
in 2 hours or |ess or can be g£onducted overnight. The reaction may be
nonitored by TLC on sifl i q gelTplates and is {continued until after

t he di sappear ance of e mal ei ¢ anhye™N@e,q. ¥l suabolge®t rast, UV, and
i odi ne staining can alll gbel se¢xam ne thg TCT plates. - 26 -

In step B, the crude REGbi s- nmaloeat e ter praduced in step Ais
conbi ned wi th dithiothreil glCHé 4 angh "

N, N, N, N -tetranet hyl et hyl €hedti{am ne ¢pEMED) (with added water, if
necessary for fluidity), and thd m xture stirred at 70C. The reaction
is conmplete within 30 min, as iMicated by the rapid increase in

vi scosity. The nol ecul ar weight of the product will be reduced if
nore or |ess than the optinal unt of DIT is enpl oyed. The

nol ecul ar wei ght of the prodqgrzgan al so be reduced, if desired, by
repl acing TEVMED with ss gf fgCtid¥e tertiary anmine base such as
TEA. In step C icieny watergis added to the reaction

m xture to reduce vi , and 0. %Fgﬁﬁx roxysucci ni m de (NHS)
and 1.05 nol hexadecy aﬂ%ﬁﬁs r —carboxyl'i ¢ acid groups in the

pol ymer are added. (T isNgnDuntoof oappear to optimally mnim ze
the extent of side-reactgons,) excgz; of .
N—(3-dinethylaninopropyl.-ji;_ hy} car@edrisni de ( EDC) %%.4n&} EDC per
nol of carboxylic acid groups) ¥ then added in porti o™ %hith
addi ti onal water as added as needssary to maintain stirring. The pH
of the reaction m xture is maintained above 7, and preferably between
9- and 11, to offkNvéeudddesahRaml batldidn® s by Akicyd AFtBR peplidtdior other
dodecyl am ne, this reaction can be conducted at about 40-45C, whereas
Wi th oct adBeiFiBEinAisties (B be gfpadde te &poymes oneygthssiol, o1 AGUPIGAT | 5
fol |l owed byydld1, 4Rl bhe Ba BRASHAHIc hayBbuRf | eft-over alkylanine is
observed, typically after running overnight. The reaction

mxture i s aci diffdreg b diopflofifs@an akbeiconvedied @ priiaLt andnd by pelctidnl withed

at room t enper.at ur 0 bout . 24 hours to, destr u acted, EDC.. then
ltratod « ohatin: prsrbasoats Sy CR RERe e ARG e P
cent ri f ugedysaamalecutt i ¥RAuoed: dialfide, widclBeah Gr Bisctly ezactehwiebysibt bydteine of a
contam nants gnd by- products, . After centrifugation, .the_.

super nat anP® ﬁow%éﬁy&ﬁﬁ?%g Pﬁé’ﬁ%"@eé}ﬁa&‘% Corc‘i?flﬁiﬁﬁls% Ifg‘ifg%eeﬁf’lw(l 't |
Sephadex ( TMhinoSiBgiza6H ok OTIV) for Rirthgetacldd witted pep)ide dihaetitiotly. pol yners are
anphi pathic materials, and will exhibit affinity for nost GPC col um
paci ci ngs, thus conplicating the rennvag of contam nants.
Alternatively, the polymer may be chron {bgraphed on a |l arge-pore
hydr ophobi ¢ interaction colum (e.g., TOYOPEARLTm Phenyl 650C, Toshoh

Bi osci ences, Montgoneryville, PA, U S A ), eluting wwth a gradi ent of
nmet hanol in water. Preferably, the reaction mxture is dialyzed




Exanpl e 1: PEG Di (al kyl am dosucci nyl ) di t hi oet her Medi um Ml ecul ar
Wei ght Polymer (O 6- ol ymer A) Pol yet hyl ene gl ycol (PEG 1500,
Sigma Chem cal Co.) was dried under vacuum at 80C until bubbl es
stopped form ng. (8-12 hours, depending on the quality of the PEG)
The dried PEG can be stored desiccated under argon indefinitely.

The dried PEG mg&ﬁbﬁ@ﬂg wm&eaaﬁoa@mn@eanaﬁhdaude 284itibnal ARGlVEBIGHdhal groups
anhydri de nol e of PEG _corrected npurities) was

added grad uta|a|p§) y\'ﬁ‘“”f ‘Efeté“f PYeERYy Iﬂeﬁ?é‘“grﬁu%ﬂ% HEltee @tthlf:’lr’@ﬂ’“éfﬁar@lipséﬁﬂkﬁ% at

90C. Becau S@rym lopingleiABM Qe eheivése 2yl Sarb oy B iid BButivé HGuiach SRAGR onas
m ni m zed 31% hle Sntlre reacti on vessel was kept .at_the reaction
t enper at ur YUY B3 AT L AT RS RRRS SuiRy Pl et (¢ hdisufideqgactiyparpps ack as

scraped t)aCfﬁerbdp&d)_l’;EE‘lc@:(ﬁuﬂhB@(bF 3] aﬂﬂe&ﬁﬂfcﬁomaﬂﬁf@uﬁ@ ﬁo&q:ro@{&ﬁel &B}e&rﬁl@g’éﬁﬁﬁ&d i
was nonitor on silic usi ng, et hanol an exane
as sol vents' %F%‘e’te@ﬂ Wﬁ*&e}efﬂ {J@gr\?vdgﬁ@a%%@wﬁt%%%m A grentey wieri ng.
el iaéh'h%r.“ﬁék‘% R P R e e i L
vol umes of himdisrio séy, s olred bosrllefrfade.t Tiveobhneat kebifi¢ B‘gréﬁds dan&lso@éluse\iad) &b S
per equival ent of PE rane et ed|

(TEMED, 1. o%“seec?ﬁlm\}“?ar ?r?f‘g%w‘e?{i RE/\}IEFNISW "%‘?’5%755 t"réﬁ@?y B‘éer Fimpiegpt a
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groups in tlmeg%@em, e actherep T, amﬂtynemzlcwalgmamw,anﬁ@tﬁsm stffrassembly
pol ymer) ZL"&*‘%@%@’% B L R S RO e
0.56 nol peenpploEErtoxylic acid groups |n the polyner). The m xture
was stirred under argon for 1 hour and a second portion of EDC (0.56

nmol per nol car BER§AE ofdigends fotipeereaiing Heitspbihg pelypesiatthe éngewion afferdy
anot her hOLiﬁuIn@zIEInhﬂiEﬂa}Wtﬁd ngan@én @D&l&xﬁer?eﬁa]ﬂ%d d‘ﬁ%e ﬁaﬁ arffolds REXL 1 C

acid groups in the. p or a total of 1. per nol of

car boxylic B&@F‘?ﬁﬁle%’éplf%w%‘?ﬁ‘é?adé%@t fnar%&w#imw&r Wﬁé@ﬁbfoﬁﬁ@ﬂf’]ﬁ

hydr ol ysi s.mAggldnt £Bbai¥edag be HR oRdgRi@%h d]@@e@é§@ﬂtﬂeuttﬁrg9i§ﬂﬁﬁ feRormal
fluidity, a n‘ﬁg}hg?cﬁd sol i gs made the suspension difficult to_ stir,

and the pH P S R9BY YRl inging Reptoiis 28 caRMY EPishere Kuov IREEH as
needed. Themifiildnt B HeRSe, Blid TnbfRddtiad if %@wmﬁie Sinfila Mm@ et Shptide and

nmoni t or ed %?]P ﬁ%a(tS' lica with etﬁgn? until the al kyl am ne appeared
to have redPHeWURREeHYe VRt Bt fap Horegiactive thap Hemwpmpyalanes ghe an
?ddi ti a na :c 1ﬂcréhs? ﬂir}agr &Rad iBhdnX tdl%@pdlﬁ?er&%@l&tlﬁfdddtteﬁlrﬁﬂl c}[&éa{rjdﬁ&é%teﬁgﬂd
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dodecy! ani ngmild: bj those@BPEGHAI MR SchORE eekRE oflinrdlo lirvd@mdC, Wher eas

W th octadecylam ne, the tenperature was preferably 55 - 57C.

The m xture 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 mxture was extracted with
i sopropanol to renove organic inpuritie Utrafiltration is
preferred as an alternative to isopropandl extraction. By this

met hod, the follow ng am no conmpounds are conjugated to the pol yner:
Exanmpl e | a: undecyl am ne




Exanpl e | b: octadecyl am ne Exanple |c: 4-nonyl benzyl am ne -29 -
Exanmpl e 1d: 3-[(4-phenoxy) phenyl ] propyl am ne Exanple 2:

PEG Di (al kyl am dosucci nyl ) di t hi oet her H gh Ml ecul ar Wi ght Pol yner
The procedure outlined in Exanple I was foll owed, except that 0.55
nmol DTT and 0.55 nol TEMED per nol naleic anhydride were used.

appeared that  mbSTRLR TR AERaREr R Iele SUffrar s At el Ru nios
fol | oned b)paﬂibbv\mmonmaéﬂz«b ol faxmnm effebmret}etk&n e Inonomeeria tardelieg heirjye Tat sivikty
PEG D1 (ar kgt SrHE e (fm TP oot g dymnat vil e bpnged s
out | | ned | rFoEeoarrpleea frulwéEstpchﬁw@W vimcla‘pding) lpallymér dan hebuild byl etaghiagi ne
per of _carhox aci d r

Ry i oy s BE1 R caraoneRas 1 O i B OB R PR B o
and 1, 1" - Cadivhpt GXCRMd:a:zdnhgeg@Dbf, th8vifispant ppmxblyrﬁcﬂmd)ﬁepuéﬂ’ m;ﬁonmnaml d
gr oups) wer, Qas ti

and wor ked t%epoqgeg ?%B%@ret%xgﬁ ? %11' 5?%8%8%?1@ SP hI alpo mer COU% 50%1) lé%%mgﬂ(s
are conj ugaheedrut’s bikdng p@qnmd reldea the veuBamble dattegh tamlhancﬁhambﬂ' eon3b:
tetradecyl YRAKe. In addition, the surfactant properties of the polymer would lead to destabilization of

the virus structure itself upon binding. Instead of peptides, small molecules that interfere with
the same binding patterns (CD4, CCR-5, CXCR-4) or a mixture of peptides and small
molecules, preferably with complementary activities, can be employed. The resuiting polymers
will render any free virus ineffective, and thus may be ideal for stopping spread of infection, by
using them as components of condom lubricants and the like. In addition, such polymers may

be injected into patients to reduce the HIV burden.

Generally, when a polyfunctional reagent such as DTT is employed, there may be partial
cross-linking of polymer chains via esterification of the carboxylic acid with DTT or similar
side reactions. Secondary hydroxy! groups in the central region of the PEG chains, e.g. those
associated with bisphenol A diglycidyl ether residues, may also contribute to cross-linking if
they are present in the PEG starting material. The resulting crosslinked hydrogel structares are
also useful materials. For example, by suitably increasing the extent of this crosslinking or by
explicit crosslinking using alternative crosslinkers (such as bisoxiranes, for example), materials
can be made that are flexible hydrogels which can serve as repository depots for drugs. By
suitably modifying the materials (e.g. lower PEG length, greater open carboxylic groups, and
incorporation of suitable acrylic groups) either linear or crosslinked hydrogel materials can be
made that can serve as repositories that can be supported either immobilized on devices such as
stents or absorbed in devices such as pads for adhesive patches or subdermal insertion patches.
In general, such crosslinked materials will be suitable for controlled release rather than

enhanced, targeted release.
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Exanpl e 3c:

oct adecyl am ne Exanpl e 3d: dehydroabi etyl am ne Exanpl e

3e: chol esterol 2-am noethyl ether Exanple 3f: 10-phenoxydecyl am ne

Exanpl e 3g:

Exanpl e 3i

sebaci ¢ acid hydrazi de Exanple 3h: oleic acid hydrazide
dehydr oabi etic acid hydrazi de Exanple 3j: cholic acid

hydr azi de Exanpl e 3k: pahnitic acid hydrazide [ 30- E?anple 2:66
PEG co- (al kyl am ' |. . ti. PEG (6.
o ) Cand t21 ot P ety o s efonare pacf Rl Bl kAt v

(10 M) is

sgpoohe dpaaiglh weterndelic anigdls, 2Tt retted tof ebiwti ey asebstdntdin an

I fonyl chloride (1.03 m, 13.32 mmol). Stirring | i nued
For 1n at “Bi SRl s g BT Rapte siabdela fub i ™ °

evapor at ed

palyched ofthatetmine i thSpwde)icd of vattd ad ad 1o i weatsdiuble icomplexief the

to precipit he triethyl agine hydrochl.oride,..whi,.ch i i ltered
from the. sruErs R R, S Uit A b P ety bk B4 may
g, 26.64 miekdmbinel! inedtweghise aquebisixgdimrenBidn, anfierorganie sofviit vensovied by

di luted w
cn) covere

SRRSO oot i Dl S N 0 L.

filtrate i dewmodefefanbd. dt iedelinet thatapmositass, the jolyaneeseif;assechbles omo- PEG

an oil.

nanoparticles having the sparingly-soluble substance dissolved among the hydrophobic C chains
that coalesce at the core of the particles, while the A blocks form a hydrophilic corona that
sufficiently lowers the interfacial free energy to permit an agueous suspension of the particles to

remain stable.

In some cases, the sparingly-soluble substance may not entirely dissolve in the core, but
may exist as a solid nanoparticle surrounded by and suspended in the C chains at the core of the
particles. For the purposes of the present invention, this is a differences of degree, as the
practice of the invention does not rely on any particular degree of mixing of the C chains with
the sparingly-soluble substance. The substance may in some cases dissolve at the molecular
level among the C chains, but in other cases it may exhibit any degree of phase separation from
the C-chain environment. In some cases, it can be expected that the system will move from one

state to the other as a function of temperature.

The solvating power of the hydrophobic core of the polymer particles can be modified
by modifying the hydrophobic C moieties. Suitable modifications include but are not limited to
the introduction of one or more hydrophilic substituents, such as hydroxyl, ether, amide, and
cyano functional groups, in order to increase the polarity and/or polarizability of the

hydrophobic core.

Sparingly-soluble materials that can be rendered soluble by these polymers include fat-
soluble vitamins and nutrients, including but not limited to vitamins A, D, E and K, carotenes,
cholecalciferol, and coenzyme Q; insoluble drugs such as docetaxel, amphotericin B, nystatin,

paclitaxel, doxorubicin, epirubicin, rubitecan, teniposide, etoposide, daunomycin, methotrexate,
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a, co-Di bronb-PEG is reacted with one equival ent of 2,2-dibutyl-4,5-
bi s(met hoxycar bonyl) -1, 3, 2- di oxast annol ane by the nethod of Godjoi an
et al., Tetrahedron Letters, 37:433-6 (1996). The resulting

di rethyl tartrat e- PEG pol yether is saponified with KOH in nethanol,
and then am dat ed wi th dodecyl ami ne or hexadecyl am ne as i n exanpl es

1 and 3 abov [ X gpl e PEG
Copol yneri za n e t%ﬁcﬁgﬁkﬁl ] aﬁ‘%‘%&}“@"‘% 1%5’@1\?%23&%%% TS reac‘t ggg wth
et hyl enedi q:homgmmxcaagetts, (amhmwln@ammtsymdmambycﬂ%eum frotbndlegessidpéd i n

xanpl e T iSSR0 (308000 LJ0ASRN B UaR, R bnEEATBLS ne'

hexadecyl amne as In nes 1 n
| n t he sanmpepralamneslgic adq@ hmldﬂ@w:d]gamjﬂeamwdmnmesmdpws @b@lm@nwzmaczhmth a

S MBI AT e RISy B s

E: :&'LS E S; g; ;?S?F‘%C arﬂnu&@q ?cﬂ?)i &h&%r e & éﬁaﬁ% msolublc at neutral pH is considered
4, 4" - ( Hexaf breongy sopie %w@s@ rﬂ@)@as PRI cRses amw éfm ageuiEal ahvpinecesiical

But ane tetI @HL?VSMY bbl%}{%bg r@ﬂ&‘ééﬂﬁ Esqgasgﬁéxﬁﬁblﬁbléfm water at a pH bekow 4.5 but

Bi cyclo(2, 2 ene- 2 6-tetracar yl'i ¢ _di anhydri de npl e

5g: Di et hy|teinat euy berhighdy %W%‘(Y@Mﬂ?ﬁ deg Jafcamahqﬁ%moaéar-ad@@mﬁat@(aﬁrp| e
Sh: 3,4, 3 ’pég'rrg' pﬁw!es%ﬂd 1B%ﬁoﬁ @Hf@ﬁnﬁﬂl?@&ﬁﬁ%ﬂ&a@iﬁ'n?'nd?in@l"kQMEUat91@7 Also,

Exanpl e 51: henyl ether tetracarboxylic acid dianhydri i de
Exanpl e 5j foquqmqu qfﬂ@s @ﬁgm ‘spaxdngly soluble™ should be understood to refer to any

substance whose solubility in an aqueous vehicle is such that an increase in solubility would

yield an improved or more-useful composition. Thus, a drug that is moderately soluble, e.g. to

the extent of 2g/liter, is “sparingly soluble” if a unit dose for intravenous administrationis 5 g,

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

effective amount” is the amount of agent that renders the overall composition effective.
All patents, patent applications, and publications mentioned herein are hereby
incorporated by reference in their entirety.
EXPERIMENTAL

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
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Exanpl e 6A: PEG di an2i ne co-pol yner with pendant thioethers. PEG
di mal eate, prepared as in Exanple 1, is reacted with dodecanet hi ol
(two equi val ents per equival ent of PEG di mal eate) using the sane
procedure as used for DIT in Exanple 1. No dilution is necessary, as
no polynerization t akes place, and the reaction is conducted in
nol t en PEG eat s _added.a h hi.

I s added. fﬂg‘g{%él %%fm |§J°P %Qﬁr gfyadn}ﬁﬁe Drafl%eagglesésr%% e% yé%ngrb S’Ftﬁ%ng
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host | ng ongRPRgiiR o TRACARRE ol 8 Bl AR G 1300
t hi s net hod{ cdnheeréadiavingia m@idcﬂanW&gm;strﬂmnm:owf 19@93{ hifYOI Salcﬁ’E@edalrmVe ate:

Ex | e 6AQ; d

e A o T el P B EHRIR R oB o

2- mdar (I:E)a(lpt oiseexh@:méﬁn rPlE:GmhmnaImouﬂeE’ooanpirethmge poBynmaey m:falpmumnt:qnahws thefomsi
a [ 5

3 rer oapt oboRArp ST ERBhANBIANR o B0 8 pler iy e bEeAT RS .

t-butyl es tltsperﬁtyam@dst3p16ﬁm’oie¢xe(RE(bpmlmyrs mabamy?%ﬁnnma)disgememdhla@hre

T bomem s LD AEME BRI FhAARR] SHARVAD SEXAR) B

4- decyl benz nmerc aVi RG Feactl Ve roups
are sui tablAé ﬁmﬂPm@dﬁr@sto, Norv@yc haieranplaeidy/perticelhdly prefaaed RiEG is “PEG 28”

functional @b ObRbullNniR 9 ATCHAERIBRY, A8leRhs Jolfh: 5. targeting

nol et es.

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

In step A, dry PEG is melted, and maleic anhydride (2 moles per mole of PEG) is added
with stirring. The quantity of maleic anhydride should match the number of PEG terminal
hydroxyl groups as closely as possible. A shortage of maleic anhydride will result in hydroxyl-
terminated polymer chains, whereas an excess of maleic anhydride will consume thiol groups in
the next step, leading to premature chain termination and terminal carboxyl groups. The
reaction temperature is not critical, and the process can conveniently be carried out at
temperatures between 45°C and 100°C. The preferred temperature of the reaction is between
65°C and D0°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

iodine staining can all be used to examine the TLC plates.
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Exanpl e 63: PEG di am ne co-pol yner with pendant thioethers. The
t hi ol adduct obtained in Exanple 6A is amdated with

1, 4-di am nobut ane (one equi val ent of diatnine per two COOH groups),
usi ng the sanme procedure used for dodecylanmne in Exanple 1, with
dilution with water is as necessary to maintain the fluidity of the
reaction m Xt ur én stép @i thi: ondd PEG bijuciateakteEthredinadp ads asnbibedesdar y

(0 eoun e IR REH TR, R Pl Tk (RS ol 2L,
di am nobut aifieedesshiyafot fidity), and tBynikthtesstired #GO°C. tiherchaloh tonpleti Witiine®
ey, DS Comgh! iy 5 PRANL % (RER.E Hi MABESLOR o ST,
hexaet hyl enediced ifasore neleftaunteephifiel andibd of ITTBOGNpISREr Ther@olExddrmeizht of
ou N DAL LI AR Pl o Kol b R e gl L0
Exanpl e 6Bhumifs beselsahns iBhexane Exanpl e 6Bi: 1, 4- phenyl enedi am ne
E(i[rg! gm.G Eg i)ug-éﬁ{é _th{? gﬂﬁ%‘?& ‘%%c] 1‘21% f‘%g E:g)tggre_gc%ﬁ migture 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-dimethylaminopropyi)-N’-ethylcarbodiimide
(EDC) (1.4mol EDC per mol of carboxylic acid groups) is then added in portions, with
additional water as added as necessary to maintain stirring. The pH of the reaction mixture is
maintained above 7, and preferably between 9- and 11, to optimize the reactivity of the
alkylamine. With dodecylamine, this reaction can be conducted at about 40~45°C, whereas
with octadecylamine, the temperature is ca. 55°C-57°C. The reaction is followed by TLC until a
constant level of left-over alkylamine is observed, typically after running overnight,
The reaction mixture is acidified to a pH from about 3.0 to about 4.5 and stirred at room
temperature for about 24 hours to destroy unreacted EDC, then titrated to a pH of 7.0 using 1N
NaOH. The final reaction mixture is centrifuged at about 800 xg for 1 to 3 hours, to remove
solid contaminants and by-products,
After centrifugation, the supernatant can be chromatographed on a GPC column
(Toyopearl(TM), Sephadex(TM), Sephacryl{(TM), Biogel(TM), etc.). The = polymers are
amphipathic materials, and will exhibit affinity for most GPC column packings, thus
complicaiing 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 neuniral water to remove low-molecular-weight starting materials and reaction by-

products.
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Exanmpl e 7: PEG Di (al kyl succi nate)ditl zi oet her The

2, 3-bi s-0- hexadecyl ether of DIT

(i neso- 2, 3-bi s(hexadecyl oxy) butane-1,4-dithiol) is prepared by a
nodi fication of the procedure of S. Sasaki et al., Chem Pharm Bul |
33(10):4247-4266 (1985). This is added to PEG dirnal eate by the

met hod of Exanpties rl*actiBi( ndikting lﬁgztaja@de exttl’éﬁecf 9lth Bdbe, RoPp@par@], btk & ARS
coupled to the PEG

roa0 2. 3+ PSP ORI IEITs oSG PSR o pibgantsl amovmts ofthe amphiphilic

Meso- g g Blpslﬁrﬂieﬂ’kﬁél s @Wé&&ﬁdﬁb@ ngw)dﬂﬂ leHf?ab}ly ﬂi& gdﬁﬁtmn%lx@éa sth&zo
- - bi t
g? f)ios( aecy: iuﬁﬁ?efg "§>t1 e %fﬁ%ﬁgqn GB?H I &c}‘;@to molecular weight grades,

4, 5- bi s( deeyhex y}henzernba;l10RDMiorekha Rt 10 BO@@%'@F%HQ%\ upon t‘Be %ut(%ff E[)f q
e substitute

3, 4- bi s(de t hi ophene- 2, 5- di met hanet hi ol
PEG succi ndl éﬁ@% Gﬁ*ﬁ)@aﬂﬁﬁ?ﬂﬁ%aedoﬁl’é@aﬁ?ﬁf %ﬂlﬁtwpg%s PPigtenayde s tetadria
2- dodecen- tieadkns Alekith &s 18 pRGde alteerilSor tERL i boRliAE GeRhdiilh€he choice of

anhydri de. .The dodece supstituent provides the pendant C chains in
the final ﬁf? Héﬁm¥ﬁ5 ‘ﬁ%thod the fol |l owi ng substituted succinic

anhydri des,a e th PEG Exanple 8Aa: isobutenyl succinic
anhydrlde gﬁ%ﬁéﬁséﬁgﬁgﬂ%%%ene 1-y1l succini ¢ anhydri de Exanpl e 8Ac:

oct adeceny Excﬁﬁﬁ&f G @?@”c?fa}n%gg%%grc}zﬁzgw Mediym Molecular Cghtgm;)(szer (Cl6-

3- oxabi cycl o- hexane- 2 cycl ohexane
anhydri de Bfamplee48Af 1 phthal i ¢ anhydri de

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

PEG can be stored desiccated under argon indefinitely.

The dried PEG was melted under argon on an oil bath, and maleic anhydride (2 moles
per mole of PEG, corrected for impurities) was added gradually with stirting. The mixture was
stirred under argon at 90°C. Because maleic anhydride tends to sublime, the head space was
minimized and the entire reaction vessel was kept at the reaction temperature. Any condensed
maleic anhydride on the vessel walls was scraped back into the reaction mixture, The progress
of the reaction was monitored by TLC on silica gel plates, using ethanol and hexane as solvents
separately, with UV visualization and 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 (DT'T, 1.01 equivalents per equivalent of PEG) and N,N,N’ N’-tetramethyl-
sthylenediamine (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 Ius, left at room temperature overnight, and then stirred again at 70°C for 2
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Exanpl e 8Ag: 4-decyl phthalic anhydride - 34.. Exanple 8Ah: _
hexahydr onet hyl pht hal i ¢ anhydride Exanple 8Ai: tetrahydrophthalic
anhydri de Exanple 8A : norbornenedi earboxylic anhydride Exanple 8Ak:
cant haridi n Exanpl e 8Al: bicycl ooet enedi carboxylic anhydride Exanple
8Am exo- 3, 6-epoxy-1, 2, 3, 6- tetrahédro ht hal i ¢ anhydri de Exanpl e 8An:
S-acetyl meRtEHtISE AT vasanjiared op awptves jgied complete upon complete

PEG Di (al kyblisappelesids 6F Ay birgi t hi oet her with pendant al kyl groups
By the nethod of exanple 1, the substituted PEG succi nates obtai ned

as described in Ms&&dfﬁlﬁo bSR3 REAHER S0 dBELHE ﬁ@&%ﬁﬂuﬂﬁltﬂ{% adtthre

By this metho dithiols are reacted wt

substi t ut ed® esgglérﬁc{ %‘E‘faegg%g?}éﬁshgﬁ mixg ges rsd gt 637C Bk@i‘rﬁﬂg@s a@iGNand

8Aa t hr oughhy@isxysbxiaimlie08 L34 pe%hﬁﬁﬁbﬂyh@ﬁ@iﬂ %Jwﬁém@@ﬁ@i & §ﬁ£}e- TT
propane-1, 3- |th ol l.e 8Bc:_ butane-1, Exanpl e :

pent ane- 1, 58 rf‘eﬁ Bfe B@%”@“’S‘E@Y hevadesylanine @-%@Cﬂ iPeyl mebearrpysdic 8‘8@ groups in
1, 4- benzenett bbliaer) Ei(ﬂﬂm-em&@grlan%n%r@?nl\?@&glcﬁﬂ%ﬁ miE @Y, 8. 5t§ FE]HEI per mol

1, 4- benzenedlnethanethlol Exanpl e enzenedi net hane

Exanpl e 8Bj @ PSRBT RaHeeh Bie IR SBEd YT 2ton frddiowr and a
copol ymer vdetdndpenidant EBCKY.E6 SloOpE $10l 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 8 and
10 by addition of 1IN NaOH as needed. The mixture was stirred at 65°C under argon overnight,
monitored by TLC (silica with ethanol) until the alkylamine appeared to have reached steady
concentration, and was then stirred for an additional 4 h. The reaction mixture was then
acidified with IN HCI to a pH of about 4.5, stirred for 24 h to destroy unreacted EDC, and
adjusted to pH 7.0 by dropwise addition of IN NaOH. With dodecylamine, this reaction was
conducted at about 40~45C, whereas with octadecylamine, the temperature was preferably 55 —
57°C.

The mixture was transferred to centrifuge bottles and spun in a benchtop centrifuge at
about 800xg for 2 hours to separate residual solids. After centrifugation, the reaction mixture
was extracted with isopropanol to remove organic impurities. Ultrafiltration is preferred as an

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

Example l1a: undecylamine
Example 1b: octadecylamine
Example le: 4-nonylbenzylamine
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By the nethod of exanple 6B, the substituted PEG succinate obtained
as described in Exanple 8A is co-polynerized with 1,4-diam nobutnie.
By this nmethod, the follow ng diam nes are co-polynerized with any of
t he substituted PEG succinates of Exanples 8A and 8Aa through 8An: -
35 - Exanple 8Ca: 20-BOC 1, 3-di am no- 2- propanol Exanple 8Cb: N,
N'-di (BOC) hexaet hyl Exgnpled¢:abiiwhermxamsoplisQuprmind | N"- di ( BOC)
sperm ne Exanple 8Cd: N -BOCC sperrnidine Exanple 8Ce: N, N',

N "-tri (BOC% pent aetEg_%/I ene hexani ne Exanple 8Cf: agmati ne Exanple
8Cy: | ysi nef¥ampa 4 \PEesPieiopsnidpiuecigdithigeiier dignidmotix AfeéchERalmpbre 8Ci

- Il amn anpl = 1, 3- phenyl enedi am ne Exanpl e 8Ck:
i" j_ gih:%y lnggﬁ'([j:a p??oggcﬁﬁr% uﬂg@ggbgﬁaa@]e Ipwas ollowed, except that 0.55 nrlrcl?l DTT and 0.55
mol TEMED per mol maleic anhydride were used. Vigorous stirring was necessary as the
viscosity built up rapidly, It appeared that most of the reaction was complete within 5-10

minutes, followed by slow completion over the next 4 hours as the temperature was raised from
55°C to 80°C.

Example 3. PEG-Di(alkylamidosuccinyl}dithioether Polymer

The procedure outlined in Example 1 was followed, except that 1.5 mol dodecylamine
per mol of carboxylic acid groups in the polymer was employed. N-hydroxysuccinimide (NHS,
1.0 mol per mol of carboxylic acid groups) and 1,1’-Carbonyldiimidazole (CDI, 3.0 mol per
mol of carboxylic 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 3¢: octadecylamine

Example 3d: dehydroabietylamine
Example 3e: cholesterol 2-aminoethyl ether
Example 3f: 10-phenoxydecylamine
Example 3g: 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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Exanpl e 9: PEG Trans-esterification Using Substituted Acids PEG
ditosylate: To 1 nol of PEG (dissolved in DMF or nelted as is) was
added 2.1 nol of tosyl chloride (5% nolar excess) while stirring
under argon. To this reaction m xture was added 2.2 nol of

tetramet hyl ethyl ene diam ne (TEMED). The reaction was then incubated

at 45 C forEx% ZeW?E@&;?ﬁ%ﬁ;@m%M%azﬁﬁ@)@a%@rum ng TLC in et hyl acet at e,
t ol uene, or anol as sol vents. The PEG ditosyl ate may be

extracted fr om thehta el PPG (i66dhtnbl avd kibthylahine (2232 hi) $6.686n0f) in dry diethyl

tolunesulfo I ride ul f onyl tin agents . syl, . .
L oran (S g S e et o e BN Bl ST shugrce
al so be usgd.of aﬂ,emuzsnmsm mﬁmf@pbﬂtmaéd fonl H@V(B’@Eﬁ&ﬂmen E%ubdamceai;ieﬁmrd\farz
2004000605

fi.cat | t 1 | .of
nol t en PEG ]1%1 ]Eh(?'éeﬁeﬁ’tsgv ralgfl Iflﬁg'?af‘!ﬁo %Jﬁg )i ﬂrdg?f%{fg?l%/eggsé élag‘fer&%n?reggnate
S, S - di decythe tioggninshydiodbnap tbish ixciliied fiamithe @htio Tiol filbdte IshVER with

s heat od (750 'COACET) b PRA PO Kb T Ll T it fed

36 - Exanpkith HeanePhGiilkes tdeqigh y & oridiohhfrofelitaB ed) tdﬂeted@hih@lehfd@d {0usm),
Mol ecul ar V‘él PQ mer ( - X- Pol B G di nal eat e
(20 54 o e Iegrg st e ldiers eTistod o1 GRorpPode Ry TR
m flask angidiicated to 70 C under argon to nmelt the PEG di nal eate. To
this nolten material, with stirring, was added water (10 nL) and a
sol ution of DIT c®dD8iEtmg-PEE. il E3ctedmoiisoneagslvalédybd2 1-QibviizB4,6, 6. 166

mol s) in ter.(3 sol utio s stirre J0C f

- Fomoval SRSl b DR o el SrRisreR ehoder Ghdn

yi el d. Letters, 37:433-6 (1996). The resulting dimethyltartrate-PEG polyether is saponified with KOH
in methanol, and then amidated with dodecylamine or hexadecylamine as in examples 1 and 3

above, or with the amines in examples 3a-3k.
Example 5 PEG Copolymerization with EDTA dignhydride

Dry PEG is reacted with ethylenediaminetetracetic acid dianhydride by the method
described in Example 1, and is then amidated with dodecylamine as in Example 1 or

hexadecylamine as in example 3, or with the amines in examples 3a-3k.

In the same manner, the following dianhydrides are co-polymerized with PEG and

subsequently amidated.:

Example 5a: Naphthalenetetracarboxylicdianhydride

Example 5b: Perylenetetracarboxylicdianhydride

Example 5c¢: Benzophenonetetracarboxylicdianhydride

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

Example 3f: Bicyclo(2,2,2)oct-7-ene-~2,3,5,6-tetracarboxylic dianhydride
Example 5g: Diethylenetetramine pentaacetic acid dianhydride
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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 mmmol s) was added. Pal m toyl
chloride (1.689g, 5.5 mmols) was added with stirring, and the m xture
was stirred under argon overnight. (The ratio of polyner to acyl

chl oride can be varied to obtain degrees of substitution from 0-100%
of stoichiometry.) Viaiplews3adietifhenidioleaaeichBokylit ¥difdentytridesol at e
the "Cl6-it-Pol ynmer B". . B?’ ;hjﬁ n}athod the}i?follo cﬂ% acjids are
esterified with the BEPHAN 347 GuBEhEw: T RHR é&‘i“’rﬁ?{% sy

copol yrer: Exanpl e 19ampld §i Brasdigtickrangiide 10b: Chol esteryl succinate
Exanpl e 10c: Bi phenyl -4-carboxylic acid Exanpl e 10d:

4- Oet yl phenylage i CPBGiAL BonkPRith e egedheysnoi ¢ aci d As an
alternative to the use of acid halides, the DIT-derived hydroxyl
groups of it - poPypGeisalemy peelpaed en gduplal, éckewiddwith ddgraethiol (two

(2, 2-di net hy1- - di oxal an- 4z t hy|l r iLim :
Coupl ed i FEETTY T il O Blreh SR AN TRACARR et bIT e o,
- for O gdxamplSyniNvekiution Reeagsatysasfno pol@ngcaspmiekes ot aond thd esactimds

P e =55y i e gt 0 Bl 0 B s e

Pol yner A dihredaeiidnds fdiowved beha disabpbarance afbtarting matraidscusighbdl. i apaiatubes

be. Used t o WHuCERraruHRRe R Re AT EROUTLARRR e RIEAR, T,

Pol ymer A tempirakd{vp tach 100 Qe Aclightlsrcessant plbplititial nolytba emplopdsse filysitats the

varying fraom,0O- 0 f p.chi ri i i : .
C16-r - Pol yrrr%arwl%\%r ?g}%?{fhgﬁ#ehsa i C%Qfﬁﬁgﬁhoggt%g%&&g%&%% ?%i‘}%a’“ tihn a
dry nortar rétngket pioaagdie pndédet heging uBder micuyro,nnd] teoe isaimiettbdiakodomerdyf [Lés k
was heated at 90C, under argon, for 2-3 hr with stirring. The solid
reaction m xt ur Bykismethed the igHetiag fhicls mints crgpgatedto RRE dinalegtes
dialysis bag (3.5 kDa cut-off) and dialyzed_agai nst water to renove
excess naleic acid aﬁ%rmpé@ﬁ%r%w*awcw?@%diﬁ%“m%ﬁacts. The
retentate was then remyeds s emaldigelag and dried at 60C to constant

weight ,to give Cl6-r-Polymer A dinmaleate (1.79 )
d d Examplgl 6Ac: hexadecanethiﬁ ( 9)

Example 6Ad: 2-mercaptoethanesuifonic acid

Example 6Ae: 3-mercaptopropanesulfonic acid

Example 6Af: 6-mercapiohexanoic acid t-butyl ester
Example 6Ag: 4-mercaptobenzoic acid t-butyl ester
Bxample 6Ah: mercaptoacetic acid t-butyl ester

Example 6Ai: 4-(t-butoxycarbonylamino)butanethiol
Example 6Aj: 3-(i-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.
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Exanpl e 12: Cysteine adduct of Cl16-g-Polynmer A Dinual eate:
Powder ed C16-x-Pol ynmer A dimal eate (Exanple 11) (253 ng) was added to
water (5 nL) and the m xture was stirred vigorously. Cysteine (24 ny)
and TEMED (30.5 ul) were added to the reaction m xture, and the
m xture was stirred at roomtenperature under an argon atnosphere.
The progr essipi be: ARARhHR DBBHIRNLASSrP hilli 51 LT ca gel plates,
n- but anol acetic acid-water, 3:1: i}) wth detection with ninhydrin. The
reaction m xture showed ni nhydri n-posi ti v% spot co-migrating with
the polyner. Cysteine al $0 gave a i nhydgi 1 osptiv R'spot|, wher eas

| r ' withpt iin. 3. Use of

the starting pol yner di @lizcﬂzlb a
7C Polynmers to Solubilize Inso ubl e r Jeakly Sol Wibl e Suljstances

Exanple |: Solubilizatiof of Dyes SR ™ To 1.0 ml " aliquotjs of a
50ng/ mL aqueous sol ution of PEGL500- co-succinyl-DTT-bis B- ani de

pol ymer (C16- Pol-ypef: 1 centri.fu 0..r ve.insol ubl e
materials but not o%ﬂygdgm@sgﬁ%]&% ??Eé;?ﬁﬁé‘é‘és agggag%?t%% ‘gg‘aﬁ’r‘ﬁ? P (e
the dyes EoSiuivaient ofidisming wef b€ OSEgronps); ustf the samn groSedhadmskd/for didecylamine

separ at e coptwi E: . | ear _pal ypropyl ene i.gh- boat s, .
VER 5 si zo, areniee: S LS B ele BT Rl Bl g B HifSton
conponent s WefEe.spiditiay! algges hEEDC erefaddathaangastie to divee conpiat RS merization.
bottons wer ] f smal |, jewelr

ul trasonic g?’ gglﬁg?@%ééﬁ% t&ﬁgll aﬁ§°%$%§1?%%%% 5’8%#@5 aF F%Verfeélﬁ‘éi“ PEG-
Just enoughdipginebutgpgpolydnisld- to the bath to i merse the weigh boats to
about 1/3rd hei %gt._ Soni cation was perforned for 15 mnutes in steps
of 5 minutes. THY P asihed thefollowing dismines mdy bocopestied i wBEG pupesidand
centri fuged(EcMEgbythfyc;ﬁ@Dﬁglﬁ. in a bench top centrifuge to pellet out
undi ssol ved dye. The supernatants were transferred to cl ean tubes and

centrifuged again, tBxdngOsE:: QHDIEOOCY:-$RhidS prhaensi ons of sane
amounts of dyes in sgre né{gﬁ distilled water as the anount of
the pol ynmer sol ution ’\Wé‘i‘pzen%)’?’LLé -G(BOC) bexgstheleqedetrmine as control s.
The resul ting sol utiBasplesm:: SROPIEE0CE Hethihe ON TLC plates to form
circles fromthe drﬁgs. I%@%S]L nsities of the spots were conpared
with spots nmade front S H BOPEEESIt i ons made in ethanol or

et hanol /water to detBtamplesERppr BXNTRLEBOV) aMglchORSamifie Spots are
shown in Figure 1. T@? soluhilities of the dyes in water were

det er ni ned by di ssol Appr H{5A8t e anount of the dye in 11 or nore
dei oni zed wat er (unbiEfaeletDe: Hisink obuyltessper at ure, and adding (i.e.
titrating with) further er .as..necessary to obtain saturated

sol uti ons. The %%aﬁn(?g%fball’i%bdﬁfma’fm &n 1V in 50my/rol pol ymer was
approxi mately 0.2 nofxdmpleatBioppohagichadiahi@®00 ng/ M in 1120 (Sudan |V
i's insoluble at neutéal PH):. The cone ntration of Dichlorofluorescein
was approxi mat el y 5rg R 1 507 ?ﬂeﬁ%f%, as opposed to 0.010
mg/ M in H20. The cofcempleddk: dA-ddmifbaiane-YBdichewhmé pol ymer was
approximately 5 ng/m, as opposed to 0.007 ng/m in 1120. The payl oad
rati os (anount of drug per unit anount of polyner, gig) were
calculated to be approximately 1:250 for Sudan IV, 1:10 for

di chl orof l uorescein and 1:10 for Eosin Y. The payl oad ratios of
1: 10 for polar conpounds that resenbl e pharmaceutically active
substances i n physicochem cal properties are higher than those
generally attainable with |iposones, cyclodextrins, CrenmophorTM or
detergent or other solubilizing systens. Eosin Y is a photoactivable
singl et oxygen generator with a very hi ggn efficiency, and such
concentrated solutions of Eosin Y as aré"nade with the pol yner of
Exanple 1 may be expected to be pharmacol ogically active as

phot oacti vabl e cytotoxic agents. -39- The change in
fluorescence spectrum of dichlorofluorescein in the polyner solution




Exanpl e 2: Solubilization of Medically Relevant Substances

Pur purin, Anphotericin B, Canptothecin and Doxorubicin were sel ected
as representative sparingly soluble active pharmaceutical ingredients
(API') Anphotericin Bis used in a liposonal fornulation as an

i njectable antifungal, while Canptothecin and Doxonbicin are

anti cancer 557 ﬁ@gﬁ&lhnsukénﬁe)%ér@per calating dye with potenti al
phar maceutical “utilit Eosin I's a photosensitive singlet
oxygen reagent with potential use in photodynam c therapy. Each API

was solubilized in water t h@CLlbvdt - Rep y A, C18-i|t Pol yner B,

and/ or C16-21-Polyner A-foli CI d j ug (éé%g ellow)

Sol ubi i zati on was demonstf o?'ﬂ il | zed APl and

non-sol ubilized controls o pI at es egcri bed (above for the
t

dyes. Dried polyners reconstltu with watjex, with
heating, agitati on and soni catl on as necessary. Wen the sol ution

ol at od 016 7E: AU yAer-A igdiegh st 1 iy D Bt Bhp it "

used at 2% Wh¥epared by a Ebﬂ@ca&%h&f me gocédiet oTy) Sasas eﬁﬂﬁ@]ﬁkndf’ﬁaﬁﬁm to In

Ci6 . éZFLn%%@i 25T ds T i Befe0 PR By R et Bl '

018- n- Pol yner ﬁ(u%%ﬁehog,?tﬁ?gﬁxor Ubr, ({]th §Se ct%gélg - th ugeﬁal?&l&r es

wer e soni cat ed f W ce at

2000 xg to renove unfg agcqi%yae ee?o%b%?s([%-%ﬂ&gjﬁuége—mdﬂﬂi‘aynt of pelleted

solids was not signi utrons.on a silica gel
TLC pl ate showed t haExahge d: mqm-%m(%mnmbmrlyh@ﬂlowaﬁthn% trddkiplon

retarded fromthe Soh ‘7«! 9@%1 ﬁE*b%%@enyi 4-mem£9%9{aHQk@'dﬂmol

hydrochl ori de was co bové at a
C16- uPol yner A to doﬁ@mmﬂf:&@ ﬂﬂ@dﬁ%ﬁﬁﬁb?f@@lﬁrﬁ%@nﬁ@ﬂ@dm at a 5:1

fol ated C16-7c-Poly L ok PbdBER- 1B8ihemadcalibioved by
addi tion of suffici g?%métf\/l& 3%%(%& g?e to nautralize the

doxor ubi ci n hydr ochl &ximrle 7frR4-tis(gecrlpegthigphaedisgbmghancihidhaken for 24

hours and then twi ce centri fE&gjsed at 2000 xg to renove undi ssol ved
sol i ds. TheEwmndd: sebsperaddibéoruserdies was not significant. The

mass ratios of solubilized APlLs tao pol yner are _shaown i.n_Tabl e
attenpt was madelRednsiedio gﬁﬁ%nl’flerﬂalslf@% ﬁ’gex‘éelPt ﬁj?f@'%gf“g‘?ﬂérﬂ Sﬁcﬁ]@fcmdg}ge 18
these rati Ogset @PpleEfmalepbydiidei Tite ddfedei@ sERtug pkidéRhe pdndard ) iarey ia

are capabl e of_carrying into solution. A 50 ul sanple of each
sol uti on wa®edPBReEdEn a Bakerfi exTM silica gel TLC plate and

|1 d Th b : |
The crrcl e and. o Pire R R Dovgs Hete R G AyRHAS algeiaR Maprec:
w th encapsul at ed matE?mﬁ@Ie 81(&5 Ig}%t%m%g cx%uﬁaﬁdg]dx gases, there was very
ra 0 u

little APl in the perip fring eous- onIy zone,
i ndi cating successf uIExsmplalSi‘xbﬂzammfi )én@cmmmhﬂihdd: eakage of the

encapsul at ed mat er i alg, TaBhE: chntehy{RidehAbARaeT APIS

Example 8Ad: 3-oxabicyclo-hexane-2,4-dione

Example 8Ae: cyclohexanedicarboxylic anhydride
Example 8Af: phthalic anhydride
Example 8Ag: 4-decy] phthalic anhydride
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Pol ynmer: Substrate Mass Ratios C16- n- Pol ynmer A Fol at ed
Cl6-it-Polymer A Cl8-n-Polyner B 10%wWv 5%wWv 2% w v

Example 8Ah: hexahydromethylphthalic anhydride

Example 8Ai: tetrahydrophthalic anhydride

Example 8Aj: norbornenedicarboxylic anhydride

Example 8Ak: cantharidin

Example 8Al: bicyclooctenedicarboxylic anhydride

Example 8Am: ex0-3,6-epoxy-1,2,3,6-tetrahydrophthalic anhydride
Example 8An: S-acetyl mercaptosuccinic anhydride

Example 8B: PEG-Di(alkylamidosuceinyl)dithioether with pendant alkyl groups

By the method of example 1, the substituted PEG succinates obtained as described in
Examples 8A and 8Aa through 8An are reacted with DTT.

By this method, the following dithiols are reacted with any of the substituted PEG
succinates obtained as described in Examples 8A 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
Example 8Bf: 1,4-benzenedithiol
Example 8Bg: 1,3-benzenedithiol
Example 8Bh: 1,4-benzenedimethanethiol
Example 8Bi: 1,3-benzenedimethanethiol
Example 8Bj: 1,2-benzenedimethanethiol

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

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

Example 84 is co-polymerized with 1,4-diaminobutane.

By this method, the following diamines are co-polymerized with any of the substituted
PEG succinates of Examples 8A and 8§Aa through §An:
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ot done Canptothecin 5:1 2.5:1 not done

Purpurin 5:1 n
n 2.5:1 not done

.51

Anphot eri ci 5:1

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

Example 8Cb: N°, N*-di(BOC) hexaethylene tefraamine

Example 8Cc: N°, N*-di(BOC) spermine

Example 8Cd: N°-BOC spermidine

Example 8Ce: N°, N”, N***-tri(BOC) pentaethylene hexamine

Example 8Cf: agmatine

Example 8Cg: lysine t-butyl ester

Example 8Ch: 1,6-diaminohexane

Example 8Ci: 1,4-phenylenediamine

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
mol 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, o 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 §,8’-didecyl-meso-2,3-dimercaptosuccinic acid and 2 mol of
TEMED. DMF is added as necessary to maintain flnidity, The reaction mixture js heated to
80° C and stirred for 24 h or until complete by TLC.
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Doxorubicin 10:1 5:1 not done Eosin Y not done not done 1:1 - 41 -
4. Bioconpatibility of 7t Polyners

Example 10: PEG-Di(succinyl)-di-(0-Acylated)thioether Medium Molecular Weight Polymer
(ClG6-n-Polymer B)
Cy5H340CO OCOC5Ha4

0 ﬂ o
07 N ol (OCH,CHy)y,
HO QOH
O 0 n

PEG-dimaleate (10.24 g, 6.1 mmols) prepared as in Example 1 was placed in a dry 125
ml flask and heated to 70 °C under argon to melt the PEG-dimaleate. To this molten material,
with stirring, was added water (10 mL) and a solution of DTT (0.961 g, 6.168 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 mmols) was added
with stirring, and the mixture was stirred under argon overnight. (The ratio 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-w-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 10c: Biphenyl-4-carboxylic acid
Example 10d: 4-Octylphenylacetic acid

Example 10e: Hexadec-6-ynoic acid

As an alternative 1o the use of acid halides, the DTT-derived hydroxyl 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
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Exanple |I: Suitability for topical enollients, creans or pastes

A concentrated oily wax of the polyner of Exanple |I was rubbed on the
inner wist skin by the inventor and observed for uptake. The

mat eri al appeared to be absorbed simlarly to pharnacol ogi cal waxy
creanms, with slight softening of the area. No i nmedi ate or del ayed

al l'ergi c re5poRseR Sy Iﬁ‘%ﬂ B Jn%qgre@l Etg'lde i bori Y aﬁatlfepizﬁg'ynt%fseEd David
observed upon_ this SI e togl cal _application. t hese

pol ymers ar@&ichyWilese R:l%al)@ @%qu@é‘?ﬁﬂﬂf‘éﬁ@erature vvlth an expect ed
np of about_45 C to 60 C o reat er dependl ng upon the conposition.
Pol yners et i 47’61%’1“’3 (I §J’ﬁ’& even be liquid at room
tenperature. Sonme polynmers may be solid at roomtenperature, nelting
at body tenperature. Thus the properties of these it polynmers nake

t hem excel | ent bstrates.f maki n oti qns {eans,..0i N nt s

ol | ent s, - and vREL A GO e pEpred Eieplae el s yEh Poge: 4

m xture w thhdmayll 20aiRS. mmﬁpublabdrﬂd!lﬂ‘b@u@dtﬂaybe maatdmldﬁﬁmmnmiammg
agents. Sui tabilit a strat|on An
aqueous soﬁn%%ﬁ %‘Pp@ﬁ%ﬁ j@yﬁ%‘? g? I@ a?ﬂ‘:,\%@"%ﬂ & 53 Wva iRt to obtaiu
phosphat e- bubstieriens wmmmt}dOm%eﬂﬁiﬂllstoﬁoafoﬁﬂtrlcretstenm&cm | e tubes

t hrough 0.22um filters. A maxi mum t ol erat ed dose protocol was
enpl oyed, wher elCh6-@tPolymmi d€2 gmén:stlebj eabydeide (108 5) sosaraind ilndry pertaegd
body wei ghtﬁ&%&ed‘ég'a@o h@h&&‘n b%ﬂon? &fﬂ@@%ﬂ% i{ea%%%%‘ e &Hm% | QMe04.5
t he pol yner e mceé Served hour's con I NuousS and
every 2hr therbafirieg. "ﬁhﬁtaohd mscttoo At rves ﬂﬂepm&m@wwbﬂp Dfneaiqrt@mfiialysis
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To 1.0 ml aliquots of a 50mg/mi aqueous solution of PEG1500-co-succinyl-DTT-bis-
C16-amide polymer (C16-Polymer A, Example 1), centrifuged to remove insoluble materials

but not otherwise purified, were added excess amounts of the dyes Eosin Y, dichlorofluorescein,
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Exanple |I: Attachment of gal actosamine to C-16 7r-Polyner B via am de
bondf or mat i on. Gal actosam ne (GA) targets the hepatic

asi al ogl ycoprotein receptor (ASGPR), and polyners bearing

coval ently- bonded gl actosam ne are delivered to the liver; see L.
Seynour et al., "Hepatic Drug Targeting: Phase | Eval uation of

Pol yner - BaudSuddo ey nlseperate' cotainglsiCiexEsneBf depy polzpropyiene ¥EES-0PEY6V E2002)
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conbi ned a heat e er under argon for
about 30 n?nﬁmpgc tlogﬁf-ahge% P e}%{r&g%ﬁ;%lég}g%?}ggg%ﬁﬂ i s added, followed
by THF as necessary to rral ntain fluidity. The reactants are stirred
at 40-70C overnight, protected fromnoiggdure. Water (80 nlL) is added,
and the mxture is stirred at 50 C for an additional 2 h. After
cooling to roomtenperature, the mxture is dialyzed against 0.1 N
HO, 5% NaHCO3, and water (2 x 2000 ml each) with a 3.5 IcDa cutoff
menbrane. - 44 -



Exanpl e 4: Attachment of )6-0-nmethyl neuraminic acid (MNA) to

C16- x- Pol ynmer B. Cl6-it-Polynmer B, 43 micronoles COCOH basis, in
1 mM water, and neuramnic acid J3-nethyl glycoside (Toronto Research
Chem cal s), 40 micronoles, were m xed together, and 40 m cronol es NHS
in 0.1 mM water was added, followed by 40 m cronol es EDC

hydr ochl ori de i hhechtngd infanescencElypecirga of dichomfludrescdn iathe siivahee solatton
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At t achment spvire bavarbeen wsed as 20a6hod dPdbtymuningrhanges in Wapalaity bf th§ GGL67) i s
i I e AR e R e R e R
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| act o- non-2- en rangsoni c ,acid (U. S Patent Nos. 6,242,582 and
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added. The repedstiitatiy spinglylsoiBld adttve bROMALdGHTREH A HEAs (AN AbBolaaatn on
is followed by TLC. The.reaction mxture is dialyzed (3500 |cDa
cut-of f e BFARE MPosgmAOraeen SRR NEFUREd iR R BBY o ¢ he

| ow nol eculDarorvkitighte dnitaicangatafdrpyin Braaoiig ifercalitag B Wi Sketibls

renoved and. dried.a 0C to_const ant ight. -The level of sugar .

i ncor por at P%aﬁmﬁﬁ}“‘ﬁim@é?’eaflﬁ?ﬂ%@av @O}g’g‘f”g ’Fﬁ”ﬁﬁ?gi’t@"&%egé‘i?‘g% ?”“g Refential use
guani di ne g @updiGatic thirafheBach AP wiSblib{likEbs watehwitt @1 MRS R, GESAY
Y chers " SHFe8 rd AL D00 SRS 0l ERL R Lo
fragment t derShftzated Bodpptiimp thh sBiubilibedais andnmi-sombRizeh@ntioly &f Tlabbletes, as
fragnment anti V.. (SCGFv i rected against the surface glycoprotein

hi gh- nol ecg%sgggc\%épé‘ﬁt Orrr‘i)‘alF g%eg'rra- associ ated antigen (HWVY MAA) targets

ETI]E- |98.g ;) ma cells; DiéS leym&@-{;v&je PecBnstuted Wi]!h'WaYr,rv%lﬂ‘H%Xﬁng,?égg:itggozn?én%%gngmation as

necessary. When the solution was too viscous, it was diluted. C16-n-Polymer A was used at
10%w(v, folated C16-n-Polymer A was used at 5% w/v, and C1 8-n-Polymer B was used at 2%

wiv.

Drug substance {20 mg) was added directly to 1ml of polymer solution, resulting in
polymer:API mass ratios of 5:1 for C16-n-Polymer A, 2.5:1 for folated C16-n-Polymer A, and
1:1 for C18-n-Polymer B, except for doxorubicin (see below). The mixtures were sonicated for

1 hr at low power, and then centrifuged twice at 2000 xg to remove undissolved solids. The
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Di sulfide bonds in this antibody fragnent are reduced with

| mobi | i zed TCEP Disul fi de Reducing Gel (Pierce Biotechnol ogy,
Rockford, IL) according to the manufacturer's protocol, and reacted
wi th Cl6-7c-Polymer A dinaleate by the nethod of Exanple 12 in the
Synt hetic Methods section. - 46 - CLAIMS W claim 1.A conb

pol yner congigihi F@elisabhidstldshotdigriftant Shdtond BOsohitioHSsd M Slica gel TLC plate
conprising a backbone formed of _alternatin ranch- poi nt |<-%t|e . B
Hrgnt ront (%xg. 2)

and hydr ophibpyed thifthedrugssyaupsalubilized. vath mjpgoagetarded fgmyhy o
hydr ophobi ¢ side _chajns C attached to t.he hranch-point nojetj
wherei n each si HOXEHEFR h@@@?‘ﬁ%é’ﬁ?éﬁ%ﬁ?‘%f“%@&%%“?ﬁ%%# %Ldgézﬁfﬁ)
consi ﬁ t ijng lﬁﬂslrrhér&e@[glofdﬂﬁ@ﬁ ﬂ?@@ﬂﬁolrﬂ@'iﬂafmﬁid, yrdas ubstfblhuﬁeﬁGWHotymlﬂﬂ tor
nore hydrophilic substituents, po /clic dr rhons optiona
subst it ut eddWWHICWSBPtlﬂﬁJF’]@OWE’W 8%‘?1?{‘?‘1 CECS%% §‘i‘tg$’€%’ﬁ'lu§’l, acﬁ@%ri%ﬁwgﬁl?/z& the
am no agi ﬁd@x@ﬁﬁﬁ:in@ﬁ&m@ﬁ]@ridh@ ITye R SredvReE Qigbrotidly sihamﬁ’él r $ar l]!cbmsland theradrdast
100; an erein, o erage, 1 <p, <.4. 2, The po r clajmil
wher ei n, on°e§’i7’é‘?g&€16t?20§ FaRgEgoYy S%?E)V(?Gfélﬁs'uﬂwta%o&x{%?el%ﬁeg S%Ib‘%sfﬁ%?mof
claim1, whegekdan. on average, 1.5 Sp < 2.

The mass ratios of solubilized APIs to polymer are shown in Table 1. No attempt was

made to maximize the loading of the polymer, therefore these ratios represent lower limits on

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

A 50 ul sample of each solution was spotted on a Bakerflex™ silica gel TLC plate and
allowed to spread. The aqueous solution forms an outer boundary of the circle and an inner
circle formed by migration of the polymer with encapsulated material (Figure 2), In all cases,
there was very little API in the peripheral fringe of the aqueous-only zone, indicating successful

solubilization and minimal leakage of the encapsulated material,

Table 1: Solubilization of APIs
Polymer:Substrate Mass Ratios

Clé-n-Polymer A  Folated Cl6-n-Polymer A Ci8--Polymer B

10% wiv 5% wiv 2% wiv
Purpurin 5:1 2.5:1 not done
Camptothecin 5:1 2.5:1 not done
Amphotericin B 5:1 2.511 not done
Doxorubicin 10:1 5:1 not done
Eosin Y not done not done 1:1
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- 47 - 4. A polyner according to claim1, further conprising one or
nore reactive functional groups X attached to each branch-point

noi ety, and consisting essentially of the follow ng structure:
wherein, on average, r ranges fromabout 1 to about 4. 5. The

pol ymer of any of clains 1-4, wherein the water-soluble polyner block
A i s sel ect4eBickopativilety of sBplysessi sti ng of pol y(ethyl ene glycol),

| | h | [ | | hol ),
oL y(ot ot dralSiabmo e Seie Pl Rin A b s Yool yirers thor bof
6. The pol ymer gf ¢l ﬂ'l!lem:dsoﬂ T ?h-x? éa%ﬁﬂﬂ'ep&l lelf thbﬁbdo%tﬁéeﬁﬁ&tvﬁgt skin

fromthe group consisti ng ene d pol y(propyl ene
gl ycol), arw ﬂ@ap'eﬂngmemdsobsﬂmdé@fuptal@ T atpmﬁ Wpemdﬂo bepbﬁoﬂqeé Simplaey i n
the pol ymet, BhoeKodd 3 a0 Jré(agﬁtfaﬂ Qi3 SoUEhl drine fen, TBGmRRLNARE afiyed

claim7, wherern t an average | ength of between
4 and 700 rHereiteesponses, guch as reddening, rash, or itching, were observed upon this single topical

application.

Many of these polymers are hygroscopic waxes at room temperature, with an expected
mp of about 45 °C to 60 °C or greater, depending upon the composition. Polymers made with
lower MW PEG’s may even be liquid at room femperature. Some polymers may be solid at
room temperature, melting at body temperature. Thus the properties of these © polymers make
them excellent substrates for making lotions, creams, ointments, emollients, and other delivery
forms, either by themselves, or in mixfure with various substances, including active

pharmaceutical agents.
Example 2: Suitability for parenteral administration

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

A maximum tolerated dose protocol was employed, wherein CD-1 mice were subjected
t0 a dose of 10m] per kg body weight tail vein injection of up to 5% w/v aqueous solution of the
polymer. The mice were observed for 12 hours continuously and every 2hr thereafter until 48
to 72 hrs, depending upon the group. Blood samples were taken and analyzed. Some mice
were sacrificed and first examined for gross histology. Microscopic histology was then

performed on selected sections.

No observable differences were found in the blood chemistry between the control mice
and the treated mice. No observable differences or lesions were found compared to control
animals in the gross histology of various organs including heast, lungs, kidneys, spleen, liver,
intestines, stomach, bladder, skin, muscles, bones, brain, and lymph nodes. Multiple specimens

from different groups of animals were studied with the same results being observed. No
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- 48 - 9.The polyner of claim4, having the structure wherein m
is 4-700, and Y and Y' are independently selected fromthe group
consisting of RR OR, COOR, SR, NHR, NRR , ONHR, NHOR, NRNI-12, NENHR
NRNHR , and NIDIRR, wherein R and R are independently selected from
the group consisting of linear hydrocarbons optionally substituted
with one @ferdMMEaiyEh@pRticifouns ibadlithtitsstestutal b yeiimed hysdeso Camsofithe

Pyl ophob ST RRHBVELEE St PRGUEPiATE U THERE oo fR By mer Byetes
claim4, havie@adine issdEmigiraty Bhas® andhs @ thid professes it will become normal.

It is concluded that the polymer is safe for medical use as a pharmaceutical agent in
injectable preparations and other parenteral formulations. It is reasonable to expect that the
polymer is safe in oral solutions, caplets, and tablets, nasal spray, oral/bronchial aerosols,
sublingual, skin cream/lotion/patch, eyedrops, other topical routes, and other routes of

adminisiration.

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

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

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

and by-products, The retentate was removed and dried at 60°C to constant weight (348 mg).

TLC of the product showed no free GA (ninhydrin negafive). A sample of the product
was hydrolyzed with 6 N HCl at 100°C to hydrolyze bound GA. TLC analysis showed the
presence of GA (ninhydrin positive) at the same Rf as reference GA.
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(OCH2CH2), OH O _ n wherein mis 4-700, and Y and Y' are

I ndependently selected fromthe group consisting of R, COR COOR,

CONI TR, CONRR , CONHOR, CONRNI-12, CONHNHR, CONRNHI C, and CONTI NRR ,
wherein R and R are independently selected fromthe group consisting
of |inear hydrocarbons optionally substituted with one or nore

hydr ophi | i ¢ substituents, polycyclic hydrocarbons optionally
substituted with one or nore hydrophilic substituents, hydrophobic
am no aci dsixappelpt?t deshaewt ofibliy ned ©.C18-ARlymer 1. The pol yner of claim
4, having the structure wherein mis 4-700, and Y and Y' are

i ndependent | y sBDE @cl4fz 846 minelsywaupeighsd oiise p A2 ol reyndORtonCHER flugrd

VR N MR i VB Roc Akl Ry 10 Bl cen 31 RN ] 210 %
and R are I ndependent Y S 'ecte rontthe group consisting o I near
hydr ocar borfslyopt Adh@k. 4/28misls) wastaddedvip thi flagkethe mixhue evahhadied ph7( Ceand the
substi t uent.s, . BOIYEY Gl 1dd¥lL %Pa"b@ﬁ@ nﬂﬁ?};é BB AidTY B brhstad Aol Hb ne
or nore hy&ragpaﬁ{lgl‘%éc slugstulgt_ u_ernt S, ygr op osblpc an%d;(ogz\%%s S, pgpt‘_)?e eg
and pol ynerssificieat THhte makeyiming péssibleailhe Ractintpiverg stirted a0 108E ayeonigis,
protected from moisture. The THF was then allowed to evaporate and water (80 mL) was
added, and the mixture was stirred at 50 °C for an additional 2 h, After cooling to room
temperature, the mixture was transferred to a section of dialysis tubing with a 3500 Dalton cut
off, and dialyzed against 0.1 N HC] (2 x 2000 ml), water (2000 ml}, 5% sodium carbonate (2 x
2000 ml) and water (4 x 2000 ml), to remove unreacted reagents and by-products. The bright
yellow-orange retentate was was removed. A portion was evaporated to constant weight to

determine the solid concentration, and was used for the solubilization experiments described

above.

FExample 3: Attachment of N-acetyl neuraminic acid (NANA) to Cl6-n-Polymer B.

Neuraminic acid derivatives are expected to be targeting moieties for influenza viruses
because of the hemagghutinin and newraminidase coat proteins, both of which are known to bind

to sialic acid.

BDDC (2.44 g, 8.56 mmols) and C18-m-Polymer A (10 g, 4.28 mamols) are combined
and heated to 70 °C, and stirred together under argon for about 30 minutes, N-acetyl
newaminic acid (3 g) is added, followed by THF as necessary to maintain fluidity. The
reactants are stirred at 40-70°C overnight, protected from moisture. Water (80 mL) is added,
and the mixture is stirred at 50 °C for an additional 2 h. After cooling to toom temperature, the
mixture is dialyzed against 0.1 N HC), 5% NaHCOj3, and water (2 x 2000 ml each) with a 3.5

kDa cutoff membrane.
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Example 4: Attachment of 5-O-methyl neuraminic acid (MNA) to C16-n-Polymer B.

C16-n-Polymer B, 43 micromoles COOH basis, in I m! water, and newraminic acid -
methyl glycoside (Toronto Research Chemicals), 40 micromoles, were mixed together, and 40
micromoles NHS in 0.1 ml water was added, followed by 40 micromoles EDC hydrochloride in
0.1 ml water. The reaction mixture was shaken at ambient temperature for 48 hours, and
analyzed by TLC on silica gel with isopropanol-ethy acetate-watex (4:3:2). Detection with
0.2% orcinol in 70% sulfuric acid, at 130°C, does not generate a color reaction with the starting

polymer, but TL.C of the reaction mixture gave a purple spot co-migrating with the polymer.

Example 5: Attachment of zanamivir to C16-r-Polymer B.

Zanamivir (GG167) is a potent inhibitor of viral neuraminidase, and polymers bearing
this molecule as a multivalent ligand are inhibitors of influenza virus replication.

C16-m-Polymer B (920 mg) is dispersed in 30 mL water, and to this is added EDC HC1
(1.2 mmol) and N-hydroxysuccinimide (1.1 mmol). The mixture is stirred at ambient
temperature for 20 minutes, and a solution of the trifluoroacetic acid salt of 5-acetamido-7-(6'-
aminohexyl)-carbamyloxy-4-guaniding-2,3 4,5-tetradeoxy-D-glycero-D-galacto-non-2-
enopyranosonic acid (U.S. Patent Nos, 6,242,582 and 6,680,054) (0.39 g, 0.67 mmol) and
TEMED (0.67 mimols) in 1 ml water is added, The solution is stirred at room temperature, and
the reaction is followed by TLC. The reaction mixture is dialyzed (3500 kIDa cut-off
membrane) against 3 x 1000 ml deionized water to remove the low molecular weight reactants
and by-products. The retentate is removed and dried at 60°C to constant weight. The level of
sugar incorporation may be determined by a colorimetric assay for the guanidine group (Can. J.
Chem., 36:1541 (1958)). A neuraminidase assay may be carried out following the procedure of
Potier et al, Anal. Biochem., 29 287 (1979).
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(OCH2CF12) wherein mis 4-700, and Y and Y' are independently
selected fromthe group consisting of R OR COOK, SR, NKR, NRR,
ONTI R, NHOR, NRNH2, NHNHP, NRNHR , and NHNRR , wherein R and R are

i ndependently sel ected fromthe group consisting of |inear

hydr ocarbons optionally substituted with one or nore hydrophilic
subst i t uent&Bample by ayadhrenivy bt agivons Qgtn-Podakd v skt ut ed with one

01 JTore Nyl oph |1 MBS Rone VR Oh) AULDRgRRb e oRER | DS
glycoprotein high-molecular-weight melanoma-associated antigen HMW-MAA) targets
melanoma cells; see F. Martin ef al., J. Virology, 73:6923-6929 (1999).
Disulfide bonds in this antibody fragment are reduced with Immobilized TCEP
Disulfide Reducing Gel (Pierce Biotechnology, Rockford, IL) according to the manufacturer’s
protocol, and reacted with C16-n-Polymer A dimaleate by the method of Example 12 in the

Synthetic Methods section.
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13. The polyner of claim3, having the structure wherein mis 4-700,
and Y and Y' are independently selected fromthe group consisting of
R, OR, COOR, SR, NHR, NRR , ONHR, NHOR, NRNH2, NHNHR, NRNHR , and
NHNRR , wherein R and R are independently selected fromthe group
consisting of |inear hydrocarbons optionally substituted with one or
more hydrophilic substituents, polycy&LA8MBydrocarbons optionally
substituted with one or nore hydrophilic substituents, hydrophobic
am no acids, peptides and polyners. 14. The polyner of claim 3,

havi ng t he Yt ¢lgigsture 0000 oi ND( OCH2CH2) m SR HHSR ' (X)p _ n wherein
the noiety Dis derived froma diam ne having the general structure
H2N-- D I-NH2 (X)p

L. A comb polymer consisting essentially of the following structure:

=1,

comprising a backbone formed of alternating branch-point moieties B and hydrophilic, water-
soluble polymer blocks A; and having hydrophobic side chains C attached to the branch-point
moieties, wherein each side chain C is independently selected from the group consisting of
linear hydrocarbons optionally substituted with one or more hydrophilic substituents, polycyclic
hydrocarbons optionally substituted with one or more hydrophilic substituents, hydrophobic
amino acids, peptides and polymers; wherein n ranges from 3 to about 100; and wherein, on

average, 1 <p<4.
2. The polymer of claim 1, wherein, on average, p ranges from about 2 up 1o 4.

3. The polymer of claim 1, wherein, on average, 1.5 <p<2.
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each X is independently a reactive functional group, pis 0-4, and m
is 4-700; and wherein R and R are independently selected fromthe
group consisting of |inear hydrocarbons optionally substituted with
one or nore hydrophilic substituents, polycyclic hydrocarbons
optionally substituted with one or nore hydrophilic substituents,
hydr ophobi &. am Agobmied accopiéxpgttb diekn amdﬂﬁndommg onebok more rk&tﬂ?hﬂmaﬁnlnwfer

of claim4, str in.ni 4 700, a '
are mdepe%feﬁﬁ(%g%ée L84 % 1an° Y °Wﬁh u??dc% @Fsﬁﬁmﬁlﬂ tﬁ’?& Ong
hydr ocar bosfsuatpe:i onal | y substltuted mnth one or nore hydrophilic

substituents, polycyclic hydrocarbons optionally substituted with one
or nore hydrophlllc substltuentsgxgydrophobic am no aci ds, peptides

and polyners. 16. The polkyner aim4, having theystructure
0-LS-- (0CH2CH2),,, R {%ﬁw$$e+ﬂ m i g—4—+00 ilfs phenyl ene,
C2-C6 al kyl ene, or benz "ethﬂiene anrdl R ald R i ndependent |y
sel ected fromthe group cpnsisting—of-|i near—Ryd+reear bons optional ly
substituted with one or e hydrpphilic substituents/ npolycyclic
tediwith one or nore hydrophilic

hydr ocar bons optional |y substi tfy
substituents, hydrophobic am n

$ peptides and pol ymers.

wherein, on average, r ranges from about 1 to about 4.

5. The polymer of any of claims 1-4, wherein the water-soluble polymer block A is
selected from the group consisting of poly(ethylene glycol), poly(propylene glycol),
poly(ethylene imine), poly(viny! alcohol), poly(vinylpyrrolidone), and polysaccharides, and
copolymers thereof,

6. The polymer of claim 5, wherein the polymer block A is selected from the group
consisting of poly(ethylene glycol) and poly(propylene glycol), and copolymers thereof,

7. The polymer of claim 6, wherein the polymer block A is poly(ethylene glycol).

8. The polymer of claim 7, wherein the polymer block A has an average length of between
4 and 700 monomer units.

-48 .



17. The conposition resulting fromthe chem cal reaction of

pol yet hyl ene gl ycol and nal ei c anhydride, resulting in the
substantially conplete esterification of the term nal hydroxyl groups
of the polyethylene glycol by the naleie anhydride. 0 52- [|S. The
conposition resulting fromthe chem cal reaction of polypropyl ene

gl ycol and gyal eiTge potiniéliof dRim 1,gauiht thegnicad he substantially conpl ete
esterification of the term nal hydroxyl groups of the pol ypropyl ene
gl ycol by the naleic anhydride. 19.The conposition resulting fromthe

chem cal reaction of dithijoth¥eitih waHh t¥He conpositlion of claim17.
20, The conposition resul tiln oqg%he%ige ﬁhﬁfggqtion of
dithiothreitol with the cdnpostté 0 Hai m 1872 2™ A pol ymer havi ng
Y ]
0

the structure 00 On

O n

wherein m is 4-700, and Y and Y” are independently selected from the group consisting of R,
OR, COOR, SR, NHR, NRR’, ONHR, NHOR, NRNH;, NHNHR, NRNHR’, and NHNRR’,
wherein R and R’ are independently selected from the group consisting of linear hydrocarbons
optionally substituted with one or more hydrophilic substituents, polycyclic hydrocarbons
optionally substituted with one or more hydrophilic substituents, hydropbobic amino acids,
peptides and polymers.

10,  The polymer of claim 4, having the struciure

@ yo ov 9
0 ——s—4>__<u—s—~ (OCH,CHa)y
HO OH
ol o n

wherein m is 4-700, 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 linear
hydrocarbons optionally substituted with one or more hydrophilic substituents, polycyclic
hydvocarbons optionally substituted with one or more hydrophilic substituents, hydrophobic

amino acids, peptides and polymers.
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0-)C(OCH2CH2) m V. Y--1( 00 whereininis 4 to about 700 and nis 3
to about 100, and wherein, in each occurrence of the nononer unit
havi ng the structure shown, Y and Y' are independently selected from
the group consisting of OH COOH, SH, NH2, NHR, ONH2, NHOH, NHNH2,
and NRNH2, wherein Ris selected fromthe group consisting of Cl to
C5 al kyl and. ( CHR) poYymartol cleinks, hsvihig thesictues 5. 22, A pol yner havi ng
the structure whereininis 4 to about 700 and nis 3 to about 100,
and wherein, in each occurrence ;of the nononer_ unit having the
structure shown, Y and Y' are indepepggntly selected fromthe group
consisting of OH COOH, SH, NH2 NHR ONH2, N ., NHNH2, and NRNI 12,
wherein Ris selected fromthe roag S@ﬁﬁﬂéﬁh of G to C5 al kyl and
(CH2) KY, where k is from2 to 5; W are |ndependently 0 or H2,
and wherein, in each occurrence lof the nononerlunit, Z and Z' are

i ndependently selected fromthe group consisting of |inear

hydrocar bong,.Qf {00ahbd/ aitPSad {48 tha¥hehBnl G1ddled %ﬁ%@é&gﬁﬁ&ﬁlgih&g of R,
substltuents,ﬁﬁﬁﬁ¥c clic hydrocarbons optlonall% substituted w th one

or nore hydfo IR N QRGN B ;

and pol ymergeeddr o RO fﬁ@épeﬁ@e\ﬁ{iﬁ geideha ﬁ%;nrth'&érHﬁlﬁcoﬁsig&g of linear hydrocarbons
0-11<11ThOCH2CHZ) m )
optionally substituted with one or more hydrophilic substituents, polycyeclic hydrocarbons

2 >

optionally substituted with one or more hydrophilic substituents, hydrophobic amino acids,
peptides and polymers.

12, The polymer of claim 3, having the structure

v
) oij 0
0 N
\W/A‘N’A‘v’ \“/i\iocHQCHﬂm
0 Ljfo
Y n

wherein m is 4-700, and Y and Y” are independently selected from the group consisting of R,
OR, COOR, SR, NHR, NRR’, ONHR, NHOR, NRNH,, NHNHR, NRNHR’, and NHNRR’,
wherein R and R’ are independently selected from the group consisting of linear hydrocarbons
optionally substituted with one or more hydrophilic substituents, polycyclic hydrocarbons
optionally substituted with one or more hydrophilic substituents, hydrophobic amino acids,
peptides and polymers.
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YY' _ 0 wherein mis 4-700, and Y and Y' are independently sel ected
fromthe group consisting of R OR, COOR, SR NHR NRIc, ONHR, NHOR,
NI kNFI 2, NHNHR, NRNHR , and NHNRR , wherein R andare independently
selected fromthe group consisting of |inear hydrocarbons optionally
substituted with one or nore hydrophilic substituents, polycyclic
hydrocar borms  Ofteipoialer ¥f @ast hdvigakk stutthreone or nmore hydrophilic
substituents, hydrophobic am no acids, peptides and polyners; and
wherein, in each occurrence of the nononer unit, Wand W are

i ndependent |y sel ected from the group, copsisting of

H, - 00C( C1- 13) =CH2, COCH=CHCO2H, [and -09€] @-B) :CHCOZ 24. A

phar maceuti cal conposition conprji sing according to any of
claims 1-9, and further conprisiing an ecﬂp9ﬁﬂﬁhbu of a

phar macol ogi cal |y active agent’ Ayaet hod of incteasing the
solubility of a substance in an aqugous sol vent, whith conprises
contacting the substance with a poly 13 accordlng to claiml1 or claim
2 so as to forma water-soluble conplex of the substance and the

pol yner,  Zferei iR, A ﬂﬁr‘i@%%' AGkpb RN B 140ied Brb 10f grdupTURSHaReeR,i
a non- aqueous sol vent, whic rises contacting the substance with

a pol ynmer Q&:@p&ﬂwé&]ﬂﬂ&m s ST R NR NI, » NENRERa: 288 AINERE of
the subst agggeandaddre a&pih %ﬁ@ﬁdeﬁtﬁ}aéelebtﬁd ﬁ&htﬂtg HRou oﬁm@mmm@msmons
0]

solvent. 27. The pet hod claim?25 or claim wher ej. n

subst ance PRICSEIEWbEIES Bk pneet FBUpEBhSe §‘be%‘°’”65\3 PRIY P& IH’chaIbDns

nutrients, o%{oamy sui¥BSied WHE biRdl o8 mded 16 dRPRIRL SateStuends) By driPAGHiD BmAg At .

28. The nmethod of claim 27, wherein the substance is a drug.
pentides and polymers.

14, The polymer of claim 3, having the structure

0 G Q Q
O/u\—i“/L N“@‘NJ\&A(OCHZCH?_M
SR H H R
X
n

wherein the moiety D is derived from a diamine having the general structure

HzN—D%j—NHz

Kp

each X is independently a reactive functional group, p is 0-4, and m is 4-700; and wherein R
and R’ are independently selected from the group consisting of linear hydrocarbons optionally
substituted with one or more hydrophilic substituents, polycyelic hydrocarbons optionally
substituted with one or more hydrophilic substituents, hydrophobic amino acids, peptides and

polymers. )
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29. A nethod of inducing binding affinity for a biological target in
a polynmer according to claim4, conprising the step of attaching a
targeting noiety to one or nore of the reactive functional groups X
present on the polyner. 30.The nethod of claim?29, wherein the

bi ol ogical target is the surface of a cell or virus. 31. The net hod
of claim 30, wherein the targeting noiety is selected fromthe group
consisting of receptor-specific |igands, antibodies, antibody
fragmeif.s, Peppilywer dfodpm 4 hagnatheRORtarei no aci d sequence, pepti des
conprising a YISRG notif, growh factors, as sialic acid derivatives,
N-acetyl neuramini ¢ aci derlvatlves folate met hotrexate, pteroic

acid, estradiol, estratri e, mannose- 6- phosphat e,
sugars, vitam ns, hyptio no I g}@}@ﬂ?s FuzeonTM

PRO- 542, BMS-488043, sj alic | d, 2 z

dldehydro N—acetylneuram@ Cld -g @hno NeuS5Ac2en (zanam vir),

oseltamvir, and RM- 2702 32. The hod of cl

%n 31, wherein the
targeting noiety is a fonocl onal  ant i body or an antibo

dy fragnent.

wherein m is 4-700, and R and R’ are independently selected from the group consisting of linear
hydrocarbons optionally substituted with one or more hydrophilic substituents, polycyclic
hydrocarbons optionally substituted with one or more hydrophilic substituents, hydrophobic

amino acids, peptides and polymers.

16.  The polymer of claim 4, having the structure

o]

O
* 0)1\,.'— SM—L“'—S“*)‘\(OCHZCHZ)‘“

R-<

HO—IE])/\R I OH

wherein m is 4-700, L is phenylene, C»-Cs alkylene, or benzenedimethylene, and R and R’ are
independently selected from the group consisting of linear hydrocarbons optionally substituted
with one or more hydrophilic substituents, polycyclic hydrocarbons optionally substituted with

one or more hydrophilic substituents, hydrophobic aminoe acids, peptides and polymers.
17.  The composition resulting from the chemical reaction of polyethylene glycol and maleic

anhydride, resulting in the substantiaily complete esterification of the terminal hydroxyl groups

of the polyethylene glycol by the maleic anhydride.
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18. The composition resulting from the chemical reaction of polypropylene glycol and
maleic aphydride, resulting in the substantially complete esterification of the terminal hydroxyl

groups of the polypropylene glycol by the maleic anhydride.

19, The composition resulting from the chemical reaction of dithiothreito! with the

composition of claim 17.

20.  The composition resulting from the chemical reaction of dithiothreitol with the

composition of claim 18.

21, A polymer having the structure

O Ho oH 9
x, O h _SKS- " (OCHZCHz)m
Y 1]
0 0 n

wherein m is 4 to about 700 and n is 3 to about 100, and wherein, in each occurrence of the
monomer unit having the structure shown, Y and Y~ are independently selected from the group
consisting of OH, COOH, SH, NH;, NHR, ONHz, NHOH, NHNH;, and NRNH,, wherein R is
selected from the group consisting of C, to Cs alkyl and (CH2),Y, where k is from 2 to 5.
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22. A polymer having the structure

YZ
j:) ﬂ ¢ (OCH20H2)m}>

wherein m is 4 to about 700 and nis 3 to about 100, and wherein, in each occurrence of the
monomer vnit having the structure shown, Y and Y are independently selected from the group
consisting of OH, COOH, SH, NH,, NHR, ONHz, NHOH, NHNH,, and NRNH,, wherein R is
selected from the group consisting of C; to Cs alky! and (CH2),Y, where k is from 2 to 5; W
and W” are independently O or Hy, and wherein, in each occurrence of the monomer unit, Z and
Z’ are independently selected from the group consisting of linear hydrocarbons optionally
substituted with one or more hydrophilic substituents, polycyclic hydrocarbons optionally
substituted with one or more hydrophilic substituents, hydrophobic amino acids, peptides and

polymers.

23, A polymer having the structure

W 1
6 O
x o/u\ _)—<_ s ZK(OCHQCHz)m
‘K \"_Y ,
o
wherein m is 4-700, and Y and Y? are independently selected from the group consisting of R,

OR, COOR, SR, NHR, NRR’, ONHR, NHOR, NRNEH,, NHNHR, NRNHR’, and NHNRR’,

wherein R and R’ are independently selected from the group consisting of linear hydrocarbons

O

optionally substituted with one or more hydrophilic substituents, polycyclic hydrocarbons
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optionaily substituted with one or more hydrophilic substituents, hydrophobic amino acids,
peptides and polymers; and wherein, in each occurrence of the monomer unit, W and W’ are
independently selected from the group consisting of H, ~-COCH=CH,, -COC(CHj3)=CHa,
COCH=CHCO,H, and -COC(CH3)=CHCOH.

24. A pharmaceutical composition comprising a polymer according to any of claims 1-9,

and further comprising an effective amount of a pharmacologically active agent.

25. A method of increasing the solubility of a substance in an agueous solvent, which
comprises contacting the substance with a polymer according to claim 1 or claim 2 so as to form
a water-soluble complex of the substance and the polymer,

26. A method of increasing the solubility of a substance in a non-aqueous solvent, which
comprises contacting the substance with a polymer according to claim 1 or claim 2 so as to form

a complex of the substance and the polymer that is solubie in the non-aqueous solvent.

27.  The method of claim 25 or claim 26, wherein the substance is selected from the group

consisting of vitamins, nutrients, drugs, dyes, nucleic acid complexes, and imaging agents.
28, The method of claim 27, wherein the substance is a drug,

29. A method of inducing binding affinity for a biological target in a polymer according to
claim 4, comprising the step of attaching a targeting moiety to one or more of the reactive

functional groups X present on the polymer.

30.  The method of claim 29, wherein the biclogical target is the surface of a cell or virus.
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31.  The method of claim 30, wherein the targeting moiety is selected from the group
consisting of receptor-specific ligands, antibodies, antibody fragments, peptides comprising an
RGD amino acid sequence, peptides comprising 2 YISRG motif, growth factors, as sialic acid
derivatives, N-acetylneuraminic acid derivatives; folate, methotrexate, pteroic acid, estradiol,
estratriol, testosternone, mannose-6-phosphate, sugars, vitamins, tryptophan,
aminoalkyladamantanes, Fuzeon™, PRO-542, BMS-488043, sialic acid, 2-deoxy-2,3-
didehydro-N-acetylneuraminic acid, 4-guanidino-NeuSAc2en (zanamivir), oseltamivir, and
RWJI-270201.

32. The method of elaim 31, wherein the targeting moiety is a monoclonal antibody or an

antibody fragment.
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