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ABSTRACT 

The present invention relates to novel compositions compris 
ing polymeric moieties covalently attached to therapeutic 
agents, Wherein the therapeutic agent is attached to the poly 
meric moiety through a tether. By selecting from a variety of 
tether groups and targeting ligands the polymers present 
methods for controlled delivery of the therapeutic agents. The 
invention also relates to methods of treating subjects With the 
therapeutic compositions described herein. 
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CYCLODEXTRIN-BASED POLYMERS FOR 
THERAPEUTICS DELIVERY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application claims the bene?t of US. 
Provisional Application Nos. 60/897,096 ?led on Jan. 24, 
2007, and 61/002,752 ?led on Nov. 9, 2007. The speci?ca 
tions of these applications are incorporated herein by refer 
ence in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] Drug delivery of some small molecule therapeutic 
agents has been problematic due to their poor pharmacologi 
cal pro?les. These therapeutic agents often have loW aqueous 
solubility, their bioactive forms exist in equilibrium With an 
inactive form, or high systemic concentrations of the agents 
lead to toxic side-effects. Some approaches to circumvent the 
problem of their delivery have been to conjugate the agent 
directly to a Water-soluble polymer such as hydroxypropyl 
methacrylate (HPMA), polyethyleneglycol, and poly-L 
glutamic acid. In some cases, such conjugates have been 
successful in solubiliZing or stabiliZing the bioactive form of 
the therapeutic agent, or achieving a sustained release formu 
lation Which circumvents complications associated With high 
systemic concentrations of the agent. 
[0003] Another approach to the drug delivery problem has 
been to form host/guest inclusion complexes betWeen the 
therapeutic agent and cyclodextrins or derivatives thereof. 
Cyclodextrins (0t, [3, y) and their oxidized forms have unique 
physico-chemical properties such as good Water solubility, 
loW toxicity and loW immune response. To date, most of the 
drug delivery studies With cyclodextrins have focused on their 
ability to form supra-molecular complexes, Wherein cyclo 
dextrins form host/ guest inclusion complexes With therapeu 
tic molecules and thus alter the physical, chemical, and/or 
biological properties of these guest molecules. 
[0004] There is an ongoing need for neW approaches to the 
delivery of small therapeutic agents that have poor pharma 
cological pro?les. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates to novel compositions 
of polymer conjugates, de?ned as polymeric materials 
covalently coupled to therapeutic agents as carriers for thera 
peutics delivery. In one aspect, the present invention provides 
Water-soluble, biocompatible polymer conjugates compris 
ing a Water-soluble, biocompatible polymer covalently 
attached to therapeutic agents through attachments that are 
cleaved under biological conditions to release the therapeutic 
agent. 
[0006] One aspect of the invention relates to a polymer 
conjugate, comprising a therapeutic agent covalently 
attached to a polymer through a tether, Wherein the tether 
comprises a self-cycliZing moiety. In some embodiments, the 
tether further comprises a selectivity-determining moiety. 
[0007] One aspect of the invention relates to polymeric 
materials covalently coupled to therapeutic agents through a 
tether, Wherein the tether comprises a self-cycliZing moiety. 
In certain embodiments, the tether further comprises a selec 
tivity-determining moiety, e.g., covalently attached to the 
self-cycliZing moiety, such as in series. 
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[0008] In certain embodiments as disclosed herein, the 
selectivity-determining moiety is bonded to the self-cycliZing 
moiety betWeen the self-cycliZing moiety and the polymer. In 
certain embodiments as disclosed herein, the selectivity-de 
termining moiety promotes selectivity in the cleavage of the 
bond betWeen the selectivity-determining moiety and the 
self-cycliZing moiety, e.g., under acidic conditions or under 
basic conditions. In certain embodiments as disclosed herein, 
the bond betWeen the selectivity-determining moiety and the 
self-cycliZing moiety is selected from amide, carbamate, car 
bonate, ester, thioester, urea, and disul?de bonds. 
[0009] In certain embodiments as disclosed herein, the self 
cycliZing moiety is selected such that after cleavage of the 
bond betWeen the selectivity-determining moiety and the 
self-cycliZing moiety, cycliZation of the self-cycliZing moiety 
occurs, thereby releasing the therapeutic agent. 
[0010] In certain embodiments as disclosed herein, cycliZa 
tion of the self-cycliZing moiety forms a ?ve- or six-mem 
bered ring. In certain embodiments as disclosed herein, the 
?ve- or six-membered ring is a heterocycle that comprises at 
least one heteroatom selected from nitrogen, oxygen, and 
sulfur. In certain embodiments as disclosed herein, the het 
erocycle is an imidaZolidinone. 
[0011] In certain embodiments as disclosed herein, the 
selectivity-determining moiety promotes enZymatic cleavage 
(i.e., by cathepsin or cathepsin B) of the bond betWeen the 
selectivity-determining moiety and the self-cycliZing moiety. 
In certain embodiments as disclosed herein, the selectivity 
determining moiety comprises a peptide (e.g., a dipeptide, 
tripeptide or tetrapeptide). In certain embodiments as dis 
closed herein, the peptide comprises a sequence selected from 
GFYA, GFLG, GFA, GLA, AVA, GVA, GIA, GVL, GVF, 
AVF, KF, and PK. 
[0012] In certain embodiments as disclosed herein, the 
selectivity-determining moiety comprises an aminoalkylcar 
bonyloxyalkyl moiety. In certain embodiments as disclosed 
herein, the selectivity-determining moiety comprises cis-ac 
onityl. 
[0013] In certain embodiments as disclosed herein, the self 
cycliZing moiety has a structure 

, 

[0014] Wherein 
[0015] U is selected from NR1 and S; 
[0016] X is selected from O, NR5, and S; 
[0017] V is selected from O, S, and NR4; 
[0018] R2 and R3 are independently selected from hydro 

gen, alkyl, and alkoxy; or R2 and R3 together With the 
carbon atoms to Which they are attached form a ring; and 

[0019] R1, R4, and R5 are independently selected from 
hydrogen and alkyl. 

[00120] In certain embodiments as disclosed herein, U is 
NR and/ or V is NR4, and R1 and R4 are independently 
selected from methyl, ethyl, propyl, and isopropyl. In certain 
embodiments as disclosed herein, both R1 and R4 are methyl. 
In certain embodiments as disclosed herein, both R2 and R3 
are hydrogen. In certain embodiments as disclosed herein, R2 
and R3 together are i(CH2)ni Wherein n is 3 or 4. 
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[0021] In certain embodiments as disclosed herein, the self 
cycliZing moiety is selected from 

[0022] In certain embodiments as disclosed herein, U is 
bonded to the self-cycliZing moiety. 
[0023] In certain embodiments as disclosed herein, the 
selectivity-determining moiety is represented by Formula A: 

O 

O 

O 

(A) 

s — I —Q 

[0024] Wherein 
[0025] S a sulfur atom that is part of a disul?de bond; 
[0026] J is optionally substituted hydrocarbyl; and 
[0027] Q is O or NR”, wherein R13 is hydrogen or alkyl. 
[0028] In certain embodiments as disclosed herein, the 
selectivity-determining moiety is represented by Formula B: 

(B) 

[0029] Wherein 
[0030] W is selected from NR4, S, and O; 
[0031] J, independently and for each occurrence, is hydro 
carbyl or polyethylene glycol; 
[0032] S is sulfur; 
[0033] Q is O or NR3, wherein R13 is hydrogen or alkyl; and 
[0034] R14 is selected from hydrogen and alkyl. 
[0035] In certain embodiments as disclosed herein accord 
ing to Formula B, J comprises an aryl ring, such as a benZo 
ring. In certain such embodiments as disclosed herein, W and 
S are in a 1,2-relationship on the aryl ring. In certain embodi 
ments as disclosed herein, the aryl ring is optionally substi 
tuted With alkyl, alkenyl, alkoxy, aralkyl, aryl, heteroaryl, 
halogen, iCN, aZido, iNR‘R", 4CO2OR", iC(O)i 
NRXR", %(O)iRx, iNRx%(O)iRx, iNRxsOzR", 
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iSR", iS(O)R", iSO2R", isOzNRxR", i(C(R")2)ni 
OR", i(C(R")2)niNRxRx, and i(C(R")2)niSO2R"; 
Wherein R’C is, independently for each occurrence, H or loWer 
alkyl; and n is, independently for each occurrence, an integer 
from 0 to 2. 

[0036] In certain embodiments as disclosed herein accord 
ing to Formula A or B, J, independently and for each occur 
rence, is polyethylene glycol, polyethylene, polyester, alk 
enyl, or alkyl. 
[0037] In certain embodiments as disclosed herein accord 
ing to Formula A or B, J, independently and for each occur 
rence, represents a hydrocarbylene group comprising one or 
more methylene groups, Wherein one or more methylene 
groups is optionally replaced by a group Y (provided that 
none of theY groups are adjacent to each other), Wherein each 
Y, independently for each occurrence, is selected from, sub 
stituted or unsubstituted aryl, heteroaryl, cycloalkyl, hetero 
cycloalkyl, or iOi, C(:X) (Wherein X is NR”, 0 or S), 
A)C(O)i, %(:O)O, iNRwi, iNRlCOi, %(O) 
NR3Oi, iS(O)ni (Wherein n is 0, l, or 2), iOC(O)i 
NR3O, iNR3O%(O)iNR3Oi, iNR3OiC(NR3O)i 
NR3Oi, and iB (OR3 0)i; and R3 0, independently for each 
occurrence, represents H or a loWer alkyl. 

[0038] In certain embodiments as disclosed herein accord 
ing to Formula A or B, J, independently and for each occur 
rence, is substituted or unsubstituted loWer alkylene (e.g., 
unsubstituted ethylene). 
[0039] In certain embodiments as disclosed herein accord 
ing to Formula A, the selectivity-determining moiety is 

[0040] In certain embodiments as disclosed herein accord 
ing to Formula B, the selectivity-determining moiety is 
selected from 

O 

[0041] In certain embodiments as disclosed herein, the 
selectivity-determining moiety has a structure 

0 R20 

)\ S 1 $0 Ar/ \S/ \QELAL, 
[0042] Wherein Ar is a substituted or unsubstituted benZo 
ling; 
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[0043] J is optionally substituted hydrocarbyl (e.g., as 
de?ned anywhere above); and 
[0044] Q is O or NR3, wherein R13 is hydrogen or alkyl. 
[0045] In certain embodiments as disclosed herein Ar is 
unsubstituted. In certain embodiments as disclosed herein, Ar 
is a 1,2-benZo ring. In certain such embodiments, the selec 
tivity determining moiety is 

[0046] In certain embodiments as disclosed herein, the 
polymer comprises a plurality of cyclic moieties selected 
from cyclodextrins, croWn ethers, cyclic oligopeptides, 
cryptands or cryptates, calixarenes, cavitands, or any combi 
nation thereof. 
[0047] In certain embodiments, the polymer conjugate has 
a structure of Formula I: 

(I) 

[0048] Wherein P is a monomer moiety; 
[0049] A, independently for each occurrence, is a selec 

tivity-determining moiety or a direct bond; 
[0050] B, independently for each occurrence, is a self 

cycliZing moiety; 
[0051] L1, L2, L3 and L4, independently for each occur 

rence, are a linker group; 

[0052] D and D' are independently a therapeutic agent or 
prodrug thereof; 

[0053] T and T' are independently a targeting ligand or 
precursor thereof; 

[0054] y and y' are independently an integer from 1 to 10; 
[0055] x, X', Z, and Z' are independently an integer from 0 

to 10; and 
[0056] h is an integer from 2 to 30,000 (for example, 
from 2, 3, 4, 5, or 8 to about 25, 50, 100, 500, 1,000, 
5,000, 10,000, 15,000, 20,000, or 25,000; or, for 
example, from 2, 3, or 4 to 5 or 10); Wherein at least one 
occurrence of either X or X' is an integer greater than 0. 

[0057] In certain embodiments, A is a selectivity-determin 
ing moiety. 
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[0058] In certain embodiments, L1, L2, L3 and L4 are inde 
pendently selected from an alkyl chain, a polyethylene glycol 
(PEG) chain, polysuccinic anhydride, poly-L-glutamic acid, 
poly(ethyleneimine), an oligosaccharide, and an amino acid 
chain. 

[0059] In certain embodiments, any of L1, L2, L3 and L4 are 
independently an alkyl chain Wherein one or more methylene 

groups is optionally replaced by a group Y (provided that 
none of theY groups are adjacent to each other), Wherein each 
Y, independently for each occurrence, is selected from aryl, 
heteroaryl, carbocyclyl, heterocyclyl, or 40*, C(:X) 
(Wherein X is NR1, O or S), 4OC(O)i, 4C(:O)O, 
iNRli, iNRlCOi, %(O)NRli, iS(O)ni 
(Wherein n is 0, 1, or 2), iOC(O)iNR1, iNRliC(O)i 
NRli, iNRl4C(NRl)iNR1i, and iB(OR1)i; and 
R1, independently for each occurrence, is H or loWer alkyl. 

[0060] In certain embodiments, A is selected such that the 
selectivity-determining moiety promotes selectivity in the 
cleavage of the bond betWeen the selectivity-determining 
moiety and the self-cycliZing moiety. 
[0061] In certain embodiments, B is capable of self-cycliZ 
ing to release the therapeutic agent once the bond betWeen A 
and B has been cleaved. 

[0062] In one aspect, the invention provides for a com 
pound represented by Formula C: 

(C) 
(C1))". 

L 
L2_('D ), lb 

L3 
| 

(T)v W 

[0063] Wherein 
[0064] P represents a polymer chain; 
[0065] CD represents a cyclic moiety; 
[0066] L1, L2 and L3, independently for each occurrence, 
may be ab sent or represent a linker group, provided that 
a plurality of occurrences of L2 represent linkers that are 
cleavable under biological conditions; 

[0067] D, independently for each occurrence, is selected 
from etoposide, tubulysin, epothilone, or an analog or 
derivative thereof; 

[0068] T, independently for each occurrence, represents 
a targeting ligand or precursor thereof; 

[0069] a, m and v, independently for each occurrence, 
represent integers in the range of 1 to 10; 

[0070] n and W, independently for each occurrence, rep 
resent an integer in the range of 0 to about 30,000; and 

[0071] b represents an integer in the range of I to about 
30,000; and 

[0072] either P comprises cyclodextrin moieties in the 
polymer chain or n is at least 1. 
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[0073] In certain embodiments, the compound is repre 
sented by Formula C': 

[0074] wherein 
[0075] CD represents a cyclodextrin moiety, or deriva 

tive thereof; 
[0076] L4, L5, L6, and L7, independently for each occur 

rence, may be absent or represent a linker group; 

[0077] D and D', independently for each occurrence, is 
selected from etoposide, tubulysin, epothilone, or an 
analog or derivative thereof; 

[0078] T and T', independently for each occurrence, rep 
resents the same or different targeting ligand or precur 
sor thereof; 

[0079] f and y, independently for each occurrence, rep 
resent an integer in the range of 1 and 10; 

[0080] g and Z, independently for each occurrence, rep 
resent an integer in the range of 0 and 10; and 

[0081] h is an integer from 2 to 30,000 (for example, 
from 2, 3, 4, 5, or 8 to about 25, 50, 100, 500, 1,000, 
5,000, 10,000, 15,000, 20,000, or 25,000; or, for 
example, from 2, 3, or 4 to 5 or 10). 

[0082] In certain embodiments, the compound is repre 
sented by Formula D: 

(D) 

L10 L9 
| | 

(C1))". (13)". 

[0083] Wherein 
[0084] y represents a monomer unit of a polymer that 

comprises cyclodextrin moieties; 
[0085] T, independently for each occurrence, represents 

a targeting ligand or a precursor thereof; 

[0086] L6, L7, L8, L9, and L10, independently for each 
occurrence, may be absent or represent a linker group; 
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[0087] CD, independently for each occurrence, repre 
sents a cyclodextrin moiety or a derivative thereof; 

[0088] D, independently for each occurrence, is selected 
from etoposide, tubulysin, epothilone, or an analog or 
derivative thereof; 

[0089] m, independently for each occurrence, represents 
an integer in the range of 1 to 10; 

[0090] o is an integer from 2 to 30,000 (for example, 
from 2, 3, 4, 5, or 8 to about 25, 50, 100, 500, 1,000, 
5,000, 10,000, 15,000, 20,000, or 25,000; or, for 
example, from 2, 3, or 4 to 5 or 10); and 

[0091] p, n, and q, independently for each occurrence, 
represent an integer in the range of 0 to 10, 

[0092] Wherein CD and D are each present at least once 
in the compound. 

[0093] One aspect of the invention relates to a polymer 
covalently coupled to a therapeutic agent through a linker, 
Wherein the linker comprises a phosphate group. 
[0094] One aspect of the invention relates to a polymer, 
such as any polymer as described above, covalently coupled 
to a therapeutic agent through a linker, Wherein the therapeu 
tic agent is selected from etoposide, tubulysin, epothilone, or 
an analog or derivative thereof. 
[0095] In certain embodiments as described above, the 
polymers employed may be biocompatible polymers. 
[0096] In certain embodiments as described above, the 
polymer comprises a plurality of cyclic moieties selected 
from cyclodextrins, croWn ethers, cyclic oligopeptides, 
cryptands or cryptates, calixarenes, cavitands, and any com 
bination thereof. 
[0097] In certain embodiments as described above, the 
therapeutic agent is a small molecule. In certain embodi 
ments, the therapeutic agent contains an amino, hydroxyl, or 
thiol group. In certain embodiments, the therapeutic agent is 
attached to the self-cycliZing group through the amino, 
hydroxyl, or thiol group, preferably a hydroxyl group. 
[0098] In certain embodiments as described above, the 
therapeutic agent is etoposide, tubulysin, epothilone, or an 
analog or derivative thereof. In certain embodiments as dis 
closed herein, the targeting ligand is a hormone, such a as a 
hormone that facilitates endocytosis. In certain embodiments, 
the hormone is luteiniZing hormone-releasing hormone 
(LHRH). 
[0099] In certain embodiments, a linker group represents a 
hydrocarbylene group Wherein one or more methylene 
groups is optionally replaced by a group Y (provided that 
none of theY groups are adjacent to each other), Wherein each 
Y, independently for each occurrence, is selected from, sub 
stituted or unsubstituted aryl, heteroaryl, cycloalkyl, hetero 
cycloalkyl, or iOi, C(:X) (Wherein X is NR1, O or S), 
4OC(O)i, 4C(:O)O, iNRli, iNRlCOi, 4C(O) 
NRli, iS(O)ni (Wherein n is 0, 1, or 2), iOC(O)iNR1, 
iNRl4C(O)iNR1i, iNRliC(NRl)iNRli, and 
iB(ORl)i; and R1, independently for each occurrence, 
represents H or a loWer alkyl. 
[0100] In certain embodiments, a linker group, e.g., 
betWeen a therapeutic agent and a polymer, comprises a self 
cycliZing moiety. In certain embodiments, a linker group, 
e.g., betWeen a therapeutic agent and a polymer, comprises a 
selectivity-determining moiety. 
[0101] In certain embodiments as disclosed herein, a linker 
group, e.g., betWeen a therapeutic agent and a polymer, com 
prises a self-cycliZing moiety and a selectivity-determining 
moiety. 
[0102] In certain embodiments, the linker group represents 
an amino acid or peptide, or derivative thereof. 
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[0103] In certain embodiments as disclosed herein, the 
therapeutic agent or targeting ligand is covalently bonded to 
the linker group via a biohydrolyZable bond (e.g., an ester, 
amide, carbonate, carbamate, or a phosphate). 
[0104] In certain embodiments, the compound is biode 
gradable or bioerodable. 
[0105] In certain embodiments as disclosed herein, the 
compound has a number average (Mn) molecular Weight 
betWeen 1,000 to 500,000 amu, or betWeen 5,000 to 200,000 
amu, or betWeen 10,000 to 100,000 amu. 
[0106] In one aspect, the invention provides for a pharma 
ceutical preparation comprising a pharmaceutical excipient 
and a compound of the invention, or a pharmaceutically 
acceptable ester, salt, or hydrate thereof. In certain embodi 
ments, the therapeutic agent or prodrug thereof makes up at 
least 5% by Weight of the compound. In certain embodiments, 
the therapeutic agent or prodrug thereof makes up at least 
20% by Weight of the compound. 
[0107] In certain embodiments, the compound is Water 
soluble. 
[0108] In certain embodiments as disclosed herein, P is a 
linear polymer chain. In certain embodiments as disclosed 
herein, P is a branched polymer chain. 
[0109] In certain embodiment as disclosed herein s, P com 
prises cyclodextrin moieties and at least one of the cyclodex 
trin moieties of P is oXidiZed. In certain such embodiments, a 
plurality of the cyclodextrin moieties of P are oXidiZed. 
[0110] In certain embodiments as disclosed herein, P com 
prises cyclodextrin moieties that alternate With linker moi 
eties in the polymer chain. 
[0111] In certain embodiments, the linker moieties are 
attached to therapeutic agents or prodrugs thereof that are 
cleaved under biological conditions. 
[0112] In one aspect, the invention provides for a method 
for delivering a therapeutic agent comprising administering 
to a patient in need thereof a therapeutically effective amount 
of one or more of the compounds of the invention. In certain 
such embodiments, the method is a method for treating can 
cer. 

[0113] In one aspect, the invention relates to a compound 
represented by Formula C: 

(C) 
(C1))". 

11 
L2_('D ), lb 

L3 
| 

(T)v W 

[0114] Wherein 
[0115] P represents a polymer chain; 
[0116] CD represents a cyclodextrin moiety; 
[0117] L2 independently for each occurrence, may be 

absent or represents a linker group, Wherein for one or 

more occurrences, L2 is a linker group that comprises a 
phosphate group; 

[0118] L1 and L3, independently for each occurrence, 
may be absent or represent a linker group; 
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[0119] D, independently for each occurrence, represents 
a therapeutic agent or a prodrug thereof; 

[0120] T, independently for each occurrence, represents 
a targeting ligand or precursor thereof; 

[0121] a, m and v, independently for each occurrence, 
represent integers in the range of 1 to 10; 

[0122] n and W, independently for each occurrence, rep 
resent an integer in the range of 0 to about 30,000; and 

[0123] b represents an integer in the range of I to about 
30,000; and 

[0124] Wherein either P comprises cyclodextrin moieties in 
the polymer chain or n is at least 1, and Wherein a plurality of 
therapeutic agents or prodrugs thereof are covalently attached 
to the polymer chain through attachments that are cleavable, 
e.g., under biological conditions. 

[0125] In certain embodiments, for a plurality of occur 
rences, L2 is a linker group comprising a phosphate group. 

[0126] In certain embodiments, the compound is repre 
sented by Formula C': 

[0127] 
[0128] CD represents a cyclodextrin moiety, or deriva 

tive thereof, 
[0129] L4 and L6, independently for each occurrence, 
may be absent or represent a linker group, Wherein for 
one or more occurrences, L4 or L6 is a linker group that 
comprises a phosphate group; 

[0130] L5 and L7, independently for each occurrence, 
may be absent or represent a linker group; 

[0131] D and D', independently for each occurrence, rep 
resent the same or different therapeutic agent or pro 
drugs thereof, 

[0132] T and T', independently for each occurrence, rep 
resents the same or different targeting ligand or precur 
sor thereof; 

[0133] f and y, independently for each occurrence, rep 
resent an integer in the range of 1 and 10; 

[0134] g and Z, independently for each occurrence, rep 
resent an integer in the range of 0 and 10; and 

[0135] h is an integer from 2 to 30,000 (for example, 
from 2, 3, 4, 5, or 8 to about 25, 50, 100, 500, 1,000, 
5,000, 10,000, 15,000, 20,000, or 25,000; or, for 
example, from 2, 3, or 4 to 5 or 10). 

Wherein 
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[0136] In certain embodiments, the compound represented 
by Formula D: 

(D) 

L10 L9 

[0137] Wherein 
[0138] y represents a monomer unit of a polymer; 
[0139] T, independently for each occurrence, represents 

a targeting ligand or a precursor thereof; 
[0140] L6, L7, L8, and L10, independently for each occur 

rence, may be absent or represent a linker group; 
[0141] L9, independently for each occurrence, may be 

absent or represents a linker group, Wherein for one or 
more occurrences, L9 is a linker group that comprises a 
phosphate group; 

[0142] CD, independently for each occurrence, repre 
sents a cyclodextrin moiety or a derivative thereof; 

[0143] D, independently for each occurrence, represents 
a therapeutic agent or a prodrug form thereof; 

[0144] m, independently for each occurrence, represents 
an integer in the range of 1 to 10; 

[0145] o is an integer from 2 to 30,000 (for example, 
from 2, 3, 4, 5, or 8 to about 25, 50, 100, 500, 1,000, 
5,000, 10,000, 15,000, 20,000, or 25,000; or, for 
example, from 2, 3, or 4 to 5 or 10); and 

[0146] p, n, and q, independently for each occurrence, 
represent an integer in the range of 0 to 10, 

[0147] Wherein CD and D are each present at least once in 
the compound. 
[0148] In certain embodiments, at least one linker that con 
nects the therapeutic agent or prodrug thereof to the polymer 
comprises a group represented by the formula 

0 

X , 

Wherein 
P is phosphorus; 
O is oxygen; 
E represents oxygen or NR4O; 
K represents hydrocarbyl; 

[0154] X is selected from OR42 or NR43R44; and 
[0155] R40, R41, R42, R43 , and R44 independently repre 

sent hydrogen or optionally substituted alkyl. 

[0149] 
[0150] 
[0151] 
[0152] 
[0153] 

[0156] In certain embodiments, E is NR40 and R40 is hydro 
gen. 
[0157] In certain embodiments, K is loWer alkylene (e.g., 
ethylene). 
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[0158] In certain embodiments, at least one linker com 
prises a group selected from 

(i H N 
P_N/\/ d | H a“ 

OH 

‘5 r P_N/\/ 
I H 
OCH2CH3 

[0159] In certain embodiments, X is OR42. 
[0160] In certain embodiments, the linker group comprises 
an amino acid or peptide, or derivative thereof. 
[0161] In certain embodiments as disclosed herein, the 
linker is connected to the therapeutic agent through a 
hydroxyl group (e.g,, a phenolic hydroxyl group) on the 
therapeutic agent. 
[0162] In certain embodiments as disclosed herein, the 
therapeutic agent is a small molecule, a peptide, a protein or 
a polymer that has therapeutic activity. In certain embodi 
ments as disclosed herein, the therapeutic agent is a small 
molecule. In certain embodiments as disclosed herein, the 
therapeutic agent is selected from etoposide, tubulysin, 
epothilone, or an analog or derivative thereof. 
[0163] In certain embodiments as disclosed herein, the 
therapeutic agent is hydrophobic and has a log P>0.4. 
[0164] In certain embodiments as disclosed herein, the 
therapeutic agent has loW aqueous solubility. 
[0165] In certain embodiments as disclosed herein, the 
therapeutic agent or targeting ligand is covalently bonded to 
the linker group via a biohydrolyZable bond (e.g., an ester, 
amide, carbonate, or a carbamate). 
[0166] In certain embodiments as disclosed herein, the 
therapeutic agent is selected from an anti-cancer, anti-fungal, 
anti-bacterial, anti-mycotic, or anti-viral therapeutic. 
[0167] In certain embodiments as disclosed herein, the 
therapeutic agent is a receptor agonist. In certain embodi 
ments, the therapeutic agent is a receptor antagonist. 
[0168] In certain embodiments as disclosed herein, the 
compound is biodegradable or bioerodable. 
[0169] In certain embodiments as disclosed herein, the 
compound has a number average (Mn) molecular Weight 
betWeen 1,000 to 500,000 amu, or betWeen 5,000 to 200,000 
amu, or betWeen 10,000 to 100,000 amu. 
[0170] In one aspect as disclosed herein, the invention pro 
vides for a pharmaceutical preparation comprising a pharma 
ceutical excipient and a compound of the invention, or a 
pharmaceutically acceptable ester, salt, or hydrate thereof. 
[0171] In certain embodiments as disclosed herein, the 
therapeutic agent is selected from anorexics, antiarthritics, 
antiasthmatic agents, anticonvulsants, antidepressants; anti 
histamines, anti-in?ammatory agents, antinauseants, antine 
oplastics, antipruritics, antipsychotics, antipyretics, antispas 
modics, cardiovascular preparations, antihypertensives, 
diuretics, vasodilators, central nervous system stimulants, 
cough and cold preparations, decongestants, diagnostics, hor 
mones, bone groWth stimulants and bone resorption inhibi 
tors, immunosuppressives, muscle relaxants, psychostimu 
lants, sedatives, tranquilizers, anti-in?ammatory agents, anti 
epileptics, anesthetics, hypnotics, sedatives, neuroleptic 
agents, antidepressants, anxiolytics, anticonvulsant agents, 
neuron blocking agents, anticholinergic and cholinomimetic 
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agents, antimuscarinic and muscarinic agents, antiadrener 
gics, antiarrhythmics, and antihypertensive agents. 
[0172] In certain embodiments as disclosed herein, the 
therapeutic agent or prodrug thereof makes up at least 5% by 
Weight of the compound. In certain embodiments, the thera 
peutic agent or prodrug thereof makes up at least 20% by 
Weight of the compound. 
[0173] In certain embodiments as disclosed herein, the 
compound is Water soluble. 
[0174] In certain embodiments, a plurality of the linker 
moieties are attached to therapeutic agents or prodrugs 
thereof and are cleaved under biological conditions. 
[0175] In one aspect, the invention provides for a method 
for delivering a therapeutic agent comprising administering 
to a patient in need thereof a therapeutically effective amount 
of one or more of the compounds of the invention. In certain 
such embodiments, the method is a method for treating can 
cer. 

BRIEF DESCRIPTION OF THE FIGURES 

[0176] FIG. 1 shoWs the tumor volume mean summary data 
for HT29 colon carcinoma xenograft in mice treated With 
CDP-PEG-SS-Tubulysin. 
[0177] FIG. 2 shoWs the body Weight mean summary data 
for HT29 colon carcinoma xenograft in mice treated With 
CDP-PEG-SS-Tubulysin. 
[0178] FIG. 3 shoWs the relative cellular uptake properties 
of 5 different CDP-Rho systems as a percentage of total 
dosing. 
[0179] FIG. 4 shoWs the relative distribution of CDP-Rho 
in tWo systems folloWing dosing. 
[0180] FIG. 5 shoWs the uptake of CDP-Rho and LHRH 
CDP-Rho by How cytometry. 
[0181] FIG. 6 shoWs substantial colocaliZation of LHRH 
CDP-Rho With Lysotracker green as observed by confocal 
microscopy. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Compounds 

[0182] The present invention provides Water-soluble, bio 
compatible polymer conjugates comprising a Water-soluble, 
biocompatible polymer covalently attached to therapeutic 
agents through attachments that are cleaved under biological 
conditions to release the therapeutic agent. In certain embodi 
ments, a polymer conjugate comprises a therapeutic agent 
covalently attached to a polymer, preferably a biocompatible 
polymer, through a tether, e.g., a linker, Wherein the tether 
comprises a selectivity-determining moiety and a self-cycliZ 
ing moiety Which are covalently attached to one another in the 
tether, e.g., betWeen the polymer and the therapeutic agent. 
[0183] Polymeric conjugates of the present invention may 
be useful to improve solubility and/or stability of a therapeu 
tic agent, reduce drug-drug interactions, reduce interactions 
With blood elements including plasma proteins, reduce or 
eliminate immunogenicity, protect the agent from metabo 
lism, modulate drug-release kinetics, improve circulation 
time, improve drug half-life (e.g., in the serum, or in selected 
tissues, such as tumors), attenuate toxicity, improve ef?cacy, 
normalize drug metabolism across subjects of different spe 
cies, ethnicities, and/or races, and/or provide for targeted 
delivery into speci?c cells or tissues. Poorly soluble and/or 
toxic compounds may bene?t particularly from incorporation 
into polymeric compounds of the invention. In certain 
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embodiments, the therapeutic agent is a small molecule, a 
macromolecule, an antibody, a peptide, a protein, an enzyme, 
a nucleic acid, or a polymer that has therapeutic function. 

[0184] The polymer may be a polycation, polyanion, or 
non-ionic polymer. A polycationic or polyanionic polymer 
has at least one site that bears a positive or negative charge, 
respectively. In certain such embodiments, at least one of the 
linker moiety and the cyclic moiety comprises such a charged 
site, so that every occurrence of that moiety includes a 
charged site. 
[0185] In certain embodiments, the polymer may be 
selected from polysaccharides, and other non-protein bio 
compatible polymers, and combinations thereof, that contain 
at least one terminal hydroxyl group, such as polyvinylpyr 
rollidone, poly(oxyethylene)glycol (PEG), polysuccinic 
anhydride, polysebacic acid, PEG-phosphate, polyglutamate, 
polyethylenimine, maleic anhydride divinylether (DIVMA), 
cellulose, pullulans, inulin, polyvinyl alcohol (PVA), N-(2 
hydroxypropyl)methacrylamide (HPMA), dextran and 
hydroxyethyl starch (HES), and have optional pendant 
groups for grafting therapeutic agents, targeting ligands and/ 
or cyclodextrin moieties. In certain embodiments, the poly 
mer may be biodegradable such as poly(lactic acid), poly 
(glycolic acid), poly(alkyl 2-cyanoacrylates), 
polyanhydrides, and polyorthoesters, or bioerodible such as 
polylactide-glycolide copolymers, and derivatives thereof, 
non-peptide polyaminoacids, polyiminocarbonates, poly 
alpha-amino acids, polyalkyl-cyano-acrylate, polyphosp 
haZenes or acyloxymethyl poly aspartate and polyglutamate 
copolymers and mixtures thereof. 
[0186] In certain such embodiments, the polymer com 
prises cyclic moieties alternating With linker moieties that 
connect the cyclic structures, e.g., into linear or branched 
polymers, preferably linear polymers. The cyclic moieties 
may be any suitable cyclic structures, such as cyclodextrins, 
croWn ethers (e.g., l8-croWn-6,l5-croWn-5,l2-croWn-4, 
etc.), cyclic oligopeptides (e.g., comprising from 5 to 10 
amino acid residues), cryptands or cryptates (e.g., cryptand 
[2.2.2], cryptand-2,1,1, and complexes thereof), calixarenes, 
or cavitands, or any combination thereof. Preferably, the 
cyclic structure is (or is modi?ed to be) Water-soluble. In 
certain embodiments, e.g., for the preparation of a linear 
polymer, the cyclic structure is selected such that under poly 
meriZation conditions, exactly tWo moieties of each cyclic 
structure are reactive With the linker moieties, such that the 
resulting polymer comprises (or consists essentially of) an 
alternating series of cyclic moieties and linker moieties, such 
as at least four of each type of moiety. Suitable difunctional 
iZed cyclic moieties include many that are commercially 
available and/or amenable to preparation using published 
protocols. In certain embodiments, conjugates are soluble in 
Water to a concentration of at least 0.1 g/mL, preferably at 
least 0.25 g/mL. 
[0187] Thus, in certain embodiments, the invention relates 
to novel compositions of therapeutic cyclodextrin-containing 
polymeric compounds designed for drug delivery of thera 
peutic agents. In certain embodiments, these cyclodextrin 
containing polymers improve drug stability and/ or solubility, 
and/or reduce toxicity, and/or improve ef?cacy of the small 
molecule therapeutic When used in vivo. Furthermore, by 
selecting from a variety of linker groups, and/or targeting 
ligands, the rate of drug release from the polymers can be 
attenuated for controlled delivery. 
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[0188] The present invention includes polymer conjugates, 
such as cyclodextrin-containing polymer conjugates, 
Wherein one or more therapeutic agents are covalently 
attached. The polymers include linear or branched cyclodex 
trin-containing polymers and polymers grafted With cyclo 
dextrin. Exemplary cyclodextrin-containing polymers that 
may be modi?ed as described herein are taught in Us. Pat. 
Nos. 6,509,323 and 6,884,789, and Us. Published Patent 
Application Nos. 2004-0109888, and 2004-0087024, Which 
are incorporated herein in their entirety. These polymers are 
useful as carriers for small molecule therapeutic delivery, and 
may improve drug stability and solubility When used in vivo. 
[0189] In certain embodiments, the underlying polymers 
are linear cyclodextrin-containing polymers, e.g., the poly 
mer backbone includes cyclodextrin moieties. For example, 
the polymer may be a Water-soluble, linear cyclodextrin poly 
mer produced by providing at least one cyclodextrin deriva 
tive modi?ed to bear one reactive site at each of exactly tWo 
positions, and reacting the cyclodextrin derivative With a 
linker having exactly tWo reactive moieties capable of form 
ing a covalent bond With the reactive sites under polymeriza 
tion conditions that promote reaction of the reactive sites With 
the reactive moieties to form covalent bonds betWeen the 
linker and the cyclodextrin derivative, Whereby a linear poly 
mer comprising alternating units of cyclodextrin derivatives 
and linkers is produced. Alternatively the polymer may be a 
Water-soluble, linear cyclodextrin polymer having a linear 
polymer backbone, Which polymer comprises a plurality of 
substituted or unsubstituted cyclodextrin moieties and linker 
moieties in the linear polymer backbone, Wherein each of the 
cyclodextrin moieties, other than a cyclodextrin moiety at the 
terminus of a polymer chain, is attached to tWo of said linker 
moieties, each linker moiety covalently linking tWo cyclodex 
trin moieties. In yet another embodiment, the polymer is a 
Water-soluble, linear cyclodextrin polymer comprising a plu 
rality of cyclodextrin moieties covalently linked together by a 
plurality of linker moieties, Wherein each cyclodextrin moi 
ety, other than a cyclodextrin moiety at the terminus of a 
polymer chain, is attached to tWo linker moieties to form a 
linear cyclodextrin polymer. 
[0190] Cyclodextrins are cyclic polysaccharides contain 
ing naturally occurring D-(+)-glucopyranose units in an ot-(l, 
4) linkage. The most common cyclodextrins are alpha (0t) 
cyclodextrins, beta ([3)-cyclodextrins and gamma (y) 
cyclodextrins Which contain six, seven, or eight 
glucopyranose units, respectively. Structurally, the cyclic 
nature of a cyclodextrin forms a torus or donut-like shape 
having an inner apolar or hydrophobic cavity, the secondary 
hydroxyl groups situated on one side of the cyclodextrin torus 
and the primary hydroxyl groups situated on the other. Thus, 
using ([3)-cyclodextrin as an example, a cyclodextrin is often 
represented schematically as folloWs. 

OH 

O O HO O 

OH HO O 
O secondary 

0 HO HO OH hydroxyl 
OH 

O = O — U 

HO OH primary 
0 hydroxyl 

OOH OH 
OH 

OH 
O OH OH 

0H0H O O 
O 

HO 
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[0191] The side on Which the secondary hydroxyl groups 
are located has a Wider diameter than the side on Which the 
primary hydroxyl groups are located. The present invention 
contemplates covalent linkages to cyclodextrin moieties on 
the primary and/or secondary hydroxyl groups. The hydro 
phobic nature of the cyclodextrin inner cavity alloWs for 
host-guest inclusion complexes of a variety of compounds, 
e.g., adamantane. (Comprehensive Supramolecular Chemis 
try, Volume 3, J. L. AtWood et al., eds., Pergamon Press 
(1996); T. Cserhati, Anal. Biochem, 1995, 225:328-332; 
Husain et al., Applied Spectroscopy, 1992, 46:652-658; FR 2 
665 169). Additional methods for modifying polymers are 
disclosed in Suh, J. and Noh, Y., Bioorg. Med. Chem. Le”. 
1998, 8, 1327-1330. 
[0192] In certain embodiments, the invention provides a 
polymer conjugate, comprising a therapeutic agent 
covalently attached to a polymer (such as any of the polymers 
discussed above) through a tether, Wherein the tether com 
prises a self-cycliZing moiety. In some embodiments, the 
tether further comprises a selectivity-determining moiety. 
Thus, one aspect of the invention relates to a polymer conju 
gate comprising a therapeutic agent covalently attached to a 
polymer, preferably a biocompatible polymer, through a 
tether, Wherein the tether comprises a selectivity-determining 
moiety and a self-cycliZing moiety Which are covalently 
attached to one another. 

[0193] In some embodiments, the polymer may be biocom 
patible. 
[0194] In some embodiments, the selectivity-determining 
moiety is bonded to the self-cycliZing moiety betWeen the 
self-cycliZing moiety and the polymer. 
[0195] In certain embodiments, the selectivity-determining 
moiety is a moiety that promotes selectivity in the cleavage of 
the bond betWeen the selectivity-determining moiety and the 
self-cycliZing moiety. Such a moiety may, for example, pro 
mote enzymatic cleavage betWeen the selectivity-determin 
ing moiety and the self-cycliZing moiety. Alternatively, such 
a moiety may promote cleavage betWeen the selectivity-de 
termining moiety and the self-cycliZing moiety under acidic 
conditions or basic conditions. 
[0196] In certain embodiments, the invention contemplates 
any combination of the foregoing. Those skilled in the art Will 
recogniZe that, for example, any polymer of the invention in 
combination With any self-cycliZing moiety, any selectivity 
determining moiety, and/ or any therapeutic agent are Within 
the scope of the invention. As an example, any of the various 
particular recited embodiments for a compound of Formula C 
may be combined With any of the various particular recited 
embodiments of the selectivity-determining moiety. 
[0197] In certain embodiments, the selectivity-determining 
moiety is selected such that the bond is cleaved under acidic 
conditions. 
[0198] In certain embodiments Where the selectivity-deter 
mining moiety is selected such that the bond is cleaved under 
basic conditions, the selectivity-determining moiety is an 
aminoalkylcarbonyloxyalkyl moiety. In certain embodi 
ments, the selectivity-determining moiety has a structure 
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[0199] In certain embodiments Where the selectivity-deter 
mining moiety is selected such that the bond is cleaved enZy 
matically, it may be selected such that a particular enZyme or 
class of enzymes cleaves the bond. In certain preferred such 
embodiments, the selectivity-determining moiety may be 
selected such that the bond is cleaved by a cathepsin, prefer 
ably cathepsin B. 
[0200] In certain embodiments the selectivity-determining 
moiety comprises a peptide, preferably a dipeptide, tripep 
tide, or tetrapeptide. In certain such embodiments, the peptide 
is a dipeptide is selected from KF and FK, In certain embodi 
ments, the peptide is a tripeptide is selected from GFA, GLA, 
AVA, GVA, GIA, GVL, GVF, and AVF. In certain embodi 
ments, the peptide is a tetrapeptide selected from GFYA and 
GFLG, preferably GFLG. 
[0201] In certain such embodiments, a peptide, such as 
GFLG, is selected such that the bond betWeen the selectivity 
determining moiety and the self-cycliZing moiety is cleaved 
by a cathepsin, preferably cathepsin B. 
[0202] In certain embodiments, the selectivity-determining 
moiety is represented by Formula A: 

(A) 

S — I —Q , 

[0203] Wherein 
[0204] S a sulfur atom that is part of a disul?de bond; 
[0205] J is optionally substituted hydrocarbyl; and 
[0206] Q is O or NR3, wherein R13 is hydrogen or alkyl. 
[0207] In certain embodiments, I may be polyethylene gly 
col, polyethylene, polyester, alkenyl, or alkyl. In certain 
embodiments, I may represent a hydrocarbylene group com 
prising one or more methylene groups, Wherein one or more 
methylene groups is optionally replaced by a group Y (pro 
vided that none of the Y groups are adjacent to each other), 
Wherein each Y, independently for each occurrence, is 
selected from, substituted or unsubstituted aryl, heteroaryl, 
cycloalkyl, heterocycloalkyl, or 40*, C(:X) (Wherein X 
is NR3‘), O or S), A)C(O)i, %(:O)O, iNRwi, 
iNRlCOi, iC(O)NR3Oi, iS(O)ni (Wherein n is 0, l, 
or 2), A)C(O)iNR3O, iNR3O%(O)iNR3Oi, 
iNR3O4C(NR3O)iNR3Oi, and iB(OR3O)i; and R30, 
independently for each occurrence, represents H or a loWer 
alkyl. In certain embodiments, I may be substituted or unsub 
stituted loWer alkylene, such as ethylene. For example, the 
selectivity-determining moiety may be 

W? 
[0208] In certain embodiments, the selectivity-determining 
moiety is represented by Formula B: 

(B) 
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[0209] Wherein 
[0210] W is either a direct bond or selected from loWer 
alkyl, NR14, S, O; 
[0211] S is sulfur; 
[0212] J, independently and for each occurrence, is hydro 
carbyl or polyethylene glycol; 
[0213] Q is O or NRB, wherein R13 is hydrogen or alkyl; 
and 
[0214] R14 is selected from hydrogen and alkyl. 
[0215] In certain such embodiments, I may be substituted 
or unsubstituted loWer alkyl, such as methylene. In certain 
such embodiments, I may be an aryl ring. In certain embodi 
ments, the aryl ring is a benZo ring, In certain embodiments W 
and S are in a 1,2-relationship on the aryl ring. In certain 
embodiments, the aryl ring may be optionally substituted 
With alkyl, alkenyl, alkoxy, aralkyl, aryl, heteroaryl, halogen, 
%N, aZido, iNRxR", %O2OR", iC(O)iNRxRx, 
%(O)iRx, NR"C(O)R", iNRxSOzR", iSR", iS(O)R", 
iSOZR", iSOzNRxR", i(C(R")2), ADR", i(C(R")2)ni 
NRXRX, and i(C(R")2)niSO2Rx; Wherein R’C is, indepen 
dently for each occurrence, H or loWer alkyl; and n is, inde 
pendently for each occurrence, an integer from 0 to 2. 
[0216] In certain embodiments, the aryl ring is optionally 
substituted With alkyl, alkenyl, alkoxy, aralkyl, aryl, het 
eroaryl, halogen, iCN, aZido, iNRxR", 4CO2OR", 
%(O)iNRxRx, iC(O)iR", iNRxi C(O)iR", 
iNRxSOzR", iSR", iS(O)R", iSOZR", iSOzNRxR", 
*(C(RX)Z)M*ORX, *(C(RX)Z)M*NRXRX, and *(C(Rx)2) 
niSOzR"; Wherein R’C is, independently for each occurrence, 
H or loWer alkyl; and n is, independently for each occurrence, 
an integer from 0 to 2. 
[0217] In certain embodiments, J, independently and for 
each occurrence, is polyethylene glycol, polyethylene, poly 
ester, alkenyl, or alkyl. 
[0218] In certain embodiments, independently and for each 
occurrence, represents a hydrocarbylene group comprising 
one or more methylene groups, Wherein one or more methyl 
ene groups is optionally replaced by a groupY (provided that 
none of theY groups are adjacent to each other), Wherein each 
Y, independently for each occurrence, is selected from, sub 
stituted or unsubstituted aryl, heteroaryl, cycloalkyl, hetero 
cycloalkyl, or iOi, C(:X) (Wherein X is NR”, 0 or S), 
A)C(O)i, %(:O)O, iNRwi, iNR3O, COi, 
4C(O)NR3Oi, iS(O)ni (Wherein n is 0, l, or 2), 40C 
(O)iNR3O, iNR3O%(O)iNR3Oi, iNR3O% 
(NR3O)iNR3Oi, and iB(OR3O)i; and R30, indepen 
dently for each occurrence, represents H or a loWer alkyl. 
[0219] In certain embodiments, J, independently and for 
each occurrence, is substituted or unsubstituted loWer alky 
lene. In certain embodiments, J, independently and for each 
occurrence, is substituted or unsubstituted ethylene. 
[0220] In certain embodiments, the selectivity-determining 
moiety is selected from 

O 



US 2008/0176958 A1 

[0221] The selectivity-determining moiety may include 
groups With bonds that are cleavable under certain conditions, 
such as disul?de groups. In certain embodiments, the selec 
tivity-determining moiety comprises a disul?de-containing 
moiety, for example, comprising aryl and/or alkyl group(s) 
bonded to a disul?de group. In certain embodiments, the 
selectivity-determining moiety has a structure 

0 R20 

)\ S 1 ‘$0 Ar/ \S/ \QELLL, 
[0222] Wherein 
[0223] Ar is a substituted or unsubstituted benZo ring; 
[0224] J is optionally substituted hydrocarbyl; and 
[0225] Q is O or NR”, 
[0226] wherein R13 is hydrogen or alkyl. 
[0227] In certain embodiments, Ar is unsubstituted. In cer 
tain embodiments, Ar is a l,2-benZo ring. For example, suit 
able moieties Within Formula B include 

s 
o S/ 

[0228] In certain embodiments, the self-cycliZing moiety is 
selected such that upon cleavage of the bond betWeen the 
selectivity-determining moiety and the self-cycliZing moiety, 
cycliZation occurs thereby releasing the therapeutic agent. 
Such a cleavage-cycliZation-release cascade may occur 
sequentially in discrete steps or substantially simultaneously. 
Thus, in certain embodiments, there may be a temporal and/ or 
spatial difference betWeen the cleavage and the self-cycliZa 
tion. The rate of the self-cycliZation cascade may depend on 
pH, e.g., a basic pH may increase the rate of self-cycliZation 
after cleavage. Self-cycliZation may have a half-life after 
introduction in vivo of 24 hours, 18 hours, 14 hours, 10 hours, 
6 hours, 3 hours, 2 hours, 1 hour, 30 minutes, 10 minutes, 5 
minutes, or 1 minute. 
[0229] In certain such embodiments, the self-cycliZing 
moiety may be selected such that, upon cycliZation, a ?ve- or 
six-membered ring is formed, preferably a ?ve-membered 
ring. In certain such embodiments, the ?ve- or six-membered 
ring comprises at least one heteroatom selected from oxygen, 
nitrogen, or sulfur, preferably at least tWo, Wherein the het 
eroatoms may be the same or different. In certain such 
embodiments, the heterocyclic ring contains at least one 
nitrogen, preferably tWo. In certain such embodiments, the 
self-cycliZing moiety cycliZes to form an imidaZolidone. 
[0230] In certain embodiments, the self-cycliZing moiety 
has a structure 

fill K1550???’ 
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[023 1] Wherein 
[0232] U is selected from NR1 and S; 
[0233] X is selected from O, NR5, and S, preferably 0 or 

S . 

[0234] V is selected from O, S and NR4, preferably 0 or 
NR ; 

[0235] R2 and R3 are independently selected from hydro 
gen, alkyl, and alkoxy; or R2 and R3 together With the 
carbon atoms to Which they are attached form a ring; and 

[0236] R1, R4, and R5 are independently selected from 
hydrogen and alkyl. 

[0237] In certain embodiments, U is NRl and/orV is NR4, 
and R and R4 are independently selected from methyl, ethyl, 
pr4opyl, and isopropyl. In certain embodiments, both R1 and 
R are methyl. On certain embodiments, both R2 and R3 are 
hydrogen. In certain embodiments R2 and R3 are indepen 
dently alkyl, preferably loWer alkyl. In certain embodiments, 
R2 and R together are i(CH2)ni Wherein n is 3 or 4, 
thereby forming a cyclopentyl or cyclohexyl ring. In certain 
embodiments, the nature of R2 and R3 may affect the rate of 
cycliZation of the self-cycliZing moiety. In certain such 
embodiments, it Would be expected that the rate of cycliZation 
Would be greater When R2 and R3 together With the carbon 
atoms to Which they are attached form a ring than the rate 
When R2 and R3 are independently selected from hydrogen, 
alkyl, and alkoxy. In certain embodiments, U is bonded to the 
self-cycliZing moiety. 
[0238] In certain embodiments, the self-cycliZing moiety is 
selected from 

O\/\S;5l 

H . 

[0239] In certain embodiments, the selectivity-determining 
moiety may connect to the self-cycliZing moiety through 
carbonyl-heteroatom bonds, e.g., amide, carbamate, carbon 
ate, ester, thioester, and urea bonds. 
[0240] In certain embodiments, a therapeutic agent is 
covalently attached to a polymer through a tether, Wherein the 
tether comprises a selectivity-determining moiety and a self 
cycliZing moiety Which are covalently attached to one 
another. In certain embodiments, the self-cycliZing moiety is 
selected such that after cleavage of the bond betWeen the 
selectivity-determining moiety and the self-cycliZing moiety, 
cycliZation of the self-cycliZing moiety occurs, thereby 
releasing the therapeutic agent. As an illustration, ABC may 
be a selectivity-determining moiety, and DEFGH maybe be a 
self-cycliZing moiety, and ABC may be selected such that 
enZyme Y cleaves betWeen C and D. Once cleavage of the 
bond betWeen C and D progresses to a certain point, D Will 
cycliZe onto H, thereby releasing therapeutic agent X, or a 
prodrug thereof. 

ogxog/wgzkgk 
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D F H | F+X 

E \J G 

[0241] In certain embodiments therapeutic agent X may 
further comprise additional intervening components, includ 
ing, but not limited to another self-cycliZing moiety or a 
leaving group linker, such as CO2 or methoxymethyl, that 
spontaneously dissociates from the remainder of the mol 
ecule after cleavage occurs. 
[0242] In certain embodiments, the invention provides a 
polymer conjugate, comprising a therapeutic agent 
covalently attached to a polymer (such as any of the polymers 
discussed above) through a linker, Wherein the therapeutic 
agent is selected from etoposide, tubulysin, epothilone, or an 
analog or derivative thereof. The linkers may be cleavable 
under biological conditions. In some embodiments, a poly 
mer may also comprise a targeting ligand and/ or one or more 
cyclodextrin moieties pendant on the polymer. Thus one 
aspect of the invention relates to a polymer conjugate com 
prising a therapeutic agent covalently attached to a polymer 
through a tether, Wherein the tether is cleavable under bio 
logical conditions. 
[0243] One aspect of the invention relates to a compound, 
in some instances a polymeric compound, having a structure 
of Formula C: 

(C) 
(C1))". 

L 
L2_('D ), lb 

L3 
| 

(T)v W 

[0244] Wherein 
[0245] P represents a polymer chain; 
[0246] CD represents a cyclic moiety; 
[0247] L1, L2 and L3, independently for each occurrence, 
may be absent or represent a linker group, provided that 
a plurality of occurrences of L2 represent linkers that are 
cleavable under biological conditions; 

[0248] D, independently for each occurrence, represents 
a therapeutic agent or a prodrug thereof; 

[0249] T, independently for each occurrence, represents 
a targeting ligand or precursor thereof; 

[0250] a, m and v, independently for each occurrence, 
represent integers in the range of 1 to 10; 

[0251] n and W, independently for each occurrence, rep 
resent an integer in the range of 0 to about 30,000; and 
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[0252] b represents an integer in the range of I to about 
30,000, and 

[0253] Wherein either P comprises a plurality of cyclic 
moieties in the polymer chain or n is at least 1. 

[0254] In some embodiments, the cyclic moieties are inde 
pendently selected from cyclodextrins, croWn ethers, cyclic 
oligopeptides, cryptands or cryptates, calixarenes, cavitands, 
and any combination thereof. In certain embodiments, either 
P comprises cyclodextrin moieties in the polymer chain or n 
is at least 1. 
[0255] In one aspect, Formula C may be represented by 
Formula C': 

[0256] Wherein 
[0257] CD represents a cyclodextrin moiety, or deriva 

tive thereof; 
[0258] L4, L5, L6, and L7, independently for each occur 

rence, may be absent or represent a linker group; 
[0259] D and D', independently for each occurrence, rep 

resents a therapeutic agent or a prodrug thereof; 
[0260] T and T', independently for each occurrence, rep 

resents the same or different targeting ligand or precur 
sor thereof; 

[0261] f and y, independently for each occurrence, rep 
resent an integer in the range of 1 and 10; 

[0262] g and Z, independently for each occurrence, rep 
resent an integer in the range of 0 and 10; and 

[0263] h is an integer from 2 to 30,000 (for example, 
from 2, 3, 4, 5, or 8 to about 25, 50, 100, 500, 1,000, 
5,000, 10,000, 15,000, 20,000, or 25,000; or, for 
example, from 2, 3, or 4 to 5 or 10). 

[0264] In one aspect, Formula C may be represented by 
Formula D: 

(D) 
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[0265] wherein 
[0266] y represents a monomer unit of a polymer; 
[0267] T, independently for each occurrence, represents 

a targeting ligand or a precursor thereof; 
[0268] L6, L7, L8, L9, and L10, independently for each 

occurrence, may be absent or represent a linker group; 
[0269] CD, independently for each occurrence, repre 

sents a cyclodextrin moiety or a derivative thereof; 
[0270] D, independently for each occurrence, represents 

a therapeutic agent or a prodrug thereof; 
[0271] m, independently for each occurrence, represents 
an integer in the range of 1 to 10; 

[0272] o is an integer from 2 to 30,000 (for example, 
from 2, 3, 4, 5, or 8 to about 25, 50, 100, 500, 1,000, 
5,000, 10,000, 15,000, 20,000, or 25,000; or, for 
example, from 2, 3, or 4 to 5 or 10); and 

[0273] p, n, and q, independently for each occurrence, 
represent an integer in the range of 0 to 10, Wherein CD 
and D are each present at least once in the compound. 

[0274] In certain embodiments, the compound has a num 
ber average (Mn) molecular Weight betWeen 1,000 to 500,000 
amu, betWeen 5,000 to 200,000 amu, or betWeen 10,000 to 
100,000 amu. 
[0275] In one aspect, the compounds of the invention, or a 
pharmaceutically acceptable ester, salt, or hydrate thereof, 
may be included in a pharmaceutical preparation that further 
comprises a pharmaceutical excipient. 
[0276] In certain embodiments, B is a self-cycliZing moiety 
Which is capable of self-cycliZing to release the therapeutic 
agent or prodrug thereof once the bond betWeen the selectiv 
ity-determining moiety (A) and the self-cyclizing moiety has 
been cleaved. In certain such embodiments, the self-cycliZing 
moiety is capable of cycliZing to form an imidaZolidinone. 
[0277] In some embodiments, the therapeutic agent is a 
small molecule, for example, a hormone (e.g., luteiniZing 
hormone-releasing hormone (LHRH)), etoposide, tubulysin, 
epothilone, or an analog or derivative thereof. In certain 
embodiments, therapeutic agent contains an amino, 
hydroxyl, or thiol group. In certain embodiments, the thera 
peutic agent is attached to the self-cycliZing group through 
the amino, hydroxyl, or thiol group. In certain embodiments, 
the therapeutic agent is attached to the self-cycliZing group 
through a hydroxyl group. In certain embodiments, the hor 
mone facilitates endocytosis. 
[0278] In certain embodiments, the therapeutic agent is a 
small molecule, a peptide, a protein, a nucleotide, a poly 
nucleotide, or a polymer that has therapeutic function. In 
certain embodiments, the agent is an anti-cancer, anti-fungal, 
anti-bacterial, anti-mycotic, or anti-viral therapeutic. In cer 
tain embodiments, the agent is a receptor agonist. In certain 
embodiments, the agent is a receptor antagonist. In certain 
embodiments, the therapeutic agent is a protease inhibitor. 
Furthermore, a polymer of the present invention may contain 
one kind of therapeutic agent, or may contain more than one 
kind of therapeutic agent. For instance, tWo or more different 
cancer drugs, or a cancer drug and an immunosuppressant, or 
an antibiotic and an anti-in?ammatory agent may be grafted 
on to the polymer. By selecting different selectivity determin 
ing moieties for different drugs, the release of each drug may 
be attenuated to achieve maximal dosage and ef?cacy. 
[0279] In certain embodiments, the therapeutic agent may 
contain an amino, hydroxyl, or thiol group. In certain such 
embodiments, the therapeutic agent may be attached to the 
self-cycliZing group through the amino, hydroxyl, or thiol 
group. In certain such embodiments, the therapeutic agent is 
a hydroxyl-containing agent, including, but not limited to, 
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salicylic acid, acetaminophen, morphine, etoposide, a tubul 
ysin (preferably tubulysin A, tubulysin B, or tubulysin C), an 
epothilone, camptothecin, geldanamycin, rapamycin, or van 
comycin, or an analog or derivative thereof. 
[0280] In some embodiments, such therapeutic agents are 
covalently attached to subject polymers through functional 
groups comprising one or more heteroatoms, for example, 
hydroxy, thiol, carboxy, amino, and amide groups. Such 
groups may be covalently attached to the subject polymers 
through linker groups as described herein, for example, bio 
cleavable linker groups, and/or through tethers, such as a 
tether comprising a selectivity-determining moiety and a self 
cycliZing moiety Which are covalently attached to one 
another. 
[0281] In certain embodiments, the therapeutic agent is 
selected from anorexics, antiarthritics, antiasthmatic agents, 
anticonvulsants, antidepressants; antihistamines, anti-in 
?ammatory agents, antinauseants, antineoplastics, antiprurit 
ics, antipsychotics, antipyretics, antispasmodics, cardiovas 
cular preparations, antihyper‘tensives, diuretics, vasodilators, 
central nervous system stimulants, cough and cold prepara 
tions, decongestants, diagnostics, hormones, bone groWth 
stimulants and bone resorption inhibitors, immunosuppres 
sives, muscle relaxants, psychostimulants, sedatives, tran 
quiliZers, anti-in?ammatory agents, anti-epileptics, anesthet 
ics, hypnotics, sedatives, neuroleptic agents, antidepressants, 
anxiolytics, anticonvulsant agents, neuron blocking agents, 
anticholinergic and cholinomimetic agents, antimuscarinic 
and muscarinic agents, antiadrenergics, antiarrhythmics, and 
antihyper‘tensive agents 
[0282] In certain embodiments, the therapeutic agent is 
hydrophobic and has a log P>0.4. In certain embodiments, the 
therapeutic agent has loW aqueous solubility. In certain 
embodiments, the therapeutic agent or targeting ligand is 
covalently bonded to the linker group via a biohydrolyZable 
bond (e.g., an ester, amide, carbonate, or a carbamate), 
[0283] In certain embodiments, the therapeutic agent or 
prodrug thereof makes up at least 5%, 10%, 15%, or at least 
20% by Weight of the compound. 
[0284] In certain embodiments, the compounds comprise 
cyclodextrin moieties and Wherein at least one or a plurality 
of the cyclodextrin moieties of P is oxidiZed. In certain 
embodiments, the cyclodextrin moieties of P alternate With 
linker moieties in the polymer chain. 
[0285] In certain embodiments, the compounds of the 
invention may be Water soluble. 
[0286] In certain embodiments, the linker group that con 
nects to the therapeutic agent may comprise a self-cycliZing 
moiety, or a selectivity-determining moiety, or both. In cer 
tain embodiments, the selectivity-determining moiety is a 
moiety that promotes selectivity in the cleavage of the bond 
betWeen the selectivity-determining moiety and the self-cy 
cliZing moiety. Such a moiety may, for example, promote 
enZymatic cleavage betWeen the selectivity-determining moi 
ety and the self-cycliZing moiety. Alternatively, such a moiety 
may promote cleavage betWeen the selectivity-determining 
moiety and the self-cycliZing moiety under acidic conditions 
or basic conditions. 
[0287] In certain embodiments Where the selectivity-deter 
mining moiety is selected such that the bond is cleaved enZy 
matically, it may be selected such that a particular enZyme or 
class of enZymes cleaves the bond. In certain preferred such 
embodiments, the selectivity-determining moiety may be 
selected such that the bond is cleaved by a cathepsin, prefer 
ably cathepsin B. 
[0288] In certain embodiments the selectivity-determining 
moiety comprises a peptide, preferably a dipeptide, tripep 
tide, or tetrapeptide. In certain such embodiments, the peptide 
is a dipeptide is selected from KF and FK, In certain embodi 
ments, the peptide is a tripeptide is selected from GFA, GLA, 
AVA, GVA, GIA, GVL, GVF, and AVF. In certain embodi 
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ments, the peptide is a tetrapeptide selected from GFYA and 
GFLG, preferably GFLG. 
[0289] In certain such embodiments, a peptide, such as 
GFLG, is selected such that the bond betWeen the selectivity 
determining moiety and the self-cycliZing moiety is cleaved 
by a cathepsin, preferably cathepsin B. 
[0290] In certain embodiments, the linker group that con 
nects to the therapeutic agent may comprise a phosphate 
group, such as a phosphoramidite group. In certain embodi 
ments, the linker group comprising a phosphate group is 
represented by the formula 

O 

H R41 
P — E — K — N 

l . 

[0291] Wherein 
[0292] P is phosphorus; 
[0293] is oxygen; 
[0294] E represents oxygen or NR“; 
[0295] K represents hydrocarbyl; 
[0296] X is selected from OR42 or NR43R44; and 
[0297] R40, R41, R42, R43, and 
[0298] R44 independently represent hydrogen or option 

ally substituted alkyl, including loWer alkyl (e.g., 
methyl, ethyl). 

[0299] In certain embodiments, E is NR40 and R40 is hydro 
gen. In certain embodiments, K is loWer alkylene, such as, for 
example, ethylene. In certain embodiments, X is OR42. 
[0300] In certain embodiments, the linker group is selected 
from 

‘i s 
I H and 
OH 

| H 
OCH2CH3 

[0301] In certain embodiments, the linker group is con 
nected to the therapeutic agent through a hydroxyl group 
(e. g., a phenolic hydroxyl group) on the therapeutic agent. 
[0302] In certain embodiments, linker group comprises an 
amino acid or peptide, or derivative thereof. 
[0303] In certain embodiments, any of the linker groups 
represents a hydrocarbylene group Wherein one or more 
methylene groups is optionally replaced by a group Y (pro 
vided that none of the Y groups are adjacent to each other), 
Wherein each Y, independently for each occurrence, is 
selected from, substituted or unsubstituted aryl, heteroaryl, 
cycloalkyl, heterocycloalkyl, or 40*, C(:X) (Wherein X 
is NR1, O or S), A)C(O)i, iC(:O)O, iNRli, 
iNRlCOi, iC(O)NR1i, iS(O)ni (Wherein n is 0, l, 
or 2), A)C(O)iNRl, iNRl%(O)iNRli, iNRl% 
(NRQiNRIi, and iB(OR1)i; and R1, independently for 
each occurrence, represents H or a loWer alkyl. 
[0304] In certain embodiments, any of the linker groups 
may comprise a self-cycliZing moiety or a self-cycliZing moi 
ety, or both. In certain embodiments, the selectivity-deter 
mining moiety may be bonded to the self-cycliZing moiety 
betWeen the self-cycliZing moiety and the polymer. 
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[0305] In certain embodiments, any of the linker groups 
may independently be an alkyl chain, a polyethylene glycol 
(PEG) chain, polysuccinic anhydride, poly-L-glutamic acid, 
poly(ethyleneimine), an oligosaccharide, an amino acid 
chain, or any other suitable linkage. In certain embodiments, 
the linker group itself can be stable under physiological con 
ditions, such as an alkyl chain, or it can be cleavable under 
physiological conditions, such as by an enZyme (e.g., the 
linkage contains a peptide sequence that is a substrate for a 
peptidase), or by hydrolysis (e.g., the linkage contains a 
hydrolyZable group, such as an ester or thioester). The linker 
groups can be biologically inactive, such as a PEG, polygly 
colic acid, or polylactic acid chain, or can be biologically 
active, such as an oligo- or polypeptide that, When cleaved 
from the moieties, binds a receptor, deactivates an enZyme, 
etc. Various oligomeric linker groups that are biologically 
compatible and/or bioerodible are knoWn in the art, and the 
selection of the linkage may in?uence the ultimate properties 
of the material, such as Whether it is durable When implanted, 
Whether it gradually deforms or shrinks after implantation, or 
Whether it gradually degrades and is absorbed by the body. 
The linker group may be attached to the moieties by any 
suitable bond or functional group, including carbon-carbon 
bonds, esters, ethers, amides, amines, carbonates, carbam 
ates, sulfonamides, etc. 
[0306] In certain embodiments, any of the linker groups 
may independently be an alkyl group Wherein one or more 
methylene groups is optionally replaced by a group Y (pro 
vided that none of the Y groups are adjacent to each other), 
Wherein each Y, independently for each occurrence, is 
selected from aryl, heteroaryl, carbocyclyl, heterocyclyl, or 
40*, C(:X) (Wherein X is NR1, O or S), 4OC(O)i, 
%(:O)Oi, iNRli, iNRlCOi, iC(O)NRli, 
iS(O)ni (Wherein n is 0, l, or 2), 4OC(O)iNRli, 
iNRl%(O)iNRli, iNRliC(NRl)iNRli, and 
iB(ORl)i; and R1, independently for each occurrence, is 
H or loWer alkyl. 
[0307] In certain embodiments, any of the linker groups 
may independently be a derivatiZed or non-derivatiZed amino 
acid. In certain embodiments, linker groups With one or more 
terminal carboxyl groups may be conjugated, e.g., covalently 
conjugated, to the polymer. In certain embodiments, one or 
more of these terminal carboxyl groups may be capped by 
covalently attaching them to a therapeutic agent, a targeting 
ligand, or a cyclodextrin moiety via an (thio)ester or amide 
bond. In still other embodiments, linker groups With one or 
more terminal hydroxyl, thiol, or amino groups may be incor 
porated into the polymer. In preferred embodiments, one or 
more of these terminal hydroxyl groups may be capped by 
covalently attaching them to a therapeutic agent, a targeting 
ligand, or a cyclodextrin moiety via an (thio)ester, amide, 
carbonate, carbamate, thiocarbonate, or thiocarbamate bond. 
In certain embodiments, these (thio)ester, amide, (thio)car 
bonate or (thio)carbamates bonds may be biohydrolyZable, 
i.e., capable of being hydrolyZed under biological conditions. 
[0308] In certain embodiments, the polymers as described 
above have polydispersities less than about 3, or even less 
than about 2. 
[0309] The invention further contemplates methods for 
delivering a therapeutic agent comprising administering to a 
patient in need thereof a therapeutically effective amount of 
one or more of the compounds of the invention. 
[0310] Tubulysins and derivatives and/or analogs thereof 
may be found, for example, in WO2004/005269, WO2004/ 
005327, WO2004/005326, WOl998/13375, and WO2004/ 
046170 and German Application Serial Nos. DE 100 08 089. 
8, the contents of Which are incorporated herein in their 
entireties. 








































































