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COMPOUNDS AND PHARMACEUTICAL 
COMPOSITIONS FOR THE TREATMENT OF 

LIVER DISORDERS 

1. CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent applications claims the bene?t of prior 
ity under 35 U.S.C. § 119 to 1) US. Provisional Appl. No. 
60/877,944, ?led Dec. 28, 2006; 2) US. Provisional Appl. 
No. 60/936,290, ?led Jun. 18, 2007; and 3) US. Provisional 
Application No. 60/985,891, ?led Nov. 6, 2007. The disclo 
sures of the above referenced applications are incorporated by 
reference in their entirety herein. 

2. FIELD 

[0002] The present invention relates to compounds, meth 
ods and pharmaceutical compositions, for use in treatment 
and prevention of disorders of the liver, including cancer. 

3. BACKGROUND 

[0003] Drug induced toxicities and pharmacological side 
effects are often associated With interactions by the drug or 
drug metabolite in tissues not associated With the pharmaco 
logical bene?ts of the drug therapy. In other cases, the desired 
pharmacological effect is poorly achieved either because of 
dose-limiting toxicities or inadequate drug levels in the target 
tissues. Thus, there is a need to deliver drugs to speci?c 
tissues or organs. High organ speci?city can be achieved by a 
variety of mechanisms including local administration to the 
target organ and drug-protein conjugates. Local administra 
tion to the target organ is an invasive procedure. Drug-protein 
conjugates exhibit poor oral bioavailability, limitations in 
carrier manufacturing and drug loading, a potential for dimin 
ished liver uptake due to doWn regulation of the receptor in 
diseased tissue, and a high incidence of antibody induction. A 
third approach entails use of prodrugs that are activated by 
enZymes highly enriched in the target organ. 
[0004] There is a particular need to deliver drugs to the liver 
to treat diseases such as cancer and metabolic disorders. 
Many therapies for these conditions have narroW therapeutic 
indices and many therapeutic indications could be bene?tted 
by selective delivery of the therapeutic agent to the liver. 

4. SUMMARY 

[0005] Phosphoroamidate and phosphonoamidate com 
pound forms of a variety of therapeutic agents are provided, 
as Well as methods for their manufacture and use in the 
treatment of a variety of disorders including liver cancer, 
in?ammation, ?brosis and metabolic disorders. In one 
embodiment, the compound is a S-pivaloyl-2-thioethyl phos 
phoroamidate, S-pivaloyl-2-thioethyl phosphonoamidate, 
S-hydroxypivaloyl-2-thioethyl phosphoroamidate or S-hy 
droxypivaloyl-2-thioethyl phosphonoamidate. As used 
herein, a “phosphoroamidate or phosphonoamidate com 
pound of a therapeutic agent” includes a therapeutic agent 
derivatiZed to include a pho sphoroamidate or pho sphonoami 
date group. The therapeutic agent is, for example, an anti 
cancer agent that includes, or has been derivatiZed to include, 
a reactive group, such as a hydroxyl, for attachment of the 
phosphoroamidate or pho sphonoamidate moiety. Such thera 
peutic agents include, but are not limited to nucleosides and 
nucleoside analogs including acyclic nucleosides. In some 
embodiments, phosphoroamidate or phosphonoamidate 
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compounds of nucleotides and nucleotide analogs, such as 
2'-branched and 4'-branched nucleosides are provided. Such 
compounds can be administered in an effective amount for 
the treatment of liver disorders, including cancer. 

[0006] In certain embodiments, While not being limited to 
any theory, it is possible that the parent drug is obtained from 
selective metabolism of the phosphoroamidate or phospho 
noamidate compound in the liver and thus the parent drug 
provided herein is capable of accumulating in the liver. 
Accordingly, provided are methods of directing phosphoroa 
midate or phosphonoamidate compounds disclosed herein to 
the liver. 

[0007] In certain embodiments, phosphoroamidate or 
phosphonoamidate compounds of pharmaceutical agents for 
the treatment of a liver disorder can be made and used thera 
peutically as described herein. A variety of phosphoroami 
date or phosphonoamidate compounds can be used in the 
treatment of liver disorders. In particular, therapeutic agents 
for the treatment of liver cancer can be derivatiZed to form a 

phosphoroamidate or phosphonoamidate compound as 
described herein, and used for the treatment of liver cancers. 
Liver cancers that can be treated include benign tumors, 
malignant tumors, hemangioma, hepatic adenomas, focal 
nodular hyperplasia, hepatocellular carcinoma, ?brolamellar 
carcinoma, cholangiocarcinomas, bile duct cancers, and 
other primary and metastatic cancers of the liver. 

[0008] Phosphoroamidate and phosphonoamidate com 
pounds of a variety of therapeutic agents are provided. The 
compounds can be formed using methods available in the art 
and those disclosed herein. Such compounds can be used in 
some embodiments to enhance delivery of the drug to the 
liver. In one embodiment, the compound comprises an 
S-acyl-2-thioethyl phosphoroamidate or an S-acyl-2-thioet 
hyl phosphonoamidate derivative, e.g., a S-pivaloyl-2-thioet 
hyl phosphoroamidate or a S-hydroxypivaloyl-2-thioethyl 
phosphonoamidate derivative. 
[0009] In some embodiments, the phosphoroamidate or 
phosphonoamidate compounds, as Well as salts thereof, and 
compositions comprising the compounds, provided herein 
are useful for treatment of disorders of the liver, including 
cancer. In other embodiments, the phosphoroamidate or 
phosphonoamidate compounds, as Well as salts thereof, and 
compositions comprising the compounds, provided herein 
are useful for treatment of metabolic diseases, such as diabe 
tes, hyperlipidemia, atherosclerosis, and obesity. In other 
embodiments, the compounds, as Well as salts thereof, and 
compositions comprising the compounds, provided herein 
are useful for treatment of liver ?brosis and in?ammation. 

[0010] In one embodiment, the compound provided herein 
is a compound of Formula I: 

or a pharmaceutically acceptable salt, solvate, a stereoiso 
meric, tautomeric or polymorphic form thereof, Wherein 
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[0011] x“ is 

—C—Ry or —S—R“; 

N 
Z 

[0012] Z is O or S; 
[0013] each W is independently O or S; 
[0014] Ry and R” each independently represent alkyl, alk 
enyl, alkynyl, aryl, aryl alkyl, cycloalkyl, cycloalkenyl, 
amino, aminoalkyl, alkoxy, heterocyclyl, or heteroaryl, all 
optionally substituted; 
[0015] R“ and Rh are selected as follows: 
[0016] i) R“ and Rh are each independently hydrogen, alkyl, 
carboxyalkyl, hydroxyalkyl, hydroxyarylalkyl, acyloxyalkyl, 
aminocarbonylalkyl, alkoxycarbonylalkyl, aryl, aryl alkyl, 
cycloalkyl, heteroaryl or heterocyclyl, all optionally substi 
tuted; or 
[0017] ii) R“ and Rh together With the nitrogen atom on 
Which they are substituted form a 3-7 membered heterocyclic 
or heteroaryl ring; 
[0018] n is 0-3; n2 is 1-4; and 
[0019] R1 is a moiety derivable by removal of a hydrogen 
from a group, such as a hydroxy group, of a therapeutic agent 
such as an anti-cancer drug. 

[0020] In another embodiment, 

Xais —C—Ry or S—R“; 

[0021] Z is O, S, NH or NRW, Where RW is, e.g., alkyl, alkyl, 
alkenyl, alkynyl, aryl, aryl alkyl, cycloalkyl, cycloalkenyl, 
amino, aminoalkyl, alkoxy, heterocyclyl, or heteroaryl, all 
optionally substituted; 
[0022] each W is O, S, NH or NRW, Where RW is, e.g., alkyl, 
alkyl, alkenyl, alkynyl, aryl, aryl alkyl, cycloalkyl, cycloalk 
enyl, amino, aminoalkyl, alkoxy, heterocyclyl, or heteroaryl, 
all optionally substituted; 
[0023] Ry and R” each independently represent alkyl, alk 
enyl, alkynyl, aryl, aryl alkyl, cycloalkyl, cycloalkenyl, 
amino, aminoalkyl, alkoxy, heterocyclyl, or heteroaryl, all 
optionally substituted; 
[0024] R“ and Rh are selected as folloWs: 
[0025] i) R“ and Rb are each independently hydrogen, alkyl, 
carboxyalkyl, hydroxyalkyl, hydroxyarylalkyl, acyloxyalkyl, 
aminocarbonylalkyl, alkoxycarbonylalkyl, aryl, aryl alkyl, 
cycloalkyl, heteroaryl or heterocyclyl, all optionally substi 
tuted; or 
[0026] ii) R“ and Rb together With the nitrogen atom on 
Which they are substituted form a 3-7 membered heterocyclic 
or heteroaryl ring; 
[0027] n is 0-3; 112 is I-4; and 
[0028] R1 is a moiety derivable by removal of a hydrogen 
from a group, such as a hydroxy group, of a therapeutic agent 
such as an anti-cancer drug. 
[0029] Those of skill in the art Will recogniZe that com 
pounds of Formula I can be designed or prepared by reaction, 
e.g., at a hydroxy group of said drug, for example via con 
densation or dehydration. For convenience, in the description 
herein When exemplary substituents, such as R1 groups are 
identi?ed as a drug in a phosphoroamidate or phosphonoa 
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midate compound, eg in a formula, those of skill in the art 
Will recogniZe that the compound comprises a derivative, eg 
a radical of the anti-cancer drug. Those derivatives can for 
example be prepared by elimination of a hydrogen radical 
from a hydroxy group of the drug, for instance in a dehydra 
tion reaction. 
[0030] In certain embodiments of Formula I, R1 is a nucleo 
side comprising a cyclic or acyclic sugar or an analog thereof. 
[0031] In certain embodiments, R1 is an anti-cancer drug 
selected from clarubicin, decitabine, daunorubicin, dihydro 
5-aZacytidine, doxorubicin, epirubicin, estramustin, etopo 
side, ?udarabine, 7-hydroxychlorpromaZin, neplanocin A, 
podophyllotoxin, teZacitabine, troxacitabine, vinblastin, vin 
cristin, vindesin, etoposide, teniposide, NK-6ll, camptoth 
ecin, irinotecan, 9-aminocamptothecin, GG-2l l, topotecan, 
paclitaxel, AZatoxin, coformycin, pirarubicin, nelarabine and 
losoxantrone. 
[0032] In one embodiment, R1 is an immunosuppressant, 
such as pentostatin, combretastatin A-4, mycophenolic acid 
or mitoxantrone. 

[0033] In certain embodiments according to formula I, Ry is 
substituted alkyl, e.g. hydroxyalkyl or aminoalkyl; and R“ 
and Rb are independently hydrogen, alkyl, substituted alkyl, 
benZyl or substituted benZyl, for instance hydroxy- or amino 
substituted alkyl or benZyl. 
[0034] In another embodiment, Ry is ‘ORG, iC(RC)3 or 
iNHRC Where each R” is independently alkyl, substituted 
alkyl, aryl or substituted aryl, for instance hydroxy- or amino 
substituted alkyl or aryl; and R“ and Rh are independently 
hydrogen, alkyl, substituted alkyl, benZyl or substituted ben 
Zyl, for instance hydroxy- or amino-substituted alkyl or ben 
Zyl. 
[0035] In a further embodiment, R“ and Rh are indepen 
dently benZyl or substituted alkyl. In a further embodiment, 
Ry is selected from the group consisting of alkyl and hydroxy 
alkyl. In certain embodiments, Ry is iC(CH3)2CH2OH. 
[0036] In certain embodiments, the compounds provided 
herein are selected such that R1 is not 3'-aZido-2',3'-dideox 
ythymidine. 
[0037] In another embodiment, the compound provided 
herein is a compound of Formula IIa or IIb: 

IIa 
O 

Jk i? O 

Ry S/\/ \TARI, or 
N 

Ra/ \Rb 
IIb 

O 

J]\ (i l O R 

Ry S/\/ \T/ 
Ra/N\Rb 

or a pharmaceutically acceptable salt, solvate, a stereoiso 
meric, tautomeric or polymorphic form thereof, Wherein 
[0038] Ry is alkyl, alkenyl, alkynyl, aryl, aryl alkyl, 
cycloalkyl, cycloalkenyl, amino, aminoalkyl, heterocyclyl or 
heteroaryl, all optionally substituted; 
[0039] R“ and Rb are selected as folloWs: 
[0040] i) R“ and Rh are each independently hydrogen, alkyl, 
carboxyalkyl, hydroxyalkyl, hydroxyarylalkyl, acyloxyalkyl, 
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aminocarbonylalkyl, alkoXycarbonylalkyl, aryl, aryl alkyl 
cycloalkyl, heteroaryl or heterocyclyl, all optionally substi 
tuted; or 

[0041] ii) R“ and Rb together With the nitrogen atom on 
Which they are substituted form a 3-7 membered heterocyclic 
or heteroaryl ring; and 

[0042] 
[0043] In certain embodiments according to Formula IIa or 
IIb, Ry is substituted alkyl, e.g. hydroXyalkyl or aminoalkyl; 
and R“ and Rb are each independently hydrogen, alkyl, sub 
stituted alkyl, benZyl or substituted benZyl, for instance 
hydroXy- or amino-substituted alkyl or benZyl. In another 
embodiment, Ry is iOR”, 4C(Rc)3 or iNHR” Where each 
RC is independently alkyl, substituted alkyl, aryl or substi 
tuted aryl, for instance hydroXy- or amino-sub stituted alkyl or 
aryl; and R“ and Rh are independently hydrogen, alkyl, sub 
stituted alkyl, benZyl or substituted benZyl, for instance 
hydroXy- or amino-substituted alkyl or benZyl. In a further 
embodiment, R“ and Rh are each independently benZyl or 
substituted alkyl. In a further embodiment, Ry is selected from 
the group consisting of alkyl and hydroXyalkyl. In certain 
embodiments, Ry is 4C(CH3)2CH2OH. 
[0044] 
[0045] (a) compounds as described herein, eg of Formula 

I, IIa or IIb, and pharmaceutically acceptable salts and 
compositions thereof; 

[0046] (b) compounds as described herein, e. g. of Formula 
I, IIa or IIb, and pharmaceutically acceptable salts and 
compositions thereof for use in the treatment and/or pro 

phylaXis of a liver disorder; 

[0047] (c) processes for the preparation of compounds as 
described herein, eg of Formula I, IIa or IIb, as described 
in more detail beloW; 

[0048] (d) pharmaceutical formulations comprising a com 
pound as described herein, e. g. of Formula I, IIa or IIb, or 
a pharmaceutically acceptable salt thereof together With a 
pharmaceutically acceptable carrier or diluent; and 

[0049] (e) pharmaceutical formulations comprising a com 
pound as described herein, e. g. of Formula I, IIa or IIb, or 
a pharmaceutically acceptable salt thereof together With 
one or more other effective anti-cancer agents, optionally 
in a pharmaceutically acceptable carrier or diluent. 

[0050] In certain embodiments, the folloWing phosphoroa 
midate and phosphonoamidate formulas and compounds are 
provided, Which optionally act as thyroid hormone receptor 
effectors: 

R1 is a drug such as an anti-cancer drug. 

In some embodiments, provided herein are: 

O 
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wherein 

[0051] each R, if present, is independently alkyl, halogen or 
hydroxyl; 
[0052] X, ifpresent, is CH2, 0 or S; 
[0053] Ry, if present, is optionally substituted alkyl, 
Wherein the substituted alkyl is optionally hydroxyalkyl or 
aminoalkyl, e.g., iC(CH3)2CH2OH; and 
[0054] R“ and Rb, if present, are independently hydrogen; 
unsubstituted alkyl; or alkyl substituted With aryl, amino, 
amido, hydroxyl, alkoxy, aminoalkyl, hydroxyalkyl, aryl, or 
heteroaryl, each optionally substituted; Wherein, in one 
embodiment, R“ and Rh are independently H or a benZyl that 
is optionally substituted, for example, With hydroxy or amino. 
[0055] In certain embodiments according to formula IIIa or 
b, IVa or b, Va or b, VIa or b, VIIa or b, VIII a or b, R“ is 

hydrogen, Rb is iCH2iC6H5 and Ry is 4C(CH3)2CH2OH. 
[0056] In certain embodiments, the thyroid hormone recep 
tor effector compound provided herein has a formula selected 
from: 

Wherein 

[0057] R’C and R2 are each independently hydrogen or alkyl; 

[0058] RW is alkyl; 
[0059] Ry is alkyl, alkenyl, alkynyl, aryl, aryl alkyl, 
cycloalkyl, cycloalkenyl, amino, aminoalkyl, heterocyclyl or 
heteroaryl, all optionally substituted; 
[0060] R“ and Rb are selected as folloWs: 

[0061] i) R“ and Rb are each independently hydrogen, alkyl, 
carboxyalkyl, hydroxyalkyl, hydroxyarylalkyl, acyloxyalkyl, 
aminocarbonylalkyl, alkoxycarbonylalkyl, aryl, aryl alkyl, 
cycloalkyl, heteroaryl or heterocyclyl, all optionally substi 
tuted; or 

[0062] ii) R“ and Rh together With the nitrogen atom on 
Which they are substituted form a 3-7 membered heterocyclic 
or heteroaryl ring. 
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-continued 
[0063] In certain embodiments, the thyroid hormone recep 
tor effector provided herein is selected from: 
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[0064] In certain embodiments, R“ is hydrogen, Rb is 
iCH2%6H5 and Ry is iC(CH3)2CH2OH. 
[0065] In certain embodiments, the compound or Formula 
selected from IIIa or b, IVa or b, Va or b, VIa or b, VIIa or b, 
VIII a or b is derived from a phosphonate compound useful 
for inhibiting gluconeogenesis, optionally by inhibiting the 
enZyme fructose 1,6-bisphosphatase (FBPase). 
[0066] In certain embodiments, the compound or Formula 
selected from IXa or b, Xa or b, XIa or b, XIIa or b, XIIIa or 
b and XIVa or b is derived from a compound useful for 
inhibiting gluconeogenesis, optionally by inhibiting the 
enZyme fructose 1,6-bisphosphatase (FBPase). 
[0067] In certain embodiments, the compound or Formula 
selected from IIIa or b, IVa or b, Va or b, VIa or b, VIIa or b, 
VIII a or b is a phosphonic acid-containing compound that 
binds to a thyroid receptor in the liver, and is optionally an 
agonist, antagonist, partial agonist or partial antagonist of T3. 
Inhibition of gluconeogenesis can result in blood glucose 
loWering in diabetic subjects. Such compounds can exhibit 
enhanced pharmacokinetics including oral bioavailability 
and liver drug levels. 
[0068] In certain embodiments, provided is a method of 
treatment of a subject in need thereof, the method comprising 
administering to the subject a phosphoroamidate and 
phosphonoamidate compound or Formula selected from IIIa 
or b, IVa or b, Va or b, VIa or b, VIIa or b, VIII a or b, IXa or 
b, X a or b, XIa or b, XIIa or b, XIIIa or b and XIVa or b or a 
pharmaceutically acceptable salt, enantiomer, ester or pro 
drug thereof, in an amount effective for one or more of the 
folloWing: 
[0069] reducing plasma lipid levels, loWering cholesterol 
levels, reducing triglyceride levels, or increasing the ratio of 
HDL to LDL; 

[0070] loWering blood glucose levels; 
[0071] treating hyperlipidemia or hypercholesterolemia; 
[0072] treating obesity, reducing fat content, treating fatty 
liver, reducing Weight or preventing Weight gain; 
[0073] treating atherosclerosis, coronary heart disease, 
heart failure, nephrotic syndrome, or chronic renal failure; 
[0074] loWering blood glucose levels, treating diabetes, 
impaired glucose tolerance, metabolic syndrome x, insulin 
resistance or hyperinsulinemia; 

[0075] increasing levels of genes associated With gluconeo 
genesis; 
[0076] decreasing hepatic glycogen levels or maintaining 
or improving glycemic control; 
[0077] amelioration of hyperinsulinemia and/or decrease 
of glucose levels in diabetic subjects at doses that optionally 
do not affect cardiac function, e.g., heart rate, force of systolic 
contraction, duration of diastolic relaxation, vascular tone, or 
heart Weight; 
[0078] treating thyroid disease, thyroid cancer, depression, 
glaucoma, cardiac arrhythmias, heart failure, or osteoporosis; 
[0079] increasing mitochondrial biogenesis, or increasing 
expression of PGC-l, AMP activated protein kinase or 
nuclear respiratory factor; 
[0080] 
[0081] modulating expression of certain genes in the liver 
resulting in effects on lipids (e.g., cholesterol), glucose, lipo 
proteins, and triglycerides, or modulation of T3-responsive 
genes. 

inhibiting hepatic gluconeogenesis; or 
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[0082] In certain embodiments, the compounds do not 
affect thyroid function, thyroid production of circulating iodi 
nated thyronines such as T3 and T4, and/or the ratio of T3 to 
T4. 
[0083] Also provided are pharmaceutical compositions 
comprising the compounds, e. g., in a dosage unit suitable for 
administration, e.g., oral administration. 

5. BRIEF DESCRIPTION OF DRAWINGS 

[0084] FIG. 1 depicts depletion of B l 84 (NMl 08 hydroxy 
SATE phosphoroamidate) after incubation With and Without 
NADPH in monkey liver S9. 
[0085] FIG. 2 depicts depletion of B l 02 (NMl 07 hydroxy 
SATE phosphoroamidate) after incubation With and Without 
NADPH in monkey liver S9. 

6. DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0086] Provided herein are compounds, compositions and 
methods useful for treating liver disorders, such as cancer, or 
metabolic diseases, such as diabetes, hyperlipidemia, athero 
sclerosis, and obesity. Further provided are dosage forms 
useful for such methods. 

6.1 De?nitions 

[0087] When referring to the compounds provided herein, 
the folloWing terms have the folloWing meanings unless indi 
cated otherwise. 
[0088] The term “alkyl”, as used herein, unless otherWise 
speci?ed, includes a saturated straight, branched, or cyclic, 
primary, secondary, or tertiary hydrocarbon of typically C l to 
C10, and speci?cally includes methyl, CF3, CCl3, CFCl2, 
CF2Cl, ethyl, CH2CF3, CF2CF3, propyl, isopropyl, cyclopro 
pyl, butyl, isobutyl, secbutyl, t-butyl, pentyl, cyclopentyl, 
isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl, cyclohexy 
lmethyl, 3-methylpentyl, 2,2-dimethylbutyl, and 2,3-dimeth 
ylbutyl. The term includes both substituted and unsubstituted 
alkyl groups, and particularly includes halogenated alkyl 
groups, and even more particularly ?uorinated alkyl groups. 
Non-limiting examples of moieties With Which the alkyl 
group can be substituted are selected from the group consist 
ing of halogen (?uoro, chloro, bromo or iodo), hydroxyl, 
amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, 
sulfonic acid, sulfate, phosphonic acid, phosphate, or phos 
phonate, either unprotected, or protected as necessary, as 
knoWn to those skilled in the art, for example, as taught in 
Greene, et al., Protective Groups in Organic Synthesis, John 
Wiley and Sons, Second Edition, 1991, hereby incorporated 
by reference. 
[0089] The term “loWer alkyl”, as used herein, and unless 
otherWise speci?ed, includes a C to C4 saturated straight, 
branched, or if appropriate, a cyclic (for example, cyclopro 
pyl) alkyl group, including both substituted and unsubstituted 
moieties. 
[0090] “Alkylene” includes divalent saturated aliphatic 
hydrocarbon groups particularly having up to about 1 1 carbon 
atoms and more particularly 1 to 6 carbon atoms Which can be 
straight-chained or branched. This term is exempli?ed by 
groups such as methylene (4CH2i), ethylene 
(iCH2CH2i), the propylene isomers (e.g., 
4CH2CH2CH2i and iCH(CH3)CH2i) and the like. 
[0091] “Alkenyl” includes monovalent ole?nically unsat 
urated hydrocarbon groups, in certain embodiment, having 
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up to about 11 carbon atoms, from 2 to 8 carbon atoms, or 
from 2 to 6 carbon atoms, Which can be straight-chained or 
branched and having at least 1 or from 1 to 2 sites of ole?nic 
unsaturation. Exemplary alkenyl groups include ethenyl 
(4CH:CH2), n-propenyl (iCH2CH:CH2), isopropenyl 
(4C(CH3):CH2), vinyl and substituted vinyl, and the like. 
[0092] “Alkenylene” includes divalent ole?nically unsatur 
ated hydrocarbon groups, in certain embodiments, having up 
to about 11 carbon atoms or from 2 to 6 carbon atoms Which 
can be straight-chained or branched and having at least 1 or 
from 1 to 2 sites of ole?nic unsaturation. This term is exem 
pli?ed by groups such as ethenylene (iCH:CHi), the 
propenylene isomers (e. g., iCH:CHCH2i and iC(CH3) 
:CHi and 4CH:C(CH3)i) and the like. 
[0093] “Alkynyl” includes acetylenically unsaturated 
hydrocarbon groups, in certain embodiments, having up to 
about 1 1 carbon atoms or from 2 to 6 carbon atoms Which can 
be straight-chained or branched and having at least 1 or from 
1 to 2 sites of alkynyl unsaturation. Non-limiting examples of 
alkynyl groups include acetylenic, ethynyl (iCECH), pro 
pargyl (4CH2CECH), and the like. 
[0094] The term “aryl”, as used herein, and unless other 
Wise speci?ed, includes phenyl, biphenyl, or naphthyl, and 
preferably phenyl. The term includes both substituted and 
unsubstituted moieties. The aryl group can be substituted 
With any described moiety, including, but not limited to, one 
or more moieties selected from the group consisting of halo 
gen (?uoro, chloro, bromo or iodo), alkyl, hydroxyl, amino, 
alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, sul 
fonic acid, sulfate, phosphonic acid, phosphate, or phospho 
nate, either unprotected, or protected as necessary, as knoWn 
to those skilled in the art, for example, as taught in Greene, et 
al., Protective Groups in Organic Synthesis, John Wiley and 
Sons, Second Edition, 1991. 
[0095] “Alkoxy” includes the group 40R Where R is alkyl. 
Particular alkoxy groups include, by Way of example, meth 
oxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, ter‘t-butoxy, 
sec-butoxy, n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and 
the like. 
[0096] “Alkoxycarbonyl” includes a radical ‘C(O) 
alkoxy Where alkoxy is as de?ned herein. 
[0097] “Amino” includes the radical iNHZ. 
[0098] “Carboxyl” includes the radical iC(O)OH. 
[0099] The term “alkylamino” or “arylamino” includes an 
amino group that has one or tWo alkyl or aryl substituents, 
respectively. Unless otherWise speci?cally stated in this 
application, When alkyl is a suitable moiety, loWer alkyl is 
preferred. Similarly, When alkyl or loWer alkyl is a suitable 
moiety, unsubstituted alkyl or loWer alkyl is preferred. 
[0100] “Halogen” or “halo” includes chloro, bromo, ?uoro 
or iodo. 

[0101] “Monoalkylamino” includes the group alkyl 
NR'i, Wherein R' is selected from hydrogen and alkyl. 
[0102] “Thioalkoxy” includes the group iSR Where R is 
alkyl. 
[0103] The term “protected” as used herein and unless oth 
erWise de?ned refers to a group that is added to an oxygen, 
nitrogen, or phosphorus atom to prevent its further reaction or 
for other purposes. A Wide variety of oxygen and nitrogen 
protecting groups are knoWn to those skilled in the art of 
organic synthesis. 
[0104] “Pharmaceutically acceptable salt” includes any salt 
of a compound provided herein Which retains its biological 
properties and Which is not toxic or otherWise undesirable for 

Oct. 23, 2008 

pharmaceutical use. Such salts may be derived from a variety 
of organic and inorganic counter-ions Well knoWn in the art. 
Such salts include: (1) acid addition salts formed With organic 
or inorganic acids such as hydrochloric, hydrobromic, sulfu 
ric, nitric, phosphoric, sulfamic, acetic, tri?uoroacetic, 
trichloroacetic, propionic, hexanoic, cyclopentylpropionic, 
glycolic, glutaric, pyruvic, lactic, malonic, succinic, sorbic, 
ascorbic, malic, maleic, fumaric, tartaric, citric, benZoic, 
3-(4-hydroxybenZoyl)benZoic, picric, cinnamic, mandelic, 
phthalic, lauric, methanesulfonic, ethanesulfonic, 1,2 
ethane-disulfonic, 2-hydroxyethanesulfonic, benZene 
sulfonic, 4-chlorobenZenesulfonic, 2-naphthalenesulfonic, 
4-toluenesulfonic, camphoric, camphorsulfonic, 4-methylbi 
cyclo[2.2.2]-oct-2-ene-1-carboxylic, glucoheptonic, 3-phe 
nylpropionic, trimethylacetic, tert-butylacetic, lauryl sulfu 
ric, gluconic, benZoic, glutamic, hydroxynaphthoic, salicylic, 
stearic, cyclohexylsulfamic, quinic, muconic acid and the like 
acids; or (2) salts formed When an acidic proton present in the 
parent compound either (a) is replaced by a metal ion, e. g., an 
alkali metal ion, an alkaline earth ion or an aluminum ion, or 
alkali metal or alkaline earth metal hydroxides, such as 
sodium, potassium, calcium, magnesium, aluminum, lithium, 
Zinc, and barium hydroxide, ammonia or (b) coordinates With 
an organic base, such as aliphatic, alicyclic, or aromatic 
organic amines, such as ammonia, methylamine, dimethy 
lamine, diethylamine, picoline, ethanolamine, diethanola 
mine, triethanolamine, ethylenediamine, lysine, arginine, 
omithine, choline, N,N'-dibenZylethylene-diamine, chlorop 
rocaine, diethanolamine, procaine, N-benZylphenethy 
lamine, N-methylglucamine piperaZine, tris(hydroxym 
ethyl)-aminomethane, tetramethylammonium hydroxide, 
and the like. 

[0105] Salts further include, by Way of example only, 
sodium, potassium, calcium, magnesium, ammonium, tet 
raalkylammonium and the like, and When the compound con 
tains a basic functionality, salts of non-toxic organic or inor 
ganic acids, such as hydrohalides, e.g. hydrochloride and 
hydrobromide, sulfate, phosphate, sulfamate, nitrate, acetate, 
tri?uoroacetate, trichloroacetate, propionate, hexanoate, 
cyclopentylpropionate, glycolate, glutarate, pyruvate, lac 
tate, malonate, succinate, sorbate, ascorbate, malate, maleate, 
fumarate, tartarate, citrate, benZoate, 3-(4-hydroxybenZoyl) 
benZoate, picrate, cinnamate, mandelate, phthalate, laurate, 
methanesulfonate (mesylate), ethanesulfonate, 1,2-ethane 
disulfonate, 2-hydroxyethanesulfonate, benZenesulfonate 
(besylate), 4-chlorobenZenesulfonate, 2-naphthalene 
sulfonate, 4-toluenesulfonate, camphorate, camphorsul 
fonate, 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylate, 
glucoheptonate, 3-phenylpropionate, trimethylacetate, tert 
butylacetate, lauryl sulfate, gluconate, benZoate, glutamate, 
hydroxynaphthoate, salicylate, stearate, cyclohexylsulfa 
mate, quinate, muconate and the like. 
[0106] The term “alkaryl” or “alkylaryl” includes an aryl 
group With an alkyl sub stituent. The term aralkyl or arylalkyl 
includes an alkyl group With an aryl substituent. 

[0107] The term “purine” or “pyrimidine” base includes, 
but is not limited to, adenine, N6-alkylpurines, N6-acylpu 
rines (Wherein acyl is C(O)(alkyl, aryl, alkylaryl, or aryla 
lkyl), N6-benZylpurine, N6-halopurine, N6-vinylpurine, 
N6-acetylenic purine, N6-acyl purine, N6-hydroxyalkyl 
purine, N6-alkylaminopurine, N6-thioalkyl purine, N2-alky 
lpurines, N2-alkyl-6-thiopurines, thymine, cytosine, 5-?uo 
rocytosine, 5-methylcytosine, 6-aZapyrimidine, including 
6-aZacytosine, 2- and/or 4-mercaptopyrmidine, uracil, 5-ha 
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louracil, including 5-?uorouracil, Cs-alkylpyrimidines, 
C5 -benZylpyrimidines, C5 -halopyrimidines, C5 -vinylpyrimi 
dine, CS-acetylenic pyrimidine, CS-acyl pyrimidine, CS-hy 
droxyalkyl purine, CS-amidopyrimidine, Cs-cyanopyrimi 
dine, C5-iodopyrimidine, C6-iodo-pyrimidine, CsiBr-vinyl 
pyrimidine, C6iBr-vinyl pyrimidine, C5 -nitropyrimidine, 
Cs-amino-pyrimidine, N2-alkylpurines, N2-alkyl-6-thiopu 
rines, 5-aZacytidinyl, 5-aZauracilyl, triaZolopyridinyl, imida 
Zolopyridinyl, pyrrolopyrimidinyl, and pyraZolopyrimidinyl. 
Purine bases include, but are not limited to, guanine, adenine, 
hypoxanthine, 7-deaZaguanine, 7-deaZaadenine, 2,6-diami 
nopurine, and 6-chloropurine. Functional oxygen and nitro 
gen groups on the base can be protected as necessary or 
desired. Suitable protecting groups are Well knoWn to those 
skilled in the art, and include trimethylsilyl, dimethylhexyl 
silyl, t-butyldimethylsilyl, and t-butyldiphenylsilyl, trityl, 
alkyl groups, and acyl groups such as acetyl and propionyl, 
methanesulfonyl, and p-toluenesulfonyl. 
[0108] The term “acyl” or “O-linked ester” includes a 
group of the formula C(O)R', Wherein R' is an straight, 
branched, or cyclic alkyl (including loWer alkyl), carboxylate 
reside of amino acid, aryl including phenyl, alkaryl, arylalkyl 
including benZyl, alkoxyalkyl including methoxymethyl, 
aryloxyalkyl such as phenoxymethyl; or substituted alkyl 
(including loWer alkyl), aryl including phenyl optionally sub 
stituted With chloro, bromo, ?uoro, iodo, C 1 to C4 alkyl or C 1 
to C4 alkoxy, sulfonate esters such as alkyl or arylalkyl sul 
phonyl including methanesulfonyl, the mono, di or triphos 
phate ester, trityl or monomethoxy-trityl, substituted benZyl, 
alkaryl, arylalkyl including benZyl, alkoxyalkyl including 
methoxymethyl, aryloxyalkyl such as phenoxymethyl. Aryl 
groups in the esters optimally comprise a phenyl group. In 
particular, acyl groups include acetyl, tri?uoroacetyl, methy 
lacetyl, cyclpropylacetyl, propionyl, butyryl, hexanoyl, hep 
tanoyl, octanoyl, neo-heptanoyl, phenylacetyl, 2-acetoxy-2 
phenylacetyl, diphenylacetyl, 0t-methoxy-0t-tri?uoromethyl 
phenylacetyl, bromoacetyl, 2-nitro-benZeneacetyl, 4-chloro 
benZeneacetyl, 2-chloro-2,2-diphenylacetyl, 2-chloro-2 
phenylacetyl, trimethylacetyl, chlorodi?uoroacetyl, 
per?uoroacetyl, ?uoroacetyl, bromodi?uoroacetyl, meth 
oxyacetyl, 2-thiopheneacetyl, chlorosulfonylacetyl, 3-meth 
oxyphenylacetyl, phenoxyacetyl, tert-butylacetyl, trichloro 
acetyl, monochloro-acetyl, dichloroacetyl, 
7H-dodeca?uoro-heptanoyl, per?uoro-heptanoyl, 
7H-dodeca-?uoroheptanoyl, 7-chlorododeca?uoro-hep 
tanoyl, 7-chloro-dodeca?uoro-heptanoyl, 7H-dodeca?uoro 
heptanoyl, 7H-dodeca-?uoroheptanoyl, nona?uoro-3,6-di 
oxa-heptanoyl, nona?uoro-3,6-dioxaheptanoyl, 
per?uoroheptanoyl, methoxybenZoyl, methyl 3-amino-5 
phenylthiophene-2-carboxyl, 3,6-dichloro-2-methoxy-ben 
Zoyl, 4-(1 , l ,2,2-tetra?uoro-ethoxy)-benZoyl, 2-bromo-pro 
pionyl, omega-aminocapryl, decanoyl, n-pentadecanoyl, 
stearyl, 3-cyclopentyl-propionyl, l -benZene-carboxyl, 
O-acetylmandelyl, pivaloyl acetyl, l-adamantane-carboxyl, 
cyclohexane-carboxyl, 2,6-pyridinedicarboxyl, cyclopro 
pane-carboxyl, cyclobutane-carboxyl, per?uorocyclohexyl 
carboxyl, 4-methylbenZoyl, chloromethyl isoxaZolyl carbo 
nyl, per?uorocyclohexyl carboxyl, crotonyl, l-methyl-lH 
indaZole-3-carbonyl, 2-propenyl, isovaleryl, l-pyrrolidin 
ecarbonyl, 4-phenylbenZoyl. 
[0109] The term “amino acid” includes naturally occurring 
and synthetic 0t, [3 y or 6 amino acids, and includes but is not 
limited to, amino acids found in proteins, i.e. glycine, alanine, 
valine, leucine, isoleucine, methionine, phenylalanine, tryp 

Oct. 23, 2008 

tophan, proline, serine, threonine, cysteine, tyrosine, aspar 
agine, glutamine, aspartate, glutamate, lysine, arginine and 
histidine. In a preferred embodiment, the amino acid is in the 
L-con?guration. Alternatively, the amino acid can be a 
derivative of alanyl, valinyl, leucinyl, isoleuccinyl, prolinyl, 
phenylalaninyl, tryptophanyl, methioninyl, glycinyl, serinyl, 
threoninyl, cysteinyl, tyrosinyl, asparaginyl, glutaminyl, 
aspartoyl, glutaroyl, lysinyl, argininyl, histidinyl, [3-alanyl, 
[3-valinyl, [3-leucinyl, [3-isoleuccinyl, [3-prolinyl, [3-phenyla 
laninyl, [3-tryptophanyl, [3-methioninyl, [3-glycinyl, [3-seri 
nyl, [3-threoninyl, [3-cysteinyl, [3-tyrosinyl, [3-asparaginyl, 
[3-glutaminyl, [3-aspartoyl, [3-glutaroyl, [3-lysinyl, [3-argininyl 
or [3-histidinyl. 
[0110] As used herein, the term “substantially free of’ or 
“substantially in the absence of” With respect to a nucleoside 
composition includes a nucleoside composition that includes 
at least 85 or 90% by Weight, preferably 95%, 98%, 99% or 
100% by Weight, of the designated enantiomer of that nucleo 
side. In a preferred embodiment, in the methods and com 
pounds of this invention, the compounds are substantially free 
of enantiomers. 
[0111] Similarly, the term “isolated” With respect to a 
nucleoside composition includes a nucleoside composition 
that includes at least 85, 90%, 95%, 98%, 99% to 100% by 
Weight, of the nucleoside, the remainder comprising other 
chemical species or enantiomers. 
[0112] “Solvate” includes a compound provided herein or a 
salt thereof, that further includes a stoichiometric or non 
stoichiometric amount of solvent bound by non-covalent 
intermolecular forces. Where the solvent is Water, the solvate 
is a hydrate. 
[0113] As used herein, the terms “subject” and “patient” are 
used interchangeably herein. The terms “subject” and “sub 
jects” refer to an animal, such as a mammal including a 
non-primate (e. g., a coW, pig, horse, cat, dog, rat, and mouse) 
and a primate (e.g., a monkey such as a cynomolgous monkey, 
a chimpanzee and a human), and for example, a human. In one 
embodiment, the subject is refractory or non-responsive to 
current treatments for cancer. In another embodiment, the 
subject is a farm animal (e.g., a horse, a coW, a pig, etc.) or a 
pet (e.g., a dog or a cat). In one embodiment, the subject is a 
human. 
[0114] As used herein, the terms “therapeutic agent” and 
“therapeutic agents” refer to any agent(s) Which can be used 
in the treatment or prevention of a disorder or one or more 

symptoms thereof. In certain embodiments, the term “thera 
peutic agent” includes a compound provided herein. In one 
embodiment, a therapeutic agent is an agent Which is knoWn 
to be useful for, or has been or is currently being used for the 
treatment or prevention of a disorder or one or more symp 

toms thereof. 

[0115] “Therapeutically effective amount” includes an 
amount of a compound or composition that, When adminis 
tered to a subject for treating a disease, is su?icient to effect 
such treatment for the disease. A “therapeutically effective 
amount” can vary depending on, inter alia, the compound, the 
disease and its severity, and the age, Weight, etc., of the 
subject to be treated. 
[0116] “Treating” or “treatment” of any disease or disorder 
refers, in one embodiment, to ameliorating a disease or dis 
order that exists in a subject. In another embodiment, “treat 
ing” or “treatment” includes ameliorating at least one physi 
cal parameter, Which may be indiscernible by the subject. In 
yet another embodiment, “treating” or “treatment” includes 
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modulating the disease or disorder, either physically (e.g., 
stabilization of a discernible symptom) or physiologically 
(e.g., stabilization of a physical parameter) or both. In yet 
another embodiment, “treating” or “treatment” includes 
delaying the onset of the disease or disorder. 

[0117] As used herein, the terms “prophylactic agent” and 
“prophylactic agents” as used refer to any agent(s) Which can 
be used in the prevention of a disorder or one or more symp 

toms thereof. In certain embodiments, the term “prophylactic 
agent” includes a compound provided herein. In certain other 
embodiments, the term “prophylactic agent” does not refer a 
compound provided herein. For example, a prophylactic 
agent is an agent Which is knoWn to be useful for, or has been 
or is currently being used to the prevent or impede the onset, 
development, progression and/or severity of a disorder. 

[0118] As used herein, the phrase “prophylactically effec 
tive amount” includes the amount of a therapy (e.g., prophy 
lactic agent) Which is suf?cient to result in the prevention or 
reduction of the development, recurrence or onset of one or 

more symptoms associated With a disorder (, or to enhance or 

improve the prophylactic effect(s) of another therapy (e.g., 
another prophylactic agent). 

6.2 Exemplary Embodiments 

[0119] 6.2.1 Compounds 
[0120] Phosphoroamidate and phosphonoamidate com 
pounds of a variety of therapeutic agents can be formed using 
methods available in the art and those disclosed herein. Such 
compounds can be used in some embodiments to enhance 

delivery of the drug to the liver. In one embodiment, the 
compound is an S-acyl-2-thioethyl phosphoroamidate or an 
S-acyl-2-thioethyl phosphonoamidate derivative, e.g., a 
S-pivaloyl-2-thioethyl phosphoroamidate or a S-hydroxypiv 
aloyl-2-thioethyl phosphonoamidate. Therapeutic agents that 
can be derivatiZed to compound form include an anti-cancer 
agent that includes, or has been derivatiZed to include a reac 
tive group for attachment of the phosphoroamidate or 
phosphonoamidate moiety, including but not limited to 
nucleosides and nucleoside analogues including acyclic 
nucleosides. 

[0121] Phosphoroamidate or phosphonoamidate com 
pound forms of a variety of nucleosides can be formed from 
nucleosides disclosed herein and available in the art. In par 
ticular, anti-cancer nucleosides can be derivatiZed to form a 
phosphoroamidate or pho sphonoamidate compound that can 
enhance delivery to the liver. 

[0122] In one embodiment, the phosphoroamidate or 
phosphonoamidate compound provided herein is a com 
pound of formula IIa or IIb: 

or 
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-continued 
IIb 

O 

i O l 

RY s/\/O\"/R’ 

or a pharmaceutically acceptable salt, solvate, a stereoiso 
meric, tautomeric or polymorphic form thereof, Wherein; 
[0123] Ry is alkyl, alkenyl, alkynyl, aryl, arylalkyl, 
cycloalkyl, cycloalkenyl, amino, heterocyclyl or heteroaryl, 
all optionally substituted; 
[0124] R“ and Rb are selected as folloWs: 

[0125] i) R“ and Rb are each independently hydrogen, alkyl, 
carboxyalkyl, hydroxyalkyl, hydroxyarylalkyl, acyloxyalkyl, 
aminocarbonylalkyl, alkoxycarbonylalkyl, aryl, arylalkyl, 
cycloalkyl, heteroaryl or heterocyclyl, all optionally substi 
tuted; or 
[0126] ii) R“ and Rb together With the nitrogen atom on 
Which they are substituted form a 3-7 membered heterocyclic 
or heteroaryl ring; and 
[0127] R1 is a drug such as an anti-cancer drug. 

[0128] In certain embodiments, the compound of formula 
IIa or IIb is selected With a proviso that When Ry is ter‘t-butyl 
or hydroXy-ter‘t-butyl, then R1 is not 3'-aZido-2',3'-dideoX 
ythymidine. 
[0129] In certain embodiments, R1, R“, Rb and Ry are 
optionally substituted With one or more substituents as 

de?ned herein, e.g., in the de?nitions. 
[0130] In certain embodiments, the compounds are of For 
mula IIa or IIb, Wherein Ry is alkyl, alkenyl, alkynyl, aryl, 
arylalkyl, cycloalkyl, cycloalkenyl, amino, heterocyclyl or 
heteroaryl; 
[0131] R“ and Rb are each independently hydrogen, alkyl, 
carboxyalkyl, hydroxyalkyl, hydroxyarylalkyl, acyloxyalkyl, 
aminocarbonylalkyl, alkoxycarbonylalkyl, aryl, arylalkyl, 
cycloalkyl, heteroaryl or heterocyclyl, all optionally substi 
tuted; and 
[0132] R1 is an anti-cancer drug. 
[0133] In one embodiment, R1 or RIiCHZi is a nucleo 
side comprising a cyclic or acyclic sugar or analog thereof, 
including any nucleoside or analogue thereof described 
herein or knoWn in the art. 

[0134] In certain embodiments of Formula IIa or IIb, Ry is 
substituted alkyl, e.g. hydroxyalkyl or aminoalkyl; and R“ 
and Rb are independently hydrogen, alkyl, substituted alkyl, 
benZyl or substituted benZyl, for instance hydroxy- or amino 
substituted alkyl or benZyl. In another embodiment, Ry is 
40R”, 4C(Rc)3 or iNHRC Where each R” is independently 
alkyl, substituted alkyl, aryl or substituted aryl, for instance 
hydroxy- or amino-substituted alkyl or aryl; and R“ and Rh are 
independently hydrogen, alkyl, substituted alkyl, benZyl or 
substituted benZyl, for instance hydroxy- or amino-substi 
tuted alkyl or benZyl. In a further embodiment, R“ and Rb are 
independently benZyl or substituted alkyl. In a further 
embodiment, Ry is selected from the group consisting of alkyl 
and hydroxyalkyl. In certain embodiments, Ry is iC(CH3) 
2CH2OH. In certain embodiments according to this para 
graph, R2 and R3 are each hydrogen, R“ is hydrogen, Rb is 
%H2%6H5 and Ry is iC(CH3)2CH2OH. 



US 2008/0261913 A1 

[0135] In one embodiment, Ry is alkyl or hydroxyalkyl. In 
one embodiment, Ry is methyl, tert-butyl, hydroXy-tert-butyl 
or hydroxyethyl. In certain embodiments, Ry is iC(CH3) 
2CH2OH. 
[0136] In one embodiment, R“ and Rh are each indepen 
dently hydrogen, alkyl, carboxyalkyl, hydroxyalkyl, 
hydroxyarylalkyl, acyloxyalkyl, aminocarbonylalkyl, 
alkoxycarbonylalkyl, aryl or arylalkyl, Wherein the alkyl 
groups can be further substituted With one or more substi 

tutents. In one embodiment, at least one of R“ or Rb is other 

than hydrogen. In one embodiment, R“ and Rb are each inde 
pendently hydrogen, methyl or benzyl. 

[0137] In certain embodiments, Ry is iC(CH3)2CH2OH 
and R“ and Rh are each independently hydrogen, methyl or 
benZyl. In certain embodiments, Ry is 4C(CH3)2CH2OH and 
R“ is hydrogen and Rb is benZyl. 

[0138] In another embodiment, the compound provided 
herein is a compound of formula: 

wherein R1 and Ry are as de?ned in formula IIa or IIb. In one 

embodiment, Ry is alkyl or hydroxyalkyl. In one embodiment, 
Ry is methyl, tert-butyl, hydroXy-tert-butyl or hydroxyethyl. 
In one embodiment, Ry is iC(CH3)2CH2OH. 
[0139] In certain embodiments according to formula XVa 
or XVb, Ry is substituted alkyl, e.g. hydroxyalkyl or ami 
noalkyl. In another embodiment, Ry is 40R”, 4C(Rc)3 or 
iNHRC Where each RC is independently alkyl, substituted 
alkyl, aryl or substituted aryl, for instance hydroxy- or amino 
substituted alkyl or aryl. In a further embodiment, Ry is 
selected from the group consisting of alkyl and hydroxyalkyl. 
In certain embodiments, Ry is 4C(CH3)2CH2OH. 
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[0140] In another embodiment, the compound provided 
herein is a compound of formula: 

Wherein: 

[0141] R1 is an anti-cancer drug, such as a nucleoside or 
nucleoside derivative; and 
[0142] R“ and Rh are each independently hydrogen, alkyl, 
carboxyalkyl, hydroxyalkyl, hydroxyarylalkyl, acyloxyalkyl, 
aminocarbonylalkyl, alkoxycarbonylalkyl, aryl, arylalkyl, 
cycloalkyl, heteroaryl or heterocyclyl, all optionally substi 
tuted; and 
[0143] Wherein in one embodiment, one of R“ and Rh is H 
and the other is alkyl optionally substituted With aryl, benZyl, 
or heteroaryl, each optionally substituted. 
[0144] In certain embodiments according to formula XVIa 
or XVIb, R“ and Rh are independently hydrogen, alkyl, sub 
stituted alkyl, benZyl or substituted benZyl, for instance 
hydroxy- or amino-substituted alkyl or benZyl. In another 
embodiment, R“ and Rh are independently hydrogen, alkyl, 
substituted alkyl, benZyl or substituted benZyl, for instance 
hydroxy- or amino-substituted alkyl or benZyl. In a further 
embodiment, R“ and Rb are independently benZyl or substi 
tuted alkyl. 
[0145] In another embodiment, the compound provided 
herein is a compound of formula: 

0 

‘i 0 

HO S/\/ \[AR‘ or 
HN 

XVIIa 

XVIIb 
0 

j] 1 o R , 

HO S/\/ \l/ 
HN 

wherein R1 is a drug such as an anti-cancer drug. 
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[0146] Exemplary anti-cancer drugs (Rl’s) that can be 
deriVatiZed as described herein, for example Via a free 
hydroxyl group, or after adding a hydroxylated linker, are: 

Name Structure 

Aclarubicin ? 

O : 

O 

9 

H00,’ ’ M“ 

O 

0,,” ‘ 
O 

\ N\\‘ 

Decitab ine 

Daunorubicin 
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-continued 

Sttucture Name 

5-azacytidine 

Doxorubicin 

O I 

. "'OH 

Epirubicin 

“\“NH2 

O -.,I 
. ”’0H 

Estramustine OH 

Cl 

Etoposide 

---|||| | | O,’ 
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-continued 

Name Sttucture 

Vincristin OH 

Vindes in 

Tenip 0 side 

NK-611 
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-continued 

Name Sttucture 

Calnptothecin 

Irinotecan 

9-Arninocamptothecin 

NH2 

Top otecan 
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-c0ntinued 

Name Sttucture 

Paclitaxel 

O O 

N L 
H 5 

6H 

Azatoxin 

Coforrnycin N 
/ 

H 
HN 

OH 

0 N N 
HO V 

HO OH 

Pirarub icin 

O 

6,,” = 
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