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(57) ABSTRACT 

Abstract of the Disclosure 

The invention provides the compounds of formula (I) or 
pharmaceutically acceptable salts thereof. The invention 
also provides pharmaceutical compositions comprising one 
or more compounds of formula I or intermediates thereof 
and one or more of pharmaceutically acceptable carriers, 
vehicles or diluents. The invention further provides methods 
of preparation and methods of use of prodrugs including 
NO-releasing prodrugs, double prodrugs and mutual pro 
drugs comprising the compounds of formula I. 
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PRODRUGS CONTAINING NOVEL 
BIO-CLEAVABLE LINKERS 

Detailed Description of the Invention 

[0001] This application takes priority from US Provisional 
Application USSN: 60/604,632 ?led 26 August 2004 and 
Indian Provisional Application 779/MUM/2005 ?led 01 July 
2005, Which are herein incorporated in their entirety. 

Field oflhe Invention 

[0002] The present invention relates to compositions of 
prodrugs, including NO-releasing prodrugs, codrugs, double 
prodrugs and mutual prodrugs, containing bio-labile linkers 
and linkages, processes for their preparation and pharma 
ceutical compositions containing them and their use. 

Background of the Invention 

[0003] Aprodrug is an active drug chemically transformed 
into a per se inactive derivative Which by virtue of chemical 
or enzymatic attack is converted to the parent drug Within 
the body before or after reaching the site of action. The 
process of converting an active drug into inactive form is 
called drug latentiation. Prodrugs can be carrier-linked 
prodrugs and bioprecursors. The carrier-linked prodrug 
results from a temporary linkage of the active molecule With 
a transport moiety. Such prodrugs are less active or inactive 
compared to the parent active drug. The transport moiety 
Will be chosen for its non-toxicity and its ability to ensure 
the release of the active principle With ef?cient kinetics. 
Whereas the bioprecursors result from a molecular modi? 
cation of the active principle itself by generation of a neW 
molecule that is capable of being a substrate to the metabo 
lizing enzymes releasing the active principle as a metabolite. 

[0004] Prodrugs are prepared to alter the drug pharmaco 
kinetics, improve stability and solubility, decrease toxicity, 
increase speci?city, and increase duration of the pharmaco 
logical e?fect of the drug. By altering pharmacokinetics the 
drug bioavailability is increased by increasing absorption, 
distribution, biotransformation, and excretion of the drug. 
Limited intestinal absorption, distribution, fast metabolism, 
and toxicity are some of the causes of failure of drug 
candidates during development. Avoidance of the foresee 
able or proven pharmacokinetic defects thus assumes con 
siderable signi?cance in drug research. Accordingly, pro 
drugs play a signi?cant role in drug research as Well. 

[0005] In designing the prodrugs, it is important to con 
sider the folloWing factors: a) the linkage betWeen the carrier 
and the drug is usually a covalent bond, b) the prodrug is 
inactive or less active than the active principle, c) the 
prodrug synthesis should not be expensive, d) the prodrug 
has to be reversible or bioreversible derivative of the drug, 
and e) the carrier moiety must be non-toxic and inactive 
When released. 

[0006] Prodrugs are usually prepared by: a) formation of 
ester, hemiesters, carbonate esters, nitrate esters, amides, 
hydroxamic acids, carbamates, imines, mannich bases, and 
enamines of the active drug, b) functionalizing the drug With 
azo, glycoside, peptide, and ether functional groups, c) use 
of polymers, salts, complexes, phosphoramides, acetals, 
hemiacetals, and ketal forms of the drug. For example, see 
Andrejus Korolkovas’s, ”Essentials of Medicinal Chemis 
try”, pp. 97-118. 
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[0007] The discovery and characterization of endothe 
lium-derived nitric oxide (NO) Was the subject of the 1998 
Nobel Prize in Medicine and Physiology. NO is a major 
signaling molecule With important biological roles. See, for 
example, Kerwin, Jr., J. F. et al., J. Med. Chem. 1995, 38, 
4343, and Williams, R. J. P., Chem. Soc. Rev., 1996, 77. The 
major biological functions of NO include controlling blood 
pressure, smoothing muscle tone and inhibition of platelet 
adherence and aggregation, assisting the immune system in 
destroying tumor cells and intracellular pathogens and par 
ticipating in neuronal synaptic transmission. See, for 
example, Moncada, S. et al., Pharmacol. Rev. 1991, 43, 109; 
Bredt, D.S. et al., Anuu. Rev. Biochem., 1994, 63, 175; 
Schmidt, H. H. W. et al., Cell 1994, 78, 919; Feldman, P. L. 
et al., Chem. and Eng. NeWs. 1993, 71 (20th December 
issue), 26; and Wilsonm E. K., Chem. and Eng. NeWs. 2004 
(8th March issue), 39. Endogenously, NO is produced from 
arginine by the catalytic action of nitric oxide synthase.See, 
for example, Nathan, C. et al., Cell 1994, 78, 915, and 
Marletta, M. A., Cell 1994, 78, 927. 

[0008] NO is a free radical as Well as a scavenger of free 
radicals. NO reacts quickly With ubiquitously generated 
reactive oxygen species (ROS) such as superoxide (O2') to 
generate a nefarious peroxynitrite (ONOO') molecule, 
Which is implicated in many human diseases such as dia 
betes, heart disease, Alzheimer’s disease and multiple scle 
rosis. In this setting, NO is often vieWed as pathogenic. 
HoWever, the chemistry of NO can also be a signi?cant 
factor in lessening the injury mediated by reactive oxygen 
species (ROS) and reactive nitrogen oxide species (RNOS). 
There is a relationship betWeen NO and oxidation, nitrosa 
tion and nitration reactions. A number of factors determine 
Whether NO promotes, abates or interconnects these chem 
istries.See, for example, Espay, et al., A chemical perspec 
tive on the interplay betWeen NO, reactive oxygen species, 
and reactive nitrogen oxide species, Ann N. Y. Acad. Sci. 
2002, 962, 195. 

[0009] Thus, by being a free radical, along With the ability 
to scavenge other free radicals, NO is placed in a pivotal 
regulatory position. Insight into these pathophysiological 
processes and signaling are highly relevant to develop 
therapeutics. 

[0010] NO de?ciency has been implicated in the genesis 
and evolution of several disease states. In patients With 
cardiovascular problems, the production of superoxide is 
increased and level or location of NO synthesis is disrupted 
thereby causing cellular dysfunction as a result of vasocon 
striction of blood vessels, Which can lead to, if prolonged, 
cell damage or death. Agents that act to maintain the normal 
balance betWeen NO and superoxide in vascular endothelial 
cells may prove particularly useful in this regard. See, for 
example, Stokes, K., et al., Free Radic. Bio. Med., 2002, 33, 
1026-1036. 

[0011] Nutritional and pharmacological therapies that 
enhance the bioactivity or production of NO have been 
shoWn to improve endothelium-dependent vasodilation, 
reduce symptoms, and sloW the progression of atheroscle 
rosis. Some of the strategies for NO modulation encompass 
anti-in?ammatory, sexual dysfunction, and cardiovascular 
indications. Apart from neWly developed drugs, several 
commonly used cardiovascular drugs exert their bene?cial 
action, at least in part, by modulating the NO pathWay. 
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Pharmacological compounds that release NO have been 
useful tools for evaluating the pivotal role of NO in cardio 
vascular physiology and therapeutics. 

NO-DONORS: 

[0012] There are a Wide variety of structurally dissimilar 
organic compounds that act as NO donors and release NO in 
solution. Some NO donors, such as isoamyl nitrite, nitro 
glycerine (GTN) and sodium nitroprusside, have been used 
in cardiovascular medicine long before their biochemical 
mechanism Was understood. The common mode of action 
for these drugs is liberation of NO, Which evokes relaxation 
of smooth muscle through activation of guanylate cyclase 
With subsequent formation of cGMP. The relative impor 
tance of enzymatic versus non-enzymatic pathWays for NO 
release, the identity of the actual NO-generating enZymes 
and the existence of competing metabolic events are addi 
tional important determinants of the different NO donor 
classes. Pharmacological compounds that release NO con 
stitute tWo broad classes of compounds: those that release 
NO or one of its redox congeners spontaneously and those 
that require enZymatic metabolism to generate NO. See, for 
example, Ignarro, L. J. et al., Nitric oxide donors and 
cardiovascular agents modulating the bioactivity of nitric 
oxide: an overvieW, Circ. Res. 2002, 90, 21-28. 

[0013] Nitroglycerine/glycerine trinitrate (GTN) and com 
pounds referred to as nitrovasodilators or NO donors are 
frequently used in the treatment of ischemic heart disease. 
The common mode of action for these drugs is liberation of 
NO, Which evokes relaxation of smooth muscle through 
activation of guanylate cyclase With subsequent formation of 
cGMP. HoWever, early development of tolerance to nitrate 
therapy, particularly during acute myocardial infarction, has 
been the clinically signi?cant drawback With GTN and some 
of the other available organic nitrates. This is a signi?cant 
clinical problem and there exists a need for novel nitrate 
based anti-anginal agents, Which do not cause the problem 
of nitrate tolerance. 

[0014] There are a number of neW examples of organic 
nitrates in Which an alkyl or aralkyl mononitrate is 
covalently linked to an existing drug molecule. Existing 
drugs from a large number of therapeutic areas such as 
anti-in?ammatory, antiallergic, antibiotic, anticancer, 
antidiabetic, antiviral, antihypertensive, antianginal, anti 
convulsant, analgesic, antiasthmatic, antidepressant, antidi 
arrheal, antiinfective, antimigraine, antipsychotic, anti 
pyratic, antiulcerative, antithrombotic, etc., Were made and 
evaluated. Some of Nicox’s patents include: Synthesis and 
evaluation of nitrooxy derivatives of NSAIDs (WO 
9412463, WO 0230867, WO 0292072, WO 0313499 and 
WO 0384550), aspirin (WO 9716405, WO 0044705 and 
WO 0104082), paracetamol (WO 0112584 and WO 
0230866), antiepileptic agents (WO 0300642 and WO 
0300643), COX-2 inhibitors (WO 0400781 and WO 
0400300), statins (WO 04105754), ACE inhibitors (WO 
04110432 and WO 04106300), and ofknoWn drugs used for 
the treatment of disease conditions resulting from oxidative 
stress and endothelial dysfunction (WO 0061537). 

[0015] Most of these nitrate esters Were shoWn to possess 
not only superior or equal ef?cacy When compared to the 
original drug but also exhibit much-reduced side elfects. In 
fact, because of their superior ef?cacy combined With 
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reduced toxicity, a feW of such nitrate ester-containing drug 
conjugates are successfully passing through various stages 
of clinical trials. Some of Nicox’s nitrooxy derivatives of 
drugs Which are in clinical trials include: NCX 4016 (Phase 
II, peripheral vascular diseases), NCX 701 (Phase II, Acute 
pain), HCT 1026 (Phase I, AlZheimer’s disease), HCT 3012 
(Phase II, Osteoarthritis), NCX 285 (IND, Osteoarthritis), 
NCX 1022 (Phase IIa completed, Dermatitis), NCX 1020 
(Phase I, Asthma/COPD), NCX 1000 (Phase I, Portal hyper 
tension), and NCX 1510 (Phase II, Allergic rhinitis). 

[0016] US5767134 and US20050002942A1 disclosed a 
feW disul?de-containing prodrugs/folate-drug conjugates. 
WO 9842661, US 5807847, WO 0054756 and WO 0149275 
reported a feW nitrooxy derivatives of organic molecules 
containing sulfahydryl or disul?de group Which are called 
“SS-nitrates”. These references are incorporated herein by 
reference. 

[0017] Representative examples from WO 9842661 have 
shoWn superior vasorelaxant activity and no tolerance Was 
observed to the cGMP-increasing effects of those com 
pounds under the same experimental conditions used for the 
induction of in vivo tolerance. WO 0149275 reports drug 
conjugates Where an anti-in?ammatory drug is covalently 
linked to the beZa-mercapto-nitrate via thioester bond. 
Biotransformation pathWays proposed for NO release from 
GTN have largely been heme-dependent or sulfahydryl 
dependent. See, for examples, Thatcher, G. R. J. et al., 
Chem.Soc. Rev. 1998, 27, 331 and reference cited therein, 
and Bennett, B M. et al., Trends Pharmacol, Sci. 1994, 15, 
245. These references are incorporated herein by reference. 

[0018] A mutual prodrug is the association in a unique 
molecule of tWo drugs, usually synergistic, attached to each 
other, one drug being the carrier for the other and vice versa. 
The embodiments of the invention also provide mutual 
prodrugs, Which are prodrugs of tWo or three therapeutic 
agents currently used/potential for use in combination 
therapy utiliZing novel bio-cleavable linkers, Water-soluble 
prodrugs of insoluble/sparingly-soluble therapeutic agents 
using the same linker technology and Water-soluble double 
and triple prodrugs of sparingly-soluble therapeutic agents 
or any of the prodrugs linked to NO-releasing agent using 
the same linker technology. 

Summary of the Invention 

[0019] Present invention relates to the compounds of 
formula (I) or pharmaceutically acceptable salts thereof: 

[0021] Wherein, 

[0022] a is 0-2; 

[0023] B independently represents a bond, 
(CH2CH2O)C, s-s, s-s:o, s-so2 or S-SINH; 

[0024] b is 1-6; c is 1-1000; 

(CH2)bs 
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[0025] A and Al independently represent a bond, (CH2)d, 
l,2-phenylene, 1,3-phenylene or l,4-phenylene; 

[0026] d is 1-8; 

[0027] D1 represents a therapeutic agent comprising one 
or more of the functional groups selected from the group 

consisting of -OH, -SH, -NHRl, -CO2H, -CONHR1, 
-OC(:O)NHRl, -SO2NHRl, -OSO2NHRl, 
-N(Rl)C(:O)NHRl and -N(Rl)SO2NHRl; 

[0028] D2 independently represents D1, a peptide, protein, 
monoclonal antibody, Vitamin, R2, R3, R4, NO, N02, a 
linkable nitric oXide-releasing group comprising a NON 
Oate, a group comprising one or more of Water-solubiliZing 
functional groups, or a polymer; 

[0029] E independently represents CH2 or a bond; 

[0030] L1 and L2 independently represent a bond, 0, S, 
NR1, L, or a linkage selected from the group consisting of: 

a 

R10 

[0031] L is R12 or a group With bonding in any direction, 
independently selected from the group consisting of: 

a 

/ 
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-continued 

[0032] X independently represents a bond, C, O, S, or 
NR1; 

[0033] Y independently represents a bond, CIO, CIS, 
s:o, s02, P(:o)XR1, or (CH2)d; 

[0034] Z independently represents a bond, or (CH2 J-; 
Wherein, j is 1-4; 

[0035] R1 independently represents a bond, H, (C1 
C8)alkyl, (C5-Cl4)aryl, aralkyl or Me"; 

[0036] R2 independently represents H, NH2, or NHAc; 

[0037] R3 
CHZCOZRS, 

independently represents H, COZRS, 

[0038] R4 independently represents H, OH, O-(Cl 
C8)alkyl, OM“, or a group selected from the group con 
sisting of: 

HO 

002R5 

0 OH \ AM/k 
OH RSN i NH;, 

> 

OH 

NR5 
/ 

Amino-modi?ed deXtran 
or arabinolactan, 

Amino-functionalized 
Water-soluble polymers, 
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-continued 
R9 : 

\ A HOZC g COZMe 
R4N COZRS, W , 

O i 

HZNYCOZR 
\S/\/\OH, 

002R6 

0 (i f 
| \ & co R6, CH co R6, N co R6, 
M 2 2 2 V 2 

[0039] M independently represents Na, K or a pharrna 
ceutically acceptable metal ion, 

[0040] e I 1-3, 

[0041] R5 independently represents at each occurrence H, 
M“, (Cl-C8)alkyl, (C3-C8)cycloalkyl, substituted (C5 
Cl4)aryl, hetero(C2-C14)aryl, C(:O)(CH2)iCHR9CO2R5, 
CH2C(:O)OR5, P(:O)(OR5)2 , 

002R6 

0 (i f 
I \ /J\/ co R6, CH co R6, N co R6, 
N 2 2 2 V 2 

‘T CH 06mm, X co R6, / 2 /J\/ \/ 2 

‘T o /J\/ \Dextran 
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[0042] X2 independently represents 0, S, SO, S02, or 
NR5; 

[0043] R6 independently represents H, Na", K", any other 
pharrnaceutically acceptable metal ion, (Cl-C8)alkyl, or 
(C3-C8)cycloalkyl, 

[0044] R7 independently represents at each occurrence 
same or different R5; 

[0045] R8 independently representsCH2, O, NR4, S, SIO 
or OISIO; 

[0046] R9 independently represents H, (C1-C8)alkyl or an 
amino acid; 

[0047] f is 0-6; 

[0048] g is 0-1; 

[0049] h is 1-2000; 

[0050] i is 1-4; 

[0051] Rloand Rll independently representH, (C1 
C8)alkyl, (C3-C8)cycloalkyl, or a group selected from the 
group consisting of: 

a 
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-continued 
002R6 0 

[0054] and X3 is independently O or NR7. 

[0055] Another embodiment of the invention is a pharma 
ceutical composition comprising one or more compounds of 
formula I or intermediates thereof and one or more of 

pharmaceutically acceptable carriers, vehicles or diluents. 
Further embodiments include methods of preparation and 
methods of use of prodrugs including NO-releasing pro 
drugs, double prodrugs and mutual prodrugs comprising the 
compounds of formula 1. 

Detailed Description of the Invention 

[0056] The present invention characteriZes compositions, 
methods of preparation and methods of use of prodrugs, 
NO-releasing prodrugs, mutual prodrugs, double prodrugs, 
and codrugs. 
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[0057] The compounds of the present invention are pro 
drugs or mutual prodrugs in Which knoWn therapeutic agents 
or potential therapeutic agents are linked covalently to novel 
biocleavable linkers. 

[0058] The compounds of the present invention also 
include NO-releasing prodrugs in Which a therapeutic agent 
is linked covalently to nitrooxy (nitrate ester) group via a 
novel bio-cleavable linker containing a strategically placed 
disul?de group at (-position to the nitrate ester. The present 
invention also characterizes composition of NO-releasing 
prodrugs (i.e., nitrooxy ester or nitrate ester prodrugs), 
processes for their preparation, pharmaceutical composition 
containing them and their use. 

[0059] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Listed beloW are de?nitions of various 
terms used to describe the compounds of the present inven 
tion. These de?nitions apply to the term as they are used 
throughout the speci?cation (unless they are otherWise lim 
ited in speci?c instances) either individually or part of a 
larger group. 

[0060] The term “amino-containing” refers to drug/ carrier 
molecule With NH functional groups such as amino (both 
primary and secondary), amide, urea, sulfonamide, carbam 
ate, phosphoramadite, sulfamate, hydraZone, semicarba 
Zone, thiosemicarbaZone, hydraZide, carbaZate and the like. 
This also includes NH-containing heterocylic compounds 
such as imidaZoles, benZimidaZoles, pyraZoles, benZpyra 
ZOlS, pyrrols, indoles, triaZoles, tetraZoles, benZotriaZoles, 
benZotetraZoles and their derivatives. These NH-containing 
heterocyclic compounds can be sub-structures of more com 
plex drug/carrier molecules. Amino group of the candidate 
drug can be primary or secondary (both acyclic and cyclic) 
Which include amide-NH, sulfonamide-NH, carbamate-NH, 
sulfamate-NH, hydraZide-NH, hydraZone-NH, semicarba 
Zone-NH, thiosemicarbaZone-NH, urea-NH and also drugs 
containing indole, imidaZole, benZimidaZole, thiaZole, 
oXaZole, pyrrole, pyraZole, triaZole, tetraZole, or similar 
NH-containing heterocylic sub-structures of a more com 
plex drug molecule. 

[0061] The term “hydroxyl-containing” refers to drug/ 
carrier molecules With hydroxyl groups (primary, secondary, 
tertiary and phenolic) including hydroxyl groups of hydrox 
amic acids and ketoximes derived from keto-containing 
molecules. Hydroxyl group of drugs can be of primary, 
secondary, tertiary or phenolic in nature. 

[0062] The term “sulfahydryl-containing” refers to drug/ 
carrier With free sulfahydryl (SH) group. 

[0063] The term “halo” refers to ?uoro, chloro, bromo, 
and iodo. 

[0064] The term “halide” refers to ?uoride, chloride, bro 
mide, and iodide. 

[0065] The term “alkyl” refers to acyclic alkyl chains. For 
example, the term “C1-C8 alkyl” refers to methyl, ethyl, 
propyl, isopropyl, butyl, cyclobutyl, s-butyl, and t-butyl, 
pentyl, hexyl, heptyl, octyl, and the like. 

[0066] The term “cycloalkyl” refers to cyclic alkyl chains, 
e.g., the term ”C3-C8 cycloalkyl” refers to cyclopropyl, 
cyclooctyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl 
and the like. 
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[0067] The term ”aryl” refers to phenyl, naphthyl and the 
like. 

[0068] The term “aralkyl” refers to benZyl, phenethyl and 
the like. 

[0069] The term “alkoxy” refers to both acyclic and cyclic 
Cl-C8 alkyloxy. For example, the term “C1-C8 alkyloxy” 
refers to methoxy, ethoxy, propoxy, isopropoxy, cyclopro 
poxy, butoxy, cyclobutoxy, s-butoxy, and t-butoxy, cyclo 
pentyloxy, pentyloxy, hexyloxy, cyclohexyloxy, heptyloxy, 
cycloheptyloxy, octyloxy, cyclooctyloxy and the like. 

[0070] The term “heterocyclic” and “heteroaryl” refers to 
both saturated and unsaturated 5- and 6-membered rings 
(including benZo-fused) containing from 1 to 4 heteroatoms 
selected from the group consisting of nitrogen, oxygen and 
sulfur. All of these rings may be substituted With up to three 
substituents independently selected from the group consist 
ing of amino, halo, alkoxy, alkyl, cyano, nitro, hydroxyl, 
sulfahydryl, carboxyl and the like. Saturated rings include, 
for example, pyrrolidinyl, piperidinyl, piperaZinyl, tetrahy 
drofuryl, oxaZolidinyl, dioxanyl, pyranyl, and the like. Ben 
Zofused saturated rings include indolinyl, l,2,3,4-tetrahyd 
roquinolinyl, l,2,3,4-tetrahydroisoquinolinyl and the like. 
Unsaturated rings include furyl, thienyl, pyridinyl, pyrrolyl, 
N-methylpyrrolyl, oxaZolyl, isoxaZolyl, pyraZolyl, imida 
Zolyl, tetraZolyl, triaZolyl, oxadiaZolyl, thiadiaZolyl, thiaZ 
olyl, pyrimidinyl, pyraZinyl, pyridaZinyl, and the like. Ben 
Zofused unsaturated rings include isoquinolinyl, 
benZoxaZolyl, benZthiaZolyl, quinolinyl, benZofuranyl, 
thionaphthyl, indolyl and the like. 

[0071] The term “substituted alkyl” refers to acylic and 
cyclic alkyl groups substituted With one or more of groups 
such as alkyl, aryl, hydroxy, alkoxy, cyano, carboxyl, sul 
fahydryl, alkylthio, amino, nitro, halo, carbonyl, carbamato, 
sulfamato, sulfonato, sulfato, and the like. 

[0072] The term “substituted aryl” refers to aryl groups 
substituted (including fused) With one or more of groups 
such as alkyl, aryl, hydroxy, alkoxy, cyano, carboxyl, sul 
fahydryl, alkylthio, amino, nitro, halo, carbonyl, carbamato, 
sulfamato, sulfonato, sulfato, and the like. 

[0073] The term ”amino acid” refers to molecules con 
taining one or more amino and carboxyl groups. Examples 
of alfa-amino acids (D-, L- and DL- amino acids) -include 
natural alanine, arginine, asparagine, aspartic acid, cysteine, 
glutamic acid, glutamine, glycine, histidine, isoleucine, leu 
cine, lysine, methionine, phenylalanine, proline, serine, 
threonine, tryptophan, tyrosine, and valine. Other examples 
include beta-amino acids and knoWn unnatural amino acids. 

[0074] The term ”amino acid ester” as used in this speci 
?cation refers to an amino acid Where the carboxyl group is 
substituted With a Cl£8 alkyl group. That is, the alkyl 
group When taken together With the carboxyl group forms a 
C1 -C6 alkyl ester. It is appreciated that some amino acids 
(e.g., aspartic acid and glutamic acid) have tWo carboxyl 
groups these may form mono- and di-esters. 

[0075] The term ”protecting group” (PG) refers to an 
‘amino protecting group’ or a ‘hydroxyl protecting group’ or 
a ‘carboxyl protecting group’ and the like. 

[0076] The term ”amino protecting group” refers to a 
group that selectively blocks or protects the amino function 
ality in presence of other functional groups on the molecule. 
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Examples of such amino-protecting groups include the 
formyl group, the trityl group, the phthalimido group, the 
acetyl group, the tri?uoroacetyl group, the chloroacetyl, 
bromoacetyl, and iodoacetyl groups, urethane-type blocking 
groups such as benZyloxycarbonyl (“CBZ”), 9-?uorenyl 
methoxycarbonyl (”FMOC”), tert-butoxycarbonyl (“BOC”), 
trichloroethylcarbonyl and the like. Additional examples of 
amino protecting groups are described by T. W. Greene, 
”Protective Groups in Organic Synthesis”, John Wiley and 
Sons, NeW York, NY, 1991. Molecules With tWo or more 
amino groups may form mono-, di-, tri-, poly-, protected 
derivatives depending on the reaction conditions used. 

[0077] The term ”hydroxyl protecting group” refers to a 
group that selectively blocks or protects hydroxyl function 
ality in presence of other reactive functional groups on the 
molecule. Examples of such hydroxyl-protecting groups 
include, for example, ether groups including methyl and 
substituted methyl ether groups such as methyl ether, meth 
oxymethyl ether, methylthiomethyl ether, tert-buylthiom 
ethyl ether, triphenylmethyl, tetrahydropuranyl (THP), (phe 
nyldimethylsilyl)methoxy-methyl ether, benZyloxymethyl 
ether, p-methoxybenZyloxy-methyl ether, and tert-butoxym 
ethyl ether; substituted ethyl ether groups such as ethoxy 
ethyl ether, l-(2-chloroethoxy)-ethyl ether, 2,2,2-trichloro 
ethoxymethyl ether, and 2-(trimethylsilyl)ethyl ether; 
isopropyl ether groups; phenyl and substituted phenyl ether 
groups such as phenyl ether, p-chlorophenyl ether, p-meth 
oxyphenyl ether, and 2,4-dinitrophenyl ether; benZyl and 
substituted benZyl ether groups such as benZyl ether, 
p-methoxybenZyl ether, o-nitrobenZyl ether, and 2,6-dichlo 
robenZyl ether; and alkylsilyl ether groups such as trim 
ethyl-, triethyl- and triisopropylsilyl ethers, mixed alkylsilyl 
ether groups such as dimethylisopropylsilyl ether, tert-bu 
tyldimethylsilyl ether and diethylisopropylsilyl ether; and 
ester protecting groups such as acetate ester, formate ester, 
benZylformate ester, mono-, di-, and trichloroacetate esters, 
pivalate ester, phenoxyacetate ester, and p-chlorophenoxy 
acetate, benZyloxycarbonate, 9-?uorenylmethoxycarbonate, 
tert-butoxycarbonate, trichloroethylcarbonate, carbamate, 
sulfamate and the like. Additional examples of hydroxyl 
protecting groups are described by T. W. Greene, ”Protective 
Groups in Organic Synthesis”, John Wiley and Sons, NeW 
York, N.Y., 1991. Molecules With tWo or more hydroxyl 
groups may form mono- and di-esters/ethers depending on 
the reaction condition. 

[0078] The term ”carboxyl protecting group” refers to a 
group that selectively blocks or protects carboxyl function 
ality in presence of other reactive functional groups on the 
molecule. Examples of such carboxyl-protecting groups 
include, for example (substituted) alkyl esters such methyl 
ester, ethyl ester, t-butyl ester, (substituted) benZyl ester, 
trichloroethyl ester, and the like. Additional examples of 
carboxylic acid protecting groups are described by T. W. 
Greene, ”Protective Groups in Organic Synthesis”, John 
Wiley and Sons, NeW York, NY, 1991. Molecules With tWo 
or more carboxylic acid groups may form mono-, di-, tri-, 
tetra-, poly- protected derivatives depending upon the reac 
tion conditions used. 

[0079] The term ”carbonyl activating group” refers to 
leaving group (”LG”) of a carboxyl derivative that is easily 
replaced by an incoming nucleophile. Such ”LG” groups 
include, but are not limited to, (substituted) alkoxy, aryloxy, 
nitrogen containing unsaturated heterocycles such as N-oxy 
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benZotriaZole, imidaZolyl, o/p-nitrophenoxy, pentachloro 
phenoxy, N-oxysuccinimide, N,N’-dicyclohexylisoure-O 
yl, N-hydroxy-N-methoxyamino, and the like; acetates, 
formates, sulfonates such as methanesulfonate, ethane 
sulfonate, benZenesulfonate, or p-toluenesulfonate, and the 
like; and halides especially ?uoride, chloride, bromide, or 
iodide. 

[0080] The term ”carbonyl activating reagent” refers to a 
reagent that converts the carbonyl of a carboxylic acid group 
into one that is more susceptible to nucleophilic attack and 
includes, but is not limited to, such reagents as those found 
in ”The Peptides”, Gross and Meienhofer, Eds., Academic 
Press (1979), Ch. 2, and M. BodansZky, ”Principles of 
Peptide Synthesis”, 2.sup.nd Ed., Springer-Verlag Berlin 
Heidelberg, 1993, hereafter referred to as ”The Peptides” 
and ”Peptide Synthesis” respectively. Carbonyl group (i.e., 
aldehyde or keto group) of candidate drugs may be con 
verted ?rst to aldoxime, ketoxime, hydraZone, semicarba 
Zone and the like, before coupling to the linker. Speci?cally, 
carbonyl activating reagents include thionyl bromide, thio 
nyl chloride, oxalyl chloride, and the like; esters of alcohols 
such as nitrophenol, pentachlorophenol, and the like; and 
compounds such as 1,1’-carbonyldiimidaZole (CDI), benZo 
triaZole, imidaZole, N-hydroxysuccinimide, dicyclohexyl 
carbodiimide (DCC), EDC, phosgene or its equivalents, N, 
N-dimethylaminopyridine (DMAP) and the like. 
[0081] The terms “phosgene or its equivalents” refer to 
phosgene or it equivalents such as diphosgene, triphosgene, 
CDI, DSC, BTBC, alkoxycarbonyl chlorides, o/p-nitrosub 
stituted phenoxycarbonyl chlorides, and the like. 
[0082] In general, the term ”pharmaceutical” When used as 
an adjective means substantially non-toxic to living organ 
isms. 

[0083] The terms ”pharmaceutically acceptable metal ions 
or salts” refer to salts of the compounds of this invention, 
Which are substantially non-toxic to living organisms. See, 
e.g., Berge, S. M. et al., ”Pharmaceutical Salts”, J. Pharm. 
Sci., 66:1, 1977. Typical pharmaceutical salts include those 
salts prepared by reaction of the compounds of this inven 
tion With an inorganic or organic acid or base. Such salts are 
knoWn as acid addition or base addition salts respectively. 
These pharmaceutical salts frequently have enhanced solu 
bility characteristics compared to the compound from Which 
they are derived, and thus are often more amenable to 
formulation as liquids or emulsions. Examples of pharma 
ceutically acceptable salts are those With inorganic bases 
such as sodium, potassium, calcium, magnesium, and 
hydroxides, and the like, or With organic bases such as 
lysine, arginine, triethylamine, dibenZylamine, piperidine, 
and the like. 

[0084] The term ”suitable solvent” refers to a solvent that 
is inert to the ongoing reaction and su?iciently solubiliZes 
the reactants to effect the desired reaction. Examples of 
suitable solvents include but are not limited to, dichlo 

romethane, chloroform, 1,2-dichloroethane, diethyl ether, 
tert-butylmethyl ether, acetonitrile, ethyl acetate, 1,3-dim 
ethyl-2-imidaZolidinone, tetrahydrofuran, dimethylforma 
mide, benZene, toluene, xylene, N-dimethylacetamide, 
N-methylpyrrolidine, chlorobenZene, dimethylsulfoxide, 
dimethoxyethane, Water, methanol, ethanol, isopropanol, 
pyridine, nitromethane, mixtures thereof, and the like. 
[0085] The term ”suitable base” refers to a base, Which 
acts as a proton trap for any protons, Which may be produced 
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as a byproduct of the desired reaction, or to a base, Which 
provides a reversible deprotonation of an acidic proton from 
the substrate and is reactive enough to effect the desired 
reaction Without signi?cantly effecting any undesired reac 
tions. Examples of such bases include, but are not limited to, 
carbonates, bicarbonates, and hydroxides (e.g., lithium, 
sodium, potassium, magnesium, calcium and the like), 
sodium/potassium/calcium hydride, sodium/potassium 
alkoxide (i.e., methoxide, ethoxide, tert-butoxide and the 
like), triethylamine, diisopropylethylamine, N-methylpyrro 
lidine, N-methylmorpholine, tetramethylguinidine, or aro 
matic nitrogen containing heterocycles such pyridine, 
4-(dimethylamino)pyridine (DMAP), and the like. 

[0086] The term ”NONOate” refers to a linkable nitric 
oxide-releasing group such as AcOCH2-O-N2-N(O')R7, 
OCHOCH2-O-N2-N(O') R7R7, CH2-O-N2-N(O')R7 R7 and 
the like. 

[0087] The term ”therapeutic agent” refers to biologically 
active molecules such as drugs, vitamins, and other mol 
ecules, agents or substances concerned With or contributing 
to the treatment and cure of illness or contributing to the 
general Well being of a mammal or human. The therapeutic 
agents can be both knoWn and investigational drugs com 
piled in drug databases such as the Merck Index, IDdb, 
Prous Science’s Integrity®, Prous Science Drugs of the 
FutureTM, The Ensemble® and the like. The Merck Index is 
a one-volume encyclopedia of chemicals, drugs and biologi 
cals that contains more than 10,000 monographs. Each 
monograph in this authoritative reference source is a concise 
description of a single substance or a small group of closely 
related compounds. Prous Science is an international health 
science publishing company, established in 1958 and head 
quartered in Barcelona, Spain. Prous Science Drugs of the 
FutureTM, produced by Prous Science Publishers, contains 
comprehensive drug monographs providing product infor 
mation on neW compounds, including the synthesis and 
corresponding schemes, pharmacological action, pharmaco 
kinetics and metabolism, toxicity, clinical studies, manufac 
turer, and references. Information on compounds is continu 
ously updated as advances in development status are 
disclosed WorldWide. The Prous Science IntegrityTM is a 
drug R&D portal Where knoWledge areas are coordinated to 
provide a harmonious and interrelated Whole, Which 
includes Drugs & Biologics, Targets, Organic Synthesis, 
Experimental Pharmacology, Pharmacokinetics and 
Metabolism, Clinical Studies, Disease Brie?ngs, Companies 
& Markets, Literature and Patents. The lnvesligalional 
Drugs database (IDdb), developed by Thomson Current 
Drugs, is a pharmaceutical competitor intelligence service. It 
covers all aspects of investigational drug development, from 
?rst patent to eventual launch or discontinuation. The 
Ensemble® on the Web provides essential information, 
including chemical structures, on more than 140,000 com 
pounds With demonstrated biological activity in the drug 
research and development pipeline. 

[0088] The term ”vitamin” includes vitamin A, vitamin C, 
thiamine, folic acid, biotin, inositol, nicotinic acid, nicoti 
namide, ribo?avin, pyridoxine, pyridoxal 5-phosphate, 
ergosterol, vitamin D2, vitamin D3, vitamin D4, vitamin E, 
menadoxime, menadiol, and vitamin K5. 

[0089] The term ”peptide” includes large and small pep 
tides, including, but not limited to, targetable small peptides 
such as a dipeptide, tripeptide, tetrapeptide, etc. 
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[0090] The term ”ligand” means a small molecule that 
binds to a larger macromolecule, Whether or not the ligand 
actually binds at a metal site. Such ligands can be small 
peptides. 

[0091] One aspect of the invention is to provide mutual 
prodrugs of tWo or three therapeutic agents currently used 
for use in combination therapy utilizing novel bio-cleavable 
linkers, Water-soluble prodrugs of insoluble and sparingly 
soluble therapeutic agents using the same linker technology, 
and Water-soluble double and triple prodrugs of sparingly 
soluble therapeutic agents using the same linker technology. 
The embodiments of the invention may also comprise vita 
mins and targetable small peptides in addition to or in place 
of a promoeity to yield targetable prodrugs. 

[0092] The candidate drugs selected for mutual prodrug 
synthesis can be from one therapeutic category or from 
different therapeutic categories. Similarly, the constituent 
drugs of a mutual prodrug can act on the same biological 
target With similar mechanism of action or act on different 
biological targets With different mechanisms of action. 

[0093] To be considered for prodrug synthesis, the candi 
date drugs should contain one or more of the essential 
functional groups such as amino, hydroxyl, keto, or carboxyl 
groups in their structure. 

[0094] Amino group of the candidate drug can be primary 
or secondary (both acyclic and cyclic) Which include amide 
NH, sulfonamide-NH, carbamate-NH, sulfamate-NH, 
hydraZone-NH, semicarbaZone-NH, thiosemicarbaZone-NH 
and also drugs containing indole, imidaZole, benZimidaZole, 
thiaZole, oxoZole, pyrrole, pyraZole, triaZole, tetraZole, or 
similar NH-containing heterocylic sub-structures of a more 
complex drug molecule. Similarly, hydroxyl group of drugs 
can be of primary, secondary, tertiary or phenolic in nature. 
Keto group of candidate drugs may be converted ?rst to 
ketoxime, hydraZone, semicarbaZone and the like, before 
coupling to the linker. Obviously, hydroxyl or amino func 
tions thus generated Will be used to form covalent bond 
betWeen the drug and the linker. 

[0095] The candidates for making mutual prodrugs can be 
the pairs of drugs that are currently used in combination 
therapy (including those combination studies at investiga 
tional stage) in various therapeutic areas provided each of 
those drugs possesses the requisite functional group(s). 
There are a number of therapeutic areas Where such com 
bination therapy is applied routinely and successfully. 

[0096] On the basis of the proposed sulfahydryl-depen 
dent mechanism of NO-release from GTN, We have 
designed the compounds and prodrugs of the present inven 
tion Where a suitable drug molecule is linked covalently to 
a nitrooxy (nitrate ester) group via a bio-labile linker con 
taining strategically located disul?de bond at beta-position 
to nitrate ester. In vivo, the disul?de bond in the prodrug is 
expected to be reduced by endogenous sulfahydryl-contain 
ing species such as glutathione (GSH) to generate a reactive 
thiolate anion (i.e., beZa-mercapto-nitrate), Which can trigger 
further break-doWn of the linker moiety to release the free 
drug (via a mechanism as shoWn Scheme M1) and NO 
simultaneously at the same location. It is possible, as 
depicted in the mechanism Scheme M1, the release of NO 
can go via a hypothetical cyclic transient intermediate ‘b’. 
Similar hypothetical mechanism Was proposed for NO 
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release from SS-nitrates, Which Were also designed on the 
basis of a sulfahydryl-dependent NO release from GTN. 
See, for example, Zavorin, S. I. et al., Organic Letters, 2001, 
3, 1113, incorporated herein in its entirety. Mutual prodrugs 
can be made by linking covalently any tWo of the folloWing: 
an amino-containing therapeutic agent to another amino 
containing therapeutic agent; an amino-containing therapeu 
tic agent to a hydroxyl-containing therapeutic agent; an 
amino-containing therapeutic agent to a carboxyl-containing 
therapeutic agent and its derivative; a hydroxyl-containing 
therapeutic agent to a carboxyl-containing therapeutic agent 
and its derivative; an amino-containing therapeutic agent to 
a carboxyl-containing therapeutic agent and its derivative; 
an amino-containing therapeutic agent to a keto-containing 
therapeutic agent or its hydaZone, semicarbaZone or oxime 
derivative and the like; a hydroxyl-containing therapeutic 
agent to a keto-containing therapeutic agent via its hydra 
Zone, semicarbaZone, or oxime derivative and the like. 

[0097] Another aspect of the present invention is to pro 
vide neW nitrate ester (NO-releasing) prodrugs of many 
types of existing drugs using novel biocleavable likers. Such 
prodrugs are expected to exhibit better ef?cacy and toler 
ability With reduced side effects compared to the corre 
sponding original drugs. 

[0098] An embodiment of present invention relates to the 
compounds of formula (I) or pharmaceutically acceptable 
salts thereof: 

[0099] Formula (I) 

[0100] Wherein, 

[0101] a is 0-2; 

[0102] B independently represents a bond, (CH2)b, 
(CH2CH2O)C, s-s, s-s:o, s-so2 or S-SINH; 

[0103] b is 1-6; c is 1-1000; 

[0104] A and Al independently represent a bond, (CH2)d, 
1,2-phenylene, 1,3-phenylene or 1,4-phenylene; 

[0105] d is 1-8; 

[0106] D1 represents a therapeutic agent comprising one 
or more of the functional groups selected from the group 

consisting of -OH, -SH, -NHRl, -CO2H, -CONHR1, 
-OC(:O)NHRl, -SO2NHRl, -OSO2NHRl, 
-N(Rl)C(:O)NHRl and -N(Rl)SO2NHRl; 

[0107] D2 independently represents D1, a peptide, protein, 
monoclonal antibody, vitamin, R2, R3, R4, NO, NO2, a 
linkable nitric oxide-releasing group comprising a NON 
Oate, a group comprising one or more of Water-solubiliZing 
functional groups, or a polymer; 

[0108] E independently represents CH2 or a bond; 

[0109] L1 and L2 independently represent a bond, O, S, 
NR1, L, or a linkage selected from the group consisting of: 



US 2006/0205674 A2 
11 

X a 

R10 

[0110] L is R12 or a group With bonding in any direction, 
independently selected from the group consisting of: 

R1 

\ W“ 

Y Y X X 
X/ \N/ \A/ \Y/ 

IL 

[0111] X independently represents a bond, C, O, S, or 
NR1; 
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[0112] Y independently represents a bond, CIO, CIS, 
s:o, s02, P(:o)XR1, or (CH2)d; 

[0113] Z independently represents a bond, or (CH2 J-; 
Wherein, j is 1-4; 

[0114] R1 independently represents a bond, H, (C1 
C8)alkyl, (C5-Cl4)aryl, aralkyl or Me"; 

[0115] R2 independently represents H, NH2, or NHAc; 

[0116] R3 COZRS, 
CHZCOZRS, 

independently represents H, 

[0117] R4 independently represents H, OH, O-(Cl 
C8)alkyl, OM“, or a group selected from the group con 
sisting of: 

\ PO3H2 
so R6, \‘ PO H , 

R5N/\/ 3 RSHN 3 2 
f oH)g 

\ 0% \ Wok RSN/[V h CH3, 0 h CH3, 
HO 

0 OH \ 002R5 
OH 

RSN i NHZ, 
OH 

/ NR5 

Amino-functionalized 
Water-soluble polymers, 

\ R9 HO 0 ' g co M 

)\ 2 W V 2 6 
R4N 002R5 

Amino-modi?ed dextran or arabinolactan, 
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0 

/ LM/COZRG, 0112002116, 1" 

002R6 0 

o r k/ 0 I N 002R", / \Dextran, 

[0118] M independently represents Na, K or a pharmaceu 
tically acceptable metal ion, 

[0119] e : 1-3, 

[0120] R5 independently represents at each occurrence H, 
M“, (Cl-C8)alkyl, (C3-C8)cycloalkyl, substituted (C5 
Cl4)aryl, hetero(C2-C14)aryl, C(:O)(CH2)iCHR9CO2R5, 
CH2C(:O)OR5, P(:O)(OR5)2 , 

O 002R6 

| O /J\/ \ Dextran 

[0121] X2 independently represents 0, S, SO, S02, or 
NR ; 

[0122] R6 independently represents H, Na", K", any other 
pharmaceutically acceptable metal ion, (Cl-C8)alkyl, or 
(C3-C8)cycloalkyl, 

[0123] R7 independently represents at each occurrence 
same or different R5; 

[0124] R8 independently representsCH2, O, NR4, S, SIO 
or OISIO; 

[0125] R9 independently represents H, (C1-C8)alkyl or an 
amino acid; 
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[0126] 

[0127] 

[0128] 

[0129] 
[0130] Rloand Rll independently representH, (C1 
C8)alkyl, (C3-C8)cycloalkyl, or a group selected from the 
group consisting of: 

f is 0-6; 

g is 0-1; 

h is 1-2000; 

i is l-4; 

(] OH 6 
NR5 PO3(R )2, 

/I\NRS/QOH f OH)g OH I 
o 

\ O /O 
K — 002R", /< — $03116, / / 

NRSQ NR5 \ / 
HO 

O OH 

‘T ‘T k O k Dextran, / OQV )JCH3 , / NR5 / 

‘T Arabinogalactan /L 5, , NR 

0 R8, 

Hi \oi NR5/\/ Q 

O 

HZC i \O 
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-continued 

1 0 If 
HC i N 2 \o NR5/\/ \RS, 

002R6 l o 

HZC i M \o NR5 i NHZ , 

l o R9 

HZC i J\ \o NR5 002R", 
1 O OH 

HZC i 0H, 

o 

o 
/ \< — co R6, 

i o 
HZC i O 

H2C\ i 5/Arabinogalactan and 
0 NR 
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-continued 

l O 
HZC i Dextran, \o NRS/ 

[0131] With a proviso that when R10 is selected from the 
above group, R11 represents H or (Cl-C8)alkyl, and when 
R11 is selected from the above group, R10 represents H or 
(C1'Cs)a1ky1; 

[0132] R12 independently represents a group selected from 
the group consisting of: 

o o o 

\OJKO/ \OJKN/ \oic/ 
o o O O 

\o)]\ NRGLC/ \Oi NRGLO 
o o o o 

\OiNRGLN/ \CJkNRGLC/ 
o o O 

\NiNRGLN/ /0 O\ 7L 

O 
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-continued 

/ / 

O 

[0133] X3 is independently O or NR7. 

[0134] D1 and D2 of the present invention can be both 
known and investigational drugs compiled in drug databases 
such as the Merck Index, IDdb, Prous Science’s Integrity®, 
Prous Science Drugs of the FutureTM, The Ensemble® and 
the like. In a double prodrug, D1 and D2 are the same drugs. 
In a mutual prodrug, D1 and D2 are different drugs. In some 
prodrugs, only D1 is a drug and D2 may not be a drug at all. 
The -OH, -SH, -NH2, -NHRl, -CO2H, -CONHRl, 
-OC(:O)NHRl, -SO2NHRl, -OSO2NHRl, 
-N(R1)C(:O)NHRl and -N(Rl)SO2NHRl functional groups 
in D1 and D2 of formula I participate in the formation of 
linkages betWeen the drug and the linker. Accordingly, some 
of the atoms or groups in L1 and L2 may come from the 
corresponding D1, D2 or linker. 

[0135] Another embodiment of the invention is the com 
pound of formula I, Wherein D2 is an amino-, carboxyl- or 
hydroxyl- containing group or molecule comprising one or 
more Water solubiliZing functional groups selected from the 
group consisting of hydroxyl, amino, acylamino, carboxyl, 
sulphate, sulfonate, phosphate, phosphonate, N-acylsulfona 
mide, N-acylsulfamate, N-acylcarbamate, N-acylcarbamate 
metallic salts, and amino acids to give Water-soluble pro 
drug. 
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[0136] Another embodiment of the invention is the com 
pound of formula I, Wherein D2 is selected from the group 
of D, L and DL amino acids consisting of Alanine, Arginine, 
Asparagine, Aspartic acid, Cysteine, Glutamine, Glutamic 
acid, Glycine, Histidine, Isoleucine, Leucine, Lysine, 
Methionine, Phenylalanine, Proline, Serine, Threonine, 
Tryptophan, Tyrosine, and Valine. 
[0137] Another embodiment of the invention is the com 
pound of formula I, Wherein D2 represents a polymer 
selected from the group consisting of arabinogalactan, 
polyamino acids, polyethylene glycol, polycaprolactone, 
polyglycolic acid, polylactic acid, polyacrylic acid, poly(2 
hydroxyethyl l-glutamine), dextran and modi?ed dextrans 
such as dextran aldehyde, carboxymethyl dextran, ara 
binogalactane aldehyde, carboxymethyl arabinogalactane, 
and hyaluronic acid. 

[0138] Yet another embodiment of the invention is the 
compound of formula I, Wherein D2 is a polyaminoacid 
selected from group consisting of poly(l-glutamic acid), 
poly(d-glutamic acid), poly(dl-glutamic acid), poly(l-aspar 
tic acid), poly(d-aspartic acid), poly(dl- aspartic acid), 
copolymers of the polyaminoacids and polyethylene glycol, 
[0139] Another embodiment of the invention is the com 
pound of formula I, Wherein the polymer has a molecular 
Weight of about 5000 to about 100,000 Daltons. Yet another 
embodiment of the invention is the compound of formula I, 
Wherein the polymer has a molecular Weight of about 10,000 
to about 50,000 Daltons. 

[0140] In a further embodiment D2 is a peptide, protein or 
monoclonal antibody for achieving targeted delivery of 
prodrugs and drugs. Another embodiment of the invention is 
the compound of formula I, Wherein D2 is a ligand or 
dipeptide or a dipeptide ligand. In a further embodiment D2 
is a dipeptide ligand that is a substrate for intestinal trans 
porters for selective intestinal absorption of the correspond 
ing prodrugs thereby increasing the bioavailability of the 
prodrugs. In a further embodiment D2 is a targetable small 
peptide, i.e., dipeptide, tripeptide, tetrapeptide, etc. 
[0141] Another embodiment of the invention is the com 
pound of formula I, Wherein D2 is a vitamin. Such vitamin 
conjugated prodrugs are expected to be taken up by the 
diseased cells via receptor-mediated endocytosis. In a fur 
ther embodiment of the invention is a compound of formula 
I, Wherein D2 is selected from the group of vitamins con 
sisting of vitamin A, vitamin C, thiamine, folic acid, biotin, 
inositol, nicotinic acid, nicotinamide, ribo?avin, pyridoxine, 
pyridoxal 5-phosphate, ergosterol, vitamin D2, vitamin D3, 
vitamin D4, vitamin E, menadoxime, menadiol, and vitamin 
KS. 

[0142] Another embodiment of the invention is the com 
pound of formula I, Wherein D1 and D2 represent the same 
therapeutic agent to give a symmetrical double prodrug. 
Another embodiment of the invention is the compound of 
formula I, Wherein D1 and D2 represent different therapeutic 
agents to give a mutual prodrug. Another embodiment of the 
invention is the compound of formula (I), Wherein D1 and D2 
can be either from same or different therapeutic class. 
Another embodiment of the invention is the compound of 
formula (I), Wherein D1 and D2 can be same or different 
therapeutic agents. Such therapeutic agents may have same 
or different mechanisms of action or they may Work on 
different biological targets or Work on different disease 
conditions. 
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[0143] Another embodiment of the invention is the com 
pound of formula I, Wherein D2 is R2, R3 or R4. Another 
embodiment of the invention is the compound of formula I, 
Wherein a is 0, B is 8-8, S-SIO, S-SO2 or S-SINH. Yet 
another embodiment of the invention is the compound of 
formula I, Wherein a is 0, B is 8-8 or S-SIO, 8-802 and D2 
is R2 or R3 or R4. A further embodiment of the invention is 
the compound of formula I, Wherein B is 8-8, A and A1 are 
CH2-CH2, E is a bond and D2 is R2, R3 or R4. 

[0144] Another embodiment of the invention is the com 
pound of formula I, Wherein a is 0; B is 8-8 or S-SIO, 
S-SO2; A and A1 are CHZ-CH , E is a bond and D2 is R4. 
Another embodiment of the invention is the compound of 
formula I, Wherein a is 0; B is 8-8; A and A1 are CH2-CH2, 
E is a bond and D2 is R4. 

[0145] Another embodiment of the invention is the com 
pound of formula I, Wherein a is 0, B is a bond, (CH2)b, or 
(CHZCHZO)C ; Wherein b and c are as de?ned above. 
Another embodiment of the invention is the compound of 
formula I, Wherein a is 0, B is a bond, (CH2)b or 
(CHZCHZO)C and D2 is R2 or R3 or R4; Wherein b and c are 
as de?ned above. 

[0146] Yet another embodiment of the invention is the 
compound of formula I, Wherein a is 0; B is 8-8 or S-SIO, 
S-SO2; D1 and D2 are drug molecule or R2 or R4 containing 
carboxyl group; L1 and L2 are independently selected from 
the following linkages: 

[0147] Wherein, X, R1, Z are as de?ned above; and Y is 
CIO. In another embodiment, A and A1 are CHZ-CHZ, and 
E is a bond. In a further embodiment, A and A1 are l, 
2-phenylene, l, 3-phenylene or 1, 4-phenylene, and E is 
CH2. 

[0148] Yet another embodiment of the invention is the 
compound of formula I, Wherein a is 0; B is 8-8 or S-SIO, 
S-SO2; D1 and D2 are drug molecule or R2 or R4 containing 
amino- or hydroxyl group; L1 and L2 are independently 
selected from the folloWing linkages: 
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[0149] Wherein, X, R1, Z are as de?ned; andY is CIO. In 
another embodiment, A and A1 are CH2-CH2, and E is a 
bond. In a further embodiment, A and A1 are l, 2-phenylene, 
l, 3-phenylene or 1, 4-phenylene, and E is CH2. 

[0150] Yet another embodiment of the invention is the 
compound of formula I, Wherein a is 0, B is 8-8 or S-SIO, 
8-802 and D2 is D1. Another embodiment of the invention 
is the compound of formula I, Wherein a is 0; B is 8-8 or 
S-SIO, S-SO2; A and A1 are CH2-CH2, E is a bond and D2 
is D1. Another embodiment of the invention is the compound 
of formula I, Wherein a is 0; B is 8-8 or S-SIO, S-SO2; A 
and A1 are l,2-phenylene, 1,3-phenylene or 1,4-phenylene; 
E is CH2 and D2 is Dlor R2 or R3 or R4. Another embodi 
ment of the invention is the compound of formula I, Wherein 
a is 0; B is 8-8; A and A1 are l,2-phenylene, 1,3-phenylene 
or 1,4-phenylene; E is CH2 and D2 is Dlor R2 or R3 or R4. 
A further embodiment of the invention is the compound of 
formula I, Wherein B is 8-8, A and A1 are CH2-CH2, E is a 
bond and D2 is D1. 

[0151] Yet another embodiment of the invention is the 
compound of formula I, Wherein a is 0; B is 8-8 or S-SIO, 
S-SO2; A and A1 are CH2-CH2, E is a bond and D2 is a 
dipeptide ligand. Yet another embodiment of the invention is 
the compound of formula I, Wherein a is 0; B is 8-8; A and 
A1 are CH2-CH2, E is a bond and D2 is a dipeptide ligand. 
The peptide ligands used in the invention can be substrates 
for intestinal transporters for selective intestinal absorption 
of the corresponding prodrugs thereby increasing the bio 
availability of the prodrugs. An embodiment of the present 
invention is the compounds of formula (I), Wherein D1, L1 
and L2 are as de?ned above; A and A1 are CH2; E is CH2; 
B is a bond or (CH2)b ; b is 1-6; a is 0; and D2 is D1 or R2 
or R4. 

[0152] Another embodiment of the present invention is the 
compound of formula (I), Wherein E, D1 and L1 are as 
de?ned; L2 is O; A and A1 are independently (CH2)d, 
l,2-phenylene, 1,3-phenylene, or 1,4-phenylene; d is l-4; B 
is 8-8, S-SIO, S-SO2 or S-SINH; a is 0; D2 is NO, NO2 or 
a nitric oxide releasing molecule such as NONOate. In a 

further embodiment, D2 is a NONOate selected from the 
group consisting of: 
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[0153] In yet another embodiment, When D2 is one of the 
above NONOates, B is 8-8. 

[0154] Another embodiment of the present invention is the 
compound of formula (I), L2 is O; A and A1 are indepen 
dently (CH2)d, 1,2-phenylene, 1,3-phenylene, or 1,4-phe 
nylene; d is 1-4; B is 8-8; a is 0; D2 is N02. In a further 
embodiment, When A and Al CH2-CH2, E is a bond. In yet 
another embodiment, When E is CH2, A and A1 are inde 
pendently 1,2-phenylene, 1,3-phenylene, or l,4-phenylene. 

[0155] Yet another embodiment of the present invention is 
the compound of formula (I), Wherein D1 is an amino 
containing drug molecule having the following reactive 
functional groups Which are involved in the formation of L1 
linkages betWeen the drug and the linker: -NH2, -NHR1, 
CONHRI, -O-C(:O)NHRl, -SO2NHRl, -OSO2NHRl, 
-NR1C(:O)NHRl or -N(Rl)SO2NHR1; L2 is O; E is bond; 
L1 is linkages selected from the group consisting of: 

[0156] Wherein, X is independently a bond, 0 or NR1, Y 
is CIO or S02, A and A1 are CH2-CH2, B is 8-8, a is 0 and 
D2 is N02. 

[0157] An embodiment of the present invention is the 
compound of formula (I), Wherein D1 is a hydroXyl or 
sulfahydryl containing drug molecule such as Drug-OH or 
Drug-SH, Wherein functional groups OH and SH are 
involved in the formation of L1 linkages betWeen the drug 
and the linker; L2 is O; E is bond, L1 is a linkage selected 
from the group consisting of: 

a 

/ I], | 

17 
Sep. 14, 2006 

-continued 

/ 
O and 
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[0158] Wherein, X is independently a bond, 0 or NR1, R1 
is not a bond, Y is CIO or S02, A and A1 are CH2CH2; B 
is 8-8; a is 0; and D2 is N02. 

[0159] An embodiment of the present invention is the 
compound of formula (I), Wherein D1 is a drug molecule 
having carboXyl (-CO2H) as a reactive functional group such 
as -CO2H Which is involved in the formation of L1 linkages 
betWeen the drug and the linker; L2 is O; E is bond; L1 is O 
or NRl or a linkage selected from the group consisting of: 

[0160] Wherein, X is independently a bond, 0 or NR1, R1 
is not a bond; Y is CIO or S02; A and A1 are CH2CH2; B 
is 8-8; a is 0 and D2 is N02. 

[0161] Another embodiment of the present invention is the 
compounds of formula (I), Wherein D1 is an antioXidant or 
free radical scavenger such as a hydroXyl-containing stable 
radical such a 4-hydroXy-2,2,6,6-tetramethylpiperidin-l 
oXyl (4-hydroXy-TEMPO), 4-carboXy -2,2,6,6-tetrameth 
ylpiperidin- l -oXyl (4-carboXy-TEMPO) or any other amino 
/carboXyl-/hydroXyl-containing antioXidants or radical/ 
super oXide scavengers, and D2 is N02. The amino-/ 
carboXyl-/hydroXyl-containing antioXidants and radical/ 
super oXide scavengers can be knoWn or investigational. 
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[0162] An embodiment of the present invention is the 
compound of formula (I), Wherein L1 is 

Wherein, X is a bond, 0, S or NR1; L2 is O, E is a bond; 
A and A1 are CH2CH2; B is S-S; a is 0; and D2 is N02. 

\l/ or 

[0163] An embodiment of the present invention is the 
compounds of formula (I), Wherein D1 and L1 are as de?ned 
above; L2 is O; A is 1,2-phenylene, 1,3-phenylene, or 
1,4-phenylene; Al is CH2; E is CH2; B is S-S; a is 0 and D2 
is N02. 

[0164] An embodiment of the present invention is the 
compounds of formula (I), Wherein L2 is O; A and A1 are 
CH2; E is CH2; B is a bond or (CH2)b ; b is 1-6; a is 0; D2 
is NO2 and L1 is a group selected from 

[0165] Wherein, X is O, S or NR1; R1 is as de?ned. 

[0166] An embodiment of the invention is the compound 
of formula I selected from the groups consisting of: 

A. Prodrugs: 

[0167] (a) From carboxyl-containing drugs: 
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