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PHARMACEUTICAL COMPOSITIONS AND 
METHODS OF INHIBITING ANGIOGENESIS 

USING NAALADASE INHIBITORS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a pharmaceutical 
composition and a method for inhibiting angiogenesis com 
prising administering a N-Acetylated Alpha-Linked Acidic 
Dipeptidase (NAALADase) inhibitor to a patient in need 
thereof. 

[0003] 2. Description of Prior Art 

Angiogenesis 

[0004] The term “angiogenesis” describes the process 
Whereby neW capillaries are formed. 

[0005] Angiogenesis is essential for normal physiological 
processes, such as groWth, fertility and soft tissue Wound 
healing. HoWever, a signi?cant percentage of all diseases are 
also dependent upon angiogenesis. 

[0006] Cancer, for example, is an angiogenesis-dependent 
disease. Cancer tumor cells secrete or release angiogenic 
substances that activate nearby endothelial cells. These 
endothelial cells respond by expressing a cell autonomous 
pattern of behavior that culminates in the formation of neW 
blood vessels. Research during the last three decades has 
demonstrated that angiogenesis is necessary to sustain the 
groWth, invasion and metastasis of cancer tumors. 

[0007] In addition to cancer, ailments such as rheumatoid 
arthritis, cardiovascular disease, neovascular diseases of the 
eye, peripheral vascular disorders, and dermatologic ulcers 
are dependent upon angiogenesis. 

[0008] Research has shoWn that inhibiting angiogenesis 
offers a treatment that is complementary to, or an alternative 
to, traditional anti-angiogenic treatment options, such as 
surgical, chemo- and radiation therapies. 

NAALADase Inhibitors 

[0009] NAAG and NAALADase have been implicated in 
several human and animal pathological conditions relating 
to glutamate abnormalities and neurotoxicity. For example, 
it has been demonstrated that intra-hippocampal injections 
of NAAG elicit prolonged seiZure activity. More recently, it 
Was reported that rats genetically prone to epileptic seiZures 
have a persistent increase in their basal level of NAALA 
Dase activity. These observations lend support to the 
hypothesis that increased availability of synaptic glutamate 
elevates seiZure susceptibility, and suggest that NAALA 
Dase inhibitors may provide anti-epileptic activity. 

[0010] NAAG and NAALADase have also been impli 
cated in the pathogenesis of ALS and in the pathologically 
similar animal disease called Hereditary Canine Spinal 
Muscular Atrophy (HCSMA). It has been shoWn that con 
centrations of NAAG and its metabolites—NAA, glutamate 
and aspartate—are elevated tWo- to three-fold in the cere 
brospinal ?uid of ALS patients and HCSMA dogs. Addi 
tionally, NAALADase activity is signi?cantly increased 
(tWo-to three-fold) in post-mortem spinal cord tissue from 
ALS patients and HCSMA dogs. As such, NAALADase 

Apr. 3, 2003 

inhibitors might be clinically useful in curbing the progres 
sion of ALS if an increased metabolism of NAAG is 
responsible for the alterations of CSF levels of these acidic 
amino acids and peptides. 

[0011] Abnormalities in NAAG levels and NAALADase 
activity have also been documented in post-mortem schiZo 
phrenic brain, speci?cally in the prefrontal and limbic brain 
regions. 

[0012] Applicant inventors have made the surprising and 
unexpected discovery that NAALADase inhibitors can 
affect angiogenesis in tissues containing NAALADase. Pre 
vious research has shoWn that NAALADase is enriched in 
synaptic plasma membranes and is primarily localiZed to 
neural and kidney tissue. NAALADase has also been found 
in the tissues of the prostate and testes. Additionally, previ 
ous ?ndings have shoWn NAALADase to be present in 
neovasculature. Furthermore, as NAALADase continues to 
be discovered in other tissues of the body, NAALADase 
inhibitors most likely Will also shoW ef?cacy in the inhibi 
tion of angiogenesis in those tissues. 

[0013] While a feW NAALADase inhibitors have been 
identi?ed, they have only been used in non-clinical research. 
Examples of such inhibitors include general metallopepti 
dase inhibitors such as o-phenanthroline, metal chelators 
such as EGTA and EDTA, and peptide analogs such as 
quisqualic acid and [3-NAAG. Accordingly, a need exists for 
neW NAALADase inhibitors, as Well as pharmaceutical 
compositions and methods using such neW and knoWn 
NAALADase inhibitors, to inhibit angiogenesis. 

SUMMARY OF THE INVENTION 

[0014] The present invention relates to pharmaceutical 
compositions comprising: 

[0015] an anti-angiogenic effective amount of a 
NAALADase inhibitor; and 

[0016] (ii) a pharmaceutically acceptable carrier. 

[0017] The present invention further relates to methods of 
inhibiting angiogenesis, comprising administering an effec 
tive amount of a NAALADase inhibitor to a patient in need 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1/RoW 1 is a set of microphotographs of. 
MatrigelTM plugs subcutaneously injected into mice and 
treated With a vehicle alone folloWing injection of an angio 
genic factor. FIG. 1/RoW 1 shoWs that a good angiogenic 
response Was observed in the vehicle dose group. 

[0019] FIG. 1/RoW 2 is a set of microphotographs of 
MatrigelTM plugs subcutaneously injected into mice and 
treated With daily 3 mg/kg dosages of 2-(phosphono)pen 
tanedioic acid folloWing injection of an angiogenic factor. 
FIG. 1/RoW 2 shoWs that the MatrigelTM plugs from the 3 
mg/kg daily dose group had decreased neovasculature or 
angiogenesis. 

[0020] FIG. 1/RoW 3 is a set of microphotographs of 
MatrigelTM plugs subcutaneously injected into mice and 
treated With daily 30 mg/kg dosages of 2-(phosphono)pen 
tanedioic acid folloWing injection of an angiogenic factor. 
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FIG. 1/RoW 3 shows that the MatrigelTM plugs from the 30 
mg/kg daily dose group had decreased neovasculature or 
angiogenesis. 
[0021] FIG. 2 is a microphotograph of a MatrigelTM plug 
subcutaneously injected into a mouse and treated With a 
continuous concentration dosage of a vehicle alone folloW 
ing injection of an angiogenic factor. FIG. 2 shoWs that a 
strong angiogenic response Was observed in the vehicle. 

[0022] FIG. 3 is a microphotograph of a MatrigelTM plug 
subcutaneously injected into a mouse and treated With a 1 
pig/day continuous dosage of 2-(phosphono)pentanedioic 
acid folloWing injection of an angiogenic factor. FIG. 3 
shoWs that a strong angiogenic response Was observed in the 
1 pig/day dose group. 

[0023] FIG. 4 is a microphotograph of a MatrigelTM plug 
subcutaneously injected into a mouse and treated With a 10 
pig/day continuous dosage of 2-(phosphono)pentanedioic 
acid folloWing injection of an angiogenic factor. FIG. 4 
shoWs that delivery of 10 pig/day of 2-(phosphono)pen 
tanedioic acid signi?cantly decreased angiogenesis in the 
MatrigelTM/bFGF gels. 

[0024] FIG. 5 is a microphotograph of a MatrigelTM plug 
subcutaneously injected into a mouse and treated With a 100 
pig/day continuous dosage of 2-(phosphono)pentanedioic 
acid folloWing injection of an angiogenic factor. FIG. 5 
shoWs that delivery of 100 pig/day of 2-(phosphono)pen 
tanedioic acid signi?cantly decreased angiogenesis in the 
MatrigelTM/bFGF gels. 

DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

[0025] “Alkyl” means a branched or unbranched saturated 
hydrocarbon chain comprising a designated number of car 
bon atoms. For example, C1-C6 straight or branched alkyl 
hydrocarbon chain contains 1 to 6 carbon atoms, and 
includes but is not limited to substituents such as methyl, 
ethyl, propyl, iso-propyl, butyl, iso-butyl, tert-butyl, n-pen 
tyl, n-hexyl, and the like, unless otherWise indicated. 

[0026] “Alkenyl” means a branched or unbranched unsat 
urated hydrocarbon chain comprising a designated number 
of carbon atoms. For example, C2- C6 straight or branched 
alkenyl hydrocarbon chain contains 2 to 6 carbon atoms 
having at least one double bond, and includes but is not 
limited to substituents such as ethenyl, propenyl, iso-prope 
nyl, butenyl, iso-butenyl, tert-butenyl, n-pentenyl, n-hex 
enyl, and the like, unless otherWise indicated. 

[0027] “Alkoxy” means the group -OR Wherein R is alkyl 
as herein de?ned. Preferably, R is a branched or unbranched 
saturated hydrocarbon chain containing 1 to 6 carbon atoms. 

[0028] “Ar” means an aryl, heteroaryl, carbocycle, or 
heterocycle that is a cyclic or fused cyclic ring and includes 
a mono-, bi- or tricyclic, carbo- or heterocyclic. ring, 
Wherein the ring is either unsubstituted or substituted in one 
or more position(s) With hydrogen, hydroxy, carbonyl, 
amino, amido, cyano, isocyano, nitro, nitroso, nitrilo, isoni 
trilo, imino, aZo, diaZo, sulfonyl, sulfhydryl, sulfoxy, thio, 
thiocarbonyl, thiocyano, formanilido, thioformamido, 
alkoxy, alkenoxy, alkylaryloxy, aryloxy, arylalkyloxy, alky 
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lamino, aminoalkyl, thioalkyl, alkylthio, C1-C6 straight or 
branched chain alkyl and carbocyclic and heterocyclic moi 
eties; Wherein the individual ring siZes are 5-8 members; 
Wherein the heterocyclic ring contains 1-4 heteroatom(s) 
selected from the group consisting of O, N, or S; Wherein 
aromatic or tertiary alkyl amines are optionally oxidiZed to 
a corresponding N-oxide. 

[0029] Examples of useful carbocyclic and heterocyclic 
moieties include, Without limitation, phenyl, benZyl, naph 
thyl, indenyl, aZulenyl, ?uorenyl, anthracenyl, indolyl, 
isoindolyl, indolinyl, benZofuranyl, benZothiophenyl, inda 
Zolyl, benZimidaZolyl, benZthiaZolyl, tetrahydrofuranyl, tet 
rahydropyranyl, pyridyl, pyrrolyl, pyrrolidinyl, pyridinyl, 
pyrimidinyl, purinyl, quinolinyl, isoquinolinyl, tetrahydro 
quinolinyl, quinoliZinyl, furyl, thiophenyl, imidaZolyl, 
oxaZolyl, benZoxaZolyl, thiaZolyl, isoxaZolyl, isotriaZolyl, 
oxadiaZolyl, triaZolyl, thiadiaZolyl, pyridaZinyl, pyrimidi 
nyl, pyraZinyl, triaZinyl, trithianyl, indoliZinyl, pyraZolyl, 
pyraZolinyl, pyraZolidinyl, thienyl, tetrahydroisoquinolinyl, 
cinnolinyl, phthalaZinyl, quinaZolinyl, quinoxalinyl, naph 
thyridinyl, pteridinyl, carbaZolyl, acridinyl, phenaZinyl, phe 
nothiaZinyl, phenoxaZinyl, and adamanyl. 

[0030] Particularly preferred aryl or heteroaryl moieties 
include but are not limited to phenyl, benZyl, naphthyl, 
pyrrolyl, pyrrolidinyl, pyridinyl, pyrimidinyl, purinyl, 
quinolinyl, isoquinolinyl, furyl, thiophenyl, imidaZolyl, 
oxaZolyl, thiaZolyl, pyraZolyl, and thienyl. 

[0031] “Cancer”, as used herein, includes, but is not 
limited to, types of cancer selected from the folloWing 
group: ACTH-producing tumors, acute lymphocytic leuke 
mia, acute nonlymphocytic leukemia, cancer of the adrenal 
cortex, bladder cancer, brain cancer, breast cancer, cervix 
cancer, chronic lymphocytic leukemia, chronic myelocytic 
leukemia, colorectal cancer, cutaneous T-cell lymphoma, 
endometrial cancer, esophageal cancer, EWing’s sarcoma, 
gallbladder cancer, hairy cell leukemia, head & neck cancer, 
Hodgkin’s lymphoma, Kaposi’s sarcoma, kidney cancer, 
liver cancer, lung cancer (small and/or non-small cell), 
malignant peritoneal effusion, malignant pleural effusion, 
melanoma, mesothelioma, multiple myeloma, neuroblas 
toma, non-Hodgkin’s lymphoma, osteosarcoma, ovary can 
cer, ovary (germ cell) cancer, pancreatic cancer, penis can 
cer, prostate cancer, retinoblastoma, skin cancer, soft-tissue 
sarcoma, squamous cell carcinomas, stomach cancer, tes 
ticular cancer, thyroid cancer, trophoblastic neoplasms, can 
cer of the uterus, vaginal cancer, cancer of the vulva, and 
Wilm’s tumor. 

[0032] “Diastereoisomers” are stereoisomers Which are 
not mirror images of each other. 

[0033] “Electromagnetic radiation” as used in this speci 
?cation includes, but is not limited to, radiation having the 
Wavelength of 10'20 to 10° meters. Preferred embodiments 
of the present invention employ the electromagnetic radia 
tion of: gamma-radiation (10'20 to 10'13 m) x-ray radiation 
(10'11 to 10'9 m) , ultraviolet light (10 nm to 400 nm), 
visible light (400 nm to 700 nm), infrared radiation (700 nm 
to 1.0 mm), and microWave radiation (1 mm to 30 cm). 

[0034] “Enantiomers” are a pair of stereoisomers that are 
non-superimposable mirror images of each other. 

[0035] “Halo” means at least one ?uoro, chloro, bromo, or 
iodo moiety, unless otherWise indicated. 
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[0036] “Inhibiting” or “inhibition”, in the context of 
angiogenesis, may be assessed by delayed appearance of 
neovascular structures, sloWed development of neovascular 
structures, decreased occurrence of neovascular structures, 
sloWed or decreased severity of angiogenesis-dependent 
disease effects, arrested angiogenic groWth and regression of 
previous angiogenic groWth, among others. In the extreme, 
complete inhibition is referred to herein as prevention. 

[0037] “Inhibition” of angiogenesis may be measured by 
many parameters in accordance With the present invention 
and, for instance, may be assessed by delayed appearance of 
neovascular structures, sloWed development of neovascular 
structures, decreased occurrence of neovascular structures, 
sloWed or decreased severity of angiogenesis-dependent 
disease effects, arrested angiogenic groWth, or regression of 
previous angiogenic groWth. In the extreme, complete inhi 
bition is referred to herein as prevention. 

[0038] The term “inhibition”, in the context of enZyme 
inhibition, relates to reversible enZyme inhibition such as 
competitive, uncompetitive, and noncompetitive inhibition. 
This can be experimentally distinguished by the effects of 
the inhibitor on the reaction kinetics of the enZyme, Which 
may be analyZed in terms of the basic Michaelis-Menten rate 
equation. Competitive inhibition occurs When the inhibitor 
can combine With the free enZyme in such a Way that it 
competes With the normal substrate for binding at the active 
site. A competitive inhibitor reacts reversibly With the 
enZyme to form an enZyme-inhibitor complex [EI], analo 
gous to the enZyme-substrate complex: 

[0039] FolloWing the Michaelis-Menten formalism, We 
can de?ne the inhibitor constant, K, as the dissociation 
constant of the enZyme-inhibitor complex: 

[0040] Thus, in accordance With the above and as used 
herein, K is essentially a measurement of af?nity betWeen a 
molecule, and its receptor, or in relation to the present 
invention, betWeen the present inventive compounds and the 
enZyme to be inhibited. It should be noted that “ICSO” is a 
related term used When de?ning the concentration or amount 
of a compound that is required to cause a 50% inhibition of 
the target enZyme. 

[0041] “Isomers” are different compounds that have the 
same molecular formula and includes cyclic isomers such as 
(iso)indole and other isomeric forms of cyclic moieties. 

[0042] “Metastasis”—as set out in Hill, R. P, Chapter 11, 
Metastasis, pp. 178-195 in The Basic Science of Oncology, 
Tannock et al., Eds., McGraW-Hill, NeW York (1992), Which 
is incorporated by reference herein in its entirety—is “The 
ability of cells of a cancer to disseminate and form neW foci 
of groWth at noncontiguous sites (i.e., to form metastases).” 

[0043] Similarly, metastasis is described in AZnavoorian et 
al., Cancer 71: 1368-1383 (1993), Which is incorporated by 
reference herein in its entirety, as “The transition from in situ 
tumor groWth to metastatic disease is de?ned by the ability 
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of tumor cells of the primary site to invade local tissues and 
to cross tissue barriers. . . . To initiate the metastatic process, 

carcinoma cells must ?rst penetrate the epithelial basement 
membrane and then invade the interstitial stroma. . . . For 

distant metastases, intravasation requires tumor cell invasion 
of the subendothelial basement membrane that must also be 
negotiated during tumor cell extravasation. . . . The devel 

opment of malignancy is also associated With tumor-induced 
angiogenesis [Which] not only alloWs for expansion of the 
primary tumors, but also permits easy access to the vascular 
compartment due to defects in the basement membranes of 
neWly formed vessels.” 

[0044] “NAAG” refers to N-acetyl-aspartyl-glutamate, an 
important peptide component of the brain, With levels com 
parable to the major inhibitor neurotransmitter gamma 
aminobutyric acid (GABA). NAAG is neuron-speci?c, 
present in synaptic vesicles and released upon neuronal 
stimulation in several systems presumed to be glutamater 
gic. Studies suggest that NAAG may function as a neu 
rotransmitter and/or neuromodulator in the central nervous 
system, or as a precursor of the neurotransmitter glutamate. 

[0045] “NAALADase” refers to N-Acetylated Alpha 
linked Acidic Dipeptidase, a membrane-bound metallopep 
tidase Which cataboliZes NAAG to N-acetylaspartate (NAA) 
and glutamate: 

Catabolism of NAAG by NAALADase 

COOH 

o 

ACHNQk NAALADase 
: N COH 4> 

g H 

\COOH 
NAAG 

0 COOH 

ACHNQK : OH + 

\COOH NH2 COOH 
NAA GLU 

[0046] NAALADase shoWs a high af?nity for NAAG With 
a Km of 540 nM. If NAAG is a bioactive peptide, then 
NAALADase may serve to inactivate NAAG’S synaptic 
action. Alternatively, if NAAG functions as a precursor for 
glutamate, the primary function of NAALADase may be to 
regulate synaptic glutamate availability. The enZyme Was 
originally named for its substrate speci?city for hydrolyZing 
N-acetylated alpha-linked acidic dipeptides. Currently, it is 
knoW that the enZyme has a broader range of substrate 
speci?city than originally discovered, particularly that the 
enZyme does not require N-acetylation or alpha-linkage. 
Thus, as used herein “NAALADase” encompasses other 
names used in the literature such as NAAG hydrolyZing 
enZyme and NAALA dipeptidase. 

[0047] “Pharmaceutically acceptable prodrug” refers to a 
derivative of the inventive compounds Which undergoes 
biotransformation prior to exhibiting its pharmacological 
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effect(s). The prodrug is formulated With the objective(s) of 
improved chemical stability, improved patient acceptance 
and compliance, improved bioavailability, prolonged dura 
tion of action, improved organ selectivity, improved formu 
lation (e.g., increased hydrosolubility), and/or decreased 
side effects (e.g., toxicity). The prodrug can be readily 
prepared from the inventive compounds using methods 
knoWn in the art, such as those described by Burger’s 
Medicinal Chemistry and Drug Chemistry, Fifth Ed., Vol. 1, 
pp. 172-178, 949-982 (1995). For example, the inventive 
compounds can be transformed into prodrugs by converting 
one or more of the hydroxy or carboxy groups into esters. 

[0048] The term “pharmaceutically acceptable salt, ester, 
or solvate” refers to salt, ester, or solvates of the subject 
compounds Which possess the desired pharmacological 
activity and Which are neither biologically nor otherWise 
undesirable. The salt, ester, or solvates can be formed With 
inorganic acids such as acetate, adipate, alginate, aspartate, 
benZoate, benZenesulfonate, bisulfate, butyrate, citrate, cam 
phorate, camphorsulfonate, cyclopentanepropionate, diglu 
conate, dodecylsulfate, ethanesulfonate, fumarate, gluco 
heptanoate, gluconate, glycerophosphate, hemisulfate, 
heptanoate, hexanoate, hydrochloride hydrobromide, 
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate, 
methanesulfonate, naphthylate, 2-naphthalenesulfonate, 
nicotinate, oxalate, sulfate, thiocyanate, tosylate and unde 
canoate. Base salt, ester, or solvates include ammonium 
salts, alkali metal salts such as sodium and potassium salts, 
alkaline earth metal salts such as calcium and magnesium 
salts, salt With organic bases such as dicyclohexylamine 
salts, N-methyl-D-glucamine, and salts With amino acids 
such as arginine, lysine, and so forth. Also, the basic 
nitrogen-containing groups can be quarterniZed With such 
agents as loWer alkyl halides, such as methyl, ethyl, propyl, 
and butyl chloride, bromides and iodides; dialkyl sulfates 
like dimethyl, diethyl, dibutyl and diamyl sulfates, long 
chain halides such as decyl, lauryl, myristyl and stearyl 
chlorides, bromides and iodides, aralkyl halides like benZyl 
and phenethyl bromides and others. Water or oil-soluble or 
dispersible products are thereby obtained. 

[0049] The compounds of this invention may possess at 
least one asymmetric center and thus can be produced as 
mixtures of stereoisomers or as individual enantiomers or 
diastereomers. The individual stereoisomers may be 
obtained by using an optically active starting material, by 
resolving a racemic or non-racemic mixture of an interme 
diate at some appropriate stage of the synthesis, or by 
resolution of the compounds of the present invention. It is 
understood that the individual stereoisomers as Well as 
mixtures (racemic and non-racemic) of stereoisomers are 
encompassed by the scope of the present invention. The 
S-stereoisomer at atom 1 of Formula I is most preferred due 
to its greater activity. 

[0050] “Phenyl” includes all possible isomeric phenyl 
radicals, optionally monosubstituted or multi-substituted 
With substituents selected from the group consisting of 
amino, halo, haloalkyl, hydroxy, tri?uoromethyl, Cl-C6 
straight or branched chain alkyl, C2-C6 straight or branched 
chain alkenyl, carbonyl, thiocarbonyl, ester, thioester, 
alkoxy, alkenoxy, cyano, nitro, imino, alkylamlno, ami 
noalkyl, sulfhydryl, thioalkyl, sulfonyl, NR2 Wherein R2 is 
selected from the group consisting of hydrogen, (C1-C6) 
straight or branched chain alkyl, (C3-C6)-straight or 
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branched chain alkenyl or alkynyl, and (C1-C4) bridging 
alkyl Wherein said bridging alkyl forms a heterocyclic ring 
starting With the nitrogen of NR1 and ending With one of the 
carbon atoms of said alkyl or alkenyl chain, and Wherein 
said heterocyclic ring is optionally fused to an Ar group. 

[0051] “Prevention”, in relation to angiogenesis or angio 
genic groWth, means no angiogenesis or angiogenic groWth 
if none had previously occurred, or no further angiogenesis 
or angiogenic groWth if there had already been groWth. 

[0052] “Racemic mixture” means a mixture containing 
equal parts of individual enantiomers. “Non-racemic mix 
ture” is a mixture containing unequal parts of individual 
enantiomers or stereoisomers. 

[0053] “RadiosensitiZer”, as used in this speci?cation, is 
de?ned as a loW molecular Weight molecule administered to 
animals in therapeutically effective amounts to promote the 
treatment of diseases Which are treatable With electromag 
netic radiation. Diseases Which are treatable With electro 
magnetic radiation include neoplastic diseases, benign and 
malignant tumors, and cancerous cells. Electromagnetic 
radiation treatment of other diseases not listed herein are 
also contemplated by the present invention. 

[0054] “Stereoisomers” are isomers that differ only in the 
Way the atoms are arranged in space. 

[0055] The term “treatment” as used herein covers any 
treatment of a disease and/or condition in an animal, par 
ticularly a human, and includes: 

[0056] preventing a disease, disorder and/or con 
dition from occurring in a person Which may be 
predisposed to the disease, disorder and/or condition 
but has not yet been diagnosed as having it; 

[0057] (ii) inhibiting the disease, disorder and/or con 
dition, i.e., arresting its development; and 

[0058] (iii) relieving the disease, disorder and/or con 
dition, i.e., causing regression of the disease, disor 
der and/or condition. 

PHARMACEUTICAL COMPOSITIONS OF THE 
PRESENT INVENTION 

[0059] The present invention relates to pharmaceutical 
compositions comprising: 

[0060] an anti-angiogenic effective amount of a 
NAALADase inhibitor; and 

[0061] (ii) a pharmaceutically acceptable carrier. 

[0062] The pharmaceutical composition may further com 
prise at least one additional therapeutic agent. 

[0063] Since NAALADase is a metallopeptidase, useful 
NAALADase inhibitors for the pharmaceutical composition 
of the present invention include small molecule compounds 
With functional groups knoWn to inhibit metallo-peptidases, 
such as hydroxyphosphinyl derivatives. 

[0064] According to scienti?c literature, the glutamate 
moiety plays a more critical role than the aspartate moiety in 
the recognition of NAAG by NAALADase. As such, a 
preferred NAALADase inhibitor is a glutamate-derived 
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hydroxyphosphinyl derivative, an acidic peptide analog, a 
conformationally restricted glutamate mimic or a mixture 
thereof. 

[0065] A preferred acidic peptide analog is selected from 
the group consisting of Asp-Glu, Glu-Glu, Gly-Glu, gamma 
Glu-Glu and Glu-Glu-Glu. 

[0066] A preferred NAALADase inhibitor is a glutamate 
derived hydroxyphosphinyl derivative of Formula I: 

R2 

[0067] or a pharmaceutically acceptable salt or hydrate 
thereof, Wherein: 

[0068] Y is CR3R4, NR5 or O; 

[0069] R1 and R5 are independently selected from the 
group consisting of hydrogen, hydroxy, halo, 
haloalkyl, thiocarbonyl, alkoxy, alkenoxy, alkylary 
loxy, aryloxy, arylalkyloxy, cyano, nitro, imino, 
alkylamino, aminoalkyl, sulfhydryl, thioalkyl, alky 
lthio, sulfonyl, CJL-C6 straight or branched chain 
alkyl, C2-C6 straight or branched chain alkenyl or 
alkynyl, aryl, heteroaryl, carbocycle, Wherein said 
R1 is unsubstituted or substituted With carboxy, C3-C8 
cycloalkyl, CS-C7 cycloalkenyl, halo, hydroxy, nitro, 
tri?uoromethyl, CJL-C6 straight or branched chain 
alkyl, C2-C6 straight or branched chain alkenyl, 
C1-C9 alkoxy, C2-C9 alkenyloxy, phenoxy, benZy 
loxy, amino, Ar or a mixture thereof; 

[0070] R2 is selected from the group consisting of 
hydrogen, C1-C9 straight or branched chain alkyl, 
CZ-C9 straight or branched chain alkenyl, C3-C8 
cycloalkyl, CS-C7 cycloalkenyl and Ar, Wherein said 
R2 is unsubstituted or substituted With carboxy, 
C3-C8 cycloalkyl, CS-C7 cycloalkenyl, halo, hydroxy, 
nitro, tri?uoromethyl, C1-C6 straight or branched 
chain alkyl, C2-C6 straight or branched chain alk 
enyl, C1-C6 alkoxy, C2-C6 alkenyloxy, phenoxy, ben 
Zyloxy, amino, Ar or a mixture thereof; 

[0071] R3 and R4 are independently selected from the 
group consisting of hydrogen, C1-C6 straight or 
branched chain alkyl, C2-C6 straight or branched 
chain alkenyl, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, 
Ar, halo and mixtures thereof; 

[0072] Ar is a carbocyclic or heterocyclic moiety, 
Which is unsubstituted or substituted With one or 

more substituent(s). 

[0073] Examples of useful alkyl groups include, Without 
limitation, methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, 
n-pentyl, 2-methyl pentyl and the like. 

[0074] Possible substituents of R1, R2, R3, R4, R5, R6, R7, 
R8 and Ar1 include, Without limitation, CJL-C9 straight or 
branched chain alkyl, C2-C9 straight or branched chain 
alkenyl, C1-C9 alkoxy, C2-C9 alkenyloxy, phenoxy, benZy 
loxy, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, hydroxy, car 
boxy, carbonyl, amino, amido, cyano, isocyano, nitro, 
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nitroso, nitrilo, isonitrilo, imino, aZo, diaZo, sulfonyl, sul 
foxy, thio, thiocarbonyl, thiocyano, formanilido, thioforma 
mido, sulfhydryl, halo, haloalkyl, tri?uoromethyl, and car 
bocyclic and heterocyclic moieties. Carbocyclic moieties 
include alicyclic and aromatic structures. 

[0075] Examples of useful carbocyclic and heterocyclic 
moieties include, Without limitation, phenyl, benZyl, naph 
thyl, indenyl, aZulenyl, ?uorenyl, anthracenyl, indolyl, 
isoindolyl, indolinyl, benZofuranyl, benZothiophenyl, inda 
Zolyl, benZimidaZolyl, benZthiaZolyl, tetrahydrofuranyl, tet 
rahydropyranyl, pyridyl, pyrrolyl, pyrrolidinyl, pyridinyl, 
pyrimidinyl, purinyl, quinolinyl, isoquinolinyl, tetrahydro 
quinolinyl, quinoliZinyl, furyl, thiophenyl, imidaZolyl, 
oxaZolyl, benZoxaZolyl, thiaZolyl, isoxaZolyl, isotriaZolyl, 
oxadiaZolyl, triaZolyl, thiadiaZolyl, pyridaZinyl, pyrimidi 
nyl, pyraZinyl, triaZinyl, trithianyl, indoliZinyl, pyraZolyl, 
pyraZolinyl, pyraZolidinyl, thienyl, tetrahydroisoquinolinyl, 
cinnolinyl, phthalaZinyl, quinaZolinyl, quinoxalinyl, naph 
thyridinyl, pteridinyl, carbaZolyl, acridinyl, phenaZinyl, phe 
nothiaZinyl, phenoxaZinyl and adamantyl. 

[0076] Preferably, Y is CH2. 

[0077] More preferably, R2 is substituted With carboxy. 

[0078] Even more preferably, R1 is hydrogen, CJL-C4 
straight or branched chain alkyl, C2-C4 straight or branched 
chain alkenyl, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, benZyl 
or phenyl, Wherein said R1 is unsubstituted or substituted 
With carboxy, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, halo, 
hydroxy, nitro, tri?uoromethyl, CJL-C6 straight or branched 
chain alkyl, C2-C6 straight or branched chain alkenyl, C1-C4 
alkoxy, C2-C4 alkenyloxy, phenoxy, benZyloxy, amino, ben 
Zyl, phenyl or mixtures thereof; and R2 is C1-C2 alkyl. 

[0079] Most preferably, the glutamate-derived hydroxy 
phosphinyl derivative is selected from the group consisting 
of: 

[0080] 2-[[(2-carboxyethyl)hydroxyphosphinyl]me 
thyl]-pentanedioic acid; 

[0081] 2-[[methylhydroxyphosphinyl]methyl]pen 
tanedioic acid; 

[0082] 2-[[ethylhydroxyphosphinyl]methyl]pen 
tanedioic acid; 

[0083] 2-[[propylhydroxyphosphinyl]methyl]pen 
tanedioic acid; 

[0084] 2-[[butylhydroxyphosphinyl]methyl]pen 
tanedioic acid; 

[0085] 2-[[cyclohexylhydroxyphosphinyl]methyl] 
pentanedioic acid; 

[0086] 2-[[(cyclohexyl)methylhydroxyphosphinyl] 
methyl]-pentanedioic acid; 

[0087] 2-[[phenylhydroxyphosphinyl]methyl]pen 
tanedioic acid; 

[0088] 2-[[(benZylhydroxyphosphinyl)methyl]pen 
tanedioic acid; 

[0089] 2-[[(phenylmethyl)hydroxyphosphinyl]me 
thyl]-pentanedioic acid; 

[0090] 2-[[(phenylethyl)hydroxyphosphinyl]methyl] 
pentanedioic acid; 
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[0532] or a pharmaceutically acceptable salt or hydrate 
thereof, Wherein: 

[0533] x is 

III 
0 

R k \ T or 

OH 
IV 

(|)H 
R N 
\C/ \ 

[0534] Y is CR1R2, NR3 or O; 

[0535] R, R1, R2 and R3 are independently selected 
from the group consisting of hydrogen, CJL-C9 
straight or branched chain alkyl, C2-C9 straight or 
branched chain alkenyl, C3-C8 cycloalkyl, CS-C7 
cycloalkenyl, Ar and mixtures thereof, Wherein said 
R, R1, R2 and R3 are independently unsubstituted or 
substituted With C3-C8 cycloalkyl, CS-C7 cycloalk 
enyl, halo, hydroxy, nitro, tri?uoromethyl, C1-C6 
straight or branched chain alkyl, C2-C6 straight or 
branched chain alkenyl, C1-C9 alkoxy, C2-C9 alkeny 
loxy, phenoxy, benZyloxy, amino, Ar or a mixture 
thereof; and 

[0536] Ar is selected from the group consisting of 
1-naphthyl, 2-naphthyl, 2-indolyl, 3-indolyl, 2-furyl, 
3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl, benZyl and phenyl, Wherein said Ar is 
unsubstituted or substituted With halo, hydroxy, 
nitro, tri?uoromethyl, CJL-C6 straight or branched 
chain alkyl, C2-C6 straight or branched chain alk 
enyl, CJL-C6 alkoxy, C2-C6 alkenyloxy, phenoxy, ben 
Zyloxy, amino or a mixture thereof. 

[0537] 
[0538] In a more preferred embodiment, R is selected from 
the group consisting of hydrogen, C1-C 4 straight or branched 
chain alkyl, 4-pyridyl, benZyl and phenyl, said R having one 
to three substituent(s) independently selected from the group 
consisting of hydrogen, C3-C8 cycloalkyl, CS-C7 cycloalk 
enyl, halo, hydroxy, nitro, tri?uoromethyl, C1-C6 straight or 
branched chain alkyl, C2-C6 straight or branched chain 
alkenyl, C1-C4 alkoxy, C2-C4 alkenyloxy, phenoxy, benZy 
loxy, amino, Ar and mixtures thereof. 

[0539] In the most preferred embodiment, the compound 
is selected from the group consisting of: 

[0540] 2-[[(N-hydroxy)carbamoyl]methyl]pen 
tanedioic acid; 

[0541] 2-[[(N-hydroxy-N-methyl)carbamoyl]me 
thyl]pentanedioic acid; 

[0542] 2-[[(N-butyl-N-hydroxy)carbamoyl]methyl] 
pentanedioic acid; 

[0543] 2-[[(N-benZyl-N-hydroxy)carbamoyl]methyl] 
pentanedioic acid; 

In a preferred embodiment, Y is CH2. 
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[0544] 2-[[(N-hydroxy-N-phenyl)carbamoyl]methyl] 
pentanedioic acid; 

[0545] 2-[[(N-hydroxy-N-2-phenylethyl)carbamoyl] 
methyl]pentanedioic acid; 

[0546] 2-[[(N-ethyl-N-hydroxy)carbamoyl]methyl] 
pentanedioic acid; 

[0547] 2-[[(N-hydroxy-N-propyl)carbamoyl]methyl] 
pentanedioic acid; 

[0548] 2-[[(N-hydroxy-N-3-phenylpropyl)carbam 
oyl]methyl]pentanedioic acid; 

[0549] 2-[[(N-hydroxy-N-4-pyridyl)carbamoyl]me 
thyl]pentanedioic acid; 

[0550] 2-[[(N-hydroxy)carboxamido]methyl]pen 
tanedioic acid; 

[0551] 2-[[N-hydroxy(methyl)carboxamido]methyl] 
pentanedioic acid; 

[0552] 2-[[N-hydroxy(benZyl)carboxamido]methyl] 
pentanedioic acid; 

[0553] 2-[[N-hydroxy(phenyl)carboxamido]methyl] 
pentanedioic acid; 

[0554] 2-[[N-hydroxy(2-phenylethyl)carboxamido] 
methyl]pentanedioic acid; 

[0555] 2-[[N-hydroxy(ethyl) 
pentanedioic acid; 

[0556] 2-[[N-hydroxy(propyl)carboxamido]methyl] 
pentanedioic acid; 

[0557] 2-[[N-hydroxy(3-phenylpropyl)carboxamido] 
methyl]pentanedioic acid; and 

[0558] 2-[[N-hydroxy(4-pyridyl)carboxamido]me 
thyl]pentanedioic acid. 

[0559] Another preferred NAALADase inhibitor is a com 
pound of Formula V: 

carboxamido]methyl] 

cozn 

Y cozn 

[0560] or a pharmaceutically acceptable salt or hydrate 
thereof, Wherein: 

[0561] X is selected from the group consisting of 

VI 
0 

E d an 

R/ \ 
VII 

0 

E d an 

R/||\ 
O 






























































































