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METHODS OF CANCER TREATMENT USING NAALADASE INHIBITORS

RELATED APPLICATIONS
This application is a continuation-in-part (CIP) of U.S.
patent application serial number 08/665,775, filed June 17,

1996, entitled "Methods of Cancer Treatment Using NAALADase

Inhibitors".
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to novel methods of
treating cancer, preventing tumor cell growth, inhibiting
prostate tumor cell growth, and inhibiting NAALADase enzyme
activity, by administering an effective amount of a NAALADase
inhibitor.

2. Description of the Prior Art
Prostate Cancer

Prostate cancer is the leading form of cancer and the
second leading cause of death from cancer for men in the
United States. The American Cancer Society has estimated that
in 1996 alone, 317,100 new cases of prostate cancer were
diagnoséd and 41,400 deaths were caused by prostaﬁe cancer.
The incidence rate of prostate cancer incréased 65% between
1980 and 1990, and will continue to rise with improved
screening tests and longer life expectancies. While most men
used to die of other illnesses before prostate cancer had a
chance to develop, higher prostate cancer mortality rates are
expected as men live longer and the disease has more time to

nroaraess.
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In 1993, the molecular cloning of Prostate Specific

Membrane Antigen (PSMA) was reported as a potential prostate

carcinoma marker and hypothesized to serve as a target for

imaging and cytotoxic treatment modalities for prostate
caﬁcer. PSMA antibodies, particularly indium-111 labelled and
tritium labelled PSMA antibodies, have been described and
examined clinically for the diagnoéis and treatment of
prostate cancer. PSMA is expressed in prostatic ductal
epithelium and is présent in seminal plasma, prostatic fluid
and urine. In 1996, it was found that the expression of PSMA
cDNA confers the activity of NAALADase.

NAATL.ADase Inhibitors

NAAG and NAALADase have been implicated in several human
and animal pathological conditions relating to glutamate
ébnormalities and neurotoxicity. For example, it has been
demonstrated that intra-hippocampal injections of NAAG elicit
prolonged seizure activity. . More reqently, it was reported
that rats genetically prone to epileptic seizures have a
persistent increase in their basal level of NAALADase
activity. These observations lend support the hypothesis that
increased availability of synaptic glutamate elevates seizure
susceptibilitcy, and suggest that NAALADase inhibitors may
provide anti-epileptic activity.

NAAG and NAALADase have also been implicated in the
pathogenesis of ALS and in the pathologically similar animal
disease éalled Hereditary Canine Spinal Muscular Atrophy
(HCSMA) . It has been shown that concentrations of NAAG and

its metabolites -- NAA, glutamate and aspartate -- are
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elevated two- to three-fold in the cerebrospinal £luid of ALS
patients and HCSMA dogs. Additionally, NAALADase activity is
significantly increased (two- to three-fold) in post-mortem
spinal cord tissue from ALS patients and HCSMA dogs. As such,
NAAT.ADase inhibitors might be clinically useful in curbing the
progression of ALS if an increased metabolism of NAAG is
responsible for the altera:ions of CSF levels of these acidic
amino acids and peptides.

Abnormalities in NAAG levels and NAALADase activity have
also teen documented in post-mortem schizophrenic brain,
speciZfically in the prefrontal and limbic brain regions.

'The findings described above suggest that NAALADase
inhibitors could be useful in treating glutamate
abnormalities. However,'the present invéntion is directed to
the surprising and unexpected discovery that the novel
compounds of the present invention are not only effective
NAALACsse inhibitors but.are effective in treating prostate
diseasss, particularly prostate cancer. Although the cancer
.data ralate to prostate cancer cells, NAALADase inhibitors are
expected to be equally effective in treating cancer of other
tissues where NAALADase enzyme reside, such as the brain,
kidney and testis.

Wrhile a few NAALADase inhibitors have been identified,
they have only been used in non-clinical research. Examples
of suckh inhibitorxs include general metallopeptidase inhibitors
such as o-phenanthroline, metal chelators such as EGTA and
EDTA, and peptide analogs such as quisqualic acid and {3-NAAG.

Accorcdingly, a need exists for more NAALADase inhibitors to be:
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identified and, particularly, for the treatment of prostafe

diseases such as prostate cancer.

SUMMARY OF THE INVENTION
The presént invention is directed to novel methods for
treating cancer, preventing tumor cell growth, inhibiting
prostate tumof cell growth, and inhibiting NAALADase enzyme
activity, in an animal, comprising administering an effective
amount of a NAALADase inhibitor.
Preferred NAALADase inhibitors include compounds of

formula I:

(”) Rz
Rl__—ll) \x)\coorz

OH

wherein

R, is hydrogen, C,-C, straight or branched chain alkyl,
C,-C, straight or branched chain alkehyl group, C;-C,
éycloalkyl, Cs-C, cycloalkenyl, or Ar;;

X is CH,, O, or N; andi

R, is Cfl-C9 straight or branched chain alkyl, Cz-C;
straight or branched chain alkenyl group, C;-C4
cycloalkyl, Cs-C, cycloalkenyl, or Ar,, wherein said

~alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl

groups may be optionally substituted with carboxylic

acid.
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Preferably, the compound of formula I is present in an
amount that is effective for inhibiting NAAIADase enzyme
activity, or treating a prostate disease in an animal.

The present invention further relates to a method of
inhibiting NAALADase enzyme activitylin an animal, comprising
administering an effective amount of the compound of formula I

to said animal.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a bar graph plotting the growth of the prostate
cancer cell line, LNCAP, against various concentrations of
quisqualic acid, a NAALADase Inhibitor. FIG. 1 shows the
effect of 7-day treatment with quisqualate on the growth of
LNCAP cells. Concentrations ranging from 10 nM to 1 uM of
quisqualate show a sharp dose-dependent decrease of LNCAP cell
proliferation as indicated by the significant decrease in the
incorporation of [3H]thymidine. . ;

FIG. 2 is a bar graph plotting the growth of the prostate
cancer cell line, LNCAP, against various concentrations of 2-
(phosphonomethyl)pentanedioic acid, a NAALADase Inhibitor.
FIG.. 2 shows the effect of 7-day treatment with 2-
(phosphonomethyi)pentanedioic acid on the growth of LNCAP
cells. Concentrations ranging from 100 pM to 10 nM of 2-
(phosphonomethyl) pentanedioic acid show a sharp dose-dependent
decrease of LNCAP cell proliferation aé indicated by the
significant decrease in the incorporation of [3H]thymidine.

FIG. 3 is a line graph of the response of LNCAP human
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prostate tumors to daily treatment with 2-

(phosphonomethyl) pentanedioic acid. Mean of individual tumor
volumes are pictted as a function of time after the start of
treatment. Error bars represent the SEM. Treatment with 2-
(phosphonomethyl) pentanedioic acid for six weeks resulted in

statistically significant difference between both the control

~group and animals given daily injections of drug (p=0.04), and

the control group and animals implanted with polymer (p=0.02).

FIG. 4 is 2 line graph plotting the survival percentage
of animals trszted with injections against the number of days.
FIG. 4 shows tze higher mean survival percentage of animals
injected with 2- (phosphonomethyl)pentanedioic écid mixed with
polymer as compared to those anihals only receiving
intratumoral injections of 2- (phosphonomethyl)pentanedioic
acid or a vehicle control. The graph shows that 88% of the
animals treated with polymer were alive after 72 days, and
those animals zad small tumors.

FIG. 5 is a line graph plotting tumor groﬁth against days
following rat ZJunning cell injections. Cells were injected,
over a period of 84 days, with various dosages of 2-
(phospﬁonomethyl)pentanedioie acid and a control wvehicle.

FIG. 5 shows that tumor growth slowed as a function of 2-
(phosphonomethyl)pentanédioic acid dosage.

FIG. 6 is a line graph of the résponse of R3327 rat
prostate tumors to aaily treatment with 2-

[[ (phenylmethy’)hydroxyphosphinyl]methyl] pentanedioic acid.
Mean of individual tumor volumes expressed relative to the

volume at the start of treatment (V/V,) are plotted as a
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function of time. Treatment with 2-
[ {(phenylmethyl) hydroxyphosphinyl]methyl] pentanedioic acid for
2.5 weeks resulted in a statistically significant difference
between the control group and animals given daily injections

of 1 ug of drug (p=0.02).

DETATLED DESCRIPTION OF THE INVENTION

Definitions

"Compound 3" refers to 2- (phosphonomethyl)pentanedioic
acid, a NAALADase inhibitor.

"Inhibition", in the context of enzymes, refers to
reversible enzyme inhibition such as competitive,
uncompetitive and non-competitive inhibition. Competitive,
uncompetitive and non-competitive inhibition can be
distinguished by the effects of an inhibitor on the reaction.
kinetics of an enzyme. Competitive inhibition occurs when the
inhibitor combines reversibly with the enzyme in such a way
that it competes with a normal substrate for binding at the
active site. The affinity between the inhibitor and the
enzyme may be measured by the inhibitor constant, Ki,_which is

defined as:

[E] [1]

wherein [E] is the concentration of the enzyme, [I] is the
concencration of the inhibitor, and [EI] is the concentration
of the enzyme-inhibitor complex formed by the reaction of the

enzyme with the inhibitor. Unless otherwise specified, K; as
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used herein refers to the affinity between the inventive
compounds and NAALADase. "IC50" is a related term used to
define the concentration or amount of a compound which is
required to cause a 50% inhibition of the target enzyme.

The term "inhibition", in the context of tumor growth or
tumor cell growth, may be assessed by delayed appearance of
primary or secondary tumors, slowed development of primary or
secondary tumors, decreased occurrence of primary or secondary
tumors, slowed or decreased severity of secondary effects of
disease, arrested tumor growth and regression of tumors, among
others. In the extreme, complete inhibition, is referred to
herein as prevention.

"NAAG" refers to N-acetyl—aspartyl-glutamate, an
important péptide component of the brain, with levels
comparable to the major inhibitor néurotransmitter gamma -
aminobutyric acid (GABA). NAAG is neuron-specific, present in
synaptic vesicles and released upon neuronal stimulation in
several systems presumed to be glutamatergic. Studies suggest
that NAAG may function as a neurotransmitter and/or
neuromodulator in the central nervous system, or as a
precursor of the neuropransmitter glutamate.

"NAALADase" refers to N4acetylated a-linked acidic

ipeptidase, a membrane-bouhd metallopeptidase which

catabolizes NAAG to N-acetylaspartate (NAA) and glutamate:
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Catabolism of NAAG by NAALADase

COOH
o o COOH
A&HDL\V/ﬂ\\ NAAJJU}ECANEDL\V/H\\
: N OOH — = OH
g H . . : +
NAAG NAA GLU

NAALADase shows a high affinity 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.

"Pharmaceutically acceptable salt" refers to a salt of
the inventive compounds which possesses the desired
pharmacological activity and which is neither biologically nor
otherwise undesirable. The salt can be formed with-inorganic
acids such as acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate butyrate, citrate, camphorate,
camphorsulfonate, cyciopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate, glucoheptanoate,
glycerophosphate, hemisulfate heptanoate, hexanoate, hydro-
chloride hydrobromide, hydroiodide, 2-hydroxyethanesulfonate,
lactate, maleate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, qxalate, thiocyanate, tosylate and undecanoate.

Examples of a base salt include ammonium salts, alkali metal
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salts such as sodium and potassium salts, alkaline earth metal
salts such as calcium and magnesium salts, salts with organic
bases such as dicyclohexylamine salts, N-methyl-D-glucamine,
and salts with amiﬁo acids such as arginine and lysine. Ihe
basic nitrogen-containing groups can be quarternized with
agents including lower alkyl halides such as methyl, ethyl,
propyl and butyl chlorides, bromides and iodides; dialkyl
sulfates such as dimethyl, diethyl, dibutyl and diamyl

sulfates; long chain halides such as decyl, lauryl, myristyl

‘and stearyl chlorides, bromides and iodides; and aralkyl

halides such as benzyl and phenethyl bromides.

The term "prevention", in relation to tumor growth or
tumor cell growth, means no tumor or tumor cell growth if none
had occurred, no further tumor or tumor cell growth if there
had already been growth.

The term "prostate disease" relates to prostate cancer
such as adenocarcinoma or metastatic.cancers, conditions
characterized by abﬁormal growth of prostatic epithelial cells
such as benign prostatic hyperplasia, and other conditiong
requiring treatment by the compounds of the present invention.

"PSA" refers to Prostate Specific Antigen, a well known
prostate cancer marker. It is a protein produced by prostate
cells and is frequently present at elevated levels in the
blood of men with prostate cancer. PSA correlates with tumor
burden, serves as an indicator of metastatic involvement, and
provides a parametér for following a prostate cancer patient’s
response to surgery, irradiation and androgen replacement

therapy.
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"PSMA" refers to Prostate Specific Membrane Antigen, a
potential prostate carcinoma marker that has been hypothesized
to serve as.a target for imaging and cytotoxic treatment
modalities for prostate cancer. PSMA is expressed in
prostatic ductal epithelium and is present in seminal plasma,
prostétic fluid and urine. It has been found that the
expression of PSMA cDNA confers the activity of NAALADase.

The term "treatment" refers to any process, action,
application, thérapy, or the like, wherein an animal,
including a human being, is subject to medical aid with the
object of improving the animal’s condition, directly or

indirectly.

Prefesrred NAALADase Inhibitors of the Present Invention

The present invention relates to a compound of formula I:

ﬁ R:
RI—T \X/J\coon
OH

L]

or a pharmaceutically acceptdble salt, hydrate, or a mixture
thereof, wherein: |
R. is hydrogen, C,-C, straight or branched chain alkyl,
Cz—é, straight or branched chain alkenyl group, C,;-C,
cycloalkyl, Cs-C, cycloalkenyl, or Ar,;;
X is CH,, O, or NR,, where R, is defined above; and
R, 'is C,-C, straight or branched chain alkyl, C,-C,

straight or branched chain alkenyl group, C,-Cg
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cycloalkyl, Cs-C, cycloalkenyl, or Ar,, wherein said
alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl
group may be optionally substituted with carboxylic
acid.

The present invention also contemplates that said alkyl,
alkenyl, cycloalkyl, cycloalkenyl or aryl groups may be
optionally substituted with C;-C; cycloalkyl, C, or C;
cycloalkyl, C,-C, cycloalkenyl, C,-C, alkyl, C,-C, alkenyl, halo,
hydroxy, carboxy, niﬁro, trifluoromethyl, C,-C, straight or
branched chain alkyl or alkenyl, C,-C, alkoxy, C,-C, alkenyloxy,
phenoxy, benzyloxy, amino, or Ar,, and where Ar, is selected
from the group consisting of 1-naphthyl, 2-naphthyl, 2-
indolyl, 3-indolyl, 4-indolyl, 2-furyl, 3-furyl,
tetrahydrofuranyl, 2-thienyl, 3-thienyl, 4-thienyl, 2-, 3-, or
4-pyridyl, or phenyl, having one to five substituents which
are independently selected from the group consisting of
hydrogen, halo, hydroxy, carboxy, nitro, trifluoromethyl, C,-Cq
straight or branched alkyl or alkenyl, C,-C, alkoxy or C,-C,
alkenyloxy, phenoxy, benzyloxy, and amino; or pharmaceutically
acceptable salts, hydrates, or mixtures thereof.

In a preferred embodiment, the compound is selected from

the group of formula II:

ITI
wherein

R, is hydrogen, C,-C, straight or branched chain alkyl,
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C,-C, straight or branched chain alken?l group, C,-C,
cycloalkyl, Cs-C, cycloalkenyl, or Ar,; and
R, is C,-C, straight or branched chain alkyl, C,-C,
straight or branched chaih alkenyl group, C,-C,
5 cycloalkyl, Cs-C, cycloalkenyl, or Ar,, wherein éaid
alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl
group may be optionally substituted with carboxylic

acid.

10 In another preferred embodiment, the R groups are either
straight or branched aliphatic substituents or carbocyclic
substituents illustrated by the compounds selected from the

group of formula II:

‘l) R:
R—P \/k
I COOH
OH
15 II
wherein
R, is hydrogen, C,-C, straight or branched chain alkyl,
C;-Cy straight or branched chain alkenyl group, C,-C,
cycloalkyl, c§<; cycloalkenyl, l-naphthyl, 2-
20 naphthyl, or pheﬁyl; and

R, is C,-C, straight or branched chain alkyl, C,-C,
straight or branched chain alkenyl group, C,;-C,
cycloalkyl, C;~C, cycloalkenyl, 1l-naphthyl, 2-
.naphthyl, or phenyl, wherein said alkyl, alkenyl,
25 cycloalkyl, cycloalkenyl, l-naphthyl, 2-naphthyl, or
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phenyl group may be optionally substituted with

carboxylic acid.

Especially preferred methods utilize compounds wherein R,
is either a straight or branched aliphatic group or a
carbocyclic group, R, is ethyl which is substituted with a
carboxylic acid, and X is CH, are selected from the group
consisting of:
2- [ [methylhydroxyphosphinyl]methyl]l pentanedioic acid;
2- [[ethylhydroxyphosphinyl]lmethyl] pentanedioic acid;
2-[tpropylhydroxyphosphinyl]methyl]pentanedioic acid;
2—[[butylhydroxyphosphinyl]methyl]pentanedioic acid;
2-[[cyclohexylhydroxyphosphinyl]methyl]pentanedioic acid;
2-[[(cyclohexyl)methylhydroxyphosphinyl]methyl]pentanedioic
acid;
2-[[phenylhydroxyphosphihyl]methyl]pentanedioic acid;
2- [ [benzylhydroxyphosphinyl]methyl] pentanedioic acid;
2- [ [phenylethylhydroxyphosphinyl]lmethyl] pentanedioic acid;
2- [ [phenylpropylhydroxyphosphinyl]methyl] pentanedioic acid;
2-[[phenylbutylhydroxyphosphinyl]methyl]pentanedioic acid;
2-[[(4?methylbenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid;
2-[[(4-fluorobenzyl) hydroxyphosphinyl] methyl]pentanedioic
acid; |
2—[[(2-fluorobenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid;
2-[[(pentafluorobenzyl) hydroxyphosphinyl]methyl] pentanedioic

acid;
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2- [ [ (methoxybenzyl) hydroxyphosphinyl]methyl]lpentanedioic acid;

2-[{(4-fluorophenyl) hydroxyphosphinyl]lmethyl] pentanedioic
acid;

2- [ [ ((hydroxy) phenylmethyl) hydroxyphosphinyl] methyl]
pentanedioic acid;

2-[[(3-methylbenzyl) hydroxyphosphinyl]methyl]pentanedioic
acid;

2-Kphosphonomethyl)pentanedioic acid;

2-[{(3-

trifluoromethylbenzyl) hydroxyphosphinyl] methyl]pentanedioic
acid;

2-[[(2, 3, 4-trimethoxyphenyl)hydroxyphosphinyl]methyl]
pentanedioic acid;
2-[[(l-naphthyl)hydroxyphosphinyl]methyl]pentanedioic acid;
2-[[(2-naphthyl) hydroxyphosphinyl]methyllpentanedioic acid;
2-[[(1-naphthyl) methylhydroxyphosphinyl] methyl] pentanedioic
acid;

2- [[(2-naphthyl)methylhydroxyphosphinyllmethyl] pentanedioic
acid; |
2-[[(l-naphthyl)ethylhydroxyphosphinyl]methYl]pentanedioié
acid;
2-[[(2-naphthyl)ethythdroxyphbsphinyl]methyl]péntanédioic
acid;

2-[[(1-naphthyl) propylhydroxyphosphinyl] methyl] pentanedioic
acid; - |

2- [ [ (2-naphthyl) propylhydroxyphosphinyl] methyl] pentanedioic
acid;

2-[[(1-naphthyl)butylhydroxyphosphinyl]lmethyl] pentanedioic
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acid;

2-[[(2-naphthyl) butylhydroxyphosphinyl]lmethyl]pentanedioic
acid; and

2- [ [ (phenylprop-2-enyl) hydroxyphosphinyl] methyl] pentanedioic

acid.

Especially preferred methods utilize compounds wherein R,
is either a straight or branched aliphatic group or a
carbocyclic group, R, is ethyl which is substituted with a
carboxylic acid, and X is CH, are selectéd from the group
consisting of:
2-[(benzylhydroxyphosphinyl)methyl]pentanedioic acid;
2-[(phenylhydroxyphosphinyl)methyl]pentanedioic acid;
2- [[((hydroxy) phenylmethyl) hydroxyphosphinyl] methyl]
pentanediocic acid;
2- [(butylhydroxyphosphinyl)methyl] pentanedioic acid;
2- [[(3-methylbenzyl) hydroxyphosphinyl]lmethyl] pentanediocic
acid;
2-[(3-phenylpropylhYdroxyphosphinyl)methyl]pentanedioic acid;
2-[[(4-fluorophenyl) hydroxyphosphinyl] methyl]pentanedioic
acid;
2- [ (methylhydroxyphosphinyl) methyl]pentanedioic acid;
2- [ (phenylethylhydroxyphosphinyl) methyl] pentanedioic acid;
2-[[(4-methylbenzyl)hydfoxyphosphinyl]methyl]pentanedioic
acid;
2—[[(4—f1uorobenzyl)hydroxyphoéphinyl]methyl]pentanedioic
acid;

2- [[(4-methoxybenzyl) hydroxyphosphinyl]lmethyl] pentanedioic
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acid;

2-[[(2-fluorobenzyl) hydroxyphosphinyl]lmethyl]l pentanedioic
acid;‘

2- [ [ (pentafluorobenzyl) hydroxyphosphinyl]methyl] pentanedioic
acid; |
2- (phosphonomethyl) pentanedioic acid; and

2-[[(3-
trifluoromethylbenzyl)hydroxyphosphinyl]methyl]pentanedioic

acid.

Especially preferred methods utilize compounds wherein R,

is a straight or branched aliphatic group or a carbocyclic

group, R, is phenyl, and X is CH, are selected from the group

consisting of:

3- (methylhydroxyphosphinyl) -2-phenylpropanocic acid;

3- (ethylhydroxyphosphinyl) -2-phenylpropanoic acid;

3- (propylhydroxyphosphinyl) -2-phenylpropanoic acid;

3- (butylhydroxyphosphinyl) -2-phenylpropanocic acid;

3- (cyclohexylhydroxyphosphinyl) -2-phenylpropancic acid;
3-((cyclohexyl) methylhydroxyphosphinyl) -2 -phenylpropanoic
acid;

3- (phenylhydroxyphosphinyl) -2-phenylpropancic acid;

3- {benzylhydroxyphosphinyl) -2-phenylpropanoic acid;
3-(phenylethylhydroxyphosphinyl)-2-phenylprbpanoic acid;
3- (phenylpropylhydroxyphosphinyl) -2-phenylpropanoic acid;
3- (phenylbutylhydroxyphosphinyl) -2-phenylpropanoic acid;
3-[(2, 3, 4-trimethoxyphenyl) -3-hydroxyphosphinyl]-2-

phenylpropancic acid;
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3- [(1-naphthyl) hydroxyphosphinyl] -2-phenylpropanocic acid;
3-[(2-naphthyl) hydroxyphosphinyl] -2-phenylpropanocic acid;
3-[(1-naphthyl)methylhydroxyphosphinyl] -2-phenylpropanoic
acid;

3-[(2-naphthyl)methylhydroxyphosphinyl]-2—phenylpropanoic-

acid;

3- [(1-naphthyl) ethylhydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(2-naphthyl) ethylhydroxyphosphinyl] -2-phenylpropanocic acid;

3- [((1-naphthyl) propylhydroxyphosphinyl] -2-phenylpropanocic
acid;

3-[(2-naphthyl) propylhydroxyphosphinyl] -2-phenylpropanoic
acid; |

3-[(1-naphthyl)butylhydroxyphosphinyl] -2-phenylpropanoic acid;

3-[(2-naphthyl) butylhydroxyphosphinyl] -2 -phenylpropanoic acid;

" and

3- [phenylprop-2-enylhydroxyphosphinyl] -2-phenylpropancic acid.

Although not limited to any one species, a highly
preferred species where R, is a straight or branched aliphatic

group or a carbocyclic group, R, is ethyl which is substituted

with carboxylic acid, and X is CH, is

2-[[benzylhydroxyphosphinyl]methyl]pentanedioic acid.

Other preferred compounds of the present invention are
selected from the group consisting of:
hydroxyphosphinyl derivatives wherein X is CH,, R, is a
straight or branched aliphatic group.or a carbocyclic group,

and R, is an C,-C; alkyl or alkenyl chain which is substituted



10

15

20

25 °

WO 97/48409 | PCT/US97/10149
-19-

with a carboxylic acid. Exemplary species include:
2-[(methylhydroxyphosphiﬁyl)methyl]hexanedioic acid;

2- [ (benzylhydroxyphosphinyl) methyl]l hexanedioic acid;

2- [ (methylhydroxyphosphinyl)methyl] heptanediocic acid;

2- [ (benzylhydroxyphosphinyl)methyl] heptanedioic acid;

2~ [ (methylhydroxyphosphinyl) methyl]octanedioic acid;
2-[(benzylhydroxyphosphinyl)ﬁethyl]octanedioic acid;

2- [ (methylhydroxyphosphinyl)methyl] nonanedioic acid;
2—[(beﬁzylhydroxyphosphinyl)methyl]nonanedioic acid;

2- [ (methylhydroxyphosphinyl)methyl] decanedioic acid; and

2- [ (benzylhydroxyphosphinyl) methyl]decanediocic acid.

Other preferred compounds are selected from the.group
consisting of: |
hydroxyphosphinyl derivatives wherein X is CH,, R, is benzyl,
and R, is a straight or branched aliphaﬁic group or a
carbocyclic group. Exemplary species include:
3-(benzylhydroxyphosphinyl)-2-methylpropanoic acid;

3- (benzylhydroxyphosphinyl) -2-ethylpropanoic acid;

3- (benzylhydroxyphosphinyl) -2 -propylpropancic acid;
3-(beniylhydroxyphosphinyl)-2-butylpropanoic acid;

3- (benzylhydroxyphosphinyl) -2 -cyclohexylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2 - (cyclohexyl) methylpropanoic
acid;

3- (benzylhydroxyphosphinyl) -2 -phenylpropanocic acid;
3-(benzylhydroxyphosphinyl)—2-benzylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-pheny1ethylpropanoic acid;

3- (benzylhydroxyphosphinyl) -2-phenylpropylpropanoic acid;
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3- (benzylhydroxyphosphinyl) -2 -phenylbutylpropanoic acid;

3- (benzylhydroxyphosphinyl) -2-(2, 3, 4-trimethoxyphenyl)
propanoic acid; |
3—(benzylhydroxyphosphinyl)—2-(l-naphthyl)propanoic acid;

3- (benzylhydroxyphosphinyl) -2- (2-naphthyl) propanocic acid;

3- (benzylhydroxyphosphinyl) -2- (1-naphthyl)methylpropanoic
acid; |
3-(benzylhydroxyphbsphinyl)-2-(2—naphthyl)methylpropanéic
acid;

3-(benzylhydroxyphosphinyl)-2—(l-naphthyl)ethYlpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (2-naphthyl) ethylpropanoic acid;
3-(benzylhy&roxyphosphinyl)-2-(l—naphthyl)propylpropanoic
acid;

3- (benzylhydroxyphosphinyl} -2- (2-naphthyl) propylpropanoic
acid}

3- (benzylhydroxyphosphinyl) -2- (1-naphthyl)butylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (2-naphthyl) butylpropanoic acid;
and

3- (benzylhydroxyphosphinyl) -2-phenylprop-2-enylpropanocic acid.

Eépecially preferred methods use compounds wherein R, is
said alkyl, alkenyl, cycloalkyl, or aryl group which is

substituted with a heterocyclic group, R, is ethyl which is

- substituted with a carboxylic acid, and X is CH, are selected

from the group consisting of:
2-[[(2-pyridyl)methylhydroxyphosphinyl]lmethyl] pentanedioic
acid;

2-[[(3-pyridyl)methylhydroxyphosphinyl]lmethyl] pentanedioic
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acid; |
2-[[(4-pyridy1)methylhydroxyphosphinyl]methyl]pentanedioic
acid;
2-[[(3-pyridyl)ethylhydroxyphosphinyl]methyl]pentanedioic_
acid; |
2-[[(3-pyridyl)propylhydroxyphosphinyl]methyl]pentanedioic

acid;

| 2-[ [ (tetrahydrofuranyl)methylhydroxyphosphinyl] methyl]

pentanedioic acid;
2-[[(tetrahydrofuranyl)ethylhydroxyphosphinyl]methyl]
pentanedicic acid;

2- [ [ (tetrahydrofuranyl) propylhydroxyphosphinyl] methyl]
pentanedioic acid;
2—[[(2—indclyl)methylhydroxyphoéphinyl]methyl]pentanedioic
acid;
2-[[(3-indolyl)methylhydroxyphosphinyl]methyl] pentanedioic
acid;
2-[[(4-indolyl)methylhydroxyphosphinyl]methyllpentanedioic
acid;
2-[[(3-indoly1)ethylhydroxyphoéphihyl]methyl]pentanedioic
acid;
2—[[(3—indoly1)propylhydroxyphosphinyl]methyl]pentanedibic
acid;
2-[[(2-thienyl)methylhydroxyphosphinyl]lmethyl] pentanedioic
acid;
2-[[(3-thienyl)methylhydroxyéhosphinyl]methyl]pentanedioic
acid; . |

2-[[(4-thienyl)methylhydroxyphosphinyl]methyllpentanedioic
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acid;
2-[[(3-thienyl)ethylhydroxyphosphinyllmethyl] pentanedioic
acid; and |
2-[[(3-thienyl)propylhydroxyphosphinyl]methyl] pentanedioic

acid.

Especially preferred methods use compounds wherein R, is

said alkyl, alkenyl, cycloalkyl, or aryl group which is

.substituted with a heterocyclic group, R, is phenyl, and X is

CH, are selectec from the group consisting of:

3-[(2-pyridyl)methylhydroxyphosphinyl] -2-phenylpropanoic écid;
3-[(3-pyridyl)methylhydroxyphosphinyl] -2-phenylpropanocic acid;
3—[(4-pyridyl)methylhydroxyphosphinyl]-2-phenylpropanoic acid;

_3-[(3-pyridyl)ethylhydroxyphosphin?l]—2-phenylpropanoic acid;

3-[(3-pyridyl)propylhydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(tetrahydrofuranyl)methylhydroxyphosphinyl] ~2-phenyl
propanoic acid; |

3-[(tetrahydrofuranyl) ethylhydroxyphosphinyl] -2-phenyl
propanoic acid;
3-[(tetrahydrofuranyl)propylhyd:oxyphosphinyl]-2-phenyl
propanocic acid; |
3-[(2-indolyl)methylhydroxyphosphinyl]-2-phenylpropanoic acid;
3-[(3-indolyl)methylhydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(4—indolyl)methylhydroxyphosphinyl]-2-phenylpropanoic acid;
3-[(3~indolyl) ethylhydroxyphosphinyl] -2-phenylpropanocic acid;
3-[(3-indolyl)propylhydroxyphosphinyl] -2-phenylpropanocic acid;
3-[(2-thieny1)methjlhydroxyphosphinyl]—2-phenylpropanoic acid;

3-[(3-thienyl)methylhydroxyphosphinyl] -2-phenylpropanoic acid;
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3-[(4-thienyl)methylhydroxyphosphinyl]-2-pheny1propanoic acid;
3-[(3-thienyl)ethylhydroxyphosphinyl]-2-phenylpropanoic acid;
and

3-[(3-thienyl)propylhydroxyphosphinyl]-2-phenylpropanoic'acid.

Especially preferred methods use compounds wherein R, is
benzyl, R, is said alkyl, alkenyl, cycloalkyl, or aryl group
which is substituted with a heterocyclic group, and X is CH,
are selected from the group consisting of:
3—(benzylhydroxyphosphinyl)-2-(2-pyridyl)methylpropanoic acid;
3-(benzylhydroxyphosphinyl)—2—(3-pyridyl)methylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-(4-pyridyl)methylpropanoic acid;
3-(benzylhydroxyphosphinyl)—2-(3-pyridyl)ethylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-(3—pyridyl)propylpropanoic acid;
3—(benzylhydroxyphosphinyl)-2-(tetrahydrofuranyl)methyl
propanoic acid;
3-(benzylhydroxyphosphinyl)-2-(tetrahydrofuranyl)ethyl
propanoic acid;
3-(benzylhydroxyphosphinyl)-2-(tetrahydrofuranyl)propyl
propanoic acid;

3- (benzylhydroxyphosphinyl) -2- (2-indolyl)methylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-(3-indolyl)methylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-(44indolyl)methylpropanoic acid;
3-(benzylhydroxyphosphinYl)-2-(3-indolyl)ethylpropanoic acid;

3-(benzylhydroxyphosphinyl)-2-(3-indolyl)propylpropanoic acid;

_3-(be:zylhydroxyphosphinyl)—2-(2-thienyl)methylpropanoic acid;

3-(be:zylhydroxyphosphinyl)-2-(3-thienyl)methylpropanoic acid;

3-(benzylhydroxyphosphinyl)-2—(4-thienyl)methylpropanoic acid;
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3-(benzylhydroxyphosphinyl)-2-(3-thienyl)ethylpropanoic acid;
and

3- (benzylhydroxyphosphinyl) -2- (3-thienyl) propylpropanoic acid.

In another preferred embodiment, the R groups are
heterocyclic substituents illustrated by the compounds

selected from the group having formula II:

‘IT Re
Ri—p .
| COOH
OH
II
wherein
R, is Ar,; and

R, is C,-C, straight or branched chain alkyl, C,-C,
straight or branched chain alkenyl group, C,-C,
- cycloalkyl, C;-C, cycloalkenyl, or Ar,, wherein said
alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl
group may be optionally substituted with carboxylic

acid.

Especially preferred methods use compounds wherein R, is a
heterocyclic group, R, is ethyl which is substituted with
carboxylic acid, and X is CH, are selected from the group
consisting of:
2-[[(2-pyridyl)hydroxyphosphinyl]lmethyl]pentanedioic acid;
2-[[(3-pyridyl) hydroxyphosphinyllmethyl] pentanediocic acid;

2- ([ (4-pyridyl) hydroxyphosphinyl]lmethyl] pentanediocic acid;
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2- [ {(tetrahydrofuranyl) hydroxyphosphinyl]lmethyl]pentanedioic
acid;

2-[[(2-indolyl) hydroxyphosphinyl]lmethyl] pentanedioic acid;
2-[[(3-indolyl) hydroxyphosphinyl]lmethyl] pentanedioic acid;
2-[[(4-indolyl) hydroxyphosphinyl] methyl] pentanedioic acid;
2-[[(2-thienyl) hydroxyphosphinyl]lmethyl]pentanedioic acid;
2-[[(3-thienyl) hydroxyphosphinyl]lmethyl]pentanedioic acid; and

2-[[(4-thienyl)hydroxyphosphinyl]lmethyl] pentanediocic acid.

Compounds of the present invention wherein R, is a
heterocyclic group, R, is phenyl, and X is CH, are selected
from the group consisting of:
3-[(2-pyridyl)hydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(3-pyridyl) hydroxyphosphinyl] -2-phenylpropanocic acid;
3- [(4-pyridyl) hydroxyphosphinyl] -2-phenylpropanoic acid;
3—[(tetrahydrofuranyl)hydroxyphosphinyl]-2-pheny1propanoic
acid;
3-[(2-indolyl) hydroxyphosphinyl] -2 -phenylpropanoic acid;
3-[(3—indolyl)hydroxyphosphinyl];Z-phenylpropanoic acid;
3-[(4-indolyl)hydroxyphosphinyl]-2—pheny1propanoic acid;
3-[(2-thienyl) hydroxyphosphinyl] -2-phenylpropanoic acid;
3- [(3-thienyl) hydroxyphosphinyl] -2-phenylpropanoic acid; and
3-[(4-thieny1)hydroxyphosphinyl]-2-phenylpropanoic acid.

Compounds are also preferably éelected from the group of

formula II:
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_(IT R:
R‘_P\/k -
| COOH
OH
II
wherein
R, is hydrogen, C,-C, straight or branched chain alkyl,
5 C;-Cy straight or branched chain alkenyl group, C,-C,
cycloalkyl, Cs-C, cycloalkenyl, or Ar,; and
R, is Ar., wherein said aryl group may be optionally
substituted with carboxylic acid.
10 'Particular species wherein'R2 is heterocyclic may be

easily made and used by persons of ordinary skill in the art
in accordance with the teachings provided herein and known in
the art.
Compounds wherein R, is benzyl, R, is heterocyclic, and X
15 is CH, are selected from the group consisting of:
3?(benzylhydrcxyphosphinyl)-2-(2-pyridyl)propanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3-pyridyl) propanoic acid;
3—(benzylhydroxyphosphinyl)-?-(4-pyridyl)propanoic acid;
3—(benzylhydroxyphosphinyl)-2-(tetrahydrofuranyl)propanoic
20 'acid; |
3-(benzylhydroxyphosphinyl)—2—(2—indolyl)propanoic acid;
3-(benzylhydroxyphosphinyl)-2-(3—indolyl)propanoic acid;
3- (benzylhydrcxyphosphinyl) -2- (4-indolyl) propanoic acid;
3- (benzylhydroxyphosphinyl) -2- (2-thienyl) propanoic acid;

25 3 - (benzylhydrexyphosphinyl) -2- (3-thienyl) propanoic acid; and
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3- (benzylhydroxyphosphinyl) -2- (4-thienyl) propanoic acid.

Preferred compounds are also selected from formula III:-

TI’ Re |
RI_II’ \OJ\COOH
OH

III
wherein

R, is hydrogen, C,-C, straight or branchéd chéin alkyl,
C,-C, straight or branched chain alkenyl group, C;-C
cycloalkyl, C.-C, cycloalkenyl, or Ar,; and

R, is C,~C, straight or branched chain alkyl, C,-C,
straight or branched chain alkenyl group, C;-C4
cycloalkyl, C;-C, cycloalkenyl, or Ar,, wherein said
alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl
group may be optionally substituted with carboxylic

acid.

In another preferred embodiment, the R groups are
straight or branched or carbocyclic substituents illustrated

by the compounds selected from the group of formula III:

(IT R:
RI_T \o/J\coon
OH

III

wherein
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R, is hydrogen, C,-C, straight or branched chain alkyl,
C;-Cs straight or branched chain alkenyl group, C,-C,
cycloalkyl, Cs-C, cycloalkenyl, l-naphthyl, 2-
naphthyl, or phenyl; and

R, is C,-GC, straight or branched chain alkyl, Cz'C9.
straight or branched chain alkenyl group, C,-C,
cycloalkyl, Cs-C, cycloalkenyl, l-naphﬁhyl, 2-
naphthyl, or phenyl, wherein said alkyl, alkenyl,
cycloalkyl, éycloalkenyl, l-naphthyl, 2-naphthyl, or.
phenyl group may be optionally substituted with

carboxylic acid.

Especially preferred compounds of Formula III of the
present invention wherein R, is a straight or branched
aliphatic group or a carbocyclic group and R, is ethyl which is
substituted with a carboxylic acid are selected from the group
consisting of:

2- [ [methylhydroxyphosphinyl] oxyl pentanedioic acid;
2-[[ethylhydroxyphosphinyl]oky]pentanedioic-acid;
2-[[propylhydroxyphosphinyl]oxy]pentanedioic acid;

2- [ [butylhydroxyphosphinyl] oxy] pentanedioic acid;

2- [[cyclohexylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(cyclohexyl)meth?lhydroxyphosphinyl]oxy]pentanedioic acid;
2- [ [phenylhydroxyphosphinyl] oxy] pentanedioic acid;

2- [ [benzylhydroxyphosphinyl] oxy] pentanedioic acid;

2- [ [phenylethylhydroxyphosphinyl] oxyl pentanedioic acid;
2-[[phenylpropylhyd:oxyphosphinyl]oxy]pentanedioic acid;

2- [ [phenylbutylhydroxyphosphinyl] oxyl pentanedicic acid;
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2-[[{4-methylbenzyl)hydroxyphosphinyl] oxyl pentanedioic acid;
2-[[(4-fluorobenzyl) hydroxyphosphinyl] oxylpentanediocic acid;
2-[[(2-fluorcbenzyl) hydroxyphosphinyl] oxylpentanedioic acid;
2- [ [ (pentafluorobenzyl)hydroxyphosphinyl] oxy] pentanedioic
acid;

2- [ [ (methoxybenzyl)hydroxyphosphinyl] oxyl pentanediocic acid;
2-[[(4-fluorophenyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2- [ [ ((hydroxy) phenylmethyl) hydroxyphosphinyl] oxyl pentanedioic
acid;

2- [ [ (3-methylbenzyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2- (phosphono) oxyl pentanedioic acid;

2-[[0(3-
trifluoromethylbenzyl)hydroxyphosphinylloxy]pentanedioic acid;
2-[[(2, 3, 4-trimethoxyphenyl)hydroxyphosphinyl]oxy]
pentanedioic acid; _
2—[[(l-naphthyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(2-naphthyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[{(l—naphthyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(2-naphthyl) methylhydroxyphosphinyl] oxy] pentanedioic acid;
2- [ [ (1-naphthyl) ethylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(2-naphthyl)ethylhydroxyphosphinyl] oxy] pentanedioic acid;
2—[[(l—naphthyl)propylh?droxyphosphinyl]oxy]pen;anedioic acid;

2- [[(2-naphthyl) propylhydroxyphosphinyl] oxyl pentanedioic acid;

2- [[(1~naphthyl)butylhydroxyphosphinyl] oxyl pentanediocic acid;
2—[[(2-naphthy1)butylhydrpxyphosphinyl]oxy]pentanedioic acid;
and |

2- [ [ (phenylprop-2-enyl) hydroxyphosphinyl] oxy] pentanedioic

acid.



10

15

20

- 25

WO 97/48409 PCT/US97/10149
-30-

Especially preferred compounds of Formula III of the
presenﬁ invention wherein R, is a straight or branched
aliphatic group or a carbocyclic group and R, is ethyl which is
substituted with a carboxylic acid are selected from the group
cénsisting of:

2- [(benzylhydroxyphosphinyl) oxy] pentanedioic acid;

2- [ (phenylhydroxyphosphinyl) oxyl pentanedioic acid;
2-[[((hydroxy)phenylmethyl)hydroxyphosphinyl]oxy]pentanedioic
acid;

2—[(butylhydroxyphosphiﬁyl)oxy]pentanedioic acid;
2-[[(3-methylbenzyi)hydroxyphosphinyl]oxy]pentanedioic acid;
2- [(3-phenylpropylhydroxyphosphinyl) oxy] pentanedioic acid;
2-[[(4-fluorophenyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2- [ (methylhydroxyphosphinyl) oxy] pentanedioic acid;
2—[(phenylethylhydroxyphosphinyl)oxy]pentanedioic acid;

2- [[(4-methylbenzyl) hydroxyphosphinyl] oxy]pentanedioic acid;
2-[[(4-f1uorobenzyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2- [[(4-methoxybenzyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(2-fluorobenzyl) hydroxyphosphinyl] oxyl pentanedioic acid;

2—[[(pentafluorobenzyl)hydroxyphosphinyl]oxy]pentanedioic.

acid;

2-[(phosphono)cxy]pentanedioic acid; and
2-T0(3-

trifluoromethylbenzyl)hydroxyphosphinyl] oxyl pentanedioic acid.

Compounds of the present invention wherein R, is a
straight or branched aliphatic group or a carbocyclic group, R,

is phenyl, and X is oxygen are selected from the group
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consisting of:
2-[[methylhydroxyphosphinyl]oxy]-ijhenylethanoic acid;

2- [ [ethylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;

2- [ [propylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[butylhydroxyphosphinyl]oxy]-2-pheny1ethanqic acid;

2- [ [cyclohexylhydroxyphosphinyl]oxy] -2-phenylethanoic acid;
2-[[(cyclohexyl)methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;

2- { [phenylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;

2- [ [phenylethylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2- [ [phenylpropylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2- [ [phenylbutylhydroxyphosphinyl]oxy] -2-phenylethanoic acid;
2-[[(2, 3, 4-trimethoxyphenyl)-3-hydroxyphosphinyl]oxyl-2-
phenylethanoic acid;
2-[[(l-naphthyl)hydroxyphosphinyl]oxy]-z—phenylethanoic acid;
2-[[(2-naphthyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[(1-naphthyl)methylhydroxyphosphinyl) ]oxyl -2-phenylethanoic
acid; |
2-[[(2-naphthyl)methylhydroxyphosphinyl] oxyl -2-phenylethanoic
acid; '

2- [[(1-naphthyl) ethylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid; |
2-[{(2-naphthyl)ethylhydroxyphosphinyl] oxy] -2-phenylethancic
acid;

2-[[(1-naphthyl) propylhydroxyphosphinyl]oxy] -2-phenylethanoic
acid;

2-[[(2—naphthyl)propylhydroxyphosphinyl]oxy]-2-phénylethanqic
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acid;

2-[[(1-naphthyl) butylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid; |

2- [[(2-naphthyl) butylhydroxyphosphinyl] oxy] -2 -phenylethancic
acid; and |

2- [ [phenylprop-2-enylhydroxyphosphinyl] oxy] -2-phenylethanoic

acid.

Although not limited to any one particular species, a
highly preferred species where R, is a straight or branched
aliphatic group or a carbocyclic group, R, is ethyl which is
substituted with carboxylic acid, and X is oxygen is

2-[[benzylhydroxyphosphinyl]oxy]pentanedioic acid.

Other especially preferred compoﬁnds of the present
invention are selected from the group consisting of:
phosphonate derivatives wherein X is oxygen, R, is a straight
or branched aliphatic gfoup or a carbocyclic group, and R, is
an C,-C; alkyl or alkenyl chain which is substituted with a
carboxylic acid. Exemplary species include:

2- [ (methylhydroxyphosphinyl) oxy] hexanedioic acid;
2- [(benzylhydroxyphosphinyl) oxyl hexanedioic acid;
2-[(methylhydroxyphosphinyl)oxy]heptanedioic acid;
2- [ (benzylhydroxyphosphinyl)oxy] heptanedioic acid;
2-[(methylhydroxyphosphinyl)oxy]octanedioic acid;
2—[(benzylhydroxyphosphinyl)oxy]éctanedioic acid;
2- [ (methylhydroxyphosphinyl) oxy] nonanedioic acid;

2- [ (benzylhydroxyphosphinyl) oxy] nonanedioic acid;
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2- [ (methylhydroxyphosphinyl) oxy] decanedioic acid; and
2- [ (benzylhydroxyphosphinyl) oxyl decanedioic acid.

Other especially preferred compounds are selected from
the group consisting of:
phosphonate derivatives wherein X is oxygen, R, is benzyl, and
R, is a straight or branched aliphatic group'or a carbocyclic
group. Exemplary species include:
2~ [ [benzylhydroxyphosphinyl] oxy] -2-methylethanoic acid;
2~ [ [benzylhydroxyphosphinyl] oxy] -2-ethylethanoic écid;
2- [ [benzylhydroxyphosphinyl] oxyl -2-propylethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2-butylethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2-cyclohexylethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(cyclohexyl) methylethanoic
acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2-benzylethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2-phenylethylethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxyl] -2-phenylpropylethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy}-2-phenylbutylethanoic acid;
2- [ [benzylhydroxyphosphinylloxy] -2-(2, 3, 4-
trimethoxypheﬁyl)ethanoic.acid;
2- [ [benzylhydroxyphosphinyl]oxy] -2- (1-naphthyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2~ (2-naphthyl) ethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2- (1-naphthyl)methylethanoic
acid; |
2- [ [benzylhydroxyphosphinyl]loxyl -2- (2-naphthyl)methylethanoic

acid;
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2-[[benzylhydroxyphosphinyl]oxy]—2—(l-naphthyl)ethylethanoic
acid; |
2-[[benzylhydroxyphosphinyl]oxy]-2-(2-naphthyl)ethylethanoic
acid;
2—[[benzylhydroxyphosphinyl]oxy]-2—(l-naphthyl)propylethanoic
acid;
2-[[benzylhydroxyphosphinyl]oxy]—2-(2-naphthyl)propylethanoic
acid;
2-t[benzylhydroxyphosphinyl]oxy]-2-(l-naphthyl)butylethanoic
acid;
2—[[benzylhydroxyphosphinyl]oxy]-2—(2-naphthyl)butylethanoic
acid; and
2-[[benzylhydroxyphosphinyl]oxy]-2-phenylprop—2-enylethaﬁoic

acid.

Especially preferred methods utilize compounds wherein R,
is said alkyl, alkenyl, cycloalkyl, or aryl group which is
substituted with a heterocyclic group, R, is ethyl which is
substituted with a carboxylic acid, and X is oxygen are
selected from the group consisting of:

2- [[(2-pyridyl) methylhydroxyphosphinyl] oxyl pentanedioic acid;
2- [[(3-pyridyl)methylhydroxyphosphinyl] oxyl pentanedicic acid;
2-[[(4¥pyridyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;
2- [[(3-pyridyl)ethylhydroxyphosphinyl] oxylpentanedioic acid;
2-[[(3-pyridyl)propylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(tetrahydrofuranyl)methylhydroxyphdsphinyl]oxy]
pentanedioic acid;

2-[[(tetrahydrofuranyl)ethylhydroxyphosphinyl]oxy]
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pentanedioic acid;

2- [[(tetrahydrofuranyl) propylhydroxyphosphinyl] oxy]
pentanedioic acid;
2-[[(2-indolyl)methylhydroxyphosphinyl] oxyl pentanedioic acid;
2-{[(3-indolyl) methylhydroxyphosphinyl] oxyl peritanedioic acid;
2-[{(4-indolyl)methylhydroxyphosphinyl] oxy]pentanedicic acid;
2-[[(3—indoly1)ethylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(3-indolyl) propylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(2—thienyl)méthylhydroxyphosphinyl]oxy]pentanedioic acid;

- 2-[[(3-thienyl)methylhydroxyphosphinyl]oxy] pentanedioic acid;

2-[[(4-thienyl)methylhydroxyphosphinyl] oxy]pentanedioic acid;
2-[[(3-thienyl) ethylhydroxyphosphinyl] oxy]pentanedioic acid;
and

2-[[(3-thienyl)propylhydroxyphosphinyl] oxy] pentanedioic acid.

Especially preferred methods utilize compounds wherein R;
is said alkyl, alkenyl, cycloalkyl, or aryl group which is
substituted with a heterocyclic group, R, is phenyl, and X is
oxygen are selected from the group consisting of:
2-[[(2-pyridyl)methylhydroxyphosphinyl]oxy]-2-phenylethan6ic
acid;
2-[[{3-pyridyl) methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2-[[(4-pyridyl)methylhydroxyphosphinyl]oxy] -2-phenylethanoic
acid;

2- [[(3-pyridyl) ethylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;

2-[[(3-pyridyl)propylhydroxyphosphinyl] oxy] -2-phenylethanocic
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acid;
2—[[(tetrahydrofuranyl)meﬁhylhydroxyphosphinyl]oxy]-é-phenyl
ethanoic acid; | '

2- [[(tetrahydrofuranyl) ethylhydroxyphosphinyl] oxy] -2-phenyl
ethanoic acid; |
2- [ [ (tetrahydrofuranyl) propylhydroxyphosphinyl] oxy] -2-phenyl
ethanoic acid;

2-[[(2-indolyl) methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;

2-[[(3-indolyl)methylhydroxyphosphinyll]loxyl] -2-phenylethanoic
acid;
2;[[(4-indolyl)methylhydroxyphosphinyl]oxy]—2-phenylethanoic
acid;

2-[[(3-indolyl) ethylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;

2-[[(3-indolyl) propylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2-[[(2-thienyl)methylhydroxyphosphinyl] oxy] -2-phenylethanoic

acid;

2-[[(3-thienyl)methylhydroxyphosphinyl] oxy] -2-phenylethanoic

acid;
2—[[(4-thienyl)methylhydroxyphosphinyl]oxy]-2-phenylethénoic
acid; |
2-[[(3-thienyl)ethylhyd:oxyphosphinyl]qu]-2-phenylethanoic
acid; and
2-[[(3-thienyl)propylhydroxyphosphinyl] oxy] -2-phenylethanoic

acid.
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Especially preferred methods utilize compounds wherein R,
is benzyl, R, is said alkyl, alkenyl, cycloalkyl, or aryl group
which'is substituted with a heterocyclic group, and X is
oxygen are selected from the group consisting of:
2-[[benzylhydroxyphosphinyl]oxy]-2—(2-pyridyl)methylethanbic
aéid;

2- [ [benzylhydroxyphosphinyl] oxy] -2~ (3-pyridyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (4-pyridyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl]oxy] -2- (3-pyridyl) ethylethanoic
acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(3-p;ridyl)prdpylethanoic
écid; '
2-[[benzylhydroxyphosphinyl]oxy]-2-(tetrahydrofuranyl)
methylethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (tetrahydrofuranyl)
ethylethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]—2-(tetrahydrofuranyl)
propylethanoic acid;
2-[[beﬂzylhydroxyphosphinyl]éxy]-2-(2—indolyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (3-indolyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (4-indolyl) methylethanoic
acid;
2—[[benzylhydroxyphosphinyl]oxy]-2-(3-indoly1)ethylethanoic

acid;
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2-[[benzylhydroxyphosphinyl]oxy]-2-(3-indolyl)propylethanoic
acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(z;thienyl)methylethanoic
acid; _ |
2-[[benzylhydroxyphosphinyl]oxy]-2—(3-thienyl)methylethanéic
acid; |

2- [ [benzylhydroxyphosphinyl]oxy] -2- (4-thienyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2~ (3-thienyl)ethylethanoic
acid; and

2- [ [benzylhydroxyphosphinyl] oxy] -2- (3-thienyl) propylethanoic

acid.

In another preferred embodiment, R, is a heterocyclic
substituent illustrated by the compounds selected from the

group of formula III:

ITII
wherein

R, is Ar,; and

R, is C,-C, straight or branched chain alkyl, C,-C,
straight or branched chain élkenyl group, C;-C4
cycloalkyl, C4-C, cycloalkenyl, or Aag,'wherein said
alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl

group may be optionally substituted with carboxylic
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Especially preferred compounds wherein R, is a

heterocyclic group, R, is ethyl which is substituted with

carboxylic acid, and X is oxygen are selected from the group

consisting of:

2- [ [ (2-pyridyl) hydroxyphosphinyl] oxylpentanedioic
2-[[(3-pyridyl)hydroxyphosphinyl]oxy]penﬁanedioic
2-[[(4-pyridyl)hydroxyphosphinyl]oxy]peﬁtanedioic

acid;
acid;

acid;

2- [ [(tetrahydrofuranyl) hydroxyphosphinyl] oxylpentanedioic

acid;

2-[[(2-indolyl)hydroxyphosphinyl] oxyl pentanedioic

© 2-[[(3-indolyl) hydroxyphosphinyl] oxyl pentanedioic

2-[[(4-indolyl) hydroxyphosphinyl] oxy] pentanedioic
2-[[(2-thienyl) hydroxyphosphinyl] oxy] pentanedioic
2-[[(3-thienyl) hydroxyphosphinyl] oxy] pentanedioic

2—[[(4-thienyl)hydroxyphosphinyl]oxy]pentanedioic

acid;
acid;
acid;
acid;
acid; and

acid.

Compounds of the present invention wherein R, is a

heterocyclic group, R, is phenyl, and X is oxygen are selected

from the group consisting of:

2- [[(2-pyridyl) hydroxyphosphinyl]loxy] -2-phenylethanoic acid;

2-[[(3-pyridyl) hydroxyphosphinyl] oxyl -2-phenylethanoic acid;

2-[[(4-pyridyl) hydroxyphosphinyl]oxy] -2-phenylethanoic acid;

2-[[(te:rahydrofuranyl)hydroxyphosphinyl]oxy]~2-phenylethanoic

acid;

2-[[(2-indolyl) hydroxyphosphinyl]oxyl] -2-phenylethanoic acid;

2-[[(3-indolyl)hydrdxyphosphinyl]oxy]—2-phenylethanoi¢ acid;



10

15

20

25

WO 97/48409 PCT/US97/10149
-40-

2-[[(4—indoly1)hydroxyphosphinyl]oxY]-2-phenylethanoic acid;
2-[[(2-thienyl) hydroxyphosphinyl] oxy] -2-phenylethanocic acid;
2-[[(3-thienyl)hydroxyphosphinyl] oxy] -2-phenylethancic acid;
and

2-[[(4-thienyl) hydroxyphosphinylloxy] -2-phenylethanoic acid.

Compounds are also preferably selected from the group of

formula III:

] =
Rl_ll, \O/kCOOH
OH

IIT
wherein

R, is hydrogen, C,-C, straight or branched chain alkyl,
C,-C, straight or branched chain alkenyl group, GC;-C;
cycloalkyl, C,-C, cycloalkenyl, or Ar,; and

R, is Ar,, wherein said aryl group may be optionally

substituted with carboxylic acid.

Particular species wherein R, is heterocyclic may be
easily made and used by persons of'ordinary skill in the art
in accordance with the teéchings provided herein and known in
tre art.

Compounds 6f the present invention wherein R, is benzyl,
R, is a heterocyclic group, and X is oxygen are selected from
the group consisting of:

2- [ [benzylhydroxyphosphinyl]l oxyl] -2- (2-pyridyl) ethanoic acid;
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2-[[benzylhydrdxyphosphinyl]oxy]-2-(3—pyridyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2- (4-pyridyl) ethanoic acid;
2- [ [penzylhydroxyphosphinyl] oxy] -2- (tetrahydrofuranyl) ethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (2-indolyl) ethanoic acid;
2- [ {benzylhydroxyphosphinyl]oxyl -2- (3-indolyl) ethanoic acid;
2- [ [benzylhydroxyphosphinyl]l oxy] -2- (4-indolyl) ethancic acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(2-thienyl)ethanoiq acid;
2- [ [benzylhydroxyphosphinyl] oxyl -2- (3-thienyl) ethanoic acid;
and

2- [ [benzylhydroxyphosphinyl] oxyl -2- (4-thienyl)ethanocic acid.

Preferred phosphoramidate compounds are selected from

formula IV:

ﬁ Re
Rl_ll, \N/kCOOH
gy R

Iv
wherein

R, is hydrogen, C,-C, straight or branched chain alkyl,
C,-C, straight or branched chain alkenyl group, C,-C,
cycloalkyl, Cs-C, éycloalkenyl, or Ar,; and

R, is C,-C, straight or branched chain alkyl, C,-C,
straight or branched chain alkenyl group, C,-C,
cycloalkyl, Cs-C, cycloalkenyl, or Ar,, wherein said
alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl

group may be optionally substituted with carboxylic
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acid.

In a preferred embodiment, the R groups are straight
branched aliphatic or carbocyclic substituents illustrated by

the compounds selected from the group of formula IV:

I *
RI_II, \zﬁ/kcoon
om

Iv
wherein

R, is hydrogen, C,-C, straight or branched chain alkyl,
C,-C, straight or branched chain alkenyl group, C;-C;
cycloalkyl, Cs-C, cycloalkenyl, l-naphthyl,'z-
naphthyl, or phenyl; and

R, is E;-cs straight or branched chain alkyl, C,-C,
straight or branched chain alkenyl group, C,-C,
cyclcalkyl, C;%L cycloalkenyl, l-naphthyl, 2-
naphthyl, or phenyl, wherein said alkyl, alkenyl,
cycloalkyl, cYcloalkenyl, l-naphthyl, 2-naphthyl, or
phenyl group may be optionally substituted with

carboxylic acid.

Especially preferred compounds of Formula IV of the
Present invention whefein R, is a straight or branched
aliphatic group or a carbocyclic group, R, is ethyl which is
substituted with a carboxylic acid, and the NR, is amino are

selected from the group consisting of: -
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2-[[methylhydroxyﬁhosphinyl]amino]pentanedioic acid;

2- [ [ethylhydroxyphosphinyl] amino] pentanedioic acid;

2- [ [propylhydroxyphosphinyl]amino] pentanedioic acid;

2- [ [butylhydroxyphosphinyl] aminol pentanedioic acid;

2- [[cyclohexylhydroxyphosphinyl] amino] pentanedioic acid;
2-[[(cyclohexyl)methylhydroxyphosphinyl] amino] pentanedioic
acid; | |

2- [ [phenylhydroxyphosphinyl] amino] pentanediocic acid;

2- [ [benzylhydroxyphosphinyl] amino] pentanediocic acid;
2-[[phenylethylhydroxyphosphinyl]amino]pentanedioic acid;

2- [ [phenylpropylhydroxyphosphinyl] amino] pentanedioic acid;

2- [ [phenylbutylhydroxyphosphinyl]amino] pentanedioic acid;
2-[[(4-methylbenzyl)hydroxyphosphinyl]amino]pentanedioié acid;
2-[[(4-fluorobenzyl) hydroxyphosphinyl]l amino] pentanedioic acid;
2-[[(2-fluorocbenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(pentafluorobenzyl) hydroxyphosphinyl]l amino] pentanedioic
acid;

2-[[(methoxybenzyl)hydroxyphosphinyl]aminolpentanedioic acid;
2- [[(4-fluorophenyl) hydroxyphosphinyl]amino] pentanediocic acid;
2- [ [ ((hydroxy) phenylmethyl) hydroxyphosphinyl] amino]
pentanédioic acid;

2-[[(3-methylbenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2- [ (phosphono) amino]l pentanedioic acid;

2-[[(3-
trifluoromethylbenzyl)hydroxyphosphinyl] amino] pentanedioic
acid; _

2-[[(2, 3, 4-trimeth6xyphenyl)hydroxyphosphinyl]amino]

pentanedioic acid;
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2- [ [ (1-naphthyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(2-naphthyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[ (1-naphthyl) methylhydroxyphosphinyl] amino] pentanedioic
acid;

2- [[(2-naphthyl) methylhydroxyphosphinyl]amino] pentanedioic
acid;

2-[[(1-naphthyl) ethylhydroxyphosphinyl] aminol pentanedioic
acid;
2-[[(2-naphthyl)ethylhydroxyphésphinyl]amino]pentanedioic
acid;

2- [ [ (1-naphthyl) propylhydroxyphosphinyl] amino] pentanedioic
acid;

2- [ [ (2-naphthyl) propylhydroxyphosphinyl]l amino] pentanedioic
acid;

2- [ [(1-naphthyl)butylhydroxyphosphinyl] amino] pentanedioic
acid;
2-[[(2—naphthyl)butylhydroxyphdsphinyl]amino]pentanedioic
acid; and

2- [ [ (phenylprop-2-enyl) hydroxyphosphinyl]amino] pentanedioic

acid.

Especially preferred compounds of Formula IV of the
present invention wherein R, is a straight or branched
aliphatic group or a carbocyclic group, R, is ethyl which is
substituted with a carboxylic‘acid,'and the NR, is amino are
selected from the group consisting of:
2—[(benzyihydroxyphosphinyl)amino]pentanedioic acid;

2- [ (phenylhydroxyphosphinyl) amino]l pentanedioic acid;
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2- [ [ ( (hydroxy) phenylmethyl) hydroxyphosphinyl] amino]
pentanedioic acid; |

2- [ (butylhydroxyphosphinyl) amino] pentanedioic acid;

2- [[(3-methylbenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2- [(3-phenylpropylhydroxyphosphinyl) amino] pentanedioic acid;
2-[[(4-fluorophenyl) hydroxyphosphinyl] amino] pentanediocic acid;
2—[(methylhydroxyphosphinyl)amino]pehtanedioic acid;

2- [ (phenylethylhydroxyphosphinyl)amino] pentanedioic acid;
2-[[(4-methylbenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(4-fluorobenzyl) hydroxyphosphinyl]lamino] pentanedioic acid;
2-([(4-methoxybenzyl)hydroxyphosphinyl]amino]pentanedioic
acid;

2- [[(2-fluorobenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(pentafluorobeniyl)hydroxyphosphinyl]amino]éentanedioic
acid; |

2- [ (phosphono) amino] pentanedicic acid; and

2-[[(3-
trifluoromethylbenzyl)hydroxyphosphinyl]amino] pentanedioic

acid.

Compounds of the present invention wherein R, is a
straight or branched aliphatic gfoup or a carbocyclic group, R,
is phenyl, and X is amino are selected from the group
consisting of:

2- [ [methylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2- [[ethylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[propylhyd:oxyphosphinyl]amino]-2-phenylethanoic acid;

2- [[butylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
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2-[[cyclohexylhydroxyphosphinyl]amino]-2-phenylethanoic acid;
2-[[(cyclohexyl)methylhydroxyphosphinyl] amino] -2-phenyl
ethanoic acid;

2- [ [phenylhydroxyphosphinyl] amino] -2-phenylethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-phenylethancic acid;

2- [[phenylethylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[phenylpropylhydroxyphoSphinyl]amind]-2—phenylethanoic
acid;

2- [ [phenylbutyinydroxyphosphinyl] amino] -2-phenylethanocic acid;
2-[[(2, 3, 4-trimethoxyphenyl) -3-hydroxyphosphinyl] amino] -2-
phenylethanoic acid;

2-[[({1-naphthyl) hydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2-[[(2-naphthy1)hydroxyphosphinyl]amino]-2-?henylethanoic
acid;

2- [ [ (1-naphthyl)methylhydroxyphosphinyl)]amino] -2-phenyl
ethanoic acid;

2- [[(2-naphthyl)methylhydroxyphosphinyl] amino] -2 -phenyl
ethanoic acid;
2—[[(l-naphthyl)eﬁhylhydroxyphosphinyl]amino]-2—pheny1ethanoic
acid; |
2-[[(2-naphthyl)eth?lhydroxyphosphinyl]amino]-2-pheny1ethanoic
acid;

2- [[(1-naphthy?) propylhydroxyphosphinyl] amino] -2 -phenyl
ethanoic acid;
2—[[(2-naphthyl}propylhydroxyphosphinyl]amino]-z-phenyl
ethanoic acid;

2- [[(1-naphthyl}butylhydroxyphosphinyllamino] -2-phenylethanoic
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acid;
2-[[(2-naphthyl)butylhydroxyphosphinyl]amino]-2-phenylethanoic
acid; and
2-[{phenylprop-2-enylhydroxyphosphinyl]amino]-2-phenylethanoic

acid.

Although not limited to any one particular species, a
highly preferred phosphoramidate species where R, is aliphatic
or carbocyclic, R, is ethyl which is substituted with
carboxylic acid, and X is amino is

2- [ [benzylhydroxyphosphinyl] amino] pentanedioic acid.

Other especially preferred compounds are selected from
the group consisting of:
phosphoramidate derivatives wherein X is amino, R, is a
straight or branched aliphatic group or a carbocyclic group,
and R, is an C,-C; alkyl or alkenyl chain which is substituted
with a carboxylic acid. Exemplafy species include:
2- [(methylhydroxyphosphinyl) amino] hexanedioic acid;
2- [ (benzylhydroxyphosphinyl) amino] hexanedioic acid;
2-[(meﬁhylhydrdxyphosphinyl)amino]heptanedioic acid;
2-[(benzylhydroxyphosphinyl)amino]heptanedioic acid;
2-[(methylhydroxyphosphinyl)amino]octanedioic acid;
2-[(benzylhydroxyphosphinyl)amino]octanedioic acid;
2-[(methylhydroxyphosphinyl)amino]nonanedioic acid;
2- [ (benzylhydroxyphosphinyl) amino] nonanedioic acid;
2—[(methylhydroxyphosphinyl)amino]decanedioic acid; and

2- [ (benzylhydroxyphosphinyl) amino] decanedioic acid.
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Other especially preferred compounds are selected from
the group consisting of:
phosphoramidate derivatives wherein X is amino, R, is benzyl,
and R, is a straight or branched aliphatic group or a
carbocyclic group. Exemplary species include:
2- [ [benzylhydroxyphosphinyl] amino] -2-methylethanocic acid;
2~ [ [benzylhydroxyphosphinyl] amino] -2-ethylethanoic acid;
2- [ [benzylhydroxyphosphinyl]amino] -2-propylethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2-butylethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2-cyclohexylethanoic acid;
2~ [ [benzylhydroxyphosphinyl] amino] -2- (cyclohexyl) methyl -
ethanoic acid; | |
2-[[benzylhydroxyphosphinyl]amino]f2—phenylethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2-benzylethanocic acid; _
2-[[benzylhydroxyphosphinyi]amino]-2-phenylethylethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2-phenylpropylethanoic
acid;
2- [ [benzylhydroxyphosphinyllamino] -2-phenylbutylethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino]l -2-(2, 3, 4-
trimethoxyphenyl) ethancic acid;
2- [ (benzylhydroxyphosphinyl] amino} -2- {(1-naphthyl) ethanoic
acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (2-naphthyl) ethanoic
acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (1-naphthyl)methyl
ethanoic acid; _
2- [ [benzylhydroxyphosphinyl]amino] -2- (2-naphthyl) methyl

ethanoic acid;
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2-[[beﬁzylhydroxyphosphinyl]amino]-2-(1-naphthyl)ethylethénoic
acid;

2- [[benzylhydroxyphosphinyl]lamino] -2~ (2-naphthyl) ethylethanoic
acid;

2-[[benzylhydrdxyphosphinyl]amino]-2-(1-naphthyl)propy1
ethanoic acid;

2- [ [penzylhydroxyphosphinyl] amino] -2- (2-naphthyl) propyl
ethanoic acid;

2- [[benzylhydroxyphosphinyl] amino] -2- (1-naphthyl) butylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (2-naphthyl)butylethanoic
acid; and

2- [ [benzylhydroxyphosphinyl] amino] -2-phenylprop-2-enylethanoic

acid.

Especially preferred méthods utilize compounds wherein R,
is said alkyl, alkenyl, cycloalkyl, or aryl group which is
substituted with a heterocyclic group, R, is ethyl which is
substituted with carboxylic acid, and X is amino are selected
from the group consisting of:
2-[[(2-pyridyl) methylhydroxyphosphinyl] amino] pentanedioic
acid;
2-[[(3-pyridyl) methylhydroxyphosphinyl] amino] pentanedioic
acid; | .
2-[[(4-pyridyl) methylhydroxyphosphinyl]amino] pentanedioic
acid;
2-[[(3-pyridyl)ethylhydroxyphosphinyl]aminb]pentanedioic acid;

2-[[(3-pyridyl) propylhydroxyphosphinyl] amino] pentanedioic
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acid; _ |
2-[[(tetrahydrofuranyl)methylhydroxyphosphinyl]amino]
pentanedioic acid;
2-[[(tetrahydrofuranyl)ethylhydroxyphosphinyl]amino]
penténedioic acid;
2-[[(tetrahydrofuranyl)propylhydroxyphosphinyl]amino]
pentanedioic acid;

2-[[(2-indolyl) methylhydroxyphosphinyl] amino] pentanedioic
acid;

2- [[(3-indolyl) methylhydroxyphosphinyl] amino] pentanedioi
acid;

2- [[(4-indolyl)methylhydroxyphosphinyl] amino] pentanedioic
acid;
2-[[(3-indolyl)ethylhydroxyphosphinyl] amino] pentanedioic acid;
2-[[(3-indolyl) propylhydroxyphosphinyl]amino] pentanedioic
acid;
2-[[(2—thienyl)methylhydroxyphosphinyl]amino]pentangdioic
acid; ' -
2-[[(3-thienyl)methylhydroxyphosphinyl] aminol pentanedioic

acid;

' 2-[[(4:thieny1)methylhydroxyphosphinyl]amino]pentanedioic

acid; .
2-{[(3-thienyl)ethylhydroxyphosphinyl] amino] pentanedioic acid;
and |
2—[[(3~ﬁhienyl)propylhydroxyphosphinyl]amino]pentanedioic

acid.

Especially preferred methods utilize compounds wherein R,
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is said alkyl, alkenyl, cycloalkyl, or aryl group which is
substituted with a heterocyclic group, R, is phenyl, and X is
amino are selected from the group consisting of:
2-[[(2-pyridyl)methylhydroxyphosphinyl]amino] -2-phenylethanocic
acid; |
2-[[(3-pyridyl)methylhydroxyphosphinyl]amino] -2-phenylethanoic
acid;
2-[[(4-pyridyl)methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;

2-[[(3-pyridyl) ethylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;

2-[[(3-pyridyl) propylhydroxyphosphinyl]amino] -2-phenylethanoic
acid;
2-[[(tetrahydrofuranyl)methylhyd:oxyphosphinyl]amiﬁo]-z-phenyl
ethanoic acid;

2- [[(tetrahydrofuranyl) ethylhydroxyphosphinyl] amino] -2-phenyl
ethanoic acid;

2- [ [ (tetrahydrofuranyl) propylhydroxyphosphinyl] amino] -2 -phenyl
ethanoic acid;
2-[[(2-indoly1)methylhydfoxyphosphinyl]amino]-2—phenylethanoic
acid;
2-[[(3-indolyl)methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;

2-[[(4-indolyl) methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid; |
2-[[(3-indolyl)ethylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;

2-[[(3-indolyl) propylhydroxyphosphinyl]amino] -2-phenylethanoic
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aéid;
2-[[(2-thienyl)methylhydroxyphosphinyl]amino]-2-phenylethanoic.
acid;. _
2-[[(3-thienyl)méthylhydroxyphosphinyl]amino]-2-phenylethanoic
acid;
2-[[(4-thienyl)methylhydroxyphosphiﬁyl]amino]-2-phenylethanoic
acid;

2-[[(3-thienyl) ethylhydroxyphosphinyl]amino] -2-phenylethanoic
acid; and
2-[[(3-thienyl)propylh?droxyphosphinyl]amino]-2-phenylethanoic

acid.

Especially preferred methods utilize compounds wherein R,
is benzyl, R, is said alkyl, alkenyl, cycloélkyl, or aryl group
which is substituted with a heterocyclic group, and X is amino
are selected from the gfoup consisting of: |
2-[[benzylhydroxyphosphinyl]amino]-2-(2-byridyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (3-pyridyl) methylethanoic
acid;
2-[[benzylhydroxyphosphinyl]amino]-2-(4-pyridyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (3-pyridyl) ethylethanoic
acid; |

2- [ [benzylhydroxyphosphinyl] amino] -2- (3-pyridyl)propylethanoic
acid; ' |

2- [ [benzylhydroxyphosphinyl] amino] -2- (tetrahydrofuranyl)

methylethanoic acid;
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2-[[benzylhydroxyphosphinyl]amino]-2—(tetrahydrofuranyl)ethyl
ethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]—2-(tetrahydrqfuranyl)
propylethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2-(2-indoly1)methylethanoic
acid;
2-[[benzylhydroxyphosphinyl]amino]-2-(3-indolyl)methylethanoic
acid;
2-[[benzylhydroxyphoséhinyl]amino]-2-(4-indolyl)methylethanoic
acid;
2-[[benzylhydroxyphosphinyl]amino]-2-(3-indolyl)ethy1ethanbic
acid; |
2—[[benzylhydroxyphosphinyl]amino]-2-(3-indolyl)propylethanoic
acid;
2-[[benzylhydroxyphosphinyl]amino]-2—(2-thienyl)methylethanoic
acid;
2-[[benzylhydroxyphosphinyl]amino]-2—(3-thienyl)methylethanoic
acid; | |
2-[[benzylhydroxyphosphinyl]amino]-2-(4-thienyl)methylethanoic
acid;
2-[[beﬁzylhydroxyphosphinyl]amino]-2-(3;thieny1)ethylethanoic
acid; and
2-[[benzylhydroxyphOsphinyl]amind]-2-(3-thienyl)propylethanoic'

acid.

In another preferred embodiment, R, is a heterocyclic
substituent illustrated by the compounds selected from the

group of formula IV:
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‘IT Re
RI_T \§1J\COOH
OH

Iv
wherein

R, is Arl; and

R, is C,-C, straight or branched chain alkyl, C,-C,
straight or branched chaiﬁ alkenyl group, C,-C,
cycloalkyl, C;-C, cycloalkenyl, or Ar,, wherein said
alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl
group may be optionally substituted with carboxylic

acid.

Especially preferred compounds wherein R, is a |
heterocyclic group, R, is ethyl which is substituted with
cérboxylic acid, and X is amino are selected from the group
consisting of:
2-[[(2-pyridyl) hydroxyphosphinyl] amino] pentanedioic acid;
2- [[(3-pyridyl)hydroxyphosphinyl] amino] pentanedicic acid;
2-[[(4-pyridyl) hydroxyphosphinyl] amino]l pentanedioic acid;
2-[[(tetrahydrofuranyl) hydroxyphosphinyl] amino] pentanedioic
acid;
2-[[(2-indolyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(3-indolyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(4-indolyl)hydroxyphosphinyl]amino]pentanedioié acid;
2-[[(2-thienyl)hydroxyphbsphinyl]amino]pentanedioic acid;

2-[[(3-thienyl)hydroxyphosphinyl]amino]pentanedioic acid; and
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2-[[(4-thienyl) hydroxyphosphinyl] amino] pentanediocic acid.

Compounds of the present invention wherein R, is a

heterocyclic group, R, is phenyl, and X is amino are selected

from the group consisting of:

2- [ [ (2-pyridyl) hydroxyphosphinyl] amino] -2-phenylethanoic

2- [ [(3-pyricyl) hydroxyphosphinyl]amino] -2-phenylethanoic

2-[[(4-pyridyl)hydroxyphdsphinyl]amino]-2-phenylethanoic
2-[[(tetrahydrofuranyl)hydroxyphosphinyl]amino]-2-phenyl
ethanoic acid;

2-[[(2-indolyl) hydroxyphosphinyl] amino] -2-phenylethanoic
2-[[(3-indolyl)hydroxyphosphinyl]amino]-2—phenylethanoic
2-[[(4-indolyl)hydroxyphosphinyl]amino]—2—phénylethanoic

.2-[[(2-thienyl) hydroxyphosphinyl]amino] -2-phenylethanoic

2-[[(3-thienyl) hydroxyphosphinyl]amino] -2-phenylethanoic
and

2-[[(4-thienyl) hydroxyphosphinyl]amino] -2-phenylethanoic

acid;
acid;

acid;

acid;
acid;
acid;
acid;

acid;

acid.

Compounds are also preferably selected from the group of

formula IV:

Ri (Ij /R[ |
l\N COOH
R1
OH
Iv
wherein

R, is hydrogen, C,-C, straight or branched chain alkyl,
C,-C, straight or branched chain alkenyl group, C,;-C
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cycloalkyl, Cs-C, cycloalkenyl, or Arl; and
R, is Ar,, wherein said afyl group may be dptionally

substituted with carboxylic acid.

Particular species wherein R, is heterocyclic may be
easily made and used by persons of ordinary skill iﬁ the art
in accordance with the teachings provided herein and known in
the art.

Compounds of the present invention wherein R, is benzyl,

R, is heterocyclic, and X is amino are selected from the group
consisting of:
2;[[benzylhydroxyphosphinyl]amino]-2-(2-pyridyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2~ (3-pyridyl)ethanoic acid;
2-[[benzylhydroxyphosphinyi]amino]—24(4-pyridyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (tetrahydrofuranyl)
ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (2-indolyl) ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (3-indolyl) ethanoic acid;
2-[[benzylhydro%yphosphinyl]amino]e2-(4-indolyl)ethanoic acid;
2-[[bénzylhydroxyphoséhinyl]amino]-2-(2—thienyl)ethanoic acid;
2—[[beﬁzylhydroxyphosphinyl]amino]-2-(3-thieny1)ethanoic acid;
and |

2- [ [benzylhydroxyphosphinyl]l amino] -2- (4-thienyl)ethanoic acid.

Svnthesis of Compounds

The compounds of the present invention can be readily
prepared by standard techniques of organic chemistry,

utiiizing the general synthetic pathways depicted below (see
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Schemes I-IX). Precursor compounds may be prepared by methods
known in the art, such as those described in the method of

Jackson et al. (J. Med. Chem. 39(2), 619-622, Design,

Synthesis, and Biological Activity of a Potent Inhibitor of

the Neuropeptidase N-Acetyvlated a-Linked Acidic Dipeptidase)

and, for example, in Froestl et al. (J. Med. Chem., 1995, 38,

3313-3331, Phosphinic Acid Analogques of GABA).

SCHEME I
., ¢ o
0] (o)
R: \[ ‘11 N———->aH’ THF R— ﬂ R
o | X o/
[ ™ I
0]
HCl, Reflux H———ﬂ-——R!
0

Production of compounds containing the R group
substitutions can be easily made utilizing known methods.
Further methods of synthesizing phosphinic acid esters are
also described in J. Med. Chem., 1988, 31, 204-212, and may be

found in Scheme II, below.



WO 97/48409 . PCT/US97/10149
- 5 8-
SCHEME II
Method A o
NaH2PO4 ”
R—CH=Cl —— (CHz): —P —H
H2804 I
EtOH OH
I
R—pP —H
OH
5 A- R’= (CH2)3Ph H. ln-c-,Hls
B. (CH,) ,Ph I. n-CH,
C- (CHz)sPh J- n"C9H19
D. (CH,) , (P-F-Ph) K. n-C,H,
E . (CHz) 4" (3'pyridyl) L- CH2 (CH) (CH3) C4H9
10 F. n-C.H,, M. CH,(CH,)CH(CH,),
G. n-C.H,,
hﬁﬁhodll. 0
CI-P(OEty 1. BO* I
R'—MgX ——— R-P(OEte > R’ P H
2. aq.NaOH I
OH
15
* N . R f= n-C4H9
O.  CH(CH,)CH,,
20

Starting with the

aforementioned phosphinic acid esters,

there are a variety of routes that can be used to prepare the

compounds of the present invention.

For example, a general

route was recently described in J. Med. Chem., 1996, 39, 619-



WO 97/48409 : PCT/US97/10149
-59-

622, and is set forth below in Scheme IIT.

OOBn
0
I

R—P—H —

| /i[:j\\COOBn | OOBn
OH OH
7

O
1. TMSC], EftN R 1

COOBn
COOH
o)
H2 Pd/C ”
- Rf—T OOH
OH
SCHEME I

5
Another route for preparing the compounds of the present
invention is as set forth below in scheme IV and Scheme V.
Scheme IV and Scheme V also show a phosphinic acid derivative
as a starting material to prepare the compounds of the present
10 inventiﬁn and the R group is contemplated as including any

reasonable chemical substitution and includes without
limitation che R groups listed in Scheme II and within the

specification.
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W 1. TMSCL, EsN ﬁ (\COZBn Hz, Pd/C
R—P—H > R—P <
5 OB T CO2Bn H20
OR: )/i\ n OR:
{ COzBn 3
2
o
§ | COH
R—P
| CO:H
OH
4
SCHEME IV
0 i) HMDS 9
ii) HCl |
H—P—H +RBr — » R—P—F
iii) BnOH, EDC i
O-NHa+ OBn
I 2
COOBn
NaH
3 THF
COOBn Y
COOH COOBa
(ﬁ o)
o megc . |
R—FP Eog  R—P
| COOH { COOBn
OH OH

SCHEME V
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Another route of preparing the compounds of the present
invention allows for aromatic substitution at R1 and is set

forth below in Scheme VI.

5
H——lll’.——-H 1. TMSCL BsN (l.l) (\C%n
l - 2 H—p_L_ DCC, BrOH
OH (\ COBn | COzBn THF
5 4¢¢\\\CCth OH 6
2
fe) :
ll CO2Bn fﬁﬂLﬂIHF fﬂi>>——-! COzBn
‘H-_—T COzBn anmkkhym;' — lﬁs CO2Bn
)41
OBn i N\ / .
—_— H I CO:H
H0 _ T COzH
OH
9
SCHEME VI
10

Another route of preparing the compounds of the present
invention allows for aromatic substitution at the R2 position

and is set forth below in Scheme VII.
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0 0
| T‘ NaOEt |
R-Br
tO OEt

EtO Et
R
KOH (aq)
EtOH
0
™ _HCHO
HO
« | ~Eeng HO H
(R-Bn) R
| BaBr
leCOs
O .
(Bn)(BoO)P(O)H ﬁ
BuNHSO: o
Bo Z KCo—— Bo
g | ,
BnO 0
| B, Pg/C
ino

O
|
Bn—ll)

SCHEME VII
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Preparation of the compounds of the present invention

wherein X is NR1 is set forth below in Scheme VIII.

‘E R—P—H
R—P—H

. H Pivaloyl Chloride
| . 0
|_ EN/CH3CN
OH ‘ Q/

0 CO2Bn
0
R—|1l> —H COEn “
| | E6N/CCl SR AN
6 . l gﬁ CO:zBn

HoN CO2Bn

COH
o
H, Pd/C, BO “
> R—P
| \N COH
HO H

SCHEME VIII



WO 97/48409
-64-

PCT/US97/10149

Preparation of the compounds of the present invention

wherein X is oxygen is set forth below in Scheme IX.

1. DCC,
0 CO0O2Bn DMAP,
| B
R_’li’ —H 2. NalOs
HO HO 002Bn
COz2H
o)
He, Pd/C, BO }
> R—P
| \0 CO:zH
HO
5 SCHEME IX

Rr——T\\

COO2Bn
O

0 O02Bn
HO

Pharmaceutical Compositions of the Prasent Invention

The present invention also relates to a pharmaceutical

10 composition comprising:

(1) a therapeutically effective amount of a compound of

formulas I, II, III or IV; and

(ii) a pharmaceutically acceptable carrier.

In another preferred embodiment, the pharmaceutical

15 = composition further comprises a therapeutic agent selected

frcm the group consisting of therapeutic hormones,

chemotherapeutic agents, monoclonal antibodies, anti-

anglogenesis agents, radiolabelled compounds, antineoplastic
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agents and mixturés thereof. Examples of therapeutic hormones
include diethylstilbestrol (DES), leuprolide, flutamide,
cyproterone acetate, ketoconazole and amino glutethimide are
preferred. Examples of antineoplastic agents include 5-
fluorouracil, vinblastine sulfate, estramustine phosphate;
suramin and strontium-89%. Examples of chemotherapeutic ageﬁts
include.buserelin, chlorotranisene, chromic phosphate,
cisplatin, cyclophosphamide, dexamethasone, doxorubicin,
estradiol, estradiol valerate, estrogens conjugated and
esterified, estrone, ethinyl estradiol, floxuridine,
goserelin, hydroxyurea, melphalan, methotrexate, mitomycin and
prednisone.

In a further preferfed embodiment, the compound of
formula I, II, III or IV is present in an amount that is
effective for inhibiting NAALADase activity in aﬁ animal or

treating a prostate disease in an animal.

Process for Prenarinc.Pharmaceutical Compositions
In yet.another preferred embodiment, a process for
preparing a pharmaceutical composition or medicament
containing a compound of the present invention for treating a

disease 1is also contemplated.

Methods of Use of the Present Invention

The present invention further relates to a method of

inhibiting NAALADase enzyme activity in an animal, comprising
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administering an effective amount of a compound of formula I,

II, III or IV td said animal.

iiz Method of treating a prostate disease

The present invention also relates to a method of
treating a prostate disease in an animal, comprising
administering an effective amount of a compound of Zformula I,
II, III of IV to said animal.

In a preferred embcdiment, said prostate diseasé is
prostate cancer such as ﬁrostatic adenocarcinoma, benign
prostatic hyperplasia, or conditions involving the prostate
requiring administration of the compounds of the present

invention, such prostatic intraepithelizl neoplasia (PIN).

iii) Method of treating cancer

In addition to prostate cancer, other forms of cancer
that may be treated with the compounds cf the present |
invention include without limitation: ACTH-producing tumors,
acute lymphocytic leukemia, acute nonlymphocytic leukemia,

cancer of the adrenal cortex, bladder cancer, brain cancer,

 breast ‘cancer, cervix cancer, chronic lymphocytic leukemia,

chronic myelocytic leukemia, colorectal céncer, 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 peritoneail effusion, malignant pleural effusion,

melanoma, mesothelioma, multiple myeloma, neuroblastoma, non-
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Hodgkin’s lymphoma, osteosarcoma, ovary cancer, ovary (germ
cell)'cancer, pancreatic cancer, penis cancer, retinoblastoma,
skin cancer, soft-tissue sarcoma; squamous cell carcinomas,
stomach cancer, testicular cancer, thyroid cancer,
trophoblastic neoplasms, cancer of the uterus, vaginal caﬁcer,
cancexr of the vulva and Wilm’s tumor.

The compounds of the present invention are particularly
useful in treating cancer of tissues where NAALADase enzymes
reside. Such tissues include the prostate as well as the
brain, kidney and testis. |

For patients who initially present without advanced or
metastatic cancer, NAALADase inhibitor based drugs are used as
an immediate initial therapy prior to surgery and radiation
therapy, and as a continuous post-treatment therapy in
patients at risk for recurrence or metastasis (based upon high
PSA, high Gleason’'s score, locally extensive disease, and/or
pathological evidence of tumor invasion in the surgical
specimen). The goal in these patients is to inhibit the
growth of potentially metastatic cells from the primary tumor
during surgery or radiotherapy and inhibit the growth of tumor
cells from undetectable residual primary tumor.

For patients who initially present with advanced or
metastatic cancer, NAALADase inhibitor based drugs are used as
a continuous supplement to, or possible as a replacement for
hormonal ablation. The goal in these patients is to slow
tumor cell growth from both the untreated primary tumor and
from the existiﬁg metastatic lesions.

In additien, the invention may be particularly
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efficacious during post-surgical recovery, where the present
compositions and methods may be particularly effective in
lessening the chances of recurrence of a tumor engendered by

shed cells that cannot be removed by surgical intervention.

iv) Diagnostic kits

The present invention also includes a diagnostic kit for
performing the methods of the present invention and may
contain compounds and/or compositions containing the compounds
of the present invention. Radiolabelléd compounds and
monoclonal antibodies may be used in a manner so as to provide
diagnostic information. Examples of diagnostic information
and uses include determining the type of disease, the progress
of the particular disease, the location of cells targeted by a
NAALADase inhibitor, radiolabelled compound or monoclonal
antibody, and similar diagnostic uses known to persons skilled

in the art.

Route of Administration

In the methods of the present invention, the compounds
may be ‘administered orally, parenterally, by inhalation spray,
topically, rectally, nasally, buccally, vaginally or via an
implanted reservoir in dosage formulations containing
conventional non-toxic pharmaceutically-acceptable carriers,
adjuvants and vehicles. The term parenteral as uséd herein
includes subcutaneous, intravenous, intramuscular,
intraperitoneal, intrathecal, intraventricular, intrasternal

or intracranial injection and infusion techniques. Invasive
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techniques are preferred, particularly direct administration
to damaged neuronal tissue.

To be effective therapeutically as central nervous system
targets, the compounds of the present invention should readily
penetrate the blood-brain barrier when peripherally
administered. Compounds which cannot penetrate the blood-
brain barrier can.be effectively administered by an
intraventricular route.

The compounds may also be administered in the form of
sterile injectable preparations, for example, as sterile
injectable aqueous or oleaginous suspensions. These
suspensions can be formulated according to techniques known in
the art using suitable dispersing or wetting agents and
suspending agents. The sterile injectable preparations may
also be sterile injectable solutions or suspensions in non-
toxic parenterally-acceptable diluents or solvents, for
example, as solutions in 1,3-butanediocl. Among the acceptable
vehicles and solvents that may be employed are water, Ringer’s
solution and isotonic sodium chloride solution. In addition,
sterile fixéd oils are conventionally employed as solvents oxr
suspending mediums. For this purpose, any bland fixed oil
such as a synthetic mono- or di-glyceride may be employed.
Fatty acids such as oleic acid and its glyceride derivatives,
including olive oil and castor oil, especially in their
polyoxyethylated forms, are useful in the preparation of
injectables. These o0il solutions or suspensions may also
contain long-chain alcohol diluents or dispersants.

Additionally, the compounds may be administered orally in



10

20

25

WO 97/48409 PCT/US97/10149
-70-

the form of capsules, tablets, agueous suspensions or
solutions. Tablets may contain carriers such as lactose and
corn starch, and/or lubricating agents such as magnesium
stearate. Capsules may contain diluents including lactose and
dried corn starch. Aqueoﬁs suspensions may contain |
emulsifying and suspending agents combined with the active
ingredient. The oral dosage forms may further contain
sweetening and/or flavoring and/or coloring agents.

-The compounds may further be administered rectally in the
form of suppositories. These compositions can be prepared by
mixing the drug with suitable non-irritating excipients which
are solid at room temperature, but liquid at rectal
température such that they will melt in the rectum to release
the drug. Such excipients include cococa butter, beeswax and
polyethylene glycols.

Moreover, the compounds may be administered topically,
especially when the conditions addressed for treatment involve
areas or organs readily accessible by topical.application,
including neurological disorders of the eye, the skin or the
lower intestinal tract.

For topical application to the eye, or ophthalmic use,
the compounds can be formulated as micronized suspensions in
isotonic, pH'adjusﬁed sterile saline or, preferably, as a
solution in isotonic, pH adjusted sterile saline, either with
or without a préservative such as benzylalkonium chloride.
Alternatively, the compounds may be formulated into ointments,
such as petrolatum.

For topical application to the skin, the compounds can be
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formulated into suitable ointments éontaining the compounds
suspended or dissolved in, for example, mixtufes with one or
more of the following; mineral oil, liquid petrolatum, white
petrolatum, propylene glycol, polyoxyethylene polyoxypropylene
compound, emulsifying wax and water. Alternatively, the -
compounds can be formulated into suitable lotions or'creams
containing the active compouﬁd suspended or dissolved in, for
example, a mixture of one or more of the following: mineral
oil, sorbitan monostearate, polysorbate 60, cetyl ester wax,
cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water.

Topical application to the lower intestinal tract can be
effected in rectal suppository formulations (see above) or in
suitable enema formulations.

The compounds of the present invention may be
administered by a single dose, multiple discrete doses or
continuous infusion. Since the compounds are small, easily
diffusible and relatively stable, they are well suited to
continuous infusion. Pump means, particularly subcutaneous
pump means, are preferred for continuous infusion.

Compositions and methods of the invention also may
utilize controlled release technology. Thus, for example,
NAALADase inhibitors may be incorporated into a polymer matrix
for controlled rslease over a period of days. Such controlled
release films are well known to the art. Examples of polymers
commonly employed for this purpose that may be used in the
present.inventicn include nondegfadable ethylene—vinyl acetate
copolymer and degradable lactic acid-glycolic acid copolymers.

Certain hydrogelis such as poly(hydroxyethylmethacrylate) or
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poly(vinylalcohol) also may be useful.

Dosage

Dose levels on the order of about 0.1 mg to about 10,000
mg cf the active ingredient compound are useful in the |
treatment of the above conditions, with preferred levels being
about 0.1 mg to about 1,000 mg. The specific dose level for
any particular patient will vary depending upon a variety of
factors, ihcluding the activity of the specific compound
emp_oyed; the age, body weight, general health, sex and diet
of the patient; the time of administration; the rate of |
excrétion; drug combinatioh; the severity of the particular
disease being treated; and the form of administration.
Typically, in vitro dosage-effect results provide useful-
guidance on the proper doses for patient administration.
Studies in animal models are also helpful, particularly in
detarmining effective doses for treating cancer. The
considerations for determining the proper dose levels are well
known in the arct.

In a preferred embodiment, the compounds of the present
invention are administered inllyophilized form. 1In this case,
1 to 100 mg of a compound of the present invention may be
lycrhilized in individual vials; together with a carrier and a
bufifer, such as mannitol and sodium phosphate. The compound
may be reconstituted in the wvials with bacteriostatic water
before administration.

As previously mentioned, the compounds of the present

invention may be administered in combination with one or more
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therapeutic agents, including chemotherapeutic agents. TABLE
I provides known median dosages for selected chemotherapeutic
agents. Specific dose levels for these agents will depend
upon considerations such as those identified above for the

compounds of the present invention.



WO 97/48409 PCT/US97/10149

-74 -
TABLE I
CHEMOTHERAPEUTIC AGENT | MEDIAN DOSAGE
Asvaraginase 10,000 units
Bleomycih Sulfate 15 units
5 Carboplatin ' 50-450 mg
Carmustine 100 mg
Cisplatin 10-50 mg
Cladribine 10 mg
Cyclophosphamide 100 mg-2 gm

10 (lyophilized) :
Cyclophosphamide (non- 100 mg-2 gm
lyophilized)

Cycarabine (lycphilized 100 mg-2 gm
powder) :

15 Dacarbazine | 100 mg-200 mg
Dactinomycin 0.5 mg
Daunorubicin | 20 mg
Diethylstilbestrol 250 mg
Doxorubicin 10-150 mg

20 Etidronate 300 mg
Etoposide 100 mg
Floxuridine 500 mg
Fludarabine Phosphate 50 mg
Fluorouracil 500 mg-5 gm

5 Goséreiin 3.6 mg
Granisetron Hydrochloride 1 mg
Idarubicin _ 5-10 mg
Ifosfamide 1-3 gm
Leucovorin Calcium 50-350 mg
Leuprolide ' 3.75-7.5 mg
Mechlorethamine , 10 mg
Medroxyprogescterone 1 gm
Melphalan 50 gm
Methotrexate | 20 mg-1 gm
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Mitomycin 5-40 mg
Mitoxantrone 20-30 mg
Ondansetron Hydrochloride. 40 mg
Paclitaxel 30 mg
Pamidronate Disodium 30-*%*90 mg
Pegaspargase 750 units
Plicamycin 2,500 mcgm
Streptozocin 1 gm
Thiotepa 15 mg
Teniposide 50 mg
Vinblastine 10 mg
Vincristine 1-5 mg
Aldesleukin 22 million units

Epoetin Alpha

2,000-10,000 units

Filgrastim

300-480 mcgm

Immune Globulin

500 mg-10 gm

Intérferon Alpha-2a

3-36 million units

Interferon Alpha-2b

3-50 million units

Levamisole 50 mg
Octreotide 1,000-5,000 mcgm
Sargramostim 250-500 mcgm

Administration reagimen

For the methods of the present invention, any

administration regimen regulating the timing and sequence of

drug delivery can be used and repeated as necessary to effect

Creatment. Such regimen may include pretreatment and/or co-

administration with additional therapeutic agents.
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For patients with prostate cancer that is neither
advanced nor metastatic, the compounds of the present
invention may be administered (i) prior to surgery or
radiation treatment to reduce the risk of metéstasis; (ii)
during surgery or in conjunction with radiation treatment;
and/or (iii) after surgery or radiation therapy to reduce the
risk of recurrence and to inhibit the growth of any residual
tumorous cells.

For patients with advanced or metastatic prostate cancer,
the compounds of the present invention may be administered as
a continuous supplement to, or as a replacement for, hormonal
ablation in order to slow tumor cell growth in both the
untreated primary tumor and the existing metastatic lesions.

The methods of the present invention are particularly
useful where shed cells could not be removed by surgical
intervention. After post-surgical recovery, the methods of
the present invention would be effective in reducing the
chances of recurrence of a tumor engendered by such shed

cells.

Combination with Other Treatments

i) Surgery and Radiation Treatment

In general, surgery and radiation ﬁreatment are employed
as poﬁentially curative therapies for patients with localized
prostate cancer who are under 70 years of age and are expected
to live at least 10 more years.
Approximately 70% of newly diagnosed prostate cancer

patients fall into this category. Approximately 90% of these
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patients (65% of total patiénts) undergo surgery, while
approximately 10% of these patients (7% of total patients)
undergo.radiation treatment.

Histopathological examination of surgical specimens
reveals that approximately 63% of patients undergoing surgery
(40% of total patients) have.locally extensive tumors or

regional (lymph node) metastasis that was undetected at

_initial diagnosis. These patients are at a significantly

greater risk of recurrence. Approximately 40% of these
patients will actually develop recurrence within five years
after Surgery. Results after radiation treatment are even
less encouraging. Approximately 80% of patients who have
undergone radiation treatment as their primary therapy have
disease persisténce or develop recurrence or metastasis within
five years after treatment.

Currently, most prostate cancer patients undergoing
surgery and radiation treatment do not receive any immediate
follow-up therapy. Rather, they are monitored frequently for
elévated Prostate Specific Antigen ("PSA"), which is the
primary indicator of recurrence or metastasis.

Based on the above statistics, there is conéidérable
opportunity to use the present invention in conjunction with
suréery and/or radiation treatment .

(ii) Hormonal Therapv

Hormonal ablation is the.most effective palliative
treatment for the 10% of patients with metastatic prostate
cancer. Hormonal ablation by medication and/or orchiectomy is

used to block hormones that promote further growth and
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metastasis of prostate cancer. With time, both the primary
and metastatic tumors of virtually all of these patients
become hormone-independent and resistant to therapy.
Approximately 50% of patients with metastatic cancer die
within three years after initial diagnosis, and 75% of suéh
patients die within five years after diagnosis. Continuous
supplementatiod with the compounds.of the present invention
may be used to prevent or.reverse this potentially metastasis-

permissive state.

(iii) Chemotherapy

While chemotherapy has been successful in treating some
forms of cancer, it has shown slight therapeutic value in
treating prostate cancer where it is generally reserved as a
last resort. Accordingly, the opportunity to treat prostate
cancer by combining chemotherapy with the methods of the
present invention will be rare. When combined, however, such
treatments should be more effective than chemotherapy alone in
controlling prostate cancer.
(iv) Immunotherapy

The compounds of the present invention may also be used
in combination with monoclonal antibodies to treat prostate.
cancer. Such combined treatment is particularly effective for
patients with pelvic lymph node involvement, of which only 34%
survive after 5 years. An example of such monoclonal
antibodies is cell membrane-specific anti-prostate antibody.

The present invention may also be used with |

immunotherapies based on polyclonal or monoclonal antibody-
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derived reagents. Monoclonal antibody-derived reagents are
preferred. These reagents are well known in the art, and
include radiolakelled monoclonal antibodies such as monoclonal

antibodies conjugated with strontium-89.

(v) Crvotherapy

The methods of the present invention may also be used in

conjunction with cryotherapy for treatment of prostate cancer.

Experimental Studies

The following experimental studies of compounds of the
present inventicn and of structurally related compounds
provide strong evidence that the compounds of the present
invention are non-toxic and are effective in inhibiting
NAALADase activity, treating glutaméte abnormalities and

treating prostacs diseases.

In Vivo Toxicitv of NAALADase Inhibitors

To examine the toxicological effect of NAALADasé
inhibition in vivo, a group of mice were injected with 2-
(phosphonomethyl) pentanedioic acid, a NAALADase inhibitor of
high activity, in doses of 1, 5, 10, 30, 100, 300 and 500
mg/kg body weight. The mice were subsequently observed two
times per day for S5 consecutive days. The survival rate at
each dose level is provided in TABLE II below. The results
show that the NAALADase inhibitor'is non-toxic to mice,
suggesting'that zhe compounds of the present invention would
be similarly ncﬁ-toxic to humans when administered at

therapeutically effective amounts.
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TABLE IT

s e e T S R —
TOXICOLOGICAL EFFECTS OF NAALADASE INHIBITORS

Dose 1 5 10 .| 30 100 | 300 | 500
(mg/kg) :
Survival 100 | 100 | 100 | 1200 | 100 | 100 | 66.7
Rate After

fl 5 days (%)

In Vitro Assayv of NAALADase Activity

The following compounds were tested for in vitro
inhibition of NAALADase activity. The results are pro?ided in

Tables III(a), IiI(b), and III(c) below.

TABLE III(a!
IN VITRO ACTIVITY OF NAALADASE INHIBITORS
Compound K; (nM)
2- (phosphonomethyl) pentanedioic acid 0.275 + 0.08
2- (phosphonomethyl) succinic acid 700.00 + 67.3
2-[[2-carboxyethyl)hydroxyphos?hinyl]-
methyl] pentanedioic acid) - 1.89 + 0.19

2- (phosphonomethyl) pentanedioic acid showed a high level
of NAAﬁADase inhibiting activity, with a K, of 0.27 nM (Table
ITI(a)). The activity of this compound is >1000 times more
potent than that of previously described inhibitors. Since 2-
(phosphonomethyl)pentanedioic acid is similar in structure to
the compounds of the present invention, the résults suggest
that the compounds'of the présent.invention would also be
potent NAALADase inhibitors. By comparison, 2-

(phosphonomethyl) succinic acid exhibits much lower NAALADase
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inhibiting activity, suggesting that a glutamate analog
attached to the phosphonic acid contributes to its NAALADase
inhibiting activity. The results also show that 2-[[2-
carboxyethyl)-hydroxyﬁhosphinyl]methyl]pentanedioic acid,
which has an additional carboxylic acid side chain similar to
the aspartate residue found in NAAG, éxhibits a lower
NAALADase iqhibiting activity than 2- (phosphonomethyl) -

pentanedioic acid.

Table III (b)

Other compounds demonstrating inhibition of NAALADase
activity are set forth below in Table III(b). Results of the
nine compounds in Table III(b) shows the remarkable Ki
activity of a variety of compounds of the present invention.
These compounds show NAALADase inhibitory ability wherein R1
comprises an aliphatic group, a aliphatic which is
substituted, an aromatic group, and afcmatic which is

substituted.
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Table III(b)

In vitro Activity of NAALADase Inhibitors

COMPOUND Ki(nM) COMPOUND KimM)
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Further results, provided in Table III(c), show the
remarkable Ki activity of the compounds of the present
invention. These compounds show NAALADase inhibition wherein
Rl comprises a substituted aliphatic (benzyl) which is further

substituted.
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Table III(c) in vitro Activity of NAALADase Inhibitors

5 Compound Ki Value (oM)
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Protocol for In Vitro Assav of NAATADase Activity
The amount of [*H]Glu liberated from [*H]NAAG in 50 mM

Tris-Cl buffer was measured for 15 minutes at 37° C using 30-50
ug of synaptosomal protein. Substrate and product were
resolved by anion-exchange liquid chromatography. Duplicate
assays were performed so that no more than 20% of the NAAG was
digested, representing the linear range of peptidase activity.
Quisqualate (100 uM) was included in pérallel assay tubes to

confirm the specificity of the measurements.

In Vitro Assav of NAATADase Inhibitors
on Cancer

Referring now to FIGS. 1 and 2, the effect of NAALADase
inhibitors on cancer cell line were examined. LNCAP cells (a
prostates cancer cell line) were treated with quisqualate acid
(in concentrations ranging from 10 nM to 1 uM) and 2-
(phosphonomethyl) pentanedioic acid (in concentrations ranging
from 100 pM to 10 nM). The 3H-thymidine measurement for each
concentration of quisqualate acid and 2-
(phosphcnomethyl) pentanedioic acid is also provided in TABLE

IV below. FIGS. 1 and 2 present this data graphicaily and

. particularly illustrate the decrease in proliferation and

thymidine uptake of cells treatsd with NAALADase inhibitors.
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TABLE IV
3H-Thymidine Incorporation (dom/well)
Dose .Quisgualic Acid 2- (phosphonomethyl) -
pentanediocic acid
Control 4813 + 572 4299 + 887
- 10 pM -- .3078 + 1006
100 pM -- 2062 + 595
1 nM 3668 + 866 1001 + 52
10 nM 2137 + 764 664 + 366
100 nM 1543 + 312 --
1 uM 12985 + 181 S -

The results show that LNCAP cell proliferation (as
measured by the incorporation of 3H-thymidine) decreased
significantly as the concentration of the NAALADase inhibitors
increased, suggesting that the compounds of the present
invention would be effective in treating cancer, particularly

prostate cancer.

Protocol for Tn Vitro Cancer Assay

~

Cells in RPMi 1640 medium containing 10% Fetal Calf Serum
(FCS) are plated in 24 well plates and allowed to édhere for
24 hours before addition of quisqualic acid (10° M to 10°% M)
or 2- (phosphonomethyl)pentanedioic acid (10™*' M to 10" M) for
7 days. On the 7th day, the cells are pulsed with 3H-
thymidine for 4 hours, harvested and measured for
radiocactivity. Values represent means +/- SEM of 6 separate

cell wells for each treatment. All experiments are performed
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at least twice.

To control for non-specific cytostatic effects of
qﬁisqualate acid and 2- (phosphonomethyl)pentanedioic acid, the
agents are simultaneously evaluated on a non-NAALADase
containing prostate cell line, DU145 (Carter et al., Proc!
Natl. Acad. Sci. USA, (93) 749-753, 1996). If the treatments
with quisqualate acid and 2- (phosphonomethyl)pentanedioic have
no significant effect on cell growth, the NAALADase inhibiting
activity of the agents are uniquely responsible for their
cytostatic effects on NAALADase containing prostate carcinoma
cell lines.

Cell! Lines and Tissue Culture

LNCAP cells are obtained from Dr. William ﬁelson at the
Johns Hopkins School of Medicine in Baltimore, MD. DU145
cells are obtained from American Type Culture Collection
(Rockville, MD). Cells are grown in RéMI-1640 media
supplemented with 10% heat-inactivated fetal calf serum, 2 mM-
glutamine, 100 units/ml penicillin, and 100 ug/ml streptomycin
(Paragon) in a humidified incubator at 37°C in a 5% C0,/95% O,
atmosphere.

[3H] Thvmidine Incqrnoration Assavs

The cells are suspended ét 1 x 10° cells/ml in RPMI-1640
media and seeded into 24-well plates at 500 ul per well.

After 24 hours, various concentrations of quisqualic acid
(Sigma) or the potent NAALADase inhibitor 2-
(phosphonomethyl)pentanedioic acid (synthesized according to
the methods of Jackson et al., J Med Chem 39(2) 615-622) is

added to the wells and the plates are returned to the
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incubator. On days 3, 5 and 7, media and drug are refreshed.

on the 8th day following seeding, each well is pulsed with 1
puCi ’H-thymidine (New England Nuclear) for 4 hours. Media is
then removed and the wells washed 2 times with phosphate
buffered saline (pH=7.4). The contents of each well is
subsequently solubilized with 250 upl of 0.2 N NaOH and
transferred to scintillation wvials. 5 ml UltimaGold (Packard)
scintillation cocktail is added and'radioactivity is
quantitated using a Beckman LS6001 scintillation counter.

The purity and/or identity of all synthetic compounds is
ascertained by thin layer chromatography, High Pressure Ligquid
Chromatography (HPLC), mass spectrometry, and elemental
analysis. Proton Nuclear Magnetic Resonance (NMR) spectra are
obtained using a Bruker spectrometer. Chemical shifts are
reported in parts per million'relative to tetramethylsilane as
internal standard. Analytical thin-layer chromatography (TLC)
is conducted on prelayered silica gel GELF plates (Analtech,
Newark, DE). Visualization of the plates is accomplished by
using UV light, phosphomolybdic acid-ethanol, and/or

iodoplatinate charring. Flash chromatography is conducted on

' Kieselgel 60, 230-400 mesh (E. Merck, Darmstadt, West

Germany) . Solvents are either reagent or HPLC grade.
Reactions are run at ambient temperature and under a nitrogen
atmosphere unless otherwise noted. Solutions are evaporated

under reduced pressure on a Buchi rotary evaporator.

In vive LNCaP Tumor Xenograft Assav and Resulté

Referring now to FIGS. 3 and 4, LNCaP human prostate cancer
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cellslwere injected subcutaneously into the right f£iank of male
nude mice. 2-(phosphonomethyl)pentanedioic acid, a NAALADase
inhibitor, was administered by daily intratumorél injection (0.25
pg/day) beginning when the tumors reached a volume of
approximately 50-70 mm®. An additional group was included-using
a silicon polymer containing 2- (phosphonomethyl) pentanedioic acid
which released approximately 0.25 pug/day of drug locally into the
tumor. The 2-(phosphonomethyl)pentanedidic aéid polymer was
changed two times per week. Tumor volumes were monitored for 42

days after the beginning of treatment.

EXPERIMENTAL PROCEDURES

-Céll Lines

LNCaP is a human prostate cancer cell 1line that was
established in 1973 from a pleural effusion of a patient who had
been treated with 5-FU, doxorubicin, methotrexate, and CTX in the
3 months before the cell line was initiated. This line is
androgen receptor positive and has been used in screening
anticancer drugs that are targeted as hormone antagcnists. LNCaP
was grown in RPMI with 1.5 g NéHCO3/L, 10% fetal bovine serum
(FBS), and 2 mM L-glutamine and was kept at 37°C in a humidified

5% C0,/0, incubator. Antibiotics were not added to the medium.

Animal Tumor Model

NCxr nude (nu/nu) male mice, age 4-5 weeks, were purchased
from Taconic (Germantown, NY). The animals were housed four per
cage in sterile filter-topped cages in a ventilated cage rack.

Upon arrival, they were quarantined for four working days before
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use. Temperature was maintained at 72 + S5°F and relativel
humidity at 35-70%, and a 12-hr light/dark cycle is used. The
mice wére fed sterile, autoclavable, certified Purina rodent chow
ad libitum. Drinking water was acidified and autoclaved, and the
source water was recirculated, deionized, UV-treated, and S-um
filtered.

After the animals were released from quarantine, the mice
were injected subcutaneously in the right flank with 1 X 10’
LNCaP cells in Matrigel™ (0.1-ml injection volume). Tumor
dimensions and body weighﬁ were measurec twice weekly. Vernier
calipers were used to measure tumors in three planes, and tumor
volume (V) was calculated as follows: V = w(x X y X 2)/6, where
X, Y, and z were the tumor measurements minus skin thickness.
At the.end of the experiment, the mice were sacrificed by CO,

inhalation followed by cervical dislocation.

Pharmaceuticals
2-(phosphohomethyl)pentanedioic acid was made up in water
at a concentration of 2.5 mg/ml. Polymer containing 2-

(phosphonomethyl) pentanedioic acid was made up by grinding 140

'mg NaCl to a fine ©powder then mixing with Smg 2-

(phosphonomethyl) pentanedioic acid and 350 mg silicone gel. The
mixture was spread to a thin film and allowed to dry for 24
hours. The material was cut into 1-1.5 mg pieces for

subcutaneous implantation.

Treatment Protocol

When the tumor volumes reached a predetermined size (mean
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tumor volume 50-70 mm’), mice were added randomly into treatment

groups of six tc eight mice each. All treatments were
administered daily for at least 4 weeks. 2-
(phosphonomethyl)pentanedioic acid was administered

intratumorally daily in a volume of 0.05 ml containing 0.025 ug
2- (phosphonomethyl) pentanedioic acid per injection.

Polymer containing 2- (phosphonomethyl)pentanedioic acid (10
ug drug/mg polymer} was implanted subcutaneously. Mice were
anaesthetized with metafane, and a small (<2mm) incision was made
near the tumor site. Following implantation, the incision was
closed with a wound clip. Polymer was replaced twice weekly.

The tumor wers measured twice weekly for at least 8 weeks
after the first treatment. The mean tumor volume for each group
was calculated for each time point. Comparisons between groups
at specific times were made using an unpaired, two-tailed t-test,
and the results were analyzed using analysis of variance (ANOVA).

Systemic toxicity was assessed from reductions in body
weight after treatment. The mice were sacrificed at the end of
the follow-up pericd, or earlier if their tumor volumes reached

1600 mm® or the tumors ulcerated.

Statistical Analysis
Statistical analysis as described above was performed using JMP

(SAS Institute Inc.,. Cary, NQ)

In vivo Rat Dunpning R3327 Model

Referring now to FIGS. 5 and 6§, Dunning R3327-G prostate

cancer cells were injected subcutaneocusly into both flanks of
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syngeneic male rats. 1In the first study, the anti-tumor growth
activity of 2-(phosphonomethyl)pentanedioic acid was tested
following daily subcutaneous injections of the drug (1,3 10 and
30 mg/kg). 2-{phosphonomethyl)pentanedioic acid injections and
tumor measurements were continued for 12 weeks. In the second
study, the anti-tumor growth activity of 2-
[ (phenylmethyl) hydroxyphosphinyl] methyl] pentanedioic acid was
tested following daily intra-tumoral injections of the drug
(0.1,1,10,100 ug) after the tumor reached an initial volume of

80-290 mm*. Tumor volumes were subsequently monitored for 42

days after the peginning of drug treatment.

EXPERIMENTAL PROCEDURES
Cell Lines

R3327-G is a cell line derived from an androgen-sensitive
papillary adenocarcinoma derived from a spontaneously forming
tumor in the ra: prostate. R3327-G cells were grown in RPMI, 10%
fetal bovine serum (FBS), 2 mM L-glutamine, and 10-8 M
dexamethasone. Cultures were kept at 37°C in a humidified 5%

C0,/0, incubator. Antibiotics were not added to the medium.

Animal Tumor Mcdel

Copenhager male rats, age 8-10 weeks, were purchased from
Harlan Sprague Dawley (Indianapolis, IN). The animals were
housed two per cage. Upon arrival,'they were quarantined for
four working days before use. Temperature was maintained at.72
# 5°F and relazive humidity at 35-70%, and a 12-hr light/dark

cycle was used. The rats were fed certified Purina rodent chow
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and water ad libitum.

After the animals were released from quarantine, the rats
were injected subcutaneously in both flanks with 1 x 107 R3327-G
cells (0.1-ml injection wvolume). Tumor dimensions and body
weight were measured twice weekly. Vernier calipers were used
to measure tumors in three planes, and tumor wvolume (Vf was
calculated as fdllows: V=mn(x Xy X z)/6, where x;-y, and z were
the tumor measurements minus skin thickness. Tumors began to
appear 4-5 weeks after tumor cell injection. At the end of the

experiment, the rats were sacrificed by CO, inhalation.

Pharmaceuticals
2- (phosphonomethyl) pentanedioic acid was made up in

physiclogical saline fresh each day prior to injection. A stock

'solution of 2-[[phenylmethyl)hydfoxyphosphinyl]

methyl]lpentanedioic acid was made up in water at a concentration
2.5 mg/ml; ten-fold serial dilutions were made fresh weekly for

injections.

Treatment Protocol

In the 2- (phosphonomethyl)pentanedioic acid study, the rats
were given daily subcutaneous'injections of drug beginning the
14 days following tumor cell implantation and continued for 12
weeks. In the 2r[[phenylmethyl)hydroxyphosphinyl]methyl]-
pentanedioic acid study, the drug was not administered until the
tumor volumes reached a predetermined size (mean tumor volume 90-
290 mm’). At this time, the rats were divided into treatment

=

groups cf five rats each. All treatments of 2-
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[ ([phenylmethyl) hydroxyphosphinyl]methyl] pentanediocic acid were
subsequently administered intra-tumorally daily for 6 weeks.
The tumors were measured tWice weekly. The mean tumor
volume for each group was calculated for each time point.
Comparisons between groups at specific times were made using an
unpaired, two-tailed t-test, and the results were analyzed using
analyzed of variance (ANOVA). . For the 2-
[ [phenylmethyl) hydroxyphosphinyl]lmethyl]l pentanedioic acid stucdy,
individual tumor volumes (V) were expressed as a fraction of the
tumor volume on Day 0, the first day of treatment (V0). For each
group, the mean of the ratio V/V0 was plotted as a function of

time after treatment.

Statistical Analysis
Statistical analysis as described above was performed using JSMP

(SAS Institute, Inc. Cary, NC).

EXAMPLES
The following exémples are illustrative of preferred
embodiments of methods of use and preparation of compounds of the
invention and are not to be construed as limiting the invention
thereto. Unless otherwise indicated, all percentages are based

upon 100% of the final formulations.

EXAMPLE 1
Prevaration of 2-[(methvlhydroxyohosphinvl)methyl] pentanedicic

acid

Scheme IV R=CH3,R1=CH2Ph
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Methyl-O-benzylphosphinic acid

Dichloromethylphosphite (10.0 g, 77 mmol) in 80 mL of dry diethyl
ether'was cooled to -20°C under an atmosphere of nitrogen. A
solution of benzyl alcohol (23 g, 213 mmol) and triethylamine
(10.2 g, 100 mmcl) in 40 mL of diethyl ether was added drdpwise
over 1 hour while maintaining an internal temperature range of
0°C to 10°C. Once addition was complete the mixture was warmed
to room temperature and stirred overnight. The mixture was
filtered and the solid cake washed with 200 mL of diethyl ether.
The organics were combined and evaporated under reducéd pressure
to give 25 g of a clear and colorless liquid. The liquid was
purified by flash chromatography and eluted with é 1:1
hexane/ethyl aéetate to ethyl acetate gradient. The desired
fractions were collected and evaporated to give methyl O-
benzylphosphinic acid (1, R=CH3,R1=CH2Ph,6.5 g, 50%) as a clear
and colorless oil. Rf 0.1 (1:1, Hexane/EtOAc).

'Y NMR (d6-DMSO) : 7.4 ppm (m,5H), 7.1 ppm (&,1H), 5.0 ppm (dd,2H),

1.5 ppm (d,3H)

2,4-Di (benzyloxvcarbonyl)butyl (methyl) -0-benzviphogphinic acid
Methyl-O-benzylphosphinic acid (3.53 g, 20.7 mmol) in 200 mL of

dichloromethane was cooled to -5°C under an atmosphere of
nitrogen. Triethylaminé (3.2 g, 32 mmol) was added via syringe
followed by trimethylsilyl chloride (2.9 g, 27 mmol). The
reaction mixture was stirred and warmed to room temperature over
1 hour. Dibenzyl'2-methylenepentanedidate (2, 6.0'9, 18.5 mmol)
in 10 mL of dichloromethane was added. The mixture was then

stirred at room temperature overnight. The reaction mixture was
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cooled to 0°C and trimethylaluminum (9 mL, 18 mmol, 2.6 M in
dichloromethane) was added. The flask was warmed and stirred for
72 hours. The dlear light yellow solution was cooled to 5°C and
quenched by the slow addition of 5% hydrochloric acid. The
quenched reaction mixture was warmed to room temperature and the

organic layer removed. The organic layer was washed with 5%

.hydrochloric acid and with water. The organics were dried

(MgSO,) and evaporated under reduced pressure to give 8 g of a
clear light yellow o0il. The oil was purified on silica gel and
eluted with a gradient of 1:1 hexanes/ethyl acetate to 100% ethyl
acetate. The cdesired fractions were collected and evaporated to
give 2,4-di(benzyloxycarbényl)buty(methyl)-O-benzylphosphinic
acid (3,R=CH3,R1=CH2Ph 0.8 g, 8%) as a clear and colorless oil.
Rf 0.5 (ethyl acetate).

'H NMR(CDC1,) :7.4 ppm (m,15H), 5.1 ppm (m,6H), 3.0 ppm (m, 1H),
2.4 ppm (m,3H),2.1 ppm (m,3H), 1.5 ppm (dd, 3H)

Elemental Analysis Calculated C,4H,,0,P.0.5H,0:C 68.01,H 6.32

Found: C 66.85,H 6.35

2-[ (Methylhvdrcxvohosphinyl)methyl]pentanedioic acid

. 2,4-di (benzyloxycarbonyl) buty (methyl) -O-benzylphosphinic acid

(0.8 g, 1.6 mmol).in 20 mL of water containing 100 mg of 10% Pd4d/C
was hydrogenated at 40 psi for 4 hours. The mixture was filtered
over a pad of Celite and évaporated at high vacuum to give 2-
[ (methylhydroxyphosphinyl)methyl] pentanedioic acid (4, R=CH3,0.28
g, 78% as é clear and colorless viscous oil.

*H NMR (D,0): 2.5 ppm(m,1H), 2.2 ppm(t,2H), 2.0 ppm {(m,1H), 1.7

ppm(m,3H), 1.3 ppm (d, 3H)
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Elemental Analysis Calculated C/H,;0,P.0.2 H,0: C36.92 H 5.93

Found: C37.06 H 6.31

EXAMPLE 2

Preparation of 2-T1(butvlihvdroxyphospvhinvl)methyl] oentanedioic

acid

Scheme IV R=n-butyl, Rl=H

Butylphosphinic Acid

Diethyl chlorophosphite (25g, 0.l16émol) in 60 mL of dry ether
was ccoled to 0°C under an atmosphere of nitrogen.
Butylmagnesium chloride (80 mL, 0.16 mol, 2.0 M solution in
ether) was added dropwise over a period of 2 hours while
maintaining the internal temperature at 0°C. Once addition
was complete the thick white slurry was heated to 30°C for 1
hour. The suspension was filtered under a nitrogen atmosphere
and the filtrate evaporated under reduced pressure. The cleaxr
light yellow liquid was then brought up in 15 mL of water and
stirred at room temperature. Concentrated hydrochloric acid

(0.5 mL) was then added and an exothermic reaction was

' observed. The mixture was stirred an additional 15 minutes

and extracted with two 75 mL portions of ethyl acetate. The
organics were combined, dried (MgSO,) and evaporated to give a
clear and colorless liquid. The ligquid was treated with NaOH
(40 mL, 20 M) and stirred for 1 hour. The mixture was then
washed with diethyl ether and acidified to pH 1.0. The
desirsd material was extracted from the acidified extract with

two 120 mL portions of ethyl acetate. The organics were
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combined, dried (MgSQ,) and evaporated under reduced pressure
to give butylphosphinic acid (1,R=n-butyl, R1l=H, 10g,51%) as a
clear and colofless liquid.

1H NMR (d6-DMSO): 6.9 ppm(d, 1H), 1.6 ppm(m,2H), 1.4

ppm(m,4H), 0.9 ppm(t, 3H)

Butvl[2,64-di (benzvloxvcarbonvl)butvl]lpohosohinic acid
Butylphosphinic acid (2.0g, 16émmol) in 80 mL of dry

dichloromethane was cooled to 0°C under an atmosphere of
nitrogen. Triethylamine (6.7 g, 66 mmol) was added followed
by trimethylsilyl chloride (58 mL, 58 mmol, 1.0 M in
dichloromethane) . The mixture was stirred at 0°C for 10
minutes and dibenzyl 2-methylenepentan¢dioate (2) (6.4 g; 20
mmol) in 20 mL of dichloromethane was added. The cold bath
was removed and the reaction warmed to room temperature and
stirred overnight. The mixture was then cooled to 0°C and
quenched by the élow addition of 5% hydrochloric acid. The

dichloromethane layer was then removed and washed with 5%

-~ hydrochloric acid and with brine. The organic layer was dried

(MgSO,) and evaporated to give a clear light golden liquid;
The liquid was purified by flash chrométography and eluted
with 3:1 hexane/ethyl acetate containing 5% acetic acid. The
desired fractions were combined and evaporated to give
buty1{2,4-di(benzyloxycarbonyl)butyl]phosphinic acid (3,R=n-
butyl, R1=H) (2.9 g, 40%) as a clear and colorless oil.
Rf0.12 (3:1, Hex./EtOARc 5% AcOH). |

‘" NMR (d6-DMSO): 7.3 ppm (m, 10), 5.0 ppm (s,4H), 2.7 ppm (m,

1H) 2.3 ppm (y, 2H), 1.8 ppm (m, 2H), 1.3 ppm (m, 4H), 0.8 ppm
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(t, 3H)

2- [ (Butvlhvdroxyphosphinyl)methvl]pentanediocic acid

Butyl [2,4-di(benzyloxycarbonyl)butyl] phosphinic acid (2.9 g,
6.5 mmol) in 30 mL of water containing 0.32 g 10% Pd/C waé
hydrogenated on a Parr hydrogenator at 40 psi for 4.5 hours.
The mixture was filtered through a pad of Celite and
evaporated under high vacuum to give 2-

[ (butylhydroxyphosphinyl)methyl] pentanedioic acid (4, R=n-
butyl) (0.75 g, 43%) aé a clear and colorless viscous oil.

*H NMR (D,0): 2.4 ppm (m, 1H), 2.1 ppm (&, 2H), 1.9 ppm (m,
1H), 1.6 ppm (m, 3H), 1.4 ppm (m, 2H), 1.1 ppm (m, 4H), 0.6
ppm (t, 3H) | |

Elemental Analysis Calculated C,H,,O.f. 0.5 H,0: C 43.64, H

7.32: Found C 43.25, H 7.12

EXAMPLE 3
Preparation of 2-[(benzvlihvdro hosphinvl)methyllpentanedioic

acid

Scheme IV R=CH2Ph, Rl=H

Benzvlohosphinic acid

Diethylchlorophosphite (25 g, 0.16 mol) in 100 mL of dry
diethyl ether was cooled to 0°C under an atmosphere of
nitrogen. Beﬁzylmagnesium chloride (80 mL, 0.16 mol, 2.0 M
solution in Et,0) was added dropwise over two hours while
maintaining a temperature below 10°C. A thick white slurry

formed and stirring was continued at room temperature for 1
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hour. The mixture was filtered under a nitrogen atmosphere
and the filtrate evaporated under reduced pressure to give a
clear and colorless liquid. The liquid was stirred as 15 mL
of water was added followed by 0.5ml concentrated hydrochloric
acid. An exothermic reaction was observed and stirring wﬁs
continued for an additional 30 minutes f@llowed by extraction
with ethyl acetate. The organics were combined, washed with
brine, dried (MgSO,) and evaporated. The clear light golden
liquid was added to sodium hydroxide (50 mL, 2.0 M NaOH),
stirred for one hour and washed with diethyl ether. The
aqueous layer was acidified to pH 1.0 with concentrated
hydrochloric acid and extracted witﬁ ethyl acetate. The
organics were combined, dried (MgSO,) and evaporated to give
benzylphosphinic acid (1, R=CH2Ph, R1+H) (8 g, 32%) as a clear
light golden oil.

'H NMR (d6-DMSO): 7.3 ppm (m, SH), 6.9 ppm (d, 1H), 3.1 ppm (d,

2H)

Benzvl [2,4-di (benzvloxyxcarbonvyl) butvllvhosphinic acid

Benzylphosphinic acid (2.3 g, 15 mmol) in 150 mL of dry

dichloromethane was cooled to 0°C under a nitrogen atmosphere.
Triethylamine (6.5 g, 65mmol) was added followed by
trimethylsilyl chloride (5.8 g, 54 mmol) while the reaction
temperature was maintained at 0°C. After 30 minutes dibenzyl
2-methylenepentanediote (2) in 20 mL of dichloromethane was
added over S_minutes. The reaction mixture was left to warm
to room temperature and stirred overnight. The clear solution

was cooled to 0°C and quenched with 5% hydrochloric acid and
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with brine, dried (MgS0,) and evaporated to give a clear yelléw
liquid. Purification by flash chromatography and elution with
1:1 hexane/ethyl acetate containing 10% acetic acid yielded
2.0 g (28%) of benzyl[2,4-
di(benzyloxycarbonyl)butyl]phosphinic acid (3, R=CH2Ph, R1+H)
as a clear light yellow oil. Rf 0.37 (1:1 Hex./EtOAc,

10%AcOH) .

'H NMR (ds-DMSO): 7.2 ppm(m,15H), 5.0 ppm(s,4H),3.0 (d4,2H),2.8

ppm{m,1H),2.3 ppm(t,2H), 1.9 ppm(m,2H), 1.7 ppm(t,1H)

2~ [ (Benzvihvdroxvphosphinvl) methv!iventanedioic acid

Benzyl (2, 4-di (benzyloxcarbonyl)butyl]l phosphinic acid(0.5 g,
1.0 mmol) in 20 mL of water containing 120 mg of 10% Pd/C was
hydrogenated on a Parr hydrogenator at 40 psi for 6 hours.
Filtratiqn through a Celite pad folloWed by evaporation on
high wvacuum gave 0.17 g (57%) of é—

[ (benzylhydroxyphosphinyl)methyl]pentanedioic acid(4,R=CH2Ph)
as a white solid. |

1H NMR (D,0): 7.1 ppm(m,SH), 2.9pom(d,2H), 2.4ppm(m,1H),

2.1lppm(t,2H), 1l.8ppm(m,1H), 1.6ppm(m,3H)

Elemental Analysis, Calculated C,.H,,0,P: C52.00H5.71: Found:

C51.48H5.70

EXAMPLE 4

Prevaration of 2-

Scheme IV R=Ch2CH2Ph,R1=H
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Phenethylphosphinic acid

Diethylchlorophoséhite (15.6 g,0.1 mol) in 100 mL of dry
diethyl ether was cooled to 5°C under an atmosphere of
nitrogen. Phenethylmagnesium chloride (100 mL, 0.1 mol, 1.0 M
in THF) was added dropwise over 2 hours while maintaining.a
temperature between 0-10°C. A thick white slurry formed and
stirred at focm temperaﬁure overnight. The mixture was
filtered under a nitrogen atmosphere and the filtrate
evaporated under reduced pressure to give a clear and
colorless liquid. The liéuid was stirred as 15 mL of water
was added foliowed by 0.5 mL of concentrated hydrlochloric-
acid. An exothermic reaction was observed and stirring.
continued for 15 minutes followed by extraction with ethyl
acetate. The crganics were combined,-waéhed with brine, dried
(MgSO,) and evaporated. The clear liquid was brought up in
sodium hydroxide (40 mL, 2.0 M NaOH), stirred for 1 hour and
washed once with diethyl ether. The aqueous layer was
acidified to p= 1.0 with concentrated hydrochloric acid and
extracted with ethyl acetate. The organics were combined,
dried (MgSO,) and evaporatéd to give phenethylphosphinic acid

(1,R=CH2CH2Ph, R1l=H) (9.8 g, 58%) as a clear light yellow oil.

'H NMR (d6-DMSC) :7.2 ppm (m,SH), 6.9 ppm (d,1H), 2.8 ppm

(m,2H), 1.9 ppm (m,2H)

2.4-Di (benzvlioxvcarbonvl)butvl (phenethyl)ohosphinic acid
Phenethylphosphinic acid (1.0 g, 5.9 mmol) in 50 mL of dry

dichloromethane was cooled to -5°C under a nitrogen
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atmosphere. Triethylamine (2.3g, 23 mmol) was added followéd
by trimethylsilyl chloride 2.2 g, 21 mmol) while the reaction
température was maintained at 0°C. After 10 minutes dibenzyl
2-methylenepentanedioate (2) in 10 mL of dichloromethane.was
added over 10 minutes. The reaction mixture was left to Qarm
to rocm temperature and stirred overnight. The clear solution
was ccoled ﬁo 0°C and quenched with 5% hydrochloric acid
followed ty removal of the organic layer. The organic layer
was washed with brine, dried (MgS0O4) and evaporatéd to give a
clear Iight golden liquid. Purification by £f£lash
chromatography and élutidn with 1:1 Hexane/EtOAc containing 5%
ACOH rssulted in i.2g (41%) of 2,4-
di(benzyloxycarbonyl)butyl(phehethyl)phosphinic
acid(3,R=CH2Cd2Ph,R1=H) as a clear and colorless oil.

*H NMR (d€-DMSO): 7.2 ppm(m,1SH),5.0 ppm (s,4H),3.3 ppm (m,1H),

2.8 ppm(m,4H), 2.3 ppm(m,2), 1.8 ppm(m,4H)

2,4-Di!benzyloxycarbonyl)butyl (phenethyl) phosphinic acid (1.1
9,2.2 mmol; in 20 mL of water containing 120 mg of 10% P4/C
was hydrogenated on a Parr hydrogenator at 40 psi overnight.
Filtration through a Celite pad followed by evaporation on
high vacuum gave 0.8 g (114%).of 2-

[ (phensthylhydroxyphosphinyl)methyl] pentanedioic
acid(4,R=CZ2CH2Ph) as a white solid.

'H NMR{D,0}: 7.2 ppm (m,5H), 2.7 ppm (m,2H), 2.5 ppm (m,1H),
2.3 ppm (%,2H), 1.9 ppm (m,6H), 1.5 ppm (t,1H)

Elemencal Analysis:
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Calculated C.H,,0,P 0.75H,0,0.5 AcCOH: C 50.35 H 6.34

Found: C 50.26 H 5.78

EXAMPLE S
Preparation of 2-[(3-

phenvlproovlhvdroxvohosvhinvl

Scheme IV R=CH2CH2CH2Ph, Ril=H

3-Pheﬁzlnronvlnhosphinic acid

Magnesium turnings (2.44 g, 0.10 mol) in 20 mL of dry diethyl
ether under an atmosphere of nitrogen was added several iodine
crystals. Phenylpropyl brcmide (20.0 g, 0.10 mol) in 80 mL of
diethyl ether was placed in a dropping funnel. Approximately
10 mL of the bromide solution was added to the magnesium
turnings and stirring was initiated. After several minutes
the iodine was consumed and additional phenylpropyl bromide
was added while maintaining a temperature of 35°C. Once
additional was complete (1.5 hours) the mixture was sealed and
stored at.S5°C. .

Diethylchlorophosphite (13.7 g, 0.1 mol) in S0 mL of dry
diethyl ether was cooled to 5°C under an atmosphere of
nitrogen. Phenylpropylmagnesium bromide (100 mL, d.l mol, 1.0
M soiution of in Et,0) was added dropwise over 2 hours while
maintaining a temperature between 0-10°C. A thick white
slurry formed and was stirred an additional 30 minutes. The
mixture was filtered under a nitrogen atmosphere and the
filtrate evaporated under reduced pressure to give a clear and

coleorless liquid. To the liquid was added 20 mL of water
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followed by 0.5ml of coﬁcentrated hydricchloric acid. an
exothermic reaction was observed and stirring continued for 20
minutés followed by extraction with ethyl acetate. The
organics were combined, washed with brine, dried (Mgso,) and
evaporated. To the clear liquid was added sodium hydroxide
(40 mL, 2.0 M NaOH), the resulting solution stirred for 1 hour
and then washed with diethyl ether. The a@ueous layer was
acidified to pH 1.0 with concentrated hydrochloric acid.and
extracted twice with ethyl acetate. The organics were
combined, dried (MgSC;) and evaporated to give 3-
phenylpropylphosphinic acid (1,R=CH2CH2CH2Ph,R1=H) (9.8 g, 53%)
as a clear and colorisss oil. |

'H NMR (d6-DMSO): 7.2 ppm (m,5H), 6.9 ppm (d,1H), 2.6 ppm

(€,2H). 1.7 ppm (m,2%), 1.6 ppm (m,2H)

3-phenylpropylphosphinic acid(1.0 g, 5.4 mmol) in 50 mL of dry
dichloromethane was cooled to -5°C under a nitrogen
atmosphere. Téiethylamine (2.2 g, 22 mmol) was added followed
by trimethylsilyllchloride (2.1 g, 19 mmol) while the reaction
temperature was maintained at 0°C. After 10 minutes dibenzyl
2-methylenepantanediocate (2) in 10 mL of dichloromethane was
added over 10 minutes. The reaction mixture was warmed to
room temperature and stirred overnight. The clear solution
was cooled to 0°C and quenched with 5% hydrochloric acid
followed by removal ¢ the organic layer. The organic layer

was washed with brine, dried (MgSO,) and evaporated to give a

clear yellow liguid. Purification by flash chromatography and
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elution with 4:1 hexane/ethyl acetate containing 5% acetic
acid resulted in 1.5g (56%) of 2,4-

di (benzyloxycarbonyl) butyl (3-phenylpropyl)phosphinic
acid(3,R=CH2CH2CH2Ph, R1=H) as a clear light yellow oil. Rf
0.58 (1:1 Hex./EtOAc,S¥AcOH) ; '

'H NMR (d6-DMSO): 7.2 ppm (m,15H), 5.0 ppm.(s,4H), 2.7 ppm (m,
1H), 2.5 ppm (m,SE), 2.2 ppm.(m,ZH),l.Sppm(m,3H), 1.6 ppm

(m, 2H) |

Elemental Analysis:

Calculated C,;H,,O,P. 1.3H,0: C 65.48 H 6.75

Found: ¢ 65.24 H 6.39

2,4-Di(benzyloxycarbonyl)butyl(3-phenylpropyl;phosphinic

acid (15) (1.4 g,2.8 mmol) in 20 mL of water containing 150 mg

of 10% Pd/C was hydrogenated on a Parr hydrogenator at 40 psi
overnight. Filtration through a Celite pad followed by
evaporation cn high vacuum gave 0.8 g (89%) of 2-[(3-
phenylpropylhydroxyphosphinyl)methyl] pentanedioic
acid(4,R=CH2CH2CH2Ph)as a light yellow viscous oil) .

*H NMR (DZO); 7.4 ppm (m,5H), 2.7 ppm (m,3H), 2.4 ppm (t,3H),
1.8 ppm (m,7H) ; .

Elemental Analysis:

Calculated C..H,,O,P 0.75 H,0, 0.75 AcOH: C51.23 H 6.64

Found: C50.85 H 6.02
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methyvllpentanedioic acid
Scheme V, Compound 5

Hexamethyldisilazane (21.1 mL, 100 mmol) was added to
vigorously stirred ammonium phosphinate (8.30 g, 100 mmol),
and the resulting suspension was stirred at 105 C for 2-h; A
solution of 4-methylbenzyl bromide (5.00 g, 27.0 mmol) was
then dropwise added to the suspension at 0°C. The mixture was
stirred at ¥t for 19 h. The reaction mixture was then diluted
with dichlcromethane (50 mL) and washed with 1 N HCL (50 mL).
The organic layer was separated, dried over Na,SO,, and
concentrated to give 4.72 g of a white solid. This was
dissolved in dichloromethane (S0 mL) and benzyl alcohol (3.24
g, 30 mmol} was added to the solution. 1,3-
Dicyclohexylcarbediimide (DCC) (6.19 g, 30 mmol) was then added
to the solution at 0°C, and the suspension was stirred at rt
for 14 h. The solvent was removed under reduced pressure and
the residue was suspended in EtOAc. The resulting suspension
was filtered and the filtrate was concentrated. The residuel
was purifisd by silica gel chromatography {(hexanes: EtOAc, 4:1
to 1:1) to give 2.40 g of 4-methylbenzyl-O-benzylphosphinic
acid (2, R=4-methylbenzyl) as a white solid (34% yield): Rf

0.42 (EtOAc); *H NMR (DMSO-d,) delta 2.30 (s, 3 H), 3.29 (4, J

16.6 Hz, 2 H), 5.2 (m, 2 H), 7.0 (4, J = 543 Hz, 1 H), 7.1-

7.2 (m, 4 £}, 7.3-7.4 (m, 5 H).

To a solution of 4-methylbenzyl-O-benzylphosphinic acid (2, R=
4-methylbenzyl) (2.16 g, 8.3 mmol) in THF (15 mL). was added

sodium hydride (0.10g, 60 % dispersion in o0il) followed by
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dibenzyl 2-methylenepentanedioate at 0 C, and the mixture was
stirred at rt for 4 h. The reaction mixture was then diluted
with EtOAc (50 mL) and poured into 1N HCl (50 mL). The
organic layer was separated, dried over Na,SO,, and
concentrated. This material was purified by silica gel
ch:omatography (hexanes: EtOAc, 4:1 to 1:1) to give 3.41 g of
2,4-di (benzyloxycarbonyl) butyl (4-methylbenzyl) -o-
benzylphosphinic acid (4, R = 4-methylbenzyl)as colorless oil
(70% yield): Rf 0.61 (EtOAc); *H NMR (CDCl,) delta 1.6-1.8 (m,
1 H, 1.9-2.0 (m, 2 H), 2.1-2.4 (m, 6 H), 2.7-2.9 (m, 1 H),
3.05 (dd, J§ = 9.0, 16.8 Hz, 2 H), 4.8-5.1 (m, 6 H), 770-7'.1

(m, 4 H)’ 7.2‘7.4 (m, 15 H).

To a solution of 2,4-di(benzyloxycarbonyl)butyi(4-
methylbenzyl)—o—benzylphosphiﬁic acid (0.70 g, 1.2 mmol) in
ethanol (30 mL) was added Pd/C (5%, 0.10 g) and the suspension
was shaken undexr hydrogen (50 psi) for 18 hf The suspension
was then filtered through a pad of Celite and concentrated
under reduced presssure. The resulting residue was dissolved

in distilled water (5 mL), passed through a column of AG 50W-

- X8 resin (H* form), and lyophilized to give 0.21 g of 2-[[(4-

methylbenzyl) hydroxyphosphinyl]lmethyl] pentanedioic acid (5, R
= 4-methylbenzyl) és a white solid (55% yvield): Rf 0.62 (i-
PrOH:H,0, 7:3); ‘H NMR (D,0) delta 1.7-1.9 (m, 3 H), 2.0-2.2
(m, 1 H), 2.33 (dt, J = 1.7 Hz, 7.4 Hz, 2 H), 2.55-2.70 (m, 1
H), 3.12 (d, J = 16.5 Hz, 2 H), 7.0-7.1L (m, 2 H), 7.2-7.3 (m,
2 H). Anal. Calcd for C,;H,,0,P*0.30H,0:C, 52.60; H, 6.18. Found:

C, 52.60; H, 6.28.
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EXAMPLE 7

Preparation of 2-1[(4-Fluorobenzvl)hvdroxvohosphinyll
methvli]iventanedioic acid (R = 4-fluorobenzyl):

Scheme V, prepared as described in the above example where R =
methylbenzyl:

Rf 0.64 (i-PrOH:H,0, 7:3); ‘H NMR (D,0) delta 1.7-1.9 (m, 3 H),
2.0-2.2 (m, 1 H), 2.3-2.4 (m,'Z_H), 2.55-2.70 (m, 1 H), 3.12
(d, J = 16.5 Hz, 2 H), 7.0-7.L (m, 2 H), 7.2-7.3 (m, 2 H).
Anal. Caled for C,,H,,FO,P*0.25H,0:C, 48.38; H, 5.15. Found: C,

48.38; H, 5.15.

EXAMPLE 8
Preparation of 2-T[({4-Methoxvbenzvl)hvdroxvphosphinyl]
methvl]lpentanedioic acid (R = 4-methoxybenzyl):

Scheme V, prepared as described in the above example where R =
methylbenzyl: |

Rf 0.56 (i-PrOH:H,0, 7:3); *H NMR (D,0) delta 1.8-1.9 (m, 3 H),
2.0-2.2 (m, 1 H), 2.3-2.4 (m, 2 H), 2.55-2.70 (m, 1 H), 3.16
(d, J = 16.7 Hz, 2 H), 3.81 (s, 3 H), 6.98 (d, J = 8.7 Hz, 2
H), 7.25 (4, J = 8.7 Hz, 2 H). Anal. Calcd for

CLeH.,0,P*0.30H,0:C,50.09; H, 5.89. Found: C, 49.98; H, 5.80.

EXAMPLE 9
Preparation of 2-[[({2-Fluorobenzvl)hvdroxyphosphinvl
methvl]lpentanedioic acid (R = 2-fluorobenzyl):
Scheme V, preparaed as described in the above example where R
= methylbenzyl: |

Rf 0.67 (i-PrOH:H,0, 7:3); 'H NMR (D,0) delta 1.8-1.9 (m, 3 H),
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2.0-2.2 (m, 1 B), 2.3-2.4 (m, 2 H}), 2.55-2.70 (m, 1 H), 3.28
(d, J = 16.6 Hz, 2 H), 7.1-7.5 (m, 4 H). Anal. Calcd for

Cy3H, FO,P*0.10H,0:C,48.79; H, 5.10. Found: C, 48.84; H, 5.14.

EXAMPLE 10

Preparation of 2-[[(Pentaflucrobenzyl) hvdroxvohosphinvl]
methvl]pentanedioic acid (R = pentafluorobenzyl):

Scheme V, prepared as described in the above example where R
= methylbenzyl:

Rf 0.69 (i-PrOH:H,0, 7:3); *H NMR (D,0) delta 1.8-2.0 (m, 3 H),
2.1-2.3 (m, 2 ¥}, 2.3-2.5 (m, 2 H), 2.7-2.9 (m, 1 H), 3.29 (4,
J = 15.4 Hz, 2 E), Anal. Calcd for C,;H,,F.0,P*0.45H,0:C,39.20;

H, 3.26. Found: C, 39.17; H, 3.28.

EXAMPLE 11
Preparation of 2-[ (methvlihvdroxvohosohinvl)methyl]
pentanedioic acid

Scheme VI, Ccmpcund 9

2,4-Di (benzyloxycarbonyl) butylphosphinic acid (6)
Dry phosphinic acid (100 g, 1.52 mol) was dissolved in 100 ml
of chloroform and treated with triethylamine (155 g, 1.52mecl).

The mixture was evaporated and transferred to a three liter

stirred by means of a mechanical stirrer and the flask cooled
to 0°C. The clear solution was treated with triethylamine
(277 g, 2.72 mcl) followed by trimethylsilyl chloride (281 g,

2.58 mol). Once addition of trimethylsilyl chloride was
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complete dibenzyl 2-methylenepentanedioate (2) in 150 mL of
chloroform was added dropwise over 20 minutes. The low
temperature bath was removed and the mixture warmed to rocom
temperature. After 6 hours the thick slurry was filtered and
the filtrate cooled to 0°C. The filtrate was then quenche&
with 5% hydrochloric acid and the organic layer removed. The
aqueous layer was extracted with chloroform, the organics
combined, dried (MgSO,) and evaporated under reduced pressure
to give 55 g of 2,4-di(benzyloxycarbonyl)butylphosphinic acid
(6) as a light yellow liquid. The ligquid was purified by
lash chromatography and eluted using 3:1 hexanes/ethyl
acetate containing 5% trifluorocacetic acid to give 40 g (7%)
of the desired product. Rf0.28(3:1 Hex./EﬁOAc 5% TFA);
*H NMR (CDCl;): 7.3 ppm (m, 10H), 7.2 ppm (4, 1H), 5.12 ppm (s,
2H), 2.% ppm (m, 1H), 2.4 ppm (t, 2H), 2.2 ppm (m, 1H), 2.0

ppm . (m, 3H)

acid (6} (15.3 g, 49.4 mmol) in tetrahydrofuran was added

benzyl alcorol (5.3 g, 49.3 mmol) and dimethylaminc in
tetrahydrofuran was added benzyl alcohol (5.3 g, 49.3 mmol)
and dimethyiamino pyridine (O.S g) . Dicylcohexylcarbodiimide
(DCC, 12g, 8 mmol) was added and a white precipitate formed.
After 30 mizutes the white suspension was filtered and the

filtrate evaporated under reduced pressure. The clear and

"colorless cil was purified by flash chromatography and eluted

with 1:2 Hex./EtOAc to give 2,4-
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di (benzyloxycarbonyl) butylbenzylphosphinic acid (7) (11.5 g,
47%) as a clear and colorless oil. Rf. 0.16 (1:1 Hex./EtOAc);
*H NMR (CDCl1l,): 7.3 ppm (m,15H), 7.2 ppm (d,1H), 5.0 ppm

(m,5H), 2.9 ppm (m,1H), 2.2 ppm (m,3H), 1.9 ppm (m,3H)

2,4-Di(benzvloxvcafbonvlzbutvlrhvdroxv(ohenV12
methvllbenzylohosphinic acid (8)

2,4-Di(benzyloxycarbonyl) butylbenzylphosphinic acid (7) in 5
mL of dry THF was added dropwise to a stirring cooled (0°C)
mixcure of sodium hydride (0.09 g, 2.3 mmol) in 15 mL of THF.
Afcer 15 minutes benzaldehyde (0.23 g, 2,.2mmol) was added via
syringe while maintaining a temperature of 0°C. After 30
mirutes the mixture was quenched with water and extracted with

two portions of dichloromethane. The organics were combined

‘and evaporated to give a clear colorless oil. The oil was

chromatographed on silica and eluted with a 1:1 Hex./EtOAc
solvent system. The desired fractions were collected and
evaporated to give 0.4 g (33%) of 2,4-

di (penzyloxycarbonyl) butyl [(hydroxy (phenyl) methyl] benzylphosphi
nic acid (6) as a clear and colorless oil. Rf0.18(1:1
Hex./EtOAc) ; |

*H NMR (CDC1;): 7.3 ppm (m,20H), 5.2 ppm (m,1H), 4.9 ppm

(m,6H), 2.8 ppm (dm,1H), 2.2 ppm (m,3H), 1.9 ppm (m,3H)

- ! "Ovdroxy (nhen

2,4-Di (benzyloxycarbonyl) butyl [hydroxy (phenyl)

metayl] benzylphosphinic acid(6) (0.37 g, 0.6 mmol) in 25 mL of
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water containing 0.10g of 10% Pd/C wés hydrogenated at 40 psi
for 6 hours. The mixture was filtered thrcugh a pad of Celite
and lyophilized to give 2-

( (hydroxy ({phenyl)methyl] hydroxyphosphinylmethyl)pentanedioic
acid (9)(0.14 g, 70%) as a white solid.

‘H NMR (DéO): 7.4 ppm (m,5H), 5.0 ppm (d,1H), 2.7 ppm (m,1H),
2.4 ppm (m,2H), 2.2 ppm (m,1H),1l.9ppm(m, 3H)

Element Analysis:

Calculated C,;H,,0,P. 0.6H,0:C 47.74 H 5.61

Found: C 47.73 H 5.68

EXAMPLE 12

Prevaration of Dibenzvl 2-Methvlenepentanedioate.

Scheme III.

Benzyl acrylate (500 g, 3 mol) was heated to 100°C under
an atmosphere of nitrogen. The heating was stopped and HMPT
(10 g, 61 mmbl) was added dropwise while maintaining an
internal temperature of 135-145°C. Once addition was complete
the mixture was cooled to room temperature and a slurry of
silica with 5:1 Hex/EtOAc was added. The slurry was then
transferred to a column containing a plug of dry silica. The
column was then washed with 1:1 Hex/EtOAc and the solvent was
collectéd and evaporated. The clear yellow liquid was
distilled under.high vacuum (200 pHg) to give an initial
fraction of 8 g distilling at 45°C and then the desired product
at 180-185°C (212 g, 42 %) as a clear and colorless liquid.
H-NMR - (CDCL,) |

7.3 ppm (s, 10H); 6.2 ppm (s, 1H); 5.5 ppm (s, 1H); 5.2 ppm
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(s, 2H); 5.1 pom (s,2H); 2.6 ppm (m, 4H).

EXAMPLE 13

Preoaration Qof Dibenzvl 2-[[Ris(benzvloxv)ohosvhorvllmethvl] -

pentanedioate.

Scheme III

Dibenzyl phosphite (9.5g, 36mmol) in 350ml of
dichloromethane was cooled to 0°C. To this stirring solution
was added trimethyl aluminum (18.2ml, 2.0M solution in hexane,
36.4mmol) . Aftsr 30 minﬁtes 1 (6.0g, 37 mmol) in S0 ml of
dichloromethane was added dropwiée over 10 minutes. The cleaxr
and colorless solution was then warmed to room temperature and
left to stir overnight. The mixture was then quenched by the
slow addition ¢f 5% HCl. After stirring an additional 1.5
hours the lower organic layer was removed and the aqueoﬁs
layer extracted once with 100ml of dichloromethane. The
organics were combined, dried (MgS0,) , and evaporated to give a
clear light golden liquid. The liquid was chromatographed on
silica gel (4cm*30cm) and eluted with a gradient (4:1-1:1)
éolvent system (Hexane/EtOAc). The fractions containing the
desired product were combined and evaporated to yield 2 (7.1qg,
42%) as a clear and colorless liquid. The liquid was then
distilled on a Xughleror apparatus at 0.5mm Hg and 195-200°C.
The distillate was discarded and the remaining light golden
0il was chromatographed on silica gel (1:1, Hex./EtOAc) to
give 2.9g9 of 2 as a clear and colorless oil. TLC R: 0.5 (1:%,
Hex./EtOAc) .

1H-NMR (CDCLl,)
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7.1-7.4 (m, 20H); 5.05 (s, 2H); 4.8-5.03 (m, 6H); 2.8 (1H);

2.22-2.40 (m, 3H); 1.80-2.02 (m, 3H).

EXAMPLE 14

Prenération of 2- (Phosphonomethyl)pentanediocic Acid.
Scheme III

The benzyl pentanediocate (2.9g, 4.9mmol) was added to a
mixture of 20ml of methanol containing 0.29g (6mol%) of 10%
Pd/C. This mixture was hydrogenated on a Parf hydrogenator at
40 psi for 24 honrs, filtered and evaporated to give 3(1.0g,
90%) as a clear slightly golden viscous oil.
1H-NMR (D,0)

2.6-2.78(m, 1H); 2.25-2.40(m, 2H); 1.75-2.15(m, 4H).

EXAMPLE 15
A patient is diagnosed with adenocarcinoma of the
prostate. The patient may then be administered a NAALADase
inhibitor, such as set forth in examples 1 through 3, by
direct injection into the tumor. After this initial
treatment, che patient.may be optionally administered the same
or different NAALADase inhibitor by intermittent or continuous
administration by subdural pump. It would be expected that no
further occurrences of the adenocarcinoma would develop.
EXAMPLE 16
A patient is diagnosed with adenocarcinoma of the
prostats. The patient may then be administered a NAALADase
inhibitcr, such as set forth in examples 1 through 3, by

direct injection into the tumor. After this initial
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treatment, the patient may be optionally administered the same
or_different NAALADase inhibitor by intermittent or continuous
administration by implantation of a biocompatible, polymeric
matrix delivery system. It would be expected that no_further
occurrences of the adenocarcinoma would develop. |
EXAMPLE 17
A patient is diagnosed with benign prostatic hyperplasia.
The patient may then be administered a NAALADase inhibitor,
such as set forth in examples 1 through 3, by direct injection
into the tumor. After this initial ﬁreatment, the patient may
be optionally administered the same or different NAALADase
inhibitor by intermittent or continuous administration by
injection, subdural pump, or polymeric matrix implant. Tt
would be expected that the benign prostatic hyperplastic cells
do not deveiop into carcinéma.
EXAMPLE 18
A patient is diagnosed with adenocarcinoma of the
prostate. The adenocarcinoma appears not to have
metastasized. The adenocarcinoma would be removed by surgery.
After post-operative recovery, the patient would be locally
administered NAALADase inhibitor by intermittent or cont inuous
administration by injection, subdural pump or by polymeric
matrix implant. It would expected that no further occurrences
of the carcinoma would develop.
EXAMPLE 19
A patient is diagnosed with metastatic adenocarcinoma of
the prostate. The adenocarcinoma appears to have

metastasized, but surgery still is indicated as an effective
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treatment modality. Tumor tissue would.be removed by surgery.
The patient would be locally administered a NAALADase
inhibitor such as desc:ibed herein from the time,
approximately, c¢f the initial diagnosis.and would continue
after surgery. After post-operative recovery, the patient
would be maintained at this level of NAALADase inhibitor by a
regimen of periodic iocal administration. The patient would
be monitored carefully for intolerable adverse side-effects of
NAALADase inhibitor administration. It would be expected that
no further tumors_develop. If somé of the original, small
tumorous masses are detected after surgery, they would be
expected to not grow in size.
EXAMPLE 20

A patient is diagnosed with ACTH-producing tumors. The
patient may then be administered a NAALADase inhibitor, such
as set forth in examples 1 through 3, by direct injection into
the tumor. Aftsr this initial treatment, the patient may be
optionally administered the same or diffsrent NAALADase
inhibitor by direct injection, subdural pump, or implantation

of a biocompatible, polymeric matrix delivery system. It

:would be expected that tumor growth or tumor cell growth would

be prévented'or inhibited and that no further occurrences of
the ACTH-producing tumor would develop.
EXAMPLE 21
A treatment such as that described in Example 9 wherein
the patient is diagnosed with acute lymphocytic léukemia.

EXAMPLE 22

A treatment such as that described in Example 9 wherein
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with acute non-lymphocytic leukemia.

EXAMPLE 23
that described in Example 9 wherein

with metastatic or non-metastatic

cancer of the adrenal cortex.

A treatment such as
the patient is diagnosed

bladder cancer.

A treatment such as
the patient is diagnosed

brain cancer.

A treatment such as
the patient is diagnosed

breast cancer.

A treatment such as
the patient is diagnosed

cervical cancer.

A treatment such as.

the patient is diagnosed

EXAMPLE 24
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 25
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 26
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 27
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 28
that described in Example 9 wherein

with metastatic or non-metastatic

chronic lymphocyzic leukemia.

A treatment such as

EXAMPLE 29

that described in Example 9 wherein
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with metastatic or non-metastatic

chronic myelocytic leukemia.

A treatment such as
the patient is diagnosed

colorectal cancer.

A treatment such as

EXAMPLE 30
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 31

that described in Example 9 wherxein

the patient is diagnosed with metastatic or non-metastatic

cutaneous T-cell lymphoma.

A treatment such as
the patient is diagnosed

endometrial cancer.

A treatment such as
the patient is diagnosed

esophageal cancer.

A treatment such as
the patient is diagnosed

Ewing’s sarcoma.
A treatment such as
the patient is diagnosed

gallbladder cancer.

A Tresatment such as

EXAMPLE 32
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 33
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 34
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 35
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 36

that described in Example 9 wherein
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hairy cell leukemia.

A treatment such as
the patient is diagnosed

head and neck cancer.

A treatment such as
the patient is diagnosed

Hodgkin’s lymphoma.

A treatment such as
the patient is diagnosed

Kaposi’s sarcoma.

A treatment such as
the patient is diagnosed

kidney cancer.

A treatment such as
the patient is diagnosed

liver cancer.

A treatment such as

the patient is diagnosed
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with metastatic or non-metastatic

EXAMPLE 37
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 38
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 39
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 40
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 41
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 42
that described in Example 9 wherein

with metastatic or non-metastatic

lung cancer (small cell and/or non-small cell).

A treatment such as

EXAMPLE 43

that described in Example 9 wherein
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with metastatic or non-metastatic

malignant peritoneal effusion.

A treatment such as

the patient is diagnosed

that described in Example 9 wherein

with metastatic or non-metastatic

malignant pleural effusion.

A treatment such as
the patient is diagnosed

melanoma.

A treatment such as
the patient is diagnosed

mesothelioma.

“A treatment such as
the patient is diagnosed

multiple myeloma.

A treatment such as
the patient is diagnosed

neuroblastoma.

A treatment such as
the patient is diagnosed

non-Hodgkin’s lymphoma.

EXAMPLE 45
that described in Example 9 wherein

with metastatic or non-metastatic
EXAMPLE 46

that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 47

‘that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 48
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 49
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 50
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that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 51
that described in Example 9 wherein

with metastatic or non-metastatic

ovarian cancer (and/or germ cell ovarian cancer

A treatment such as
the patient is diagnosed

pancreatic cancer.

A treatment such as

‘the patient is diagnosed

penis cancer.

A treatment such as
the patient is diagnosed

retinoblastoma.

A treatment such as
the patient is diagnosed

skin cancer.

A treatment such as
the patient is diagnosed

gsofrt-tigsue sarcoma.

EXAMPLE 52
that described in Example 9 wherein

with metastatic or non-metastati

. EXAMPLE 53
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 54
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 55

that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 56
thét described in Example 9 wherein

with metastatic or non-metastatic
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A treatment such as
the patient is diagnosed

squamous cell carcinoma.

A treatment such as
the patient is diagnosed

stomach cancer.
A treatment such as
the patient is diagnosed

testicular cancer.

A treatment such as

- the patient is diagnosed

thyroid cancer.

A tresatment such as
the patient is diagnosed

trophoblastic necplasm.

A treatment such as
the patient is diagnosed

uterine cancer.

A treatment such as
the patient is diagnosed

vaginal cancer.

PCT/US97/10149
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EXAMPLE 57
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 58
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 59
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 60
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 61
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 62
that described in Example 9 wherein

with metastatic or non-metastatic

EXAMPLE 63
that described in Example 9 wherein

with metastatic or non-metastatic



10

WO 97/48409 PCT/US97/10149
-123-

EXAMPLE 64

A treatment such as that described in Example 9 wherein
the patient is diagnosed with metastatic or non-metastatic
cancer of the wvulva.

EXAMPLE 65

A treatment such as that described in Example 9 wherein
the patient is diagnosed with metastatic or non-metastatic
Wilm’s tumor.

The invention being thus described, it will bé obvioué
that the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope of
the invention and all such modification are intended to be

included within the scope of the following claims.
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What is claimed is:

1. A method of treating cancer in an animal which
comprises: administering to an animal suffering from a cancer
an effective amount of a NAALADase inhibitor.

2. The methgd of claim 1 wherein the NAALADase
inhibitor is selectec from the group cbnsisting of: a
glutamate-derived hydroxyphosphinyl defivative compound; an
acidic peptide analcg; a conformationally restricted glutamate
mimic; and mixtures ;hereof. -

3. The method of claim 2 wﬁerein the acidic peptide
analog is selected from the group consisting of: Asp-Glu, Glu-
Glu, Gly-Glu, gamma-Glu-Glu, and Glu-Glu-Glu.

4. The method of claim 2 wherein the conformationally
restricted glutamate mimic is selected from the group
consisting of beta-NAAG and quisqualic acid.

5. The method of claim 2 wherein the NAALADase
inhibitor is a glutamate-derived hydroxyphosphinyl derivative
compound.

6. The method of claim 1 wherein the NAALADase

inhibitor is administered in combination with an additional

therapeutic agent selected from the group consisting of:

therapeutic hormones, chemotherapeutic hormones, anti-
angiogenesis agents, radiolabelled compounds, and mixtures
thereof.
7. The method of claim 1 wherein the cancer is selected
from the group consis:ing'of: ACTH-producing tumors, acute
£

lymphocytic leukemia, acute nonlymphocytic leukemia, cancer of

the adrenal cortex, rladder cancer, brain cancer, breast
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cancer, cervical cancer, chronic lymphocytic leukemia, chronic
myelocytic leukemia, colorectal cancer, cutaneous T-cell
lymphoma, endometrial cancer, esophégeal cancer, Ewing’s
sarcoma, gallbladder cancer, hairy cell leukemia, head & neck
cancer, Hodgkin's lymphoma, Xaposi’‘s sarcoma, kidney cancér,
liver cancer, lung cancer, lung cancer (small and/or non-small
cell), malignant peritoneal effusion, malignant pleural
effusion, melanoma, mesothelioma, multiple myeloma,
neuroblastoma, non-Hodgkin’s lymphbma, osteosarcoma, ovary
cancer, ovary (germ cell) cancer, pancreatic cancer, penis
cancer, prostate cancer, retinoblastoma, skin cancer, soft
tissue sarcoma, squamous cell carcinomas, stomach cancer,
testicular cancer, thyroid cancer, trophoblastic neoplasms,
cancer.of the uterus, vaginal cancer, cancer of the vulva, and
Wilm’s tumor.

8. The method of claim 1 wherein the cancer is
prostatic adenocarcinoma.

9. The method of claim 1 wherein the cancer is selectéd
from the group consisting of: brain cancer, cancer of the
adrenal cortex, kidney cancer, and testicular cancer.

10. The method of claim 1 wherein the NAALADase

inhibitor comprises a compound having the following formula:

‘IT R
RI_II’ \X)\COOH

OH

wherein
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R, is hydrogen, C,-C, straight or branched chain alkyl,
C,-Cy straight or branched chain alkenyl group, C,-Cq
cycloalkyl, C,-C, cycloalkenyl, or Ar,;
X is CH,, O, or NR,, where R, is defined above; and
R, is C,-C, straight or branched chain alkyl, C,-C,
straight or branched chain alkenyl group, C,;-C,
cycloalkyl, C;-C, cycloalkenyl, or Ar., wherein said
alkyl, alkenyl, cycloalkyl,lcycloalkenyl or aryl
group may be optionally substituted with carboxylic
acid,
wherein said alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl
groups may be optionally substituted with CQ-Cs cycloalkyl, C,
or C; cycloalkyl, C.-C, cycloalkenyl, C,-C, alkyl, C,-C, alkenyl,
halo, hydroxy, carboxy, nitro, trifluoromethyl, C,-C, straight
or branched chain alkyl or alkenyl, C,-C, alkoxy, C;-C,
alkenyloxy, phenoxy, benzyloxy, amino, or Ar,;, and where Ar, is
selected from the group consisting of l-naphthyl, 2-naphthyl,
2-indolyl, 3-indolyl, 4-indoiy1, 2-furyl, 3-furyl,
tetrahydrofuranyl, 2-thienyl, 3-thienyl, 4-thienyl, 2-, 3-, or

4-pyridyl, or phenyl, having one to five substituents which

are independently selected from the group consisting of

hydrogen, halo, hydroxy, carboxy, nitro, trifluoromethyl, C,-Cq
straight or branched alkyl or alkenyl, C,-C, alkoxy or C,-C,
alkenyloxy, phenoky, benzyloxy, and amino; or pharmaceutically
acceptablé salts, hydrates, or mixtures thereof.

11. The method of claim 10 wherein R, and R, are straight

or branched aliphatic groups or carbocyclic groups and X is

'CH,.
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12. The method of claim 11 wherein the NAALADase
inhibitor is selected from the group consisting of:
2-[[methylhydroxyphosphinyl]methyl]pentanedioic acid;
2-[[ethylhydroxyphosphinyl]metﬁyl]pentanedioic acid;

2- [ [propylhydroxyphosphinyl] methyl] pentanedioic acid;
2-[[butylhydroxyphosphinyl]methyljpentanedioic acid;
2—[[cyclohexylhydroxyphosphinyl]methyl]pentanedioic acid;
2- [((cyclohexyl)methylhydroxyphosphinyl]l methyl] pentanedioic
acid;

2-[[phenylhydroﬁyphosphinyl]methyl]pentanedioic acid;

2- [ [benzylhydroxyphosphinyllmethyl] pentanedioic acid;
2-{[phenylethylhydroxyphosphinyljmethyl]pehtanedioic acid;l
2—[[phénylpropylhydroxyphosphinyl]methyl]pentanedioic acid;
2- [ [phenylbutylhydroxyphosphinyl]l methyli] pentanedioic acid;
2-[[(4-methylbenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid;

2-[{[(4-fluorobenzyl) hydroxyphosphinyl]lmethyl] pentanedioic
acid; |
2—[[(2—fluorobenzyl)hydroxyphosphinyl]methyl]pentanedioic

acid;

'2-[[(péntafluorobenzyl)hydroxyphosphinyl]methyl]pentanedioic

acid;
2-[[(methoxybenzyl)hydfoxyphosphin?l]methyl]pentanedioic acid;
2-{((2, 3, 4-trimethoxyphényl)hydroxyphcsphinyl]methyl}
pentanedioic acid; |
2—[[&l-naphthyl)hydroxyphosphinyl]methyl]pentanedioic acid;
2-[[(2-naphthyl) hydroxyphosphinyl] methyl] pentanedioic acid;
2-[[(1-naphthyl) methylhydroxyphosphinyl] methyl] pentanedioic
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acid;
2-[i(2—na§hthyl)methylhydroxyphosphinyl]methyl]pentanedioic
acid;
2-[[(l-naphthyl)ethylhydroxyphosphinyl]methyl]pentane&ioic
acid; |
2-[{(2-naphthyl) ethylhydroxyphosphinyl]l methyl] pentanedioic
acid;

2- [ {(1-naphthyl) propylhydroxyphosphinyl] methyl]l pentanedioic
acid;

2-[{(2-naphthyl) propylhydroxyphosphinylimethyl]lpentanedioic
acid; _
2-[{(1-naphthyl)butylhydroxyphosphinyll methyl] pentanedioic
acid;
2-[{(2-naphthyl)butylhydroxyphosphinyl]methyl]pentanedioic
acid;

2- [ [ {phenylprop-2-enyl) hydroxyphosphinyl]l methyl] pentanedioic
acid;
2-[f(2-fluordbenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid; |
2-[[((hydroxy)phenylmethyl)hydrcxyphosphinyl]methYl]
pentanedioic acid;

2-[{(3-methylbenzyl) hydroxyphosphinyl] methyl] pentanedioic
acid;

2-[[(4-fluorophenyl) hydroxyphosphinyl] methyl] pentanedioic
acid;

2- (phosphonomethyl) pentanedioic acid;
2-[[(3-trifluoromethylbenzyl) hydroxyphosphinyl]methyl]

pentanediocic acid;
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3- (methylhydroxyphosphinyl) -2-phenylpropanoic acid;
3- (ethylhydroxyphosphinyl) -2-phenylpropanoic acid;
3- (propylhydroxyphosphinyl) -2-phenylpropancic acid;
3-(butylhydroxyphosphinyl)-2-phenylpropanoic acid;
3- (cyclohexylhydroxyphosphinyl) -2-phenylpropanoic acid;
3-((cyclohexyl)methylhydroxyphosphinyl)—2-phenylpropanoic
acid;
3- (phenylhydroxyohosphinyl) -2-phenylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-phenylpropanoic acid;
3-(phenylethylhydroxyphosphinyi)—2-phenylpropanoic acid;
3- (phenylpropyinrydroxyphosphinyl) -2-phenylpropanoic acid;
3- (phenylbutylhydroxyphosphinyl) -2-phenylpropancic acid;
3-((2, 3, 4-trimethoxyphenyl) -3-hydroxyphosphinyl) -2-
phenylpropanoic acid;
3- ((1-naphthyl) zydroxyphosphinyl) -2-phenylpropancic acid;
3-((2Fnaphthyl)hydroxyphosphinyl)-2-phenylpropanoic acid;
3-((1-naphthyl)methylhydroxyphosphinyl) -2 -phenylpropanoic
acid; |
3-((2-naphthyl)methylhydroxyphosphinyl) -2-phenylpropanoic
acid;
3-((1-ﬁaphthyl)ethylhydréxyphosphinYl)-2-phenylpropanoic acid;
3-((2-naphthyl)ethylhydroxyphosphinyl) -2-phenylpropancic acid;
3-((l-naphthyl)propylhydroxyphosphin?l)-2-phenylpropanoic
acid; |
3-((2-naphthyl;zcropylhydroxyphosphinyl) -2-phenylpropanoic
acid;
3—((l-naphthyl}butylhydroxyphosphinyl)-2;phenylpropanoic acid;

3-((2-naphthyl! sutylhydroxyphosphinyl) -2-phenylpropanoic acid;
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3- (phenylprop-2-enylhydroxyphosphinyl) -2-phenylpropanocic acid;
2- [ (benzylhydroxyphosphinyl) methyl]l pentanedioic acid;

2- [ (methylhydroxyphosphinyl) methyl] hexanedioic acid;

2- [ (benzylhydroxyphosphinyl) methyl] hexanedioic acid;

2- [ (mechylhydroxyphosphinyl)methyl] heptanediocic acid;
2—[(benzylhydroxyphosphinyl)methyl]heptanedioic acid;

2- [ {(methylhydroxyphosphinyl)methyl] octanediocic acid;

2- [ (benzylhydroxyphosphinyl)methyl] octanedioic acid;

2- [ (methylhydroxyphosphinyl)methyl]l nonanedioic acid;

2- [ (benzylhydroxyphosphinyl)methyl] nonanediocic acid;

2- [ (methylhydroxyphosphinyl) methyl]l decanedioic acid;

2- [ (kenzylhydroxyphosphinyl) methyl]l decanedioic acid;

3- (benzylhydroxyphosphinyl) -2-methylpropanocic acid;

3- (benzylhydroxyphosphinyl) -2-ethylpropanoic acid;
3-(benzylhydroxyphoséhinyl)-2-propylpropanoic acid;

3~ (benzylhydroxyphosphinyl) -2-butylpropanocic acid;
3-(benzYlhydroxyphosphinyl)-2-cyclohexylpropanoic acid;
3-(benzylhydroxyphosphiﬁyl)—2-(cyclohexyl)methylpropanoic
acid; | |

3- (benzylhydroxyphosphinyl) -2-phenylpropanoic acid;
3-(benéylhydroxyphosphinyl)-2-benzylpropaﬁoic acid;

3- (benzylhydroxyphosphinyl) -2-phenylethylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2-phenylpropylpropancic acid;
3- (benzylhydroxyphosphinyl) -2-phenylbutylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2~ (2, 3, 4-trimethoxyphenyl)
propanoic acid; | '

3- (benzylhydroxyphosphinyl) -2- (1-naphthyl) propanoic acid;

3- (benzylhydroxyphosphinyl) -2- (2-naphthyl) propanoic acid;
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3-(benzylhydroxyphosphinyl)-2-(l-naphthyl)methylpropanoic '
acid;

3- (benzylhydroxyphosphinyl) -2- (2-naphthyl) methylpropanoic
acid;

3- (benzylhydroxyphosphinyl) -2- (1-naphthyl) ethylpropanoic aéid;
3- (benzylhydroxyphosphinyl) -2- (2-naphthyl) ethylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (1-naphthyl) propylpropanoic
acid;
3-(benzylhydroxyphosphinyl)-2—(2-napﬁthyl)propylpropanoic
acid; |

3- (benzylhydroxyphosphinyl) -2- (1-naphthyl) butylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (2-naphthyl) butylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2-phenylprop-2-enylpropanoic acid;
2-[{(2-pyridyl)methylhydroxyphésphinyl]methyl]pentanedioic
acid;

2-[[(3-pyridyl) methylhydroxyphosphinyl]l methyl] pentanedioic
acid;
2-[[(4-pyridyl)methylhydroxyphosphinyl]l methyl] pentanedioic
acid; .
2-[[(3-pyridyl)ethylhydroxyphosphinyl]lmethyl] pentanedioic
acid; ° _
2—[[(3-pyridy1)propylhydroxyphosphinyl]methyl]péntanedioic
acid;
2-[[(tetrahydrofuranyl)methylhydroxyphosphinyl]methyl]
pentanediocic acid; |

2- [ [ (tetrahydrofuranyl) ethylhydroxyphosphinyl] methyl]
pentanedioic acid;

2-[[(tetrahydrofuranyl)propylhydroxyphosphinyl]methyl].
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pentanedioic acid;
2~[[(2-indolyl)methylhydroxyphdsphinyl]methyl]pentanedioic
acid; _
2-[[(3-indolyl)methylhydroxyphosphinyl]methyl]pentanedioig
acid; |
2-[[(4-indolyl)methylhydroxyphosphihyl]methyl]pentanedioic
acid; '
2-[[(3-indolyl) ethylhydroxyphosphinyl]lmethyl] pentanedioic
acid;
2-[[{(3-indolyl)propylaydroxyphosphinyllmethyl] pentanedioic
acid; |
2-[[(2-thienyl)methylhydroxyphosphinyl]methyl]l pentanedioic
adid;
2—[[(3-thienyl)methylhydroxyphosphinyl]methyl]pentanedioic
acid;
2-[[(4—thieny1)methylhydrokyphosphinyl]methyl]pentanedioic
acid;
2-[[(3-thieny1)ethylhydroxyphqsphinyl]methyl]pentanedioic
acid;
2-[[(3-thienyl)propylhydroxyphosphinyl]methyl]pentanedioic
acid;
3—[(2-pyridyl)methylhydroxyphosphinyl}-2-phenylpropanoic acid;
3-[(3-pyridyl)methylhydroxyphosphinyl]-2-phenylpropanoic acid;
3-[(4-pyridyl)methylhydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(3-pyridy1)ethylhydroxyphosphinyl];2-phenylpropanoic acid;
3- [(3-pyridyl) propylhydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(tetrahydrofuranyl)methylhydrox?phosphinyl]-2-phenyl

propanoic acid;
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3- [ (tetrahydrofuranyl)ethylhydroxyphosphinyl] -2-phenyl
propanoic acid;

3- [ (tetrahydrofuranyl) propylhydroxyphosphinyl] -2-phenyl
propanoic acid;
3-[(2-indolyl)methylhydroxyphosphinyl]—2-pheny1propanoic acid;
3-[(3-indolyl)metlylhydroxyphosphinyl]—2-phenylpropanoic acid;
3-[(4-indolyl) methylhydroxyphosphinyl] -2-phenylpropanoic acid;
34[(3-indoly1)ethylhydroxyphosphinyl]-2-phenylpropanoic acid;
3-[(3-indolyl)propylhydroxyphosphinyl];2-phenylpropanoic acid;
3-[(2-thienyl)methylhydroxyphosphinyl] -2-phenylpropanoic acid;
3- [(3-thienyl)methylhydroxyphosphinyl] -2-phenylpropanoic acid;

3-[(4-thienyl)methylhydroxyphosphinyl] -2-phenylpropanoic acid;

3-[(3-thienyl) ethylhydroxyphosphinyl] -2-phenylpropanoic acid;

3-[(3—thienyl)propylhydroxyphosphinyl]—2-phenylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (2-pyridyl) methylpropanoic acid;
3-(benzylhydroxyphosphinyl)-25(3—pyridyl)methylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (4-pyridyl) methylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3-pyridyl)ethylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3-pyridyl) propylpropanoic acid;
3-(benzyihydroxyphosphinyl)—2—(tetrahydrofuranyl)methyl
propandic acid;

3- (benzylhydroxyphosphinyl) -2- (tetrahydrofuranyl) ethyl
propanoic acid;

3- (benzylhydroxyphosphinyl) -2- (tetrahydrofuranyl) propyl
propanoic acid;
3-(benzylhydroxyphosphinyl)-2-(2-iﬁdolyl)methylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-(3-indolyl)methylpropanoic acid;

3- (benzylhydroxyphosphinyl) -2- (4-indolyl) methylpropanoic acid;
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3- (benzylhydroxyphosphinyl) -2- (3-indolyl) ethylpropanoic aci ;
3-(begzylhydroxyphosphinyl)-2-(3-indolyl)propylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2~ (2-thienyl) methylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2~ (3-thienyl)methylpropanoic acid;
3-(benzylhydroxyphosphinyl)~2-(4ethienyl)methylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2—(3-thienyl)ethylpropanoic acid;
3~ (benzylhydroxyphosphinyl) -2- (3-thienyl) propylpropanoic acid;
and a pharmaceutically acceptable sélt, hydrate, or a mixture
thereof.

13. The method of claim 11 wherein the NAALADase
inhibitor is seledted from the group consisting of:
2-[(benzylhydroxyphosphinyi)ﬁéthyl]pentanedioic acid;

2- [ (phenylhydroxyphosphinyl)methyllpentanedioic acid;

2- [ [ ( (hydroxy)phenylmethyl) hydroxyphosphinyl]methyl]
pentanedioic acid;

2- [ (butylhydroxyphosphinyl)methyl]l pentanedioic acid;
2-[[(3-methylbenzyl) hydroxyphosphinyl]methyl] pentanedioic
acid;

2- [ (3-phenylprcpylhydroxyphosphinyl)methyl] pentanedioic acid;
2- ([ (4-fluorophenyl) hydroxyphosphinyl]lmethyl] pentanedioic
acid; |
2;[(methylhydroxyphosphinyl)methyl]pentanedioic acid;

2- [(phenylethylhydroxyphosphinyl) methyl] pentanedioic acid;
24[[(4—methylbenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid;

2-[[(4-flucrobenzyl) hydroxyphosphinyl]lmethyl]l pentanediocic
acid;

2-[[(4-methox?benzyl)hydroxyphosphinyl]methyl]pentanedioic
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2 - (phosphonomethyl) pentanedioic acid;
2-’{(3-trifluorométhylbenzyl)hydroxyphosphinyl]methyl]
pentanedioic acid; |
2-[[(2-f1uorobenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid;
2- [ [ (pentafluorobenzyl) hydroxyphosphinyl]lmethyl] pentanedioic
acid; and a pharmaceutically acceptable salt, hydrate, or a
mixture thereof.

14. The method of claim 10 wherein R, and R, are straight
or branched aliphatic groups or carbocyclic groups and X is
oxygen.

15. The method of claim 14 wherein the NAALADase
inhibitor is selected from the group consisting of:
2—[{methylhydroxyphosphiﬁyl]oxy]pentanedioic acid;
2-[[ethylhydroxyphosphinyl] oxy]l pentanedicic acid;

2- [ [propylhydroxyphosphinyl] oxy]l pentanedioic acid;

2- { [butylhydroxyphosphinyl] oxy]l pentanedioic acid;

2- [ icyclohexylhydroxyphosphinyl] oxy] pentanedioic acid;

2-[{ (cyclohexyl)methylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[[phénylhydroxyphosphinyl]oxy]penténedioic acid;

2- [ [benzylhydroxyphosphinyl] oxyl pentanedioic acid;

2- { [phenylethylhydroxyphosphinyl] oxy] pentanedioic acid;
2-EEphenylpropylhydroxyphosphinyl]oxy]pentanedioic acid;

2- [ iphenylbutylhydroxyphosphinyl] oxy]l pentanedioic acid;

2- [ {(4-methylbenzyl) hydroxyphosphinyl] oxyl pentanedioic acid;
2-ii{4-fluorobenzyl) hydroxyphosphinyl] oxy] pentanediocic acid;

2-{[(2-fluorcbenzyl) hydroxyphosphinyll oxy]l pentanedioic acid;
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2- [ { (pentafluorobenzyl) hydroxyphosphinyl] oxy] pentanedioié
acid;

2- [ [ (methoxybenzyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(2, 3, 4-trimethoxyphenyl)hydroxyphosphinyl]oxy] |
pentanedioic acid;

2- [[{1-naphthyl) hydroxyphosphinyl] oxyl pentanedioic acid;
2-[[(2-naphthyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(1-naphthyl)methylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(2-naphthyl)methylhydroxyphosphinyl] oxy]l pentanedioic acid;
2- [[(1-naphthyl)ethylhydroxyphosphinyl] oxy] pentanedioic acid;
2- [ [ (2-naphthyl) ethylhydroxyphosphinyl] oxy] pentanedioic acid;
2- [ [(1-naphthyl)propylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(2-naphthyl)propylhydroxyphosphinyl]oxy]pentanedioic acid;
2—[[(l-naphthyl)butylhydroxyphosphinyl]oxy]pentanedioic acid;
2- [[{2-naphthyl) butylhydroxyphosphinyl] oxyl pentanediocic acid;
2- [ [ (phenylprop-2-enyl) hydroxyphosphinyl] oxy] pentanedioic
acid;

2-[[benzylhydroxyphoéphinyl]oxy]pentanedioic acid;

2- [ [ ( (hydroxy) phenylmethyl) hydroxyphosphinyl] oxy] pentanedioic
acid; _

2-[[(3-methylbenzyl) hydroxyphosphinyl] oxyl pentanedioic acid;
2-[[(4—fluorophenyl)hydfoxyphosphinyl]oxy]pentanedioic acid;
2-[[(2-fluorobenzyl) hydroxyphosphinyll oxyl pentanedioic acid;
2-(phosphono)oxyipentanedioic acid; '
2-[[(3-trifluoromethylbenzyl) hydroxyphosphinyl] oxy]
pentanedioic acid;

2- { [methylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;

2- [ [ethylhydroxyohosphinyl] oxy] -2-phenylethanoic acid;
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2- [ [propylhydroxyphosphinyll oxy] -2-phenylethanoic acid;

2- [ [butylhydroxyphosphinyl] oxyl -2-phenylethancic acid;

2- [ [cyclohexylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2- [ [ (cyclohexyl)methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;

2-[[phenylhydrcxyphdsphinyi]oxy]-2-phenylethanoic acid;
2-[[benzylhydrcxyphosphinyl]oxy]-2-phehylethanoic écid;

2- [ [phenylethyiaydroxyphosphinyl] oxyl] -2-phenylethanocic acid;
2-[[phenylpropylhydroxyphosphinyl]oxY]—2-phenylethanoic acid;
2- [ [phenylbutyihydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[(2, 5, 4 -trimethoxyphenyl) -3-hydroxyphosphinyl]oxy] -2-
phenylethanoic zacid;

2-[[(1-naphthyl} hydroxyphosphinyl] oxyl -2-phenylethanoic acid;
2- [ [(2-naphthyl}hydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[(l—naphthyl}methylhydroxyphosphinyl]cxy]-2-phenylethanoic
acid;

2- [ [((2-naphthyl;methylhydroxyphosphinyl] oxy] -2-phenylethanoic

acid;

2-[[(1-naphthyl}ethylhydroxyphosphinyl]oxy}-2-phenylethanoic

acid;

2-[[(2;naphthy1}ethylhydroxyphosphinyl]oxy]-2-phenylethanoic

acid;

2- [ [ (1-naphthyl; propylhydroxyphosphinyl] oxyl -2-phenylethanoic
acid;
2—[[(2-naphthyl}propylhydroxyphosphinyl]oxyi—z-phenylethanoic
acid; |

2-[[(1-naphthyl. butylhydroxyphosphinyl] oxy] -2-phenylethanoic

acid;
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2-[[(2-naphthy1)but?lhydroxyphosphinyl]oxy]-2-phenylethanoic
acid;

2- [ [phenylprop-2-enylhydroxyphosphinyl] oxy] -2-phenylethanocic
acid; |

2- [ (methylhydrcxyphosphinyl) oxy] hexanedioic acid;

2- [ (benzylhydroxyohosphinyl) oxy]l hexanedioic acid;
2-[(methylhydrsxyphosphinyl)oxy]hep:anedioic acid;

2- [ (benzylhydroxyphosphinyl) oxy] heptanedioic acid;:

2- [ (methylhydrcxyphosphinyl) oxyl octanedioic acid;

2- [ (benzylhydrcxyphosphinyl) oxyl octanedioic acid;

2- [ (methylhydrsxyphosphinyl) oxylnonanedioic acid;

2- [ (benzylhydroxyphosphinyl) oxyl nonanedioic acid; .
2-[(methylhydrckyphosphinyl)oxy]decanedioic acid;

2- [ (benzylhydrcxyphosphinyl) oxyl decanedioic acid;
2-[[benzylhydrcxyphosphinyl]oxy]-2—methyiethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]—2-ethyiethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-propylethanoic aqid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-butylethanoic acid;
2?[[benzylhydrcxyphosphinyl]oxy]-2—cyclohéxylethanoic acid;
2-[[benzylhydrcxyphosphinyl]oxy]-2-(cyclohexyl)methylethanoic
acid;

2- [ {benzylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;

2-[[benzylhydroxyphosphinyl] oxy] -2-benzylethanoic acid;

2- [ [benzylhydrcoxyphosphinyl] oxy] -2-phenylethylethanocic acid;
2- [ [benzylhydrsxyphosphinyl] oxy] -2-phenylpropylethanoic acid;
2- [ [benzylaydrcxyphosphinyl] oxy] -2-phenylbutylethanoic acid;
2-[[benzylrydrexyphosphinyl]loxyl -2-(2, 3, 4-trimethoxyphenyl)

ethanoic acid;
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2- [ [benzylhydroxyphosphinyl] oxy] -2- (1-naphthyl) ethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (2-naphthyl) ethanoic acid;

2- [ (benzylhydroxyphosphinyl]oxyl -2- (1-naphthyl) methylethanoic

acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (2-naphthyl) methylethanoic

acid;

2- { [benzylhydroxyphosphinyl] oxy] -2- (1-naphthyl) ethylethanoic

acid; . |

2-[[benzylhydroxyphosphinyl]oxy]-2-(2-naphthyl)etﬂylethanoic

acid;

2-{[behzylhydrqx?phosphinyl]oxy]-2-(l-naphthyl)propylethanoic

acid;

'2-[[benzylhydroxyphosphinyl]oxy]-2—(2-naphthy1)propylethanoic

acid;

2- { {benzylhydroxyphosphinyl] oxy] -2- (1-naphthyl) butylethanoic
acid;
2—{{benzylhydrdxyphosphinyl]oxy]—2-(2-naphthyl)butylethanoic
acid; |

2- [ {benzylhydroxyphosphinyl] oxy] -2-phenylprop-2-enylethanoic
acid;' _ . _
2-E[(2;pyridyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;
2-{{(3-pyridyl)methylhydroxyphosphinyl] oxy] pentanediocic acid;
2- [ [(4-pyridyl)methylhydroxyphosphinyl] oxy] pentanedioic acid;
2- [ (3-pyridyl)ethylhydroxyphosphinyl] oxylpentanedioic acid;
2-E[(3-pyridyl)propylhydfoxyphcsphinyl]oxy]pentanedioic acid;
2- [ (tetrahydrofuranyl)methylhydroxyphosphinyl] oxy]
pentanedioic acid;

2- I [(tetrahydrofuranyl) ethylhydroxyphosphinyl] oxy] pentanedioic
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acid;
2-[[(tetrahydrofuranyl)propylhyd:oxyphosphinyl]oxy]
pentanedioic acid;
2—[[(2-indolyl)methylhydroxyphoéphinyi]oxy]pentanedioic acid;
2-[[(3-indolyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(4-indolyl) methylhydroxyphosphinyl] oxy]l pentanedioic acid;
2-[[(3-indolyl)ethylhydroxyphosphinyl]oxy]pentanedioic acid;
2- [[(3-indolyl) propylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(2-thienyl)methylhydroxyphosphinfl]oxy]pentanedioic acid;
2-[[(3-thienyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;

2-[[(4-thienyl)methylhydroxyphosphinyl] oxy] pentanedioic acid;

'2-[[(3-thienyl)ethylhydroxyphosphinyl]oxy]pentanedioic acid;

2-[[(3-thieny1)propylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(2-pyridyl)methylhydroxyphosphinyl]oxy]-2-pheny1ethanoic
acid;
2-([(3-pyridyl)methylhydroxyphosphinyl]oxy]-2ephenylethanoic
acid; _ |
2-[[(4-pyridyl)methylhydroxyphosphinyi]oxy]-2-phenylethanoic
acid; '

2-[[(3-pyridy1)ethylhydroxyphosphinyl]oxy]-2-phenylethanoic

acid;

2-[[(3-pyridyl)propythdroxyphosphinyl]oxy]-2-phenylethanoic
écid; '
2-[[(tetrah?drofuranyl)methylhydroxyphésphinyl]oxy]-2-phenyl
ethanoic acid;

2- [[(tetrahydrofuranyl) ethylhydroxyphosphinyl] oxy] -2-phenyl
ethanoic acid;

2-[T(tetrahydrofuranyl)propylhydroxyphosphinyl]oxy]-2-phenyl
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ethanoic acid;
2—[[(2-indoly1)methylhydroxyphosphinyl]oxy]-2-phenyl ethanoié
acid;

2-[[(3-indolyl) methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2-[[(4-indoly1)methylhydroxyphosphinyl]oxy]-2-phenylethanoic
acid;
2-[[(3-indolylYethylhydroxyphosphinyl]oxy]-2-phenylethanoic
acid;

2- [[(3-indolyl) propylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2—[[(2-thienyl)methylhydroxyphosphinyl]oxy]-2-phenylethanoic
acid; |

2- [[(3-thienyl)methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2-[[(4—thieny1)methylhydroxyphosphinyl]oxy]-2-phenylethanoic
acid;

2- [[(3-thienyl)ethylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;

2-[[(3-thienyl) propylhydroxyphosphinyl] oxy] -2-phenylethanoic

acid;

2-[[benzylhydroxyphosphinyl]oxy]-2-(Zapyridyl)methylethanoic
acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2- (3-pyridyl) methylethanoic
acid;
2- [ [benzylhydroxyphosphinyl] oxyl] -2- (4-pyridyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (3-pyridyl) ethylethanoic
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2—[[benzylhydroxyphosphinyl]oxy]-2-I3-pyridyl)propylethanoic

acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (tetrahydrafuranyl)

methylethanoic acid;

2-[[benzylhydroxyphosphinyl]oxy]—2-(tetrahydrafuranyl)

ethylethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (tetrahydrafuranyl)

propylethancic acid;

2-[[benzylhydroxyphosphinyl]oxy]-2-(2—indclyl)methylethanoic

acid;

2- [ [benzylhydroxyphosphinyl]oxy] -2- (3-indolyl)methylethanoic

acid;

2-[[benzylhydroxyphosphinyl]oxy]—2—(4-indol?l)methylethanoic.

acid;

2- [ [benzylhydroxyphosphinyl] oxyl -2~ (2-indolyl)ethylethanoic

acid;

2- [ [benzylhydroxyphosphinyl]l oxy] -2~ (3-indolyl) propylethanoic

acid;

2-[[benzylhydroxyphosphinyl]oxy]-2-(2-thienyl)methylethanéic'

acid;

2- [ [benzylhydroxyphosphinyl]l oxy] -2- (3-thienyl)methylethanoic

acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (4-thienyl)methylethanoic

acid;

2- [ [benzylhydroxyphosphinyl]oxyl -2~ (3-thienyl)ethylethanoic

acid;

2-[[benzylhydroxyphosphinyl]oxy]-2-(3-thienyl)propylethanoic
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acid; and a phaimaceutically acceptable salt, hydrate, or a
mixture thereof.

16. The meﬁhod of claim 14 wherein the NAALADase
inhibitor is selected from the group consisting of:
2- [(benzylhydroxyphosphinyl) oxy] pentanedioic acid;
2-[(phenylhydréxyphosphinyl)oxy]pentanedioic acid;
2-[[((hydroxy)phenylmethyl)hydroxyphosphinyl]oxy]pentanedioic
acid;
2- [ (butylhydroxyphosphinyl) oxy] pentanediocic acid;
2-[{(3-methylbenzyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2—[(3-phenylproéylhydroxyphosphinyl)oxy}pentanedioic acid;
2-[[(4-fluoropheny1)hydroxyphosphinyl]oxy]pentanedioié acid;
2-{(methylhydroxyphosphinyl)oxY]pentanedioic_écid;

2- { {phenylethylhydroxyphosphinyl) oxy] pentanedioic acid;

[\8)

-[[(4—methylbenzyi)hydroxyphosphinyl]oxy]pentanedioic acid;
2- {[(4-fluorobenzyl) hydroxyphosphinyl] oxyl pentanedioic acid;
2-[((4-metﬁoxybenzyl)h?droxyphoSphinyl]oxy]pentanedioic acid;
2-[(phosphono)oxy]pentanedioic acid;
2-[{(3—trifluoromethylbenzyl)hydroxyphosphinyl]oxy]
pentanedioic acid;

2-[[(24fluorobenzyl)hydroxyphosphinyl]oxy]pentapedioic acid;

_2-[[(pentafluorobenzyl)hydroxyphosphinyl]oxy]pentanedioic

acid; and a pharmaceutically acceptable salt, hydrate, or a
mixture thereof.

17. The method of claim 10 wherein Rl.and R, are straight
or branched aliphatic groups or carbocyclic groups and X is
NR, .

18. The method of claim 17 wherein the NAALADase
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inhibitor is selected from the group consisting of:
2- [ [methylhydroxyphosphinyl] amino] pentanedioic acid;
2-[[ethylhydroxyphosphinyl]amino]pentanedioic acid;
2- [ [propylhydroxyphosphinyl] amino] pentanedioic acid;
2- [ [butylhydroxyphosphinyl] amino] pentanedioic acid;
2- [ [cyclohexylhydroxyphosphinyl] amino] pentanedioic acid;
2-[[(cyclohexyl)methylhydroxyphosphinyl] amino] pentanedioic
acid;
2- [ [phenylhydroxyphosphinyl] amino] pentanedioic acid;
2- [ [benzylhydroxyphosphinyl] amino] pentanedioic acid;
2-[[phenylethylhydroxyphosphinyl]amino]péntanedioic acid;
2- [ [phenylpropylhydroxyphosphinyl] amino] pentanedioic acid;
2- [ [phenylbutylhydroxyphosphinyl] amino] pentanedioic acid;
2-[[(4-methylbenzyl)hydroxyphosphinyl]amino]pentanedioic acid;
2-[[(4-fluorobenzyl)hydroxyphosphinyl]amiﬁoipentanedioic acid;
2-[[(2-fluorobenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(pentafluorobenzyl)hydroiyphosphinyl]amino]pentanedioic
acid; |
2- [ [ (methoxybenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(2, 3, 4-trimethoxyphenyl)hydroxyphosphinyl]aminol
pentanédioic acid;
2-[[(1-naphthyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(2-naphthyl) hydroxyphosphinyl]l amino] pentanedioic acid;
2-[[(1-naphthyl)methylhydroxyphosphinyl] aminc] pentanedioic
acid;
2~[[(2—naphthyl)methylhydroxyphosphinYl]amino]pentanedioic
acid; '

2- [[(1-naphthyl) ethylhydroxyphosphinyl] aminol pentanedioic
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acid;
2?[[(2-naphthyl)ethylhydroxyphosphinyl]amino]pentanedioic
acid; ' |
2-[[(l-naphthyl)propylhydroxyphosphinyl]amino]pentanedioic
acid; | |

2- [[(2-naphthyl) propylhydroxyphosphinyl] amino] pentanedioic
acid;

2—[[(l-naphthyl)butylhydroxyphosphinyl]aminoIpentanedioic

~acid;

2- [[(2-naphthyl) butylhydroxyphosphinyl] amino] pentanedioic
acid;
2-[[(phenylprophz-enyl)hydroxyphosphinyl]amino]pentanedioic
acid;

2- [ [benzylhydroxyphosphinyl] amino] pentanedioic acid;

2- [[(2-fluorobenzyl) hydroxyphosphinyl] amino] -2-pentanedioic
acid;

2- [ [ ((hydroxy) phenylmethyl) hydroxyphosphinyl] amino]
pentanedioic acid;

2- [[(3-methylbenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2—[[(4-fluorophenyl)hydroxyphosphinyl]amino]pentanedioic acid;
2—[(phdsphono)amino]pentanedioic acid;
2-[[(3-trifluoromethylbenzyl) hydroxyphosphinyl] amino]
pentanedioic acid; |
2—[[methylhydroxyphosphinyl]amino]-2-phenylethanoic acid;

2- [ [ethylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[Iprdpylhydroxyphosphinyl]amino]-2-phenylethanoic acid;

2- [[butylhydroxyphosphinyl] amino] -2-phenylethanoic acid;

2-[[cyclohexylhydroxyphosphinyl]amino]-2-phenylethanoic acid;
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2-[[(cyclohexylfmethylhydroxyphosphinyl]amino];z-phenyl
ethanoic acid; _

2- [ [phenylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[benzylhydroxyphosphinyl] amino] -2-phenylethanocic acid;

2- [ [phenylethylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2f[[pheﬁylpropylhydroxyphosphinyl]amino]-2-phenylethanoic
acid;

2-[[phenylbutylhydroxyphosphinyl]amino]-z-phénylethanoic acid;
2-[[(2, 3, 4-trimethoxyphenyl) -3-hydroxyphosphinyl]amino] -2-
phenylethancic acid;

2- [{(1-naphthyl) hydroxyphosphinyl] amino] -2-phenylethanoic
acid; |

2- [[(2-naphthyl) hydroxyphosphinyl] amino] -2-phenylethanoic
acid;

2-[[{1-naphthyl)methylhydroxyphosphinyl] amino] -2-phenyl
ethanoic acid;
2-[[(2-naphthyl)methylhydroxyphosphinyl] amino] -2-phenyl
ethanoid acid;

2- [ [ (L-naphthyl) ethylhydroxyphosphinyl] amino] -2-phenylethanoic

acid;

'2-[[(2;naphthyl)ethylhydroxyphosphinyl]amino]-2-phenylethanoic

acid;

2-[[(1-naphthyl)propylhydroxyphosphinyl] amino] -2-phenyl
ethanoic acid;
2-{f(2-naphthyl)propylhydroxyphosphinyl]amino]-2-phenyl
ethanoic acid; '

2-[[(l-naphthyl) butylhydroxyphosphinyl] amino] -2-phenylethanoic

acid;
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- 2-[{{(2-naphthyl) butylhydroxyphosphinyl] amino] -2-phenylethanoic

acid;
2-[[phenylprop-z-enylhydroxyphosphinyl]amino]-2—phenylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-methylethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2—ethylethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2-propylethanoic acid;

2- {[benzylhydroxyphosphinyl] amino] -2-butylethanoic acid;.
2—{[benzylhydroxyphdsphinyl]amino]-2—cyclohexylethanoic acid;
2-:[benzylhydroxyphosphiﬁyl]aminQ]-2—(cyclohexyl)methyi
ethanoic acid;
2-{Ebenzylhydroxyphosphinyl]amino]—Z-phenylethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-benzylethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-phenylethylethanoic acid:

2- { [benzylhydroxyphosphinyl] amino] -2-phenylpropylethanoic

acid;

2- : [benzylhydroxyphosphinyl] amino] -2-phenylbutylethanocic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2-(2, 3, 4-
trimethoxyphenyl)ethanoic acid;

2- { [benzylhydroxyphosphinyl] amino] -2- (1-naphthyl) ethanoic
acid; '

2- { [benzylhydroxyphosphinyl] amino] -2- (2-naphthyl) ethanoic
acid; |
2- { [benzylhydroxyphosphinyl] amino] -2~ (1-naphthyl) methyl
ethanéic acid;

2- { [benzylhydroxyphosphinyl] amino] -2- (2-naphthyl) methyl
ethanoic acid; '

2- [ [benzylhydroxyphosphinyl]amino] -2- (1-naphthyl) ethylethanoic
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acid;

2- [[benzylhydroxyphosphinyl] amino] -2- (2-naphthyl) ethylethanoic
acid}

2- [ [benzylhydroxyphosphinyl] amino] -2- (1-naphthyl) propyl
ethanoic acid;
2-[[benzylhyd;oxyphosphinyl]amino]-2-(24naphthyl)propyl
ethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (1-naphthyl) butylethanoic
acid;
2-[[benzylhydroxyphosphin?l]amino]-2-(2—naphthyl)butylethanoic
acid; -

2- [ [benzylhydroxyrhosphinyl] amino] -2-phenolprop-2-enylethanoic
acid; |

2- [ (methylhydroxyphosphinyl) amino] hexanedioic acid;
2-[(benzylhydroxyphosphinyl)amino]hexaneaioic acid;

2- [ (methylhydroxyphosphinyl) amino]l heptanedioic acid;

2- [ (benzylhydroxyphosphinyl) amino] heptanedioic acid;

2- [ (methylhydroxyphosphinyl) amino] octanedioic acid;

2- [ (benzylhydroxyphosphinyl) amino] octanedioic acid;
2-[(methylhydroxyphosphinyl)amino]nonénedioic acid;
2—[(beﬁzylhydroxyphosphinyl)amino]nonanedioic acid;

2- [ {methylhydroxyphosphinyl) amino] decanedioic acid;
2-[(benzylhydroxyphosphinyl)amino]decanédioic acid;
3-[[{(2-pyridyl) methylhydroxyphosphinyl] amino] pentanedioic
acid;
3-[[(3-pyridyl)methylhydroxyphosphinyl] amino] pentanedioic
acid;

3-[[(4-pyridyl)methylhydroxyphosphinyl] amino] pentanedioic
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acid;

3-[[(3-pyridyl)ethylhydroxyphosphinyl] amino] pentanediocic acid;
3-[[(3-pyridyl)propylhydroxyphosphinyl]amino]pentanedioic
acid; |
3-[[(tetrahydrofuranyl)methylhydroxyphosphinyl] amino]
pentanedioic acid;
3-[[(tetrahydrofuranyl)ethylhydroxyphosphinyl]ahino]
pentanedioic acid;
3-[[(tetrahydrofuranyl)propylhydroxyphosphinyl] amino]
pentanedioic acid;
3-[[(2-indolyl)methylhydroxyphosphinyl]amino]pentanedioic
acid; |
3-[[(3-indolyl)methylhydroxyphosphinyl] amino] pentanedioic
acid;
3-[{[{(4-indolyl)methylhydroxyphosphinyl] aminoc] pentanedioic
acid;

3-[[(3-indolyl)ethylhydroxyphosphinyl] amino) pentanedioic acid;
3-[[{3-indolyl) propylhydroxyphosphinyl] amino] pentanedioic
acid;
3-[{(2-thienyl)methylhydroxyphosphinyl] amino] pentanedioic
acid; -
3-[[{(3-thienyl)methylhydroxyphosphinyl] amino] pentanedioic
acid;
3-[{(4-thienyl)methylhydroxyphosphinyl] amino] pentanedioic
acid; ‘
3-[[(3-thienyl)ethylhydroxyphosphinyl] amino] pentanedioic acid;
3-[[(3-thienyl)propylhydroxyphosphinyl] amino] pentanedioic

acid;



10

15

20

25 °

O R A

WO 97/48409  PCT/US97/10149
-150-

2-[[(2-pyridyl) methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid; |

2- [[(3-pyridyl) methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;

2- [[((4-pyridyl) methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2—[[(3—pyridyl)ethylhydro#yphosphinyl]amino]-2-phenylethanoic
acid;
2—[[(3-pyridyl)propylhydroxyphosphinyl]amino]-2-pheny1ethanoic

acid;

2-[[(tetrahydrofuranyl)methylhydroxyphosphinyl]amino] -2-phenyl

ethanoic acid;
2-[[(tetrahydrofuranyl)ethylhydroxyphosphinyl]amino]-2-phenyl
ethanoic acid; |

2- [[(tetrahydrofuranyl) propylhydroxyphosphinyl] amino] -2-phenyl
ethanoic acid;
2-[[(2-indolyl)methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;

2- [[(3-indolyl)methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;

2-[[(4-indolyl) methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2-[[(3-indolyl)ethylhydroxyphoéphinyl]amino]—2-phenylethanoic
acid; .

2- [[(3-indolyl)propylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2-[[(2-thienyl)methylhydroxyphosphinyl] amino] -2-phenylethanoic

acid;
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2-[[(3—thienyl)methylhydroxyphosphinyl]amino]-2-phenylethénoic
acid;

2-[[(4-thienyl)methylhydroxyphosphinyl]amino] -2-phenylethanoic
acid; _ _
2—[[(3fthienyl)ethylhydroxyphosphinyl]amino]-2—phenylethanoic

acid;

2-[[(3-thienyl)propylhydroxyphosphinyl] amino] -2-phenylethanoic

acid;

2- [ [benzylhydroxyphosphinyl] amino] -2+ (2-pyridyl)methylethanoic
acid;
2—[[benzylhydroxyphosphinyl]aﬁino]-2-(3-pyridyl)methylethanoic
acid;

2- [ {benzylhydroxyphosphinyl] aminol -2- {4-pyridyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (3-pyridyl)ethylethanoic
acid;

2- [ (benzylhydroxyphosphinyl] amino] -2- (3-pyridyl) propylethanoic
acid; |

2- [ [benzylhydroxyphosphinyl] amino] -2- (tetrahydrafuranyl)methyl
ethanoic acid;
2—[[benzylhydroxyphosphihyl]amino]-2~(tetrahydrafuranyl)ethyl

ethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (tetrahydrafuranyl) propyl

ethancic acid;
2-[[benzylhydroxyphosphinyl]amiho]-2—(2-indolyl)methylethanoic
acid; | |

2- [ [benzylhydroxyphosphinyllamino] -2~ (3-indolyl) methylethanoic

acid;
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2-[[benzylhydroxyphosphinyl]amino]-2-(4-ihdolyl)methylethanoic

acid;

2—[[benzylhydroxyphosphinyl]amino]—2—(3-indolyl)ethylethanoic

acid;
2- [ [benzylhydroxyphosphinyl] amino] -2~ (3-indolyl)propylethanoic
acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (2-thienyl)methylethanoic
acid; |
2- [ [benzylhydroxyphosphinyl] amino] -2- (3-thienyl)methylethanoic
acid; |
2- [ [benzylhydroxyphosphinyl] amino] -2- (4-thienyl)methylethanoic
acid;
2- [ [benzylhydroxyphosphinyl]amino] -2- (3-thienyl)ethylethanoic
acid;
2-[[benzylhydroxyphosphinyl]amino]—2-(3-thienyl)propyleﬁhanoié
acid; and a pharmaceutically acceptable salt, hydrate, or a
mixture thereof.

| 19. The method of claim 17 wherein the NAALADase
inhibitor is selected from the group consisting of:

2- [ (benzylhydroxyphosphinyl) amino] pentanediocic acid;

m2-[(phénylhydroxyphosphinYl)amino]pentanedioic acid;

2- [ [ ( (hydroxy) phenylmethyl) hydroxyphosphinyl] amino]
pentanedioic acid; |
2-[(butylhydroxyphosphinyl)amiﬁo]pentanedioic acid;
2*[[(3—methylbenzyl)hydroxyphosphinyl]amino]péntanedioic acid;
2-[(3-phenylpropylhydroﬁyphosphinyl)amino]pentanedioic acid;
2-[[(4-fluorophényl)hydroxyphosphinyl]amino]pentanedioic acid;

2- [ (methylhydroxyphosphinyl) aminol pentanedioic acid;
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2—[(phenylethyihydroxyphosphinyl)amino]pentanedioic acid;

2-[[(4-methylbenzyl) hydroxyphosphinyl] amino]l pentanedicic acid;

2-[[(4-fluorobenzyl) hydroxyphosphinyl] amino] pentanedioic acid;

2-[[(4-methoxybenzyl)hydroxyphosphinyl]amino]pentanedioic
acid;
2- [ (phosphono) amino] pentanedioic acid;
2-[[(3-trifluoromethylbenzyl)hydroxyphosphinyl]amino]
pentanedioic acid;
2-[[(2-fluorobenzy1)hydroxyphosphinyl]amino]pentanedioic-acid;
2-[[(pentafluorobehzyl)hydroxyphosphinyl]amino]pentanedioic
acid; and a pharmaceutically acceptable salt, hydrate, or a
mixture thereof.

20. The method of claim 10 wherein R, or R, is
heterocyclic and X is CH,.

21. The method of claim 20 wherein the NAALADase

inhibitor is selected from the group consisting of:

'2-[[(2-pyridyl) hydroxyphosphinyl]lmethyl]lpentanedioic acid;

2- [ [(3-pyridyl) hydroxyphosphinyllmethyl] pentanedioic acid;
2- [ [ (4-pyridyl) hydroxyphosphinyl] methyl] pentanedioic acid;
2- [[(tetrahydrofuranyl) hydroxyphosphinyl] methyll] pentanedioic

acid;

2-[[(2-indolyl)hydroxyphosphinyl]methyl]pentanedioic acid;
2-[[(3-indolyl) hydroxyphosphinyl]l methyl] pentanedioic acid;
2-[[(4-indolyl) hydroxyphosphinyl] methyl] pentanedioic acid;
27[[(2-thienyl)hydroxyphosphinyl]methyl]pentanedioic acid;
2-[[(3-thienyl) hydroxyphosphinyllmethyl] pentanedioic acid;
2-[[(4-thienyl)hydroxyphosphinyl] methyl] pentanedioic acid;

3- [ (2-pyridyl) hydroxyphosphinyl] -2-phenylpropanoic acid;
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acid;

acid;

3- [(tetrahydrofuranyl) hydroxyphosphinyl] -2-phenylpropanoic

acid;

3-[(2-indolyl)hydroxyphosphinyl]-2-phenylpropanoic
3-[(3-indolyl) hydroxyphosphinyl] -2-phenylpropanoic
3-[(4-indolyl)hydroxyphosphinyl]-2-phenylpropanoic
3-[(2-thienyl) hydroxyphosphinyl] -2-phenylpropanoic
3-[(3—thienyl)hydroxyphosphinyl]—2—phenylpropanoic
3-[(4-thienyl)hydrcxyphosphinyll-z-phenylpropanoic
3- (benzylhydroxyphosphinyl) -2- (2-pyridyl) propanoic
3- (benzylhydroxyphosphinyl) -2- (3-pyridyl) propanoic
3- (benzylhydroxyphosphinyl) -2- (4-pyridyl) propanoic

acid;
acid;
acid;
acid;
acid;
acid;
acid;
acid;

acid;

3-(benzylhydroxyphosphinyl)-2-(tetrahydrofuranyl)propanoic

acid;

34(benzylhydroxyphosphinyl)-2-(2-indolyl)propanoic
3- (benzylhydroxyphosphinyl) -2- (3-indolyl) propanoic
3-(benzylhydroxyphosphinyl)-2;(4-indolyl)propanoic
3—(benzylhydroxyphosphinyl)-2-(2-th;enyl)propanoic
3- (benzylhydroxyphosphinyl) -2- (3-thienyl)propanoic

'3-(beniylhydroxyphosphinyl)-2-(4-thienyl)propanoic

acid;
acid;
acid;
acid;

acid;

acid; and

a pharmaceutically acceptable salt, hydrate, or a mixture

thereof.

22. The method of claim 10 wherein R, or R, is

heterocyclic and X is oxygen.

23. The method of claim 22 wherein the NAALADase

inhibitor is selected from the group consisting of:

2- [{(2-pyridyl) hydroxyphosphinyl] oxyl pentanedioic acid;



10

15

20

25

* c L M S *

-155-

WO 97/48409

2- [ [(3-pyridyl) hydroxyphosphinyl] oxyl pentanedioic
2-[[(4-pYridyl)hydroxyphosphinyl]oxy]pentanedioic

PCT/US97/10149

acid;

acid;

2- [ [ (tetrahydrofuranyl) hydroxyphosphinyl] oxy] pentanedioic

acid;

2-[[(2-indolyl) hydroxyphosphinyl] oxyl pentanedioic
2-[[{3-indolyl) hydroxyphosphinyl] oxy] pentanedioic
2-[[{4-indolyl) hydroxyphosphinyl] oxy] pentanedioic
2-[[{2-thienyl) hydroxyphosphinyl] oxy] pentanedioic
2-[[{3-thienyl) hydroxyphosphinyl] oxyl pentanedioic

2-[[{4a-thienyl) hydroxyphosphinyl] oxyl] pentanedioic

acid;
acid;
acid;
acid;

acid;

acid;

2-[[!2-pyridyl) hydroxyphosphinyl] oxy] -2-phenylethanocic acid;

2- [ [ {3-pyridyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;

2-[[(4-pyridyl)hydroxyphosphinyl]oxy]-2-phenylethanoic acid;

2-[[‘'retrahydrofuranyl) hydroxyphosphinylloxy] -2-phenylethanoic

acid;

2-[[{2-indolyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;

2-[{!3-indolyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;

2-[[ié-indolyl)hydroxyphbsphinyl]oxyl-z-phenylethanoic acid;

2-[{!2-thienyl) hydroxyphosrhinyl] oxy] -2-phenylethanoic acid; .

2-[[{3-thienyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;

\2-[{(4Jthienyl)hydroxyphosphinyl]oxy]-2-phenylethanoic acid;

2- [ [penzylhydroxyphosphinyl] oxyl -2- (2-pyridyl)ethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (3-pyridyl)ethanoic acid;

2- [ [cenzylhydroxyphosphinyl] oxy] -2- (4-pyridyl) ethanoic acid;

2- [ [penzylhydroxyphosphinyl] oxyl -2- (tetrahydrofuranyl)ethanoic

acid;

2- [ [renzylhydroxyphosphinylloxyl] -2~ (2-indolyl) ethanoic acid;

2- [ [cenzylhydroxyphosphinyl] oxy] -2~ (3-indolyl)ethanocic acid;
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2—[[benzylhydroxyphosphinyl]oxy]-2—(4-indolyl)ethanoic-acid;
2- [ [benzylhydroxyphosphinyl] oxyl -2- (2-thienyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl]oxy] -2- (3-thienyl)ethanoic acid;
2-{[benzylhydroxyphosphinyl]oxy]-é-(4-thienyl)ethanoic acid;
and a pharmaceutically acceptable salt, hydrate;'or a mixture
thereof.

'24. The method of claim 10 wherein R, or R, is
heterocyclic and X is NR;.

25. The method of claim 24 wherein the NAALADase
inhibitor is a compound selected from the group consisting of:
2-[[(2-pyridyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(3-pyridyl) hydroxyphosphinyl] amino] pentanedioic acid;

2- [ [ (4-pyridyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(tetrahydrofuranyl)hydroxyphosphinyl]amino]pentanedioic
acid;

2-[[(2-indolyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[((3-indolyl) hydroxyphosphinyl]l amino] pentanedioic acid;
2-[[{4-indolyl) hydroxyphosphinyl] amino] pentanedioic acid;

2- [[(2-thienyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(3-thienyl) hydroxyphosphinyl] amino]l pentanedioic acid;

2- [ [ (4-thienyl) hydroxyphosphinyl] aminol pentanedioic acid;
2-[[(2-pyridyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2- [[(3-pyridyl)hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[(4—pyridyl)hydroxyphosphinyl]amino]—2-phenylethanoic acid;
2—[[(tetrahydrofuranyl)hydroxyphosphinyl]amino]—z—phenyl
ethanoic_acid;

2-[[(2-indolyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;

2-[[{(3-indolyl)hydroxyphosphinyl] amino] -2-phenylethanoic acid;
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2-[{(4-indolyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2- [[(2-thienyl) hydroxyphosphinyl] amino] -2-phenylethancic acid;
2- [{(3-thienyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[(4-thienyl)hydroxyphosphinyl]amino]-2-phenylethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2-(2-pyridyl)ethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2-(3-pyridyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2~ (4-pyridyl) ethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]—2-(tetrahydrofuranyl)
ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2~ (2-indolyl) ethanoic acid;
2- [ [benzylhydroxyphosphinyl]amino] -2- (3-indolyl) ethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2—(4-indolyl)ethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2-(2-thienyl)ethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2-(3-thienyl)ethanoic acid;
2- [{benzylhydroxyphosphinyl] amino] -2- (4-thienyl) ethanoic acid;
and a pharmaceutically acceptable salt, hydrate, or a mixture
thereof.

26. A methed of inhibiting tumor cell growth in an
animal which comprises: administering to an animal suffgring
ffom a tumor cell growth an effective amount of a NAALADase
inhibitor.

27.. The method of claim 26 where the tumor is prostate
adenocarcinoma.

. 28. The method of claim 26 wherein the NAALADase
inhibitor is selected from the group consisting of: a
glutamate-derived hydroxyphosphinyl derivative compound; an
acidic peptide analog; a conformationally restricted glutamate

mimic; and mixtures thereof.
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29. The method of claim 28 wherein the acidic peptide
analog is selected from the group consisting of: Asp-Glu, Glu-
Glu, Gly-Glu, gamma-Glu-Glu, and Glu-Glu-Glu.

30. The method of claim 28 wherein the conformationally
restricted glutamate mimic is selected from the group
consisting of: beta:NAAG and quisqualic acid.

31. The method of claim 28 wherein the NAALADase
inhibiter is a glutamate-derived hydroxyphosphinyl derivative
compound . |

32. The method of claim 26 wherein the NAALADase
inhibitcr is administered in combination with an additional
therapeutic agent selected from the group consisting of:
thefapeutic hormones, chemotherapeutic hormones, anti-
angiogenesis agents, radiolabelled compounds, and mixtures
thereof.

33. The method of claim 26 wherein the tumor is selected
from the group consisting of: ACTH-producing tumor, acute
‘lymphocytic leukemia, acute nonlymphocytic leukemia, cancer of
the adrernal cortex, bladder cancer, brain cancer, breast

cancer, cervical 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 carcer, lung cahcer, lunglcancer (small and/or non-small
cell), malignant peritoneal effusion,'malignant pleural
effusion, melanoma, mesothelioma, multiple myeloma,

neuroblastoma, non-Hodgkin’s lymphoma, osteosarcoma, ovary
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cancer, ovary (germ cell) cancer, pancreatic cancer, penis
cancer, prostate adenocarcinoma, retinoblastoma, skin cancer,
soft tissue sarcoma, squamous cell carcinomas, stomach cancer,
testicular cancer, thyroid cancer, trophoblastic neoplasms,
cancer of the uterus, vaginal cancer, cancer of the vulva, and
Wilm’'s tumor. |

34. The method of claim 26 wherein the tumor is
prostatic adenocarcinoma.

35. The method of claim 26 wherein the tumor is selected
Zrom the group consisting of: brain cancer, cancer of the
adrenal cortex, kidney cancer, and testicular cancer.

36. The method of claim 26 wherein the NAALADase

inhibitor comprises a compound having the following formula:

wherein

R, is hydrogen, C,-C, straight or branched chain alkyl,
C,-Cs straight or branched chain alkenyl group, C;-C,
cycloalkyl, Cs-C, cycloalkenyl, or Ar,;

X is CH,, O, or NR,, where R, is defined above; and

R, is C,-C, straight or branched chain alkyl, C,-C,
straight or branched chain alkenyl group, C;-C,
cycloalkyl, Cs-C, cycloalkenyl, or Ar,, wherein said
alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl

group may be optionally substituted with carboxylic
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acid,
wherein said alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl
groups may be optionally substituted with C,-C, cycloalkyl, C,
or C; cycloalkyl, C,-C, cycloalkenyl, C,-C, alkyl, C,-C, alkenyl,
halo, hydroxy, carboxy, nitro, trifluoromethyl, C,-C, straight
or branched chain alkyl or.alkenyl, C,-C, alkoxy, C,-C,
alkenyloxy, phenoxy, benzyloxy, amino, or Ar,, and where Ar,
is selected from the group consisting of 1-naphthyl, 2-
naphthyl, 2-indolyl, 3-indolyl, 4-indolyl, 2-furyl, 3-furyl,
tetrahydrofuranyl, 2-thienyl, 3-thienyl, 4-thienyl, 2-, 3-, or
4-pyridyl, or phenyl, having one to five substituents which
are independently selected from the group consisting of
hydrogen, halo, hydroxy, carboxy, nitro, trifluoromethyl, C,-Cq
straight or bfanched alkyl or alkenyl, C,-C, alkoxy or C,-C,
alkenyloxy, phenoxy, benzyloxy, and amino; or.pharmaceutically
acceptable salts, hydrates, or mixtures thereof.

37. The method of claimn36 whefein R, and R, are straight
or branched aliphatic groups or carbocyclic groups and X is
CH,.

38. The method of claim 37 wherein the NAALADase
inhibitor is selected from the group coﬁsisting of:
2-[[methylhydroxyphosphinyl]methyl]pentanedioic acid;

2- [[ethylhydroxyphosphinyl]l methyl] pentanedioic acid;
2—[[propylhydroxyphosphinyl]methyl]penténedioic acid;
2-[[butylhydroxyphosphinyl]methyl]pentanedioic acid;

2- [[cyclohexylhydroxyphosphinyl]l methyl]pentanedioic acid;
2-[[(cyclohexyl)methylhydroxyphosphinyl]lmethyll pentanedioic

acid;
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2- [ [phenylhydroxyphosphinyllmethyl] pentanedioic acid;

2- [ [benzylhydroxyphosphinyl]l methyl] pentanedioic acid;
2-[[phenylethylhydroxyphosphinyl]methyl]pentanedioic acid;
2- [ [phenylpropylhydroxyphosphinyl]l methyl]l pentanedioic acid;
2- [ [phenylbutylhydroxyphosphinyl]l methyl] pentanedioic acid;
2-[[(4-methylbenzyl)hydroxyphosphinyl]methyi]pentanedioic
acid;

2-[[{(4-fluorobenzyl) hydroxyphosphinyl]methyl]l pentanedioic
acid;

2- ([ (2-fluorobenzyl) hydroxyphosphinyl] methyl]l pentanedioic
acid;

2-[[(pentafluorcbenzyl) hydroxyphosphinyl]methyl]pentanedioic
acid;

2- [ [ (methoxybenzyl) hydroxyphosphinyllmethyl] pentanedioic acid;
2-[[(2, 3, 4-trimethoxyphenyl)hydroxyphosphinyl]methyl]
pentanedicic acid;

2-[[(1-naphthyl) hydroxyphosphinyl]l methyl]l pentanedioic acid;
2- [[(2-naphthyl) hydroxyphosphinyl]l methyl] pentanedioic acid;
2-[[(1—naphthyl)methylhydroxyphosphinyl]methyl]pentanedioic
acid; |
2-[[(2;naphthyl)methylhydroxyphosphinyl]methyl]pentanedioic
acid;

2- [[(1-naphthyl) ethylhydroxyphosphinyl]lmethyl] pentanedioic
acid;

2- ([ (2-naphthyl) ethylhydroxyphosphinyl]l methyl]l pentanedioic
acid;

2- [[(1-naphthyl)propylhydroxyphosphinyl]methyl]l pentanedioic

acid;
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2- ([ (2-naphthyl) propylhydroxyphosphinyl] methyl] pentanedioic
acid;

2- [ [(1-naphthyl)butylhydroxyphosphinyllmethyl]l pentanedioic
acid;

2- [[((2-naphthyl) butylhydroxyphosphinyl]l methyl] pentanedioic
acid;

2- [ [ (phenylprop-2-enyl) hydroxyphosphinyl] methyl] pentanedioic
acid;
2-[[(2-f1uorobenzy1)hydroxyphosphinyl]methyl]pentaﬁedioic
acid;

2-[[(4-fluorophenyl) hydroxyphosphinyl]l methyl] pentanedioic
acid;

2—[(((hydroxy)phenylméthyl)hydroxyphosphinyl]methyl]
pentanedioic acid;
24[[(3-methy1benzyl)hydroxyphosphinyl]methyl]pentanedioic
acid;

2- (phosphonomethyl) pentanedioic acid;
2-[[(3-trifluoromethylbenzyl) hydroxyphosphinyl] methyl]
pentanedioic acid; | |
3-(methylhydroxyphosphiﬁyl)—2-phenylpropanoic acid;

3~ (ethylhydroxyphosphinyl) -2-phenylpropanocic acid;
3-(propylhydroxyphosphinyl) -2-phenylpropanoic acid;

3- (butylhydroxyphosphinyl) -2-phenylpropanocic acid;

3- (cyclohexylhydroxyphosphinyl) -2-phenylpropanoic acid;
3-((cyclohexyl)methylhydroxyphosphinyl)-2-phenylpropanoic
acid;

3- (phenylhydroxyphosphinyl) -2-phenylpropanoic acid;

3-(benzylhydroxyphosphinyl)-2-phenylpropanoic acid;
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3-(phenylethylhydroxyphosphinYl)-2-phenYlpropanoic acid}
3- (phenylpropylhydroxyphosphinyl) -2 -phenylpropanoic acid;
3- (phenylbutylhydroxyphosphinyl) -2-phenylpropanoic acid;
3-((2, 3, 4-trimethoxyphenyl) -3-hydroxyphosphinyl) -2-
phenylpropanocic acid;
3-((1-naphthyl) hydroxyphosphinyl) -2-phenylpropanoic acid;
3-({2-naphthyl) hydroxyphosphinyl) -2-phenylpropanoic acid;
3- ({l1-naphthyl)methylhydroxyphosphinyl) -2-phenylpropanoic
acid;
3-((2-naphthyl)methylhydroxyphosphinyl)-2—pﬁenylpropanoic
acid;
3-{(1-naphthyl)ethylhydroxyphosphinyl) -2-phenylpropanoic acid;
3-((2-naphthyl)ethylhydroxyphosphinyl) -2-phenylpropancic acid;
3-((l-naphthyl)propylhydroxyphosphinyl)-2-phenylpropanoic
acid;
3- ({2-naphthyl) propylhydroxyphosphinyl) -2-phenylpropanoic
acid; |
3-((l-néphthyl)butylhydroxyphosphinyl)-2—phenylpropanoic acid;
3-({2-naphthyl)butylhydroxyphosphinyl) -2-phenylpropanoic acid;l
3- (phenylprop-2-enylhydroxyphosphinyl) -2-phenylpropanoic acid;
2-[(beﬁzylhydrokyphosphinyl)methyl]penténedioic acid;
2- [ (methylhydroxyphosphinyl)methyl] hexanedioic acid;
2-[(benzylhydroxyphosphinyl)me;hyl]hexanedioic aéid;
2- [ (methylhydroxyphosphinyl) methyl] heptanedioic acid;
2-[(benzylhydroxyphosphiﬁyl)methyl]heptanedioic acid;
2- [ (methylhydroxyphosphinyl) methyl] octanedioic acid;
2- [ {benzylhydroxyphosphinyl) methyl] octanedioic acid;

2- [ (methylhydroxyphosphinyl)methyl] nonanedioic acid;
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2- [ (benzylhydroxyphosphinyl)methyl] nonanedioic acid;
2-[(methylhydroxyphosphinyl)methyl]decanedioic acid;

2- [ (benzylhydroxyphosphinyl)methyl] decanedioic acid;

3- (benzylhydroxyphosphinyl) -2-methylpropanoic acid;

3- (benzylhydroxyphosphinyl) -2-ethylpropanocic acid;
3-(benzylhydroxyphbsphinyl)-2-propylpropanoic acid;

3- (benzylhydroxyphosphinyl) -2-butylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-cYciohexylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (cyclohexyl)methylpropanoic
acid;

3- (benzylhydroxyphosphinyl) -2-phenylpropanoic acid}

3- (benzylhydroxyphosphinyl) -2-benzylpropancic acid;

3- (benzylhydroxyphosphinyl) -2-phenylethylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2-phenylpropylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-phenylbutylpropanoic acid;
3;(benzylhydroxyphosphinyl)-2-(2, 3, 4-trimethoxyphenyl)
propanoic acid;

3- (benzylhydroxyphosphinyl) -2- (1-naphthyl) propanoic acid;
3-(benzylhydroxyphosphinyl)-2-(2-naphthyl)propanoic acid;
3-(benzylhydroxyphosphinyl)-2-(l-naphthyl)methylpropanoic
acid;

3- (benzylhydroxyphosphinyl) -2- (2-naphthyl) methylpropanoic

acid;

3- (benzylhydroxyphosphinyl) -2- (1-naphthyl) ethylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (2-naphthyl) ethylpropanocic acid;

3- (benzylhydroxyphosphinyl) -2- (1-naphthyl) propylpropanoic
acidg; .

3- (benzylhydroxyphosphinyl) -2~ (2-naphthyl) propylpropanoic



S

wosnses | NNV MY WRV AN pcTossTIoLs

-165-
acid;
3- (benzylhydroxyphosphinyl) -2- (1-naphthyl) butylpropanoic acid;
.3—(benZylhydroxyphosphinyl)—2-(Z-naphthyl)butylpropanoic acid;

3- (benzylhydroxyphosphinyl) -2-phenylprop-2-enylpropanoic acid;
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2- [ [ (2-pyridyl) methylhydroxyphosphinyl]lmethyl] pentanedioic
acid;
2-[[(3—pyridyl)methylhydroxyphoSphinyl]methyl]pentanedioic
acid; |
2-[[(45pyridyl)methylhydroxyphosphinyl]methyl]pentanedioic
acid;

2- [[(3-pyridyl] ethylhydroxyphosphinyl]lmethyl]pentanedioic
acid;

2- [[(3-pyridyl) propylhydroxyphosphinyl]lmethyl]l pentanedioic
acid; |
2-[[(tetrahydrofuranyl)methylhydroxyphosphinyl]methyl]
pentanedioic acid;
2-t[(tetrahydrofuranyl)ethylhydroxyphosphinyl]methyl]'
pentanedioic acid;

2- [ [ (tetrahydrofuranyl) propylhydroxyphosphinyl]lmethyl]
pentanedioic acid; |

2- [ [(2-indolyl)methylhydroxyphosphinyl]lmethyl] pentanedioic
acid; |

2- [ [(3-indolyl) methylhydroxyphosphinyl] methyl] pentanedioic
acid;
2—[[(4-indolyl)methylh?droxyphosphinyl]methyl]pentanedioic
acid;
2-[[(3-indoly})ethylhydroxyphosphinyl]methyl}pentanedioic

acid;
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2-[[(3-indolyl) propylhydroxyphosphinyl]lmethyl]l pentanedioic
acid;
2-[[(2-thienyl)methylhydroxyphosphiﬁyl]methyl]pentanedioic
acid; _
2-[[(3-thienyl)methylhydroxyphosphinyl]lmethyl] pentanediocic
acid; | |
2-[[(4-thienyl)methylhydroxyphosphinyllmethyl] pentanedioic
acid;
2-[[(3-th;enyl)ethylhydroxthosphinyl]methyl]pentanedioic
acid;
2-[[(3-thienyl) propylhydroxyphosphinyllmethyl]l pentanedicic
acid; |
3-[[(2-pyridyl)methylhydroxyphosphinyl]-2-pheny1propanoic
acid;
3-[[(3-pyridyl)methylhydroxyphosphinylj-2-pheny1propanoic
acid;
3-[[(4-pyridyl)methylhydroxyphosphinyl] -2-phenylpropanoic
acid;

3—[[(3—pyridyl)ethylhydroxyphosphinyl]-2-phenylpropanoic acid;

3-[[(3-pyridyl) propylhydroxyphosphinyl] -2-phenylpropanoic

acid; |
3-[[(tetrahydrofuranyl)methylhydroxyphosphinyl] -2-phenyl
propanoic acid; _ . |
3—[[(tetrahydrofuranyl)ethylhydroxyphosphinyl]-2—phenyl
propanoic acid; _
3-[[(tetrahydrofuranyl) propylhydroxyphosphinyl] -2-phenyl
propanoic acid;

3-[[(2-indolyl)methylhydroxyphosphinyl] -2-phenylpropanoic
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acid; _
3-[[(3-indolyl) methylhydroxyphosphinyl] -2-phenylpropanoic
acid;
3-[[(4-indolyl) methylhydroxyphosphinyl] -2-phenylpropanoic
acid;
3-[[(3-indolyl) ethylhydroxyphosphinyl] -2~phenylpropancic acid;
3-[[(3-indolyl) propylhydroxyphosphinyl] -2-phenylpropanoic
acid;
3-[[(2-thienyl)methylhydroxyphosphinyl] -2-phenylpropanoic
acid; _
3-[[(3-thienyl)methylhydroxyphosphinyl]-2-phenylpropanoic
acid;
3-[[(4-thienyl)methylhydroxyphosphinyl]—2-phenylpropanoic
acid;
3-{[{(3-thienyl)ethylhydroxyphosphinyl] -2-phenylpropanoic acid;
3-[[(3-thienyl) propylhydroxyphosphinyl] -2-phenylpropanoic
acid;
3-(benzylhydroxyphosphinyl)-2-(2-pyridy1)meﬁhylpropanoic acid;
3-(beﬁzylhydroxyphosphinyl)-2-(3-pyridyl)methylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2—(4—pyridyl§methylpropanoic acid;
3-(beniylhydroxyphosphinyl)-2-(3—pyridyl)ethylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3-pyridyl) propylpropancic acid;
3- (benzylhydroxyphosphinyl) -2- (tetrahydrofuranyl) methyl
propanoic acid; |
3- (benzylhydroxyphosphinyl) -2- (tetrahydrofuranyl) ethyl
propanoic’ acid; |
3- (benzylhydroxyphosphinyl) -2- (tetrahydrofuranyl) propyl

propancic acid;
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3-(benzylhydroxyphosphinyli-2-(2-indolyl)methylpropanoié acid;
3- (benzylhydroxyvohosphinyl) -2- (3-indolyl) methylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (4-indolyl) methylpropanoic acid;
3—(benzylhydroxy?hosphinyl)-2-(3—indQlyl)ethylprcpanoic_acid;
3-(benzylhydroxyphosphinyl)-2-(3-indolyl)propylprobanoic acid;
3- (benzylhydroxyvhosphinyl) -2- (2-thienyl)methylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3-thienyl)methylpropanocic acid;
3- (benzylhydroxyphosphinyl) -2- (4-thienyl)methylpropanocic acid;
3- (benzylhydroxyphosphinyl) -2- (3-thienyl) ethylpropanocic acid;
3- (benzylhydroxyponhcsphinyl) -2- (3-thienyl) propylpropanoic acid;
and a pharmaceuticallj acceptable salt, hydrate, or a mixtures
thereof.

39. The method of claim 37 wherein the NAALADase
inhibitor is selected from the group consisting of:
2-[(benzylhydrokyphosphinyl)methyl]pentanedioic acid;

2- [ (phenylhydroxyprosphinyl)methyl] pentanedioic acid;l

2- [ [ ( (hydroxy) phenyimethyl) hydroxyphosphinyllmethyl]
pentanedioic acid;

2- [ (butylhydroxyphosphinyl)methyl] pentanedioic acid;
2-[[(3-methylbenzyl)hydroxyphosphinyl]methyl]peﬁtanedioic
acid; | |
2-[(3-phenylpropylhydroxyphosphinyl)methyl]peﬁtanedioic acid;
2-[[(4-fluorophenyl) hydroxyphosphinyl]l methyl]l pentanedioic
acid;

2- [ (methylhydroxyphosphinyl)methyl] pentanedioic acid;

2- [ (phenylethylhydroxyphosphinyl)methyl]pentanedioic acid;
2-[[(4—methy1benzyl}hydroxyphbsphinyl]methyl]pentanedioic

acid;
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2-[[(4-fluorobenzyl) hydroxyphosphinyl]l methyl] pentanedioic
acid;
2-[[(4-methoxytenzyl) hydroxyphosphinyl]methyl] pentanedioic
acid;
2-(phbsphonomethyl)pentanedioic acid;
2-[[(3-trifluocromethylbenzyl) hydroxyphosphinyl]l methyl]
pentanedioic acid;
2-[[(2-fluorobenzyl)hYdroxyphésphinyl]methyl]pentanedioic
acid;
2- [[(pentaflucrobenzyl) hydroxyphosphinyl]methyl] pentanedioic
acid; and a pharmaceutically acceptable salt, hydrate, or a
mixture thereof.

40. The method of claim 36 wherein R, and R, are straight
or branched or carbocyclic groups and X is oxygeh.

41. The method of claim 40 wherein the NAALADase
inhibitor is selected from the group consisting of:
2- [ [methylhydroxyphosphinyl] oxyl pentanedioic acid;
2- [ [ethylhydroxyphosphinyl] oxyl pentanedicic acid;
2- [ [propylhydroxyphosphinyl] oxy] pentanedioic acid;
2- [ [butylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[[cydlohexylhydroxyphosphinyl]oxy]pentanedioic acid;
2—[[(cyclohexyl)methylhydroxyphosphinyljoxy]pentanedibic acid;
2- [ [phenylhydroxyphosphinyl] oxyl pentanedioic acid;
2- [ [benzylhydrcxyphosphinyl] oxyl pentanedioic acid;
2-[[phenylethylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[phenylpropylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[phenylbutylhydroxyphosphinyl]oxy]pentanedioic acid;

2-:[(4-methylbenzyl)hydroxyphosphinyl]oxy]pentanedioic acid;
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2-[[(4-fluorobenzyl) hydroxyphosphinyl] oxylpentanedioic acid;
2- [ [ (2-fluorobenzyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2- [ [ (pentafluorobenzyl) hydroxyphosphinyl] oxy] pentanedioic
acid;

2- [ [ (methoxybenzyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[0(2, 3, 4-trimethoxyphenyl) hydroxyphosphinyl]oxy]
pentanedioic acid; |
2-[[(l-naphthyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2—[i(2-naphthyi)hydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(1-naphthyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(2—naphthyl)methylhydroxyphosphinyl]oxy]pentangdioic acid;
2-[[(1-naphthyi)ethylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(2-naphthyl)ethylhydroxyphosphinyl] oxylpentanedioic acid;
2- [ [(1-naphthyl) propylhydroxyphosphinyl] oxy]l pentanedioic acid;
2-[[(2-naphthyl) propylhydroxyphosphinyl] oxy] pentanedioic acid;
24[[(l-naphthyi)butylhydroxyphosphinyl]oxy]pentanedioic acid;
2- [[(2-naphthyl)butylhydroxyphosphinyl] oxy] pentanediocic acid;
2- [ [ (phenylprop-2-enyl) hydroxyphosphinyl] oxyl pentanedioic
acid; |

2- [ [benzylhydroxyphosphinyl] oxy] pentanedioic acid;

‘2-[[(2;fluorobenzyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(4-fluorophenyl)hydroxyphosphinyl]oxy]pentanedioic acid;“
2- [ [ ((hydroxy) phenylmethyl) hydroxyphosphinyllmethyl]
pentanedioic acid;
2-[[(3-methylbenzyl) hydroxyphosphinyl] methyl] pentanedioic
acid;

2- [ (phosphono) oxyl pentanedioic acid;

24[[(3-trifluoromethylbenzyl)hydroxyphosphinyl]oxy]
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pentanedioic acid; .
2-[[methylhydroxyphosphinyl]oxy]-2-phenylethanoib acid;

2- [ [ethylhydroxyphosphinyl] oxy] -2-phenylethancic acid;

2- [ [propylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;

2- [ [butylhydroxyphosphinyl] oxyl] -2-phenylethanoic acid;

2- [ [cyclohexylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2- [ [ (cyclohexyl) methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;

2- [ [phenylhydroxyphosphinyl] oxyl] -2-phenylethanoic acid;

2- [ {(benzylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[phenylethylhydrquphcsphinyl]oxy]—Z-phenylethanoic acid;
2- [ [phenylpropylhydroxyprosphinyl] oxy] -2-phenylethanoic acid;
2- [ [phenylbutylhydroxyphosphinyl] oxyl -2-phenylethanoic acid;
2-[[(2, 3, 4-trimethoxyphenyl) -3-hydroxyphosphinyl]oxyl-2-

phenylethanoic acid;

2- [ [ {1-naphthyl) hydroxyphosphinyl] oxyl -2-phenylethanoic acid;

2-[{{2-naphthyl)hydroxyphosphinyl]oxy]—2-phenylethanoic acid;

2-[[{1-naphthyl)methylhydroxyphosphinyl)]oxy] -2-phenylethanoic

acid;

2- [ [ (2-naphthyl)methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid; -
2-[[(l-naphthyl)ethylhydroxyphosphinyl]oxy]-z-phenylethanoic
acid; | |
2-[[(2-naphthyl)ethylhydroxyphosphinyl]oxy]-2—phenylethan6ic
acid;
2—[[(l-naphthyl)propylhydrcxyphosphinyl]oxy]—2-phénylethanoic
acid; |

2—[[(2—naphthyl)propylhydroxyphosphinyl]oxy]—2-phenylethanoic
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acid;

2- [ [{l-naphthyl) butylhydroxyphosphinyl] oxyl] -2-phenylethanoic

acid;

2- [ [ (2-naphthyl) butylhydroxyphosphinyl] oxyl] -2-phenylethanoic

acid;

2- [ [phenylprop-2-enylhydroxyphosphinyl] oxy] -2-phenylethancic

acid;

2-[(methylhydfoxyphosphinyl)oxy]hexanedioic acid;

2- [ (benzylhydroxyphosphinyl) oxy] hexanedioic acid;

2- [ (methylhydroxyphosphinyl) oxy] heptanedioic acid;

2- [ (benzylhydroxyphosphinyl) oxyl heptanediocic acid;

2- [ (methylhydroxyphosphinyl) oxy] octanedioic acid;

2- [{benzylhydroxyphosphinyl) oxy] octanedioic acid;

2- [ (methylhydroxyphosphinyl) oxy] nonanedioic acid;

2- [ (benzylhydroxyphosphinyl) oxyl nonanedioic acid;

2—[(methylhydroxyphosphinyl)oxy]decanedibié acid;

2- [ (benzylhydroxyphosphinyl) oxy] decanediocic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-methylethanoic acid}

2- [ [benzylhydroxyphosphinyl] oxy] -2-ethylethanoic acid;

2-[[benzylhydroxyphosphinyl]oxy]-2-propylethanoic acid;

2-[[beﬁzylhydroxyphosphinyl]oxy]—2-butylethanoic acid;

2-[[benzylhydroxyphosphinyl]oxy]-2—cy¢lohexylethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (cyclohexyl) methylethanoic

acid;

2-[[benzylhydrdxyphosphinyl]oxy]-2—phenylethanoic acid;

2-[[benzylhydroxyphosphinyl]oxy]-2-benzylethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-phenylethylethancic acid;

2—[[benzylhydrokyphosphinylloxy]—2-phenylpropylethanoic acid;
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2- [ [benzylhydroxyphosphinyl] oxyl -2-phenylbutylethanoic acid;
2- [ [benzylhydroxyphosphinylloxy] -2-(2, 3, 4-trimethoxyphenyl)
ethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]—2-(1-naphthyl)ethanoic_acid;
2-[[benzylhydroxyphosphinyl]oxy]e2-(2—naphthyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyll]oxy] -2- (1-naphthyl)methylethanoic
acid;
2-[[benzylhydréxyphosphinyl]oxy]-2-(2-naphthyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (1-naphthyl) ethylethanoic
acid; |
2-[[benzylhydroxyphosphiﬁyl]oxy]-2-(2-naphthyl)ethylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (1 -naphthyl) propylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxyl] -2- (2-naphthyl) propylethanocic
acid;
2-[[benzylhydroxyphosphinyl]oxy]-2—(1-naphthyl)butYlethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (2-naphthyl) butylethanoic

acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-phenylprop-2-enylethanoic
acid;

2-t[(2-pyridyl)methylhydroxyphosphinyl]oxy]pentanedioic'acid;
2-[[(3-pyridyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(4-pyridyl)methylhydroxyphosphinyl] oxy] pentanedioic acid;

2-[[(3-pyridyl)ethylhydroxyphosphinyl]oxy]pentanedicic acid;

2-[[(3-pyridyl) propylhydroxyphosphinyl] oxyl pentanedioic acid;
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2-[[(tetrahydrofuranyl)methylhydroxyphosphinyl]oxy]

pentanedioic acid;

2- [ [ (tetrahydrofuranyl)ethylhydroxyphosphinyl] oxyl] pentanedioic

acid;

2-[[(tetfahydrofuranyl)propylhydroxyphosphinyl]oxy]
pentanedioic acid; |

2-[[(2-indolyl) methylhydroxyphosphinyl] oxy] pentanediocic acid;
2-[[(3-indolyl)methylhydroxyphosphinyl] oxyl pentanedioic acid;
2-[[(4-indolyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(3-indolyl) ethylhydroxyphosphinyl] oxylpentanedioic acid;
2-[[{(3-indolvl)propylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[((zéthienyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(3-thiernyl)methylhydroxyphosphinylloxylpentanedioic acid;
2-[{(4-thienyl)methylhydroxyphosphinyl] oxyl pentanedioic acid;
2-[[(3—thienyl)ethylhydroxyphosphinyl]oxy]penténedioic acid;
2-[[(3-thieny1)propylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(2-pvridvyl)methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid; |

2- [ [(3-pyridyl) methylhydroxyphosphinyl] oxy] -2-phenylethanoic

acid;

~2-[[(44pyridyl)methylhydroxyphosphinyl]oxy]-2-phenylethanoic

acid;

2-[[(3-pyridyl) ethylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid; ' |

2- [((3-pyridyl) propylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2-[[(tetrahydrofuranyl)methylhydroxyphosphinyl] oxy] -2-phenyl

ethanoic acid;



10

15

20

25

woonasos | I RN LTI IS

-175-
2- ([ (tetrahydrofuranyl)ethylhydroxyphosphinyl] oxy] -2-phenyl
ethanoic acid;
2- [ [ (tetrahydrofuranyl) propylhydroxyphosphinyll] oxyl] -2-phenyl
ethanoic acid;
2-[[{(2-indolyl) methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2-[[(3—indolyl)methylhydroxyphosphinyl]oxy]-2-phenylethanoic
acid;
2-[[(4-indolyl)methylhydroxyphosphinyl] oxyl] -2-phenylethanoic
acid; |
2- ([ (3-indolyl) ethylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2-[[(3-indolyl)propylhydroxyphosphinyl]oxy]-2-phenylethanoic
acid;
2-[[(2-thienyl)methylhydroxyphosphinyl] oxy] -2-phenylethanocic
acid;
2- [[(3-thienyl)methylhydroxyphosphinyl]oxy] -2-phenylethanoic
acid;
2- [[(4-thienyl)methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid; |
2- [[(3-thienyl) ethylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2-[[(3-thienyl)propylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2- [ [benzylhydroxyphosphinyl]loxy] -2~ (2-pyridyl) methylethanoic
acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2- (3-pyridyl) methylethanoic

acid;
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2- [ [benzylhydroxyphosphinyl] oxyl] -2- (4-pyridyl) methylethanoic
acid; | _
2- [ [benzylhydroxyphosphinyl] oxy] -2- (3-pyridyl) ethylethanoic

acid; '

2- [ [benzylhydroxyphosphinyl] oxyl -2- (3-pyridyl) propylethanoic

acid;

- 2- [ [benzylhydroxyphosphinyl] oxyl -2- (tetrahydrafuranyl) methyl

ethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]-2—(tetfahydrafuranyl)ethyl
ethanoic acid; |

2- [ [benzylhydroxyphosphinyl] oxy] -2- (tetrahydrafuranyl)propyl
ethanoic acid; _
2-[[benzylhydroxyphosphinyl]oxy]-2-(2-indolyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl]oxy] -2- (3-indolyl)methylethanoic
acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(4-indolyl)methylethanoic
acid;
2-[[benzylhydroxyphosphinyi]oxy]—2-(3—indolyl)ethylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] ~2~- (3-indolyl) propylethanoic
acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(2-thienyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (3-thienyl)methylethanoic
acid;
2-[[benzylhydroxyphosphinyl]oxy]—2-(4-thienyl)methyléthanoic

acid;
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2—[[benzylhydroxyphosphinyl]bxy]-2-(3—thienyl)ethylethanoic
acid;
2-[[benzylhydroxyphosphinyl]oxyj-2-(3-thienyl)propylethanoic
acid; and a pharmaceutically acceptable salt, hydrate, or a
mixture thereof.

42. The method of claim 40 wherein the NAALADase
inhibitor is selected from the group ccnsisting of:
2- [ (benzylhydroxyphosphinyl) oxyl pentanedioic acid;
2- [ (phenylhydroxyphosphinyl) oxyl pentanedioic acid;
2- [ {( (hydroxy) phenylmethyl) hydroxyphosphinyl] oxyl pentanedioic
acid;
2-[(butylhydroxyphosphinyl)oxy]pentanedioic acid;
2-[[(3—methylbenzyl)hydroxyphosphinyl}oxy]pentanedioic acid;
2- [ (3-phenylpropylhydroxyphosphinyl) oxyl pentanedioic acid;
2-[[(4-fluorophehyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2- [ (methylhydroxyphosphinyl) oxyl pentanedioic acid;
2-[(phenylethylhydroxyphosphinyl)oxy]pentanedioic acid;
2—[[(4-methylbenzyl)hydréxyphosphinyl]oxY]pentanedioic acid;
2-[[(4-fluorobenzyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2-[[ (4-methoxybenzyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2- [ {(phosphono) oxyl pentanedioic acid;
2-[[(3-trifluocromethylbenzyl) hydroxyphosphinyl] oxy]
pentanedioic acid; |
2-[[(2-fluorobenzyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(pentafluorobenzyl)hydroxyphosphinyl]oxy]penﬁanedioié
écid; and a pharmaéeutically acceptable salt, hydrate, or a
mixture thereof.

43. The method of claim 36 wherein R, and R, are straight
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or branched or carbocyclic and X is NR,.

44. The method of claim 43 wherein the NAALADase
inhibitcor is selected from the group consisting of:
2- [ [methylhydroxyphosphinyll amino] pentanedioic acid;.
2- [[ethylhydroxyphosphinyl] amino] pentanedioic acid;
2-£[propylhydroxyphosphinyl]amino]pentanedioic acid;
2- [ [butylhydroxyphosphinyl] aminol pentanedioic acid;
2-[[cyciohexylhydroxyphosphinyl]amino]pentanedioic acid;
2-[[(cyclohexyl)methylhydroxyphosphinYl]amino]pentanedioic
acid; - |
2-[[phenylhydroxyphosphinyl]amino]pentanedioic acid;
2- [ [berzylhydroxyphosphinyl] amino] pentanedioic acid;
2-[[phenylethylhydroxyphosphinyl]amino]pentanedioic acid;
2-[[phenylpropylhydroxyphosphinyl]amino]peﬁtanedioic acid;
2- [ [phenylbutylhydroxyphosphinyl] amino] pentanedioic acid;
2-[[(4-methylbenzyi)hydroxyphosphinyl]amino]pentanedioic acid;
2-[[(4-Zlucrobenzyl) hydroxyphosphinyl]amino]l pentanediocic acid;
2-[[(2—flucrobenzyl)hydroxyphosphinyl]amino]pentanedioie acid;
2- [ [ (pentafluorobenzyl) hydroxyphosphinyl] amino] pentanedioic
acid;
2—[[(méthoxybenéyl)hydroxyphosphinyl]aminc]pentanedioic acid;
2-[[(2, 3, 4-trimethoxyphenyl)hydroxyphosphinyl]amino]
pentanedioic acid;
2;[[(l-naphthyl)hydroxyphosphinyl]aminé]pentanedioic acid;
2-[[(2-naphthyl)hydroxyphosphinyl]amino]pentanedioic acid;
2-[[(1-naphthyl)methylhydroxyphosphinyl] amino] pentanedioic
acid;

2- [ [(2-naphthyl)methylhydroxyphosphinyl] amino] pentanedioic
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acid;

2- [[(1-naphthyl) ethylhydroxyphosphinyl}amino] pentanedioic
acid;

2- [[(2-naphthyl) ethylhydroxyphosphinyl] amino] pentanedioic
acid; _ | .
2-[[(1-naphthyl)propylhydroxyphosphinyl] amino] pentanedicic
acid; .
2-[[(2-naphthyl)propylhydroxyphosphinyljamino]pentanedioic
acid;
2-[[(l-naphthyl)butylhydroxyphosphinyl]aminb]pentanedioic
acid;
2-[[(2-naphthyl)butylhydroxyphosphinyl]l amino] pentanedioic
acid; |
2-[[(phenylprop-z-enyl)hydroxyphosphinyl]émino]pentanedioic
acid; |

2- [ [benzylhydroxyphosphinyl] amino] pentanedioic acid;
2-[{[(2-fluorobenzyl) hydroxyphosphinyl] amino] pentanedioic acid;

2- [ [ ((hydroxy)phenylmethyl) hydroxyphosphinyl] amino]

- pentanedioic acid;

2- [[(3-methylbenzyl) hydroxyphosphinyl] amino] pentanedioic acid;

.2-[[(4¥fluorophenyl)hydroxyphosphinyl]amino]pentanedioic acid;

2- [ (phosphono) amino] pentanedioic acid;
2-[[(3-trifiuoromethylbenzyl)hydroxyphosphinyl]amino]
pentanedioic acid; _

2- [ [methylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2- [ [ethylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2- [ [propvlhydroxyphosphinyl] amino] -2-phenylethanoic acid;

2- [ [butylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
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2- [ [cyclohexylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[(cyclohexyl)methylhydroxyphosphinyl]amino] -2-
phenylethanoic acid;
2- [ [phenylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2-pheny1e;hanoic'acid;
2- [ [phenylethylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2- [ [phenylpropylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2- [ [phenylbutylhydroxyphosphinyl] amine] -2-phenylethanoic acid;
2-({(2, 3, 4—trimethoxyphenylj-3-hydroxyphosphinyl]amino]-2-
phenylethanoic acid;
2-[[(1-naphthyl)hydroxyphosphinyl]amino]—2-phenylethaﬁoic_

acid;

2-[[(2-naphthyl)hydroxyphosphinyl]amino]—2—phenylethanoic

acid;

2-[[(l-naphthyl)methyihydroxyphosphinyl)]amino]—2—phenyl
ethanoic acid;

2- [[(2-naphthyl) methylhydroxyphosphinyl] amino] -2-phenyl
ethanoic acid;

2- [ [ (1-naphthyl) ethylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2-[[(2-naphthyl)ethylhydroxyphosphinyl]amino]-2-phenylethanoic
acid;

2-[{(1-naphthyl) propylhydroxyphosphinyl] amino] -2-phenyl
ethanocic acid; _ _

2-[[(2-naphthyl }propylhydroxyphosphinyl] amino] -2-phenyl
ethanoic acid;

2-[[(1-naphthyl) butylhydroxyphosphinyl] amino] -2-phenylethanoic
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acid;
2—[((2-naphthyl)butylhydroxyphosphinyl]amino]—2-phénylethanoic
acid;
2- [ [phenylprop-2-enylhydroxyphosphinyllamino] -2-phenylethanoic

acid;

2- [ [benzylhydroxyphosphinyll]l amino] -2-methylethanoic acid;

2- [ {benzylhydroxyphosphinyl] amino] -2-ethylethandic acid;
2-[[benzylhydroxyphosphinyl]amino]-2-propylethanoic acid;

2- [ [benzylhydroxyphosphinyllamino] -2-butylethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-cyclohexylethanoic acid;
2- [ [benzylhydroxyphosphinyll amine] ~-2- (cyclohexyl)methyl
ethanoic acid;
2—[[benzylhydroxy?hosphinyl]amino]-2-phenylethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-benzylethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-phenylethylethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2-phenylpropylethanoic
acid;

2-[[benzylhydroxyphdsphinyl]amino]-2-phenylbutylethanoic acid;
2-[[benzylhydroxyphosbhinyl]amino]-2-(2, 3, 4-

trimethoxyphenyl)ethanoic acid;

| 2- [ [benzylhydroxyphosphinyl] amino] -2- (1-naphthyl) ethanoic

acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (2-naphthyl)ethanoic

acid;

2-[[benzylhydroxyphoéphinyl]amino]-2-(l-naphthyl)methyl

ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (2-naphthyl) methyl

ethanoic acid;
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2- [ [benzylhydroxyphosphinyl] amino] -2- (1-naphthyl) ethylethanoic
acid;
2-[[benzylhydroxyphosphinyl]amino]-2—(zjnaphth?l)ethylethanoic
acid;

2-[[benzylhydroxyphoéphinyl]amino]-2—(l-naphthyl)pfopyl
ethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (2-naphthyl) propyl
ethanoic acid; | |

2- [ [benzylhydroxyphosphinyll]l amino] -2- (1-naphthyl) butylethanoic
acid; |

2- [ [benzylhydroxyphosphinyl]amino] -2- (2-naphthyl) butylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-phenolprop-2-enylethanoic
acid;

2- [ (methylhydroxyphosphinyl)amino] hexanedioic acid;

2- [ (benzylhydroxyphosphinyl) amino] hexanedioic acid;
2-[(methylhydroxyphosphinyl)amino]heptanedioic acid;

2- [ (benzylihydroxyphosphinyl)amino] heptanedioic acid;

2- [ (methylhydroxyphosphinyl) amino] octanedioic acid;
2-[(benzylhy&roxyphosphinyl)amino]octanedioic acid;
-2—[(meﬁhylhydroxyphqsphinyl)amino]nonanedioic acid;

2- [ (benzylhydroxyphosphinyl) amino]l nonanediocic acid;
2-[(meth?lhydroxyphosphinyl)amino]decanedioid'acid;.
2—[(benzylhydroxyphosphinyl)amino]decanédioic acid;
_2-[[(é-pyridyl)methylhydroxyphosphinyl]amino]pentanedioic
acid; |
2-[[(3-pyridyl)methylhydroxyphosphinyl]amino]pentanedioic

acid;
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2- [[(4-pyridyl) methylhydroxyphosphinyl] amino] pentanedioic
acid;

2- [[(3-pyridyl) ethylhydroxyphosphinyl] amino] pentanedioic acid;
2-[[(3-pyridyl)propylhydroxyphosphinyl]amino]pentanedioic
acid; ' |
2-[[(tétrahydrofﬁranyl)methylhydroxyphosphinyl]amino]

pentanedioic acid;

2-[[(tetrahydrofuranyl)ethylhydroxyphosphinyl]amino]

pentanedioic acid;

2- [[(tetrahydrofuranyl) propylhydroxyphosphinyl] amino]
pentanedioic acid;

2-[[(2-indolyl) methylhydroxyphosphinyl] amino] pentanedioic
acid;
2-[[(3-indolyl)methylhydroxyphosphinyl] amino] pentanedioic
acid; | _ |

2-[{(4-indolyl) methylhydroxyphosphinyl] amino] pentanedioic
écid;

2-[[(é-indolyl)ethylhydroxyphosphinyl]amino]pentanedioic acid;
2—[[(3Findolyl)propylhydroxyphosphinyl]amino]pentanedioic
acid;
2-[{(2-thienyl)methylhydroxyphosphinyl] amino] pentanedioic
acid; _
2-[[(3-thienyl)methylhydroxyphosphinyl]amino]pentanedioic
acid;
2-[[(4-thienyl)methylhydroxyphosphinyl]amino]pentanedioic
acid;
2-[{(3-thienyl)ethylhydroxyphosphinyl] amino] pentanedioic acid;

2-[[(3-thienyl) propylhydroxyphosphinyl] amino] pentanedioic
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acid;
'2—[[(2-pyridyl)methylhydroxyphosphinyl]amino]-2-pheny1ethanoic
acid; _
2-[[(3-pyridyl) methylhydroxyphosphinyl] amino] -2-phenylethanocic
acid; | |
2-[{(4-pyridyl)methylhydroxyphosphinylLamino]—2-phenylethanoic
écid;
2-[[(3-pyridyl) ethylhydroxyphosphinyllamino] -2-phenylethanoic
acid;
2—[[(3-py:idyl)propylhydroxyphosphinyl]amino]-2-phenylethanoic
acid;
2- [ [ (tetrahydrofuranyl)methylhydroxyphosrhinyl] amino] -2-phenyl
ethanoic acid;
2- [ [ (tetrahydrofuranyl) ethylhydroxyphosprhinyl] amino] -2-phenyl
ethanocic acid;
2-[[(tetrahydrofuranyl)propylhydroxyphosphinyl]amino]-2-phenYl
ethanoic ac¢id; o
2-[[(2-indolyl)méthylhydroxyphosphinyl]amino]-2-phenylethanoic
acid;
2-[[(3-indolyl)methylhydroxyphosphinyl]amino]-2—phenylethanoic
acid; -
2-[[(4-indolyl)methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid; _
2-[[(3-indolyl)ethylhydroxyphosphinyl]amino]—zfphenylethanoic
acid; '
2- [[(3~-indolyl) propylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;

2-[[(thhienyl)methythdroxyphosphinyl]amino]-2-phenylethanoic
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acid;
2-[[(3-thienyl)methylhydroxyphosphinyl]amino]-2—phenylethanoic
acid; _
2-[[(4-thienyl)méthylhydfoxyphosphinyl]amino]—2-phenylethanoic
acid;
2-[[(3-thienyl)ethylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2-[[(3—thienyl)propylhydroxyphosphinyl]amino]-2-phenylethanoic
acid;
2-[[benzylhydroxyphosphinyl]amino]—2-(2-pyridy1)methylethanoic
acid;
2-[[benzylhydroxyphosphinyl]amino]-2-(3-pyridyl)methylethanoic
acid; |
2- [[benzylhydroxyphosphinyl] amino] -2- (4-pyridyl)methylethanoic
acid; |
2-[[benzylhydroxyphosphinyl]amino]—2-(3-pyridy1)ethylethanoic
acid;
2—[[benzylhydroxyphosphinyl]amino]-2-(3-pyridyl)propylethanoic
acid; |
2-[[benzylhydroxyphosphinyl]amino]—2—(tetrahydrafuranyl)methyl
ethanoic acid; | '
2-[fbenzylhydroxyphosphinyl]amino]-2-(tetrahydrafuranyl)ethyl
ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2~ (tetrahydrafuranyl) propyl
ethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2-kz—indolyl)methylethanoic
acid; |

2- [ [benzylhydroxyphosphinyl] aminol -2- (3-indolyl)methylethanoic
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acid;
2-[[benzylhydroxyphosphinyl]amino]-2—(4-indolyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] amino] -2~ (3-indolyl) ethylethanoic
acid; |

2- [ [benzylhydroxyphosphinyl] amino] -2- (3-indolyl) propylethanoic
acid;
2-[[benzylhydroxyphdsphinyl]amino]-27(2-thienyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (3-thienyl)methylethanoic
acid; | |
2-[[benzylhydroxyphosphinyl]amino]-2-(4-thienyl)methyléthanoic
acid; |

2- [[benzylhydroxyphosphinyl] amino] -2- (3-thienyl) ethylethanoic
acid; |

2- [ [benzylhydroxyphosphinyl] amino] -2- (3-thienyl)propylethanoic
aéid; and a pharmaceutically acceptable salt, hydrate, or a
mixture thereof. |

45. The method of claim 43 wherein the NAALADase

“inhibitor is selected from the group consisting of:

2-[(beﬁzylhydroxyphosphinyl)amino]pentanedioic acid;

2- [ (phenylhydroxyphosphinyl) amino] pentanedioic acid;

2- [ [ ( (hydroxy) phenylmethyl) hydroxyohosphinyl] amino]
pentanedioic acid;

2~ [(butylhydroxyphosphinyl) amino] pentanedioic acid;

2- [[(3-methylbenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2- [ (3-phenylpropylhydroxyphosphinyl) amino] pentanedioic acid;

2-[[(4-fluocrophenyl) hydroxyphosphinyl] amino] pentanedioic acid;
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2-[(méthylhydroxyphosphinyl)amino]pentanedioic acid;
2- [ (phenylethylhydroxyphosphinyl) amino] pentanedicic acid;
2-[[(4-methylbenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(4—fluorobenzyl)hydroxyphosphinyl]amino]pentanédioic acid;
2-[[(4-methoxybenzyl)hydroxyphoéphinyl]amino]pentanedi&ic
acid; |
2-[(phosphono)aminC]pentanedioic acid;
2-[[(3-trifluoromethylbenzyl) hydroxyphosphinyl] amino]
pentanedioic acid;
2-[[(2-fluorobenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2- [[(pentafluorobenzyl) hydroxyphosphinyl] amino]l pentanedioic
acid; and a pharmaceutically acceptéble salt, hydrate, or a
mixture thereof.

46. The method of claim 36 wherein R, or R, is
heterocyclic and X is CH,.

47. The method of claim 46 wherein the NAALADase
inhibitor is selected from the group consisting of:
2-[[(Z-pyridyl)hydroxyphosphinyl]methyl]pentanediéic acid;

2- [ [ {3-pyridyl) hydroxyphosphinyl]methyl] pentanediocic acid;
2-[[(4-pyridyl) hydroxyphosphinyl]l methyl] pentanedicic acid;
2-[[(tétrahydrofuranyl)hydroxyphosphinyl]methyl]pentanedioic
acid; _
2—[[(2-indoly13hydroxyphosphinyl]methyl]pentanedioic acid;
2-[[{3-indolyl) hydroxyphosphinyl]lmethyl] pentanedioic acid;
2-[[(4-indolyl)hydrdxyphosphinyl]ﬁethyl]pentanedioic acid;
2-[[(2-thienyl) hydroxyphosphinyl]lmethyl] pentanedioic acid;
2-[[{3-thienyl) hydroxyphosphinyl]lmethyl] pentanedioic acid;

2-[[{4-thienyl) hydroxyphosphinyl] methyl]l pentanedioic acid;
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3-[(2-§yridyl)hydroxyphosphinyl]-2—phenylpropanoic
3-[(3-pyridyl) hydroxyphosphinyll -2-phenylpropanocic
3-[(4-pyridyl) hydroxyphosphinyl] -2-phenylpropanoic

PCT/US97/10149

acid;
acid;

acid;

3- [(tetrahydrofuranyl) hydroxyphosphinyl] -2-phenylpropanoic

acid;

3-[(2-indolyl) hydroxyphosphinyl] -2-phenylpropanoic
3-[(3-indolyl) hydroxyphosphinyl] -2-phenylpropanoic
3-[(4-indolyl)hydroxyphosphinyl]-2-phenylpfopanoic
3-[(2-thienyl) hydroxyphosphinyl] -2-phenylpropanoic
3- [(3-thienyl) hydroxyphosphinyl] -2-phenylpropanoic
3-[(4-thienyl) hydroxyphosphinyl] -2-phenylpropanoic
3- (benzylhydroxyphosphinyl) -2- (2-pyridyl) propanoic
3- (benzylhydroxyphosphinyl) -2- (3-pyridyl) propanoic

3- (benzylhydroxyphosphinyl) -2- (4 -pyridyl) propanoic

acid;
acid;
acid;
acid;
acid;
acid;
acid;
acid;

acid;

3- (benzylhydroxyphosphinyl) -2- (tetrahydrofuranyl) propanoic

acid;

3- (benzylhydroxyphosphinyl) -2- (2-indolyl) propanoic
3- (benzylhydroxyphosphinyl) -2- (3-indolyl) propanoic
3- (benzylhydroxyphosphinyl) -2- (4-indolyl) propanoic
3- (benzylhydroxyphosphinyl) -2- (2-thienyl) propanoic

.3-(benZylhydroxyphosphinyl)-2-(3-thienyl)propanoic

3- (benzylhydroxyphosphinyl) -2- (4-thienyl) propanoic

acid;
acid;
acid;
acid;
acid;

acid;

a pharmaceutically acceptable salt, hydrate, or a mixture

thereof.

48. The method of claim 36 wherein R, or R, is

heterocyclic and X is oxygen.

49. The method of claim 48 wherein the NAALADase

inhibitor is selected from the group consisting of:

and
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2-[[(2-pyridyl)hydroxyphoéphinyl]oxy]pentanedioic acid;
2—[{(3-pyridyl)hydroxyphosphinyl]oxy]pentanedioic acid;
'2-[E(4-pyridyl)hydroxyphosphinyl]oxy]pentanedioic acid;

2- [ [ (tetrahydrofuranyl) hydroxyphosphinyl] oxyl pentanedioic
acid;

2-[[(2-indolyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(3-indolyl) hydroxyphosphinyl] oxy]l pentanedioic acid;
2-[[(4-indolyl) hydroxyphosphinyl] oxy]l pentanedioic acid;
2-[[(2-thienyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[[{(3-thienyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[[((4-thienyl)hydroxyphosphinyl] oxyl pentanedioic acid;
2-[[(2-pyridyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[(3-pyridyl)hydroxyphosphinyl]oxy]-2-phenylethanoic acid;
2-[[(4-pyridyl) hydroxyphosphinyl] oxy] -2-phenylethanoic -acid;
2-[[(tetrahydrofuranyl)hydfoxyphosphinyl]oxy]-2-phenylethanoic
acid;

2-[[(2-indolyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[(3—indoly1)hydroxyphosphinyl]oxy]-é-phenylethanoic acid;
2-[[(4-indolyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[(2—thienyl)hydroxyphosphinyl]oxy]-2-phenylethanoic aéid;
2-[[(3¥thienyl)Hydroxyphosphinyl]oxy]-2-phenylethanoic acid;
2-[[{4-thienyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[benzyihydroxyphosphinYl]oxy]-2-(2-pyridyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl]oxy] -2- (3-pyridyl) ethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(4-pyridyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2- (tetrahydrofuranyl)ethanoic
acid;

_2-[[benzylhydrcxyphosphinyl]6xy]-2-(2-indolyl)ethanoic acid;
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2- [ [benzylhydroxyphosphinyl] oxy] -2- (3-indolyl) ethanoic acid;
2-[(benzylhydroxyphosphinyl]oxy]-2-(4-indolyl)ethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(2-thienyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxyl -2- (3-thienyl) ethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(4—thienyl)ethanoic acid;
and a pharmaceutically acceptable salt, hydrate, or a mixture
thereof.

50. -The.method of claim 36 wherein R, or R, is
heterocyclic and X is NR,.

51. The method of cléim 50 wherein the NAALADase
inhibitor is a compound selected from the group consisting of:
2-[[(2-pyridyl) hydroxyphosphinyl] aminol pentanedioic acid;

2- [[(3-pyridyl) hydroxyphosphinyl] amiho]l pentanedioic acid;.
2-[[(4-pyricdyl) hydroxyphosphinyl] amino] pentanedioic acid;
2—[[(tetrahydrofuranyl)hydroxyphosphinyl]amino]pentanedioic
acid; |

2- [[(2-indelyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(3-indolyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(4-indoly1)hYdroxyphosphinyl]amino]pentanedioic acid;

2-[[(2-thienyl) hydroxyphosphinyl] aminol pentanedioic acid;

.2-[[(34thienyl)hydrokyphosphinyl]amino]pentanedioic acid;

2-[[(4-thienyl) hydroxyphosphinyl] aminol pentanedioic acid;
2-[[(2-pyridyl)hydroxyphosphinyl]amino]-2-phenylethanoic acid;
2-[[(3-pyridyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[(4-pyridyl)hydroxyphosphinyl]amino]—2-phenylethanoic acid;
2- [[({tetrahydrofuranyl) hydroxyphosphinyl]amino] -2-phenyl

ethanoic acid;

2-[[(2—indclyl)hydroxyphosphinyl]amino]-2—phenylethanoic acid;
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2-[[{(3-indolyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[I(4-indolyl)hydroxyphosphinyl]amino]-2-phenylethanoic acid;
2-[[(2-thienyl)hydroxyphosphinyl]aminoi-z-phenylethanoic acid;
2-[[(3-thienyl)hydroxyphosphinyl]amino]-2-phenylethanoic acid;
2-[[(4-thienyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2—(2-pyridyl)ethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2—(3-pyridyl)ethénoic acid;
2—[[benzylhydroxyphosphinylIamino]-2-(4-pyridyl)ethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]—2-(tetrahydrofuranyi)
ethanoic acid;
2-[[benzylhydrquphosphinyl]amino]-2—(2-indolyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl]amino] -2- (3-indolyl) ethanoic acid;
2- [[benzylhydroxyphosphinyl] amino] -2- (4-indolyl) ethanoic acid;
2-[[benZylhydrokyphosphinyl]amino]-2-(2—thienyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (3-thienyl) ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (4-thienyl) ethanoic acid;
and a pharmaceutically acceptable salt, hydrate, or a mixture
thereof.

52. A method of inhibiting NAALADase enzyme activity in
an animal which comprises: administering to an animal

.suffering from a disorder related to NAALADase énzyme activity
an effective amount of a NAALADase inhibitor.

53. The method of claim 52 wherein the NAALADase
inhibitor is selected from the group consisting of: a
glutamate-derived hydroxyphosphinyl derivative compound; an
acidic peptide analog; a conformationally restricted glutamate
mimic; and mixtures thereof.

54. The method of claim 53 wherein the acidic peptide
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analog is selected from the group consisting of: Asp-Glu, Glu-
Glu, Gly-Glu, gamma-Glu-Glu, and Glu-Glu-Glu.

55. The method of claim 53 wherein the conformationally

-restricted glutamate mimic is selected from the group

consisting of: beta:NAAG and quisqualic acid.

56. The method of claim 53 wherein the NAALADase
inhibitor is a glutamate-derived hydroxyphosphinyl derivative
compound.

57. The method of claim 52 wherein the NAALADase
inhibitor is administered in combination with an additional
therapeutic agent selected from the group cpnsisting of:
therapeutic hormones, chemctherapeutic hormones, anti-
angiogenesis agents, radiolabelled compounds, and mixtures
thereof.

58. The method of claim 52 wherein the disorder related
to NAALADase enzyme activity is prostate disease wherein the
prostate disease is selectad from the group consisting of
prostate cancef and benign prostatic hyperplasia.

59. The method of claim 52 wherein the NAALADase

inhibitor comprises a compound having the following formula:

wherein
R, is hydrogen, C,-C, straight or branched chain alkyl,

'CZ—C, straight or branched chain alkenyl group, C;-Cg
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cycloalkyl, Cg-C, cyclcalkenyl, or Ar,;
X is CH,, O, or NR,, where R, is defined above; and

R; is C,-C; straight or branched chain alkyl, C;-Cy
straight or branched chain alkenyl group, . C;fca
cycloalkyl} Cs-C, cycloalkenyl, or Ar,, wherein said
alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl
group may be optionally substituted with carboxylic
acid,

wherein said alkyl, alkenyl, cycloalkyl, cvcloalkenyl or aryl
groups may be coptionally substituted with C,-C, cycloalkyl, C,

or C; cycloalkyl, C;-C, cycloalkenyl, C,-C, alkyl, C,-C,

L3

alkenyl,

_halo, hydroxy, carboxy, nitro, trifluoromethyl, C.-C¢ straight

or branched chain alkyl or alkenyl, C,-C, alkoxy, C,-C,
alkenyloxy, phenoxy, benzyloxy, amino, or Ar,, and where Axr,
is selected frcm the group consisting of l-naphthyl, 2-
naphthyl, 2-indolyl, 3-indolyl, 4-indolyl, 2-fu£yl, 3-furyl,
tetrah?drofuranyl, 2-thienyl, 3-thienyl, 4-thienyl, 2-, 3-, or
4-pyridyl, or phenyl, having one to five substituents which
are independently selected from the gfoup consisting of
hydrogen, halo, hydroxy, carboxy, nitro, rifluorqmethyl, C,-Cq
straigHt or branched alkyl or alkenyl, C,-C, alkoxy or C,-C,
alkenyloxy, phenoxy, benzyloxy,'and aminb; or'pharmaceutically
acceptable salté, hydrates, or mixtures thereof.

60. The method of claim 59 wherein R, and R, are straight
or branched aliphatic groups or carbocyclic groups and X is
CH,. ’

61. The method of claim 60 wherein the NAALADase

inhibitor is selected from the group consisting of:
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2- [ [methylhydroxyphosphinyl] methyl] pentanedioic acid;

2- [ [ethylhydroxyphosphinyl]lmethyl] pentanedioic acid;

2- [ [propylhydroxyphosphinyl]methyl] pentanedioic acid;
2-[[buﬁylhydroxyphosphinyl]methyl]pentanedioic acid; _

2- [ [cyclohexylhydroxyphosphinyl] methyl] pentanedioic acid;
2-[[(cyclohexyl)methylhydroxyphosphinyllmethyl] pentanediocic
acid;

2- [ [phenylhydroxyphosphinyl]l methyllpentanedioic acid;

2- [ [benzylhydroxyphosphinyl] methyl]l pentanedioic acid;

2- [ [phenylethylhydroxyphosphinyl] methyl]l pentanedioic acid;
2-[[phenylpropylhydroxyphosphinyl]methyl]pentanedioic acid}
2- [ [phenylbutylhydroxyphosphinyl]l methyl] pentanedioic acid;
2-[[(4-methylbenzy1)hydrbxyphosphinyl]methyl]pentanedioic
acid; |
2—[[(4-fluorobenzyl)hydroxyphosphinyl]methyl]péntanedioic
acid; | '
.2-[[(2-fluorobenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid; _ | -
2-[[(pentafluorobenzyl)hydroxy?hosphinyl]methyllpentanedioic
acid; ' | | |

2- [ [ (methoxybenzyl) hydroxyphosphinyl]methyl] pentanedioic acid;
2-[[(2, 3, 4-trimethoxyphenyl)hydroxyphosphinyl]methyl]
pentanédioic acid;

2- [[(1-naphthyl) hydroxyphosphinyl]lmethyl] pentanedioic acid;
2-[[(2-naphthy1)hydroxyphdsphinyl]methyl]pentanedioic acid;
2- ([ (1-naphthyl) methylhydroxyphosphinyl] methyl] pentanedioic
acid;

2?[[(2-naphthyl)methylhydroxyphosphinyl]methyl]pentanedioic
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acid;
2-[[(l-naphthyl)ethylhy&roxyphosphinyl]methyl]pentanedioic
acid; |
2—[[(2-naphthyl)ethylhydréxyphosphinyl}methyl]pentanedipic
acid; |
2-[[{(1-naphthyl)propylhydroxyphosphinyl]lmethyl] pentanedioic
acid; | |

2- [[(2-naphthyl) propylhydroxyphosphinyl]l methyl]lpentanedioic

acid;

2-[[(l-naphthyl)butylhydroxyéhosphinyi]methyl]pentanedioic
acid;

2-[[(2-naphthyl) butylhydroxyphosphinyl]lmethyl] pentanedioic
acid; |
2-[[(phenylprop—z-enyl)hydroxyphosphinyl]methyl]pentanedioic
acid;

2-[[(2—fluorobenzyl)hydroxyphosphinyl]methyl]pentanedioic

2-[{(4-fluorophenyl)hydroxyphésphinyl]methyl]pentanedioic
acid;
2-[[((hydroky)phenylmethyl)hydroxyphosphinyl]methyl]
pentanédioic acid;

2-[[(3-methylbenzyl) hydroxyphosphinyl]methyl] pentanedioic
acid; |

2- (phosphonomethyl) pentanedioic acid;

2- [[(3-trifluoromethylbenzyl)hydroxyphosphinyl] methyll]
pentanedioic acid;
3—(methylhydroxyphosphinyl)—2—phenylpropanoic acid;

3-(ethylhydroxyphosphinyl) -2-phenylpropanoic acid;
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3- (propylhydroxyphosphinyl) -2-phenylpropancic acid;

3- (butylhydroxyphosphinyl) -2-phenylpropanocic acid;

3- (cyclohexylhydroxyphosphinyl) -2 -phenylpropanocic acid;
3- ((cyclohexyl)methylhydroxyphosphinyl) -2-phenylpropanoic
acid; _

3- (phenylhydroxyphosphinyl) -2-phenylpropanoic acid;

3- (benzylhydroxyphosphinyl) -2-phenylpropanoic acid;
3-(pheﬁylethylhydroxyphosphinyl)-2—pheny1propanoic acid;
3- (phenylpropylhydroxyphosphinyl) -2-phenylpropanoic acid;
3- (phenylbutylhydroxyphosphinyl) -2-phenylpropanoic acid;
3-((2, 3, 4-trimethoxyphenyl)-3-hydfoxyphosphinyl)-2-
phenylpropanocic acid; |
3-((1-naphthyl) hydroxyphosphinyl) -2-phenylpropanoic acid;
3-((2-naphthyi)hydroxyphosphinyl)—2-pbenylpropanoic acid;
3-((1-naphthyl)methylhydroxyphosphinyl)-2—§henylpropanoic
acid;
3-((2;naphthyl)methylhydroxyphosphinyl)-2-phenylpropanoic

acid;

.3-((l-naphthyl)ethylhydroxyphosphinyl)—2-phenylpropanoic acid;

3- ((2-naphthyl) ethylhydroxyphosphinyl) -2-phenylpropanoic acid;
3- ((1-naphthyl) propylhydroxyphosphinyl) -2-phenylpropanoic
acid; |

3- ((2-naphthyl) propylhydroxyphosphinyl) - 2-phenylpropanoic
acid; |
3-((1-naphthyl) butylhydroxyphosphinyl) -2-phenylpropancic acid;
3-((2-naphthyl) butylhydroxyphosphinyl) -2-phenylpropancic acid;
3-(phenylprop-z-enylhydroxyphosphinyl)—2—phenylpropanoic acid;

2- [ (kenzylhydroxyphosphinyl)methyl] pentanedioic acid;
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2-[(methylhydroxyphosphinyl)methyl]hexanedioic_acid;
2- [ (benzylhydroxyphosphinyl)methyl] hexanedioic acid;
2-[(methylhydroxyphosphinyl)methyl]heptanedioic acid;
 2- [ (benzylhydroxyphosphinyl)methyl] heptanediocic acid;
2- [ (methylhydroxyphosphinyl) methyl] octanedioic acid;
2- [ (benzylhydroxyphosphinyl) methyl] octanedioic acid;
2—[(methylhydroxyphosphinyl)methyl]nonanedioic acid;
2—[(benzylhydroxyphosphiﬁyl)methyl]nonanedioic acid;
2-[(methylhydroxyphosphinyl)methyi]decanedioic acid;
2-[(benzylhydroxyphosphinyl)methyl]l decanedioic acid;
_3?(benzylhydroxyphosphinyl)-2-methylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2-ethylpropanocic acid;
3-(benzylhydroxyphoéphinyl)—2-propylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2—butylpropénoic acid;
3- (benzylhydroxyphosphinyl) -2-cyclohexylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (cyclohexyl) methylpropanoic
acid;
3-(bénzylhydroxyphosphinyl)-2-phenylpropanoic acid;
3- (benzylhydroxyohosphinyl) -2-benzylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-phenylethylpr6panoic acid;
.3-(beniylhydroxyphosphinyl)-2-phenylpropylpropanoic acid;
3- (benzylhydroxyphosphinyl) ~2-phenylbutylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-(2, 3, 4-trimethoxyphenyl)
propanoig acid;
3—(benzylhydroxyphosphinyl)-2-(1-naphthyl)propanoic acid;
3~ (benzylhydroxyphosphinyl) -2- (2-naphthyl) propanoic acid;
3- (benzylhydroxyphosphinyl) -2- (1-naphthyl) methylpropanoic

acid;
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3-(benzylhydroxyphosphinyl)-2-(2-naphthyl)methylpropanoic
acid;

3-(benzylhydroxyﬁhosphinyl)-2-(l-naphthyl)ethylpropanoic acid;
3—(beﬁzylhydroxyphosphinyl)-2-(2enaphthyl)ethylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (1-naphthyl) propylpropanoic
acid;
3-(benzylhydroxyphosphinyl)~2-(2-naphthylipropylpropanoic
acid; _
3-(benzylhydroxyphosphinyl)—2-(l—naphthyl)butylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-(2-naphthyl)butylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2-phenylprop-2-enylpropanoic acid;
2-[[(2-pyridyl) methylhydroxyphosphinyl]lmethyl] pentanedioic
acid;

2-[[(3-pyridyl) methvlhydroxyphosphinyl] methyl]pentanedioic
acid;
2-[[(4-pyridyl)methylhydroxyphosphinyl]methyl]pentanédioic
acid; ;

2-[[(3-pyri yl)ethylhydroxyphosphin?l]methyl]pentanedioic
acid;

2- [[(3-pyridyl) propylhydroxyphosphinyl] methyl] pentanedioic

acid;

2- [[(tetrahydrofuranyl)methylhydroxyphosphinyl] methyl]

pentanedioic acid;

2- [[(tetrahydrofuranyl)ethylhydroxyphosphinyl] methyl]
pentanedicic acid;

2- [[(tetrahydrofuranyl) propylhydroxyphosphinyl] methyl]
pentanedicic acid;

2-[[(2-indolyl) methylhydroxyphosphinyl]l methyl] pentanedioic
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acid; _
2-[[(3-indolyl)methylhydrokyphosphinyl]methyl]pentanedioic
acid;
2-[[(4-indolyl)methylhydroxyphosphinyl]methyl]pentanedioic
acid;
2-[[(3-indolyl)ethylhydroxyphosphinyl]methyl]pentanedioic
acid;
2-[[(3-indolyl)propylhydroxyphosphinyl]méthyl]pentanedioic
acid;

2-[[(2-thienyl) methylhydroxyphosphinyl]lmethyl] pentanedioic
acid;
2-[[(3-thienyl)methylhydroxyphosphinyl]methyl]pentanedioic
acid;
2-7l(4-thienyl)methylhydroxyphosphinyl]methyl] pentanedioic
acid; |
2-[[{3-thienyl)ethylhydroxyphosphinyl] methyl] pentanedioic
acid;

2-[[{3-thienyl) propylhydroxyphosphinyllmethyl] pentanedioic
acid;

3- [(2-pyridyl)methylhydroxyphosphinyl] -2-phenylpropanoic acid;

-3-[(3-ﬁyridyl)methylhydroxyphosphinyl]—2—phenylpropanoic acid;

3-[(4—pyridyl)methylhydroxyphosphinyl]-2-phenylpfopan6ic acid;
3-[(3-pyridyl)ethylhydroxyphosphinyl] -2-phenylpropanoic acid;
3- [ (3-pyridyl)propylhydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(tetrahydrofuranyl)methylhydroxyphosphinyl]-2-phenyl
propanocic acid; |

3- [(tetrahydrofuranyl) ethylhydroxyphosphinyl] -2-phenyl

propanoic acid;
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3- [(tetrahydrofuranyl) propylhydroxyphosphinyl] -2-phenyl
propanoic acid; _
3-[(2-indoly1)methylh?droxyphosphinyl]-2—phenylpropanoic acid;
3-[(3—indolyl)methylhydroxyphos?hinyl]-2-phenylpropanoic acid;
3-[(4—indolyl)methylhydroxyphosphinyi]-2-phenylpropanoi§ acid;
3-[(3-indolyl)ethylhydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(3-indolyl)propyihydroxyphosphinyl]-2-phenylpropanoic acid;
3-[(2-thienyl)methylhydrquphosphinyl]-2-pheny1propanoic acid;
3-[(3-thienyl)methylhydroxyphosphinyl] -2-phenylpropancic acid;
3-[(4-thienyl)methylhydroxyphosphinyl]-2-phenylpropanoic acid;
3-[(3-thienyl)ethylhydroxyphosphinyl]-2-phenylpropanoic acid;
34[(3—thienyl)propylhydroxyphosphinyl]-2-phenylpropanqic acid;
_3-(benzylhydro#yphosphinyl)-2—(2-pyridyl)methylpropanoic acid;
3 - (benrzylhydroxyphosphinyl) -2- (3-pyridyl) methylpropanocic acid;
3- (benzylhydroxyphosphinyl) -2- (4 -pyridyl) methylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3-pyridyl) ethylpropanocic acid;
3-(benz?lhydroxyphosphinyl)-2-(3-pyridyl)propylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (tetrahydrofuranyl)methyl
propanocic acid;
3-(benzylhydroxyphosphinyl)-2—(tetrahydrofuranyl)ethyl
propanoic acid;
3-(benzylhydroxyphosphinyl)-2-(tetrahydrofuranyl)propyi
propancoic acid; -
3-(benzylhydroxyphosphinyl)-2-(2-indolyl)methylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3-indolyl)methylpropanoic acid;
3-(benzylhydroxyphosphinyl)-2-(4-indolyl)methylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3-indolyl) ethylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3-indolyl) propylpropanocic acid;
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3-(benzylhydroxyphosphinyl)-2-(Z-thienyl)methylpropanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3-thienyl)methylpropanocic acid;
3- (benzylhydroxyphosphinyl) -2- (4-thienyl) methylpropancic acid;
3- (benzylhydroxyphosphinyl) -2- (3-thienyl) ethylpropanocic acid;
3-(benzylhydroxyphosphinyl)-2-(3-thienyl)propylpropanoié acid;
and a pharmaceutically acceptable salt, hydréte, or a mixture
thereof. |
62. The method of claim 60 wherein the NAALADase

inhibitor is selected from the group consisting of:

2- [ (benzylhydroxyphosphinyl)methyl] pentanedioic acid;

2- [ (phenylhydroxyphosphinyl) methyl] pentanedioic acid;
2—[[((hydroxy)phénYlmethyl)hydroxyphosphinyl]methyl]
pentanedicic acid; |

2- [ (butylhydroxyphosphinyl) methyl] pentanedioic acid;
2-[[(3-methylbenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid;

2- [ (3-phenylpropyvlhydroxyphosphinyl)methyl]l pentanedioic acid;
2-[[(4-fluorophenyl)hydroxyphosphinyl]methyljpentanedioic
acid; |

2- [ (methylhydroxyphosphinyl) methyl] pentanedioic acid;
'2-[(phénylethylhydroxyphosphinyl)methyl]pentanedioic acid;
2-[[(4-methylbenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid; |
z-t[(4-fluorobenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid;
2-[[(4—methoxybenzyl)hydroxyphosphinyl]meth?l]pentanedioic
acid;

2- (phosphonomethyl)pentanedioic acid;
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2-[[(3-trifluoromethylbenzyl) hydroxyphosphinyl] mechyl]
pentanedioic acid; |
2-[[(2—fluorobenzyl)hydroxyphosphinyl]methyl]pentapedioic
acid;
2-[[(pentafluordbenzyi)hydroxyphosphinyl]methyl]pentaneaioic
acid; and a pharmaceutically acceptable salt, hydrate, or a
mixture thereof.

63. The method of claim 59 wherein R, and R, are straight
or branched aliphatic groups or carbocyclic grouprs and X is
oxygen.

64. The method of claim Gj-wherein the NAALADase
inhibitor is selected from the group consisting of:
2-[[methylhydroxyphosphinyl]oxy]penténedioic acid;

2- [ {ethylhydroxyphcsphinyl] oxylpentanedioic acid;

2~ [ [propylhydroxyphosphinyl] oxyl pentanedioic acid;
2-[[butylhydroxyphosphinyl]oxy]pentanedioic acid;

2- [ [cyclohexylhdroxyphosphinyl] oxyl pentanedioic acid;

2- [ [ (cyclohexyl; methylhydroxyphosphinyl] oxyl pentanedioic acid;
2-[[phenythdroxyphosphinyl]oxy]pentanedioic acid;

‘2- [ [benzylhydroxyphosphinyl] oxy]l pentanedioic acid;

2- [ [phenylethylhydroxyphosphinyl] oxyl pentanedioic acid;

2- [ [phenylpropylhydroxyphosphinyl] oxy] pentanedioic acid;

2- [ [phenylbutylhydroxyphosphinyl] oxyl pentanedioic acid;

2- [ [ (4-methylbenzyl) hydroxyphosphinyl] oxy]l pentanedioic acid;

2-[[(4-fluorcbenzyl) hydroxyphosphinyl] oxy]l pentanedioic acid;

2-[[(2-fluorobenzyl) hydroxyphosphinyll oxy] pentanedioic acid;

- 2-[[(pentafluorobenzyl) hydroxyphosphinyl] oxy] pentanedioic

acid;
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2-[[(methoxybenzyl)hydréxyphosphinyl]oxy]pentanedioic acid;
2-[[(2, 3, 4-trimethoxyphenyl)hydroxyphosphinyl]oxy]
pentanediocic acid; o
2-[[(1-naphthyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2—[[(2—naphthyl)hydroxyphosphinyl]oxy]pentanedioic_acid;

2- [[(1-naphthyl)methylhydroxyphosphinyl] oxyl pentanedioic acid;
2- [[(2-naphthyl) methylhydroxyphosphinyl] oxyipentanedioic acid;
2-[[(l-naphthyl)ethylhydrbxyphosphinyl]oxy]pentanedioic acid;
2-[[(2—naphthyl)ethylhydfoxyphosphinyl]oxy]pentaﬁedioic acid;-
2-[((1-naphthyl) propylhydroxyphosphinyl] oxyl pentanediocic acid;
2—[[(2—naphthyl)propylhydroﬁyphosphinyl]oxy]pentanedioic acid;
2-[[{L1-naphthyl)butylhydroxyphosphinyl] oxylpentanedioic acid;
2- [[(2-naphthyl) butylhydroxyphosphinyl] oxy]l pentanediocic acid;
2-{[(phénylprop-z-enyl)hydroxyphoéphinyljoxy]pentanedioic
acid;

2-[[benzylhydroxyphosphinyl]ox&]pentanedioic acid;
2-[{(4-fluorophenyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2- [[{ (hydroxy) phenylmethyl) hydroxyphosphinyl] oxy] pentanedioic
acid; |

2- [[(3-methylbenzyl) hydroxyphosphinyl] oxy] pentanedioic acid;

" 2- [ (phosphono) oxy] pentanedioic acid;

2-[[(3-trifluoromethylbenzyl)hydroxyphosphinyl]oxy]
pentanedioic acid; _
é—[[methylhydroxyphosphinyl]oxy]-2-phenylethanoic acid;
2- [ [ethylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[prgpylhydroxyphosphinyl]oxy]-2-phenylethanoic acid;
2- [ [butylhydroxyphosphinyl] oxy] -2-phenylethanocic acid;

2- [ [cyclohexylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
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2- [ [ (cyclohexyl) methylhydroxyphosphinyl] oxyl] -2-phenylethanoic
acid;
2-[[phenylhydroxyphosphinyl]oxy]-erﬁenylethanoic acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2- [ [phenylethylhydroxyphosphinyl] oxy] -2-phenylethanoic acid}
2- [ [phenylpropylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2- [ [phenylbutylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[(2, 3, 4-trimethoxyphenyl)-3-hydroxyphospvhinyl]oxy] -2-
phenylethanoic acid;
2- [ [ (2-naphthyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2-[[(3-naphthyl) hydroxyphosphinyl] oxy] -2-phenylethanoic acid;
2- [ [ (4-naphthyl) hydroxyphosphinyl] oxyl] -2-phenylethanoic acid;
2-[[(2—naphthyl)methylhydroxyphosphinyl)]oxy]-2-pheny1ethanoic
acid;
2- [ [ (3-naphthyl)methylhydroxyphosphinyl] oxy] -2-phenylethanocic
acid; .
2-[[(4-naphthyl)methylhydroxyphosphiﬁyl]6xy]—2-pheny1ethanoic
acid;
2-[[(3-naphthyl)ethylhydroxyphosphinyl]oxy]-2-phenyle£hanoic
acid; ‘ '
.2-[[(34naphthyl)propylhydroxyphosphinyl]oxy]-2-phenylethanoic
acid; |
2-[[(3—naphthyl)butylhydroxyphosphinyl]oxy]—2-phenylethanoic
acid;
2-[[phenylprop-z-enylhydroxyphosphinyl]oky]-2-phenylethanoic
acid;
2- [ (methylhydroxyphosphinyl) oxy] hexanedicic acid;

2- [ (benzylhydroxyphosphinyl) oxy]l hexanedioic acid;
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2-[(methylhydroxyphosphinyl)oxy]heptanedidic acid;
2—[(benz?lhydroxyphosphinyl)oxy]heptanedioic acid;
2-[(méthylhydroxyphosphinyl)oxy]octanedioic acid;

2- [ (benzylhydroxyphosphinyl) oxyl octanedioic acid;

2- [(methylhydroxyphosphinyl) oxyl nonanedioic acid;

2- [ (benzylhydroxyphosphinyl) oxyl nonanedioic acid;
2-[(methylhydroxyphosﬁhinyl)oxy]decanedioic acid;
2-[(benzylhydroxyphosphinyl)oxy]decanedioié acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-methylethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]-2—ethyléthanoic acid;

2- [ [benzylhydroxyphosphinyl] oxyl] -2-propylethancic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-butylethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-cyclohexylethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(cyclohexyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-phenylethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxyl] -2-benzylethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-phenylethylethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]42-phenylpropylethénoic acid;
2-[[benzylhydrokyphosphinyl]oky]-2-pheny1butylethanoic acid;
2~ [ [benzylhydroxyphosphinyl] oxy]l -2- (2, 3, 4-trimethoxyphenyl)
ethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (1-naphthyl) ethanoic acid; .
2- [[benzylhydroxyphosphinyl] oxy] -2- (2-naphthyl)ethanoic acid;
2- [ {benzylhydroxyphosphinyl] oxy] -2- (1-naphthyl)methylethanocic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (2-naphthyl) methylethanoic

acid;
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2-[[benzylhydroxyphosphinyljoxy]-2-(l-naphthyl)ethylethanoic
acid; |

2- [ [benzylhydroxyphosphinyl] oxyl] -2- (2-naphthyl) ethylethanoic
acid;
2-[[benzylhydroxyphosphinyl]oXy]-2-(1-naphthyl)propylethanoic
acid;
2-[[benzylhydroxyphosphinyl]oxy]-2-(2-naphthyl)prépylethanoic
acid; | |

2- [ [benzylhydroxyphosphinyl] oxy] -2- (1-naphthyl) butylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (2-naphthyl)butylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2-phenylprop-2-enylethanoic
acid;
2-[[(2-pyridyl)methylhydroxyphosphinyl]oxy]pentanedioic-acid;
2- [ [(3-pyricdyl) methylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(4-pyridyl) methylhydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(3-pyridyl)ethylhydroxyphosphinyl]oxy]pentanedioic acid;
2- [ [(3-pyricdyl)propylhydroxyphosphinyl] oxyl pentanedicic acid;
2-[[(tetrahydrofuranyl)methylhydroxyphosphinyl] oxy]
pentanedioic acid;
2-[[(tetrahydrofuranyl)éthylhydroxyphosphinyl]oxy]pentanedioic
acid;

2- [ [ (tetrahydrofuranyl) propylhydroxyphosphinyl] oxy]
pentanedioic acid;
2-[[(2-indclyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(3-indelyl) methylhydroxyphosphinyl] oxyl pentanedioic acid;

2-[[(4-indolyl) methylhydroxyphosphinyl] oxylpentanedioic acid;
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2-[[(3-indolyl) ethylhydroxyphosphinyl] oxylpentanediocic acid;
2-[[(3-indolyl) propylhydroxyphosphinyl] oxyl pentanedioic acid;
2-[[(2-thienyl)methylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(3-thienyl)methylhydroxyphosphinyl] oxyl pentanedioic acid;
2-[[(4—thienyl)methylhydroxyphosphinyl]oxy]pentanedioié acid;
2-[{(3-thienyl)ethylhydroxyphosphinyl] oxy]l pentanedioic acid;
2—[E(3-thienyl)prdpylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[{(2-pyridyl) methylhydroxyphosphinyl] oxyl -2-phenylethanoic
acid;
2-[{{3-pyridyl)methylhydroxyphosphinyl] oxyl] -2-phenylethanoic
acid;
2-[[(4-pyridyl)methylhydroxyphosphinyll oxyl -2-phenylethanoic
acid;
2-[{(3~pyridyl)ethylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid; |
2-[{(3-pyridyl)propylhydroxyphosphinyl] oxy] -2-phenylethanoic
acic; '

2- { [ (tetrahydrofuranyl)methylhydroxyphosphinyl]loxy] -2-
pherylethanocic acid;
2—[{(tetrahydrofuranyl)ethylhydroxyphosphinyl]oxy]-2-
phenylethancic acid;

2-{{ (tetrahydrofuranyl)propylhydroxyphosphinyl] oxy] -2-
phenylethanoic acid;
2-[E(2-indolyl)methylhydroxyphosphinyl]oxy]—2-phenylethanoic
acig;
2-[E(3-indolyl)methylhydroxyphosphinyl]oxy}-2—phenylethanoic
acid;

2-[f(4-indolyl)methylhydroxyphosphinyl]oxy] -2-phenylethanoic
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acid;
2-[[(3-indolyl)ethylhydroxyphosphinyl] oxyl] -2-phenylethanoic
acid; _
2-[[(3-indolyl)propylhydroxyphoéphinyl]oxy]-2—phenylethanoic
acid;
2-[[(2-thienyl)methylhydroxyphosphinyl] oxy] -2-phenylethancic
acid; |
2-[[(3-thienyl)methylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;
2-[[(4-thienyl)methylhydroxyphosphinyl]oxy]—2-phenylethanoic
acid;
2-[[(3-thienyl)ethylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid; '
2- [[(3-thienyl)propylhydroxyphosphinyl] oxy] -2-phenylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] oxyl] -2- (2-pyridyl) methylethanoic

-acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2~ (3-pyridyl) methylethanoic
acid;
2—[[benzylhydroxyphosphinyl]oxyl-z—(4-pyridyl)methyleﬁhanoic
acid;
2—[[benzylhydroxyphosphinyl]oxy]-2—(3-pyridyl)ethylethanoic
‘acid;

2- [ [benzylhydroxyphosphinyl]oxy] -2- (3-pyridyl)propylethanoic
acid;

2- [ [benzylhydroxyphosphinyl]oxyl -2- (tetrahydrafuranyl)
methylethanoic acid;

2- [ [benzylhydroxyphosphinyl] oxy] -2- (tetrahydrafuranyl)
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ethylethanoic acid;
2-[[benzylhydroxyphosphinyl]oxy]-2—(tetrahydrafuranyl)
propylethanoic acid;
2—[[benzylhydroxyphqsphinyl]oxy]—2-(2-indolyl)methylethanoic
acid; |
2- [ [benzylhydroxyphosphinyll oxy] -2- (3-indolyl)methylethanoic
acid;
2- [ [benzylhydroxyphosphinyl] oxy] -2- (4-indolyl)methylethanoic
acid; |
2-[[benzylhydroxyphosphinyl]oxyi-z-(3-indoly1)ethy1ethanoic
acid;
2- [ [benzylhydroxyovhosphinylloxyl -2- (3~-indolyl) propylethanoic -
acid}
2- [ [benzylhydroxyphosphinylloxy] -2-(2-thienyl)methylethancic
acid; _
2—[[benzylhydroxyphosphinyl]oxy]-2-(3—thienyl)methylethanoic
acid;
2-[[benzythdroxyphosphiﬁyl]oxy]—2-(4-thienyl)methylethanoic
acid;
2—[[benzylhydroxyphosphinyl]oxy]-2-(3-thieny1)ethylethan6ic
acid; '
2- [ [benzylhydroxyphosphinyl] oxy] -2- (3-thienyl) propylethanoic
acid; and a pharmaceutically acceptéble salt, hydrate, or a
mixture thereof. |

65. The method of claim 63 wherein the NAALADase
inhibitor is selected f:om the group consisting of:
2- [(benzylhydroxyphosphinyl) oxy] pentanediocic acid;

2- [ (phenylhydroxyphosphinyl) oxy]l pentanedioic acid;
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2- [ [( (hydroxy) phenylmethyl) hydroxyphosphinyl] oxyipentanedioic

. acid;

2- [ (butylhydroxyphosphinyl) oxy] pentanedioic acid;
2- [ [(3-methylbenzyl) hydroxyphosphinyl] oxyl pentanedioic acid;
2- [ (3-phenylpropylhydroxyphosphinyl) oxy] pentanedioic acid;
2- [[(4-fluorophenyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2- [ (methylhydroxyphosphinyl) oxy] pentanedioic acid;
2-[(phenylethylhydrox?phosphinyl)oxy]pentanedioic acid;
2-[[(4-methylbenzyl) hydroxyphosphinylloxyl pentaredioic acid;
2-[[(4-fluorobenzyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(4-methoxybénzyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(2-fluorobenzyl) hydroxyphosphinyl] oxyl pentanedioic acid;
2-[[(pentafluorobenzyl)hydroxyphosphinyl]oxy]pentanedioic
acid;
2-[(phosphbno)oxy]pentanedioic acid;
2-[[(3-trifluoromethylbenzyl) hydroxyphosphinyl] oxy]
pentanedioic acid; and a pharmaceutically acceptable salt,
hydrate, or a mixture thereof.
66. The ﬁethod of claim 59 wherein R, aﬁd R, are straight
or branched aliphatic groups or carbocyclic and X is NRL;
67. The method of claim 66 wherein ﬁhe NAAT.ADase
inhibitor is selected from the group consisting cf:
2- [ [methylhydroxyphosphinyl] amino] pentanedioic acid;
2- [[ethylhydroxyphosphinyl] amino] pentanedioic acid;
2- [ [propylhydroxyphosphinyl] amino] pentanedioic acid;
2- [ [butylhydroxyphosphinyl] amino] pentanedioic acid;
2-[[éyclohexylhydroxyphosphinyl]amino]pentanedioic acid;

2-[[(cyclohexyl)methylhydroxyphosphinyl] amino] pentanedioic
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acid;
2- [ [phenylhydroxyphosphinyl] amino] pentanedioic acid;
2- [ [benzylhydroxyphosphinyl] amino]l pentanedioic acid;
2- [ {[phenylethylhydroxyphosphinyl] amino] pentanedioic acid;
2- [ [phenylpropylhydroxyphosphinyl] amino] pentanediocic acid;
2- [ [phenylbutylhydroxyphosphinyl] amino] pentanedioic acid;
2- [ [(4-methylbenzyl) hydroxyohosphinyl] amino] pentanedioic acid;’
24[[(4—fluorobenzy1)hydrokyphosphinyl]amino]pentanedioic acid;
2-[[(2-fluorobenzyl) hydroxyphosphinyl] aminol pentanedioic acid;
2-[[(pentafluorobenzyl)hydroxypﬁbsphinYl]amino]pentanedioic
acid;
2- [ [ (methoxybenzyl) hydroxyphcsphinyl] amino] pentanediocic acid;
2-[[(2, 3, 4—trimethoxyphenyl)hydroxyphosphinyl]amino]
pentanedioic acid;
2—[[(1—naphthyl)hydroxyphosphinyl]amino]pentanedioic.acid;
2-[[(2-naphthyl)hydroxyphosphinyl]amino]pentanedioic acid;
2—[[{l-naphthyl)meﬁhylhydroxyphosphinyl]amino]pentanedioic
acid;
2—[[(2-naphthyl)methylhydfoxyphosphinyl]amino]pentanedioic

acid;

2*[[(1?naphthyl)ethylhydroxyphosphinyl]amino]pentanedioic

acid; |
2-[[(2-naphthyl§ethylhydroxyphosphinyl]amino]pentanedioic
acid;

2- [ {{(1-naphthyl)propylhydroxyphosphinyl] amino] pentanedioic
acid; | o
2-[[(2-naphthyl)propylhydroxyphosphinyl] amino] pentanedioic

acid;
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2- ([ (1-naphthyl)butylhydroxyphosphinyl] amino] pentanedioic
acid; |
2-[[(2—naphthyl)butylhydroxyphosphinyl]amino]pentanedioic
acid; | |

2- [[ (phenylprop-2-enyl) hydroxyphosphinyl] amino] pentanedioic
acid;

2- [ [benzylhydroxyphosphinyl] amino] pentanediocic acid;

2-[[(4-fluorophenyl) hydroxyphosphinyl] amiro] pentanedioic acid;

.2-[[((hydroxy)phenylmethyl)hydroxyphosphinylfamino]

pentanedioic acid;

2-[[(3-methylbenzyl) hydroxyphosphinyl]aminol pentanedioic acid;
2- [ (phosphono) amino] pentanedioic acid;
2;[[(3—trifluoromethylbenzyl)hydroxyphosphinyl]amino]
pentanedioic acid;

2- [ [methylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[ethylhydroxyphosphinyl]amino]-2-phenylethanoic acid;

2- [ [propylhydroxyphosphinyl)lamino] -2-phenylethanoic acid;
2—[[butylhydroxyﬁhosphinyl]amino]—2-phenylethanoic acid;

2- [ [cyclohexylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2- [ [ (cyclohexyl)methylhydroxyphosphinyl] amino] -2-phenyl
ethanoic acid;

2- [ [phenylhydroxyphosphinyl] amino] -2-phenylethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-phenylethanoic acid;

2- [ [phenylethylhydroxyphosphinyl] amino] -2-phenylethanoic acid;
2- [ [phenylpropylhydroxyphosphinyl] amino] -2-phenylethanoic
acid; |

2~ [ [phenylbutylhydroxyphosphinyl] amino] -2-phenylethanoic acid;

2-[[(2, 3, 4-trimethoxyphenyl) -3-hydroxyphosphinyl]amino] -2-
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phenyiethanoic acid;
2- [[(1-naphthyl) hydroxyphosphinyl] aminc] -2-phenylethanoic
acid; | |
2- [[(2-naphthyl) hydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2- [[(1-naphthyl)methylhydroxyphosphinyl) ] amino] -2 -phenyl
ethanoic acid;
2-[[(2—naphthyl)methYlhydroxyphosphinyl]amino]-2=§henyl
ethanoic acid;
2- [[{1-naphthyl)ethylhydroxyphosphinyl]amino] -2-phenylethanoic
acid;
2-[[(2-naphthyl) ethylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2-[[(l-naphthYl)propylhydroxyphosphinyl]amino]-2-pheny1
ethanoic acid;
2- ([ (2-naphthyl}propylhydroxyphosphinyl] amino] -2-phenyl
ethanoic acid;
'2-[[(1-naphthyl)butylhydroxyphosphinyl]amino]-2-phenylethanoic
acid;
2-[[(2-naphthyl)bﬂtylhydroxyphosphinyl]amino]-2-phenylethanoic
acid;
2- [ [phenylprop-2-enylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2-[[benzylhydroxyphosphinyl]amino]-2-methylethanoic acid;
2—[[benzylhydfoxyphosphinyl]amino]-2-ethylethanoic acid;
2-[[benzylhydroxyéhosphinyl]amino]-2-propylethanoic acidg;
2-[[benzylhydroxyphosphinyl]amino]-2-butylethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-cyclohexylethanoic acid;
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2-[[benzylhydroxyphogphinyl]amino]-2-(cyclohexyl)methyl
ethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-phenylethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-benzylethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2-phenylethylethanocic acid;
2- [ [benzylhydroxyphosphinyl] aminol -2-phenylpropylethanoic
acid;

2- [ [benzylnydroxyphosphinyl] amino] -2-phenylbutylethanoic acid;
'2-[[benzylhydroxyphosphinyl]amino]-2-(2, 3, 4-
trimethoxypvhenyl)ethanoic acid;

2- [ [benzylhydroxyphosphinyl]amino] -2- (1-naphthyl)ethanoic
acid; |
2—[[benzylhydroxyphosphinyl]amino]-2-(2-na§hthyl)ethanoic
acid; |

2- [ [benzylhydroxyphosphinyl] amino] -2- (1-naphthyl)methyl
ethanoic acid;
2-[[benzylhydroxyphosphinyl]amino]-2-(2-naphthyl)methyl
ethanoic acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (1-naphthyl)ethylethanoic
acid; |
2-[[beﬂzylhydroxyphosphinyl]amino]-2-(2-naphthyl)ethylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (1-naphthyl) propyl
ethanoic acid; |

2- [ [benzylhydroxyphosphinyl] amino] -2~ (2-naphthyl) propyl
ethanoic acid; _
2;[[benzylhydroxyphosphinyl]amino]-2-(l-naphthyl)butylethanoic

acid;
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_2-[{benzylhydroxyphosphinyl]amino]-2-(2-naphthyl)butylethanoic
acid; |
2—[[benzylhydroxyphosphinyl]amino]-2-phenolprop-z-enylethanoic
acid;

2- [{methylhydroxyphosphinyl) amino] hexanedioic acid;

2- [ (benzylhydroxyphosphinyl) amino] hexanedioic acid;

2- [ (methylhydroxyphosphinyl) amino] heptanediocic aci ;

2- [(benzylhydroxyphosphinyl) amino] heptanedioic acid;
2-[(methylhydroxyphosphinyl)amino]octanedioic_acid;
2-[(benzylh?droxyphosphinyl)amino]octanedioic acid;

2- [{methylhydroxyphosphinyl)amino] nonanedioic acid;

2- [ (benzylhydroxyphosphinyl) amino] nonanedioic acid;
2—[(methylhydroxyphosphinyl)amino]decanedioic acid;

2- [ {benzylhydroxyphosphinyl) amino] decanedioic acid;
3-[{(2-pyridyl)methylhydroxyphosphinyl]amino]pentanedioic
acid;
3-[£(3-pyridyl)methylhydroxyphosphinyl]amino]pentanedioic
acid; | | |
3-[E(4-pyridyl)methylhydroxthosphinyl]amino]pentanedioic
acid;

3-[E(34pyridyl)ethylhydroxyphosphinyl]amino]pentanedioic acid;
3—[[(3—pyridyl)propylhydrbxyphosphinyl]amino]pentanedioic
acid;

3- [{(tetrahydrofuranyl)methylhydroxyphosphinyl] amino]
pentanedioic acid; _
3-[{(tetrahydrofuranyl)ethylhydroxyphosphinyllaﬁino]
pentanedioic acid;

3-[{(tetrahydrofuranyl)propylhydroxyphosphinyl]amino]
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pentanedioic acid;
3-[{(2-indolyl)methylhydroxyphosphinyl]amino]pentanedioic
acid;
3-I[(3-indolyl)methylhydroxyphosphinYl]aminb]pentanedioic
acid;
3-[[(4—indolyl)methylhydroxyphosphinyl]amino]pentanedioic
acid;

3-[[(3-indolyl)ethylhydroxyphosphinyl] amino] pentanedioic acid;
3-[[(3-iﬁdolyl)propylhydroxyphosphinyl]amino]pentanedioic
acid;
3-([(2-thienyl)methylhydroxyphosphinyl] amino] pentanedioic
acid;
3-[[(3-thienyl)methylhydroxyphosphinyl]amino]pentanedioic
acid;
3-[[(4-thienyl)methylhydroxyphosphinyl] amino] pentanedioic
acid;

3-[[(3-thienyl) ethylhydroxyphosphinyl] amino] pentanedioic acid;
3-[[(3-thienyl)propylhydroxyphoéﬁhinyl]amino]pentanedioic
acid;

2- [ [((2-pyridyl)methylhydroxyphosphinyl] amino] -2 -phenylethanoic
acid; | . |
2-[[(3-pyridyl)methylhydroxyphosphinyl]l amino] -2-phenylethanoic
acid;

2-[[(4-pyridyl) methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid; |

2-[[(3-pyridyl) ethylhydroxyphosphinyl]amino] -2-phenylethanoic
acid;

2-[[(3-pyridyl)propylhydroxyphosphinyl]lamino] -2-phenylethancic
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acid;
2-[[(tetrahydrofuranyl)methylhydroxypﬁosphinyl]amiﬁo]-2-phenyl
ethanoic acid;
2-[[(tetrahydrofﬁranyl)ethylhydroXyphosphinyl]amino]—2-phenyl
ethanoic acid;
2-[[(tetrahydrofuranyl)propylhydroxyphosphinyl]amino] -2-phenyl
ethanoic acid;
2-[[(2-indolyl)methylhydrox?phosphinyl]amino]-2-phenylethanoic
acid;
2-[[(3-indolyl)methylhydroxyphosphinyl]aminel] -2-phenylethanoic
acid;
2-[{(4-indolyl)methylhydroxyphosphinyl]amino] -2-phenylethanoic
acid;
2-[{(2-indolyl)ethylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2-[[(3—indolyl)propylhydroxyphosphinyl]amino]-2-phenylethanoic
acid; |
2-[[(2-thienyl)methylhydroxyphosphinyl]aminof-z-phenylethanoic
acid}
2-[[(3-thienyl)methylhydroxyphosphinyl] amino] ~-2-phenylethanoic
acid; '
2-[[{4-thienyl)methylhydroxyphosphinyl] amino] -2-phenylethanoic
acid; |
2-[[(3-thienyl) ethylhydroxyphosphinyl] amino] -2-phenylethanoic
acid;
2-[[(3-thienyl) propylhydroxyphosphinyllamino] -2-phenylethanoic
acid; -

2-[[benzylhydroxyphosphinyl]amino]—2-(2-pyridyl)methYlethanoic



15

20

25

* [ L M S *

WO 97/48409 PCT/US97/10149
-218-

acid;

2- [ [benzylnydroxyphosphinyl] amino] -2- (3-pyridyl) methylethanoic
acid; |

2- [ [benzylnydroxyphosphinyl] amino] -2- (4-pyridyl)methylethanoic
acid; |

2- [ [benzylnydroxyphosphinyl] amino] -2~ (3-pyridyl)ethylethanoic
~acid; |

2- [ [benzylhydroxyphosphinyl] amino] -2- (3-pyridyl) propylethanoic
acid;

2- [ [benzy_hydroxyphosphinyl] amino] -2- (tetrahydrafuranyl)
methylethanoic acid; _

2- [ [benzy_aydroxyphosphinyl] amino] -2~ (tetrahydrafuranyl)
ethylethancic acid;

2- [ [benzy_aydroxyphosphinyl] amino] -2- (tetrahydrafuranyl)
propylethanoic acid;

2- [ [benzyZaydroxyphosphinyl]amino] -2-(2-indolyl) methylethanoic
acid; |

2- [ [benzy_aydroxyphosphinyl] amino] -2- (3-indolyl) methylethanoic
acid; | |

2- [ [benzy_aydroxyphosphinyl] amino] -2~ (4-indolyl)methylethanoic
acid; |
2-{[benzylhydroxyphoéphinyl]amino]—2—(3-indoly1)ethylethanoic
acid; _
2-[[benzylhydroxyphosphinyl]amino]-2—(3-indolyl)prop?lethanoic_
acid; ' ‘ '

2- [ [benzyiaydroxyphosphinyl] amino] -2- (2-thienyl)methylethanoic
acid;

2- [ [benzylaydroxyphosphinyl] amino] -2- (3-thienyl)methylethanoic
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acid;
2-[[benzylhydroxyphosphinyl]amino] -2- (4-thienyl)methylethanoic
acid;

2- [ [benzylhydroxyphosphinyl] amino] -2- (3-thienyl)ethylethanoic
acid;

2- [ [benzylhydroxyphosphinyll]l amino] -2- (3-thienyl) propylethanoic
acid; and a pharmaceutically acceptable salt, hydrate, or a
mixture thereof.

68. The method of élaim 66 wherein the NAALADase
inhibitor is selected from the group consisting of:
2-[(benzylhydroxyphosphinyl)amino]pentanedioic acid;

2- [ (phenylhydroxyphosphinyl) amino] pentanedioic acid;

2- [ [ { (hydroxy) phenylmethyl) hydroxyphosphinyl] amino]
pentanedioic acid; |

2- [ (butylhydroxyphosphinyl) amino] pentanedioic acid;

2- [ {(3-methylbenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2- [ (3-phenylpropylhydroxyphosphinyl) amino]l pentanedioic acid;
2-[[(4-fluorophenyl) hydroxyphosphinyl] amino] pentanedicic acid;
2—f(methylhydroxyphosphinyl)amino]pentanedioic acid;

2- [ (phenylethylhydroxyphosphinyl) amino] pentanedioic acid}

2- [ [ (4-methylbenzyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(4-fluorobenzyl)hydroxyphosphinyl]amino]penténedioic acid;
2-[[(4-methoxybenzyl) hydroxyphosphinyl] amino] pentanediocic
acid;

2-[[(2-£fluorobenzyl) hydroxyphosphinyll amino] pentanedioic acid;
2-[[(penzafluorobenzyl) hydroxyphosphinyl] amino] pentanedioic
acid;

2- [ (phosphono) amino] pentanedioic acid;
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2-[[(3-trifluoromethylbenzyl) hydroxyphosphinyl]amino]
pentanedioic acid; and a pharmaceutically acceptable salt,
hydrate, or a mixture thereof.

69. The method of claim 59 wherein R, or R, is
heterocyclic and X is CH,.

70. The method of claim 69 wherein the NAATLADase
inhibitor is selected from the group consisting of:
2-[[(2-pyridyl) hydroxyphosphinyl]lmethyl] pentanedioic acid;
2- [[(3-pyridyl) hydroxyphosphinyl]methyl]l pentanediocic acid;
'2-[[(4-pyridyl)hydroxyphosphinyl]methyl]pentanedioic acid;
2- [ [(tetrahydrofuranyl) hydroxyphospvhinyl]lmethyl] pentanedioic
acid;
2-[[(2-indolyl) hydroxyphosphinyl]lmethyl] pentanedioic acid;
2-[[(3-indolyl)hydroxyphosphinyl]methyl]pentanedioic acid;
2-[[((4-indolyl) hydroxyphosphinyl] methyl] pentanedioic acid;
2-[[(2-thienyl) hydroxyphosphinyl]lmethyl]l pentanedioic acid;
2- [[(3-thienyl) hydroxyphosphinyl] methyl] pentanedioic acid;
2;[[(4-thienyl)hydroxyphosphinyl]methyl]pentanedioic acid;
3-[(2-pyridyl) hydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(3-éyridyl)hydroxyphosphinyl]-2-phenylpropénoic acid;
3-[(4-pyridyl)hydroxyphosphinyl]—2-pheny1propanoic acid;
3- [(tetrahydrofuranyl) hydroxyphosphinyl] -2-phenylpropanoic
acid; |
3-[(2—indolyl)hydroxyphosphinyl]-2-phenylpropanoic acid;
3-[(3-indolyl) hydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(4-indolyl) hydroxyphosphinyl] -2-phenylpropanoic acid;
3-[(2-thienyl)hydroxyphosphinyl]-2-phenylpropanoic acid;

3-[(3—thieﬁyl)hydroxyphosphinyl]-2-phenylpropanoic acid;
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3-[(4-thienyl) hydroxyphosphinyl] -2-phenylpropancic acid;
3- (benzylhydroxyphosphinyl) -2- (2-pyridyl) propanoic acid;
3- (benzylhydroxyphosphinyl) -2- (3 -pyridyl) propanoic acid;
3- (benzylhydroxyphosphinyl) -2- (4-pyridyl) propancic acid;
3-(benzylhydroxyphosphinyl)-2-(tetrahydrofuranyl)propanoic
acid;

3-(benzylhydroxyphosphinyl)-2-(2-indolyl)propanoic acid;
3- (benzylhydroxychosphinyl) -2- (3-indolyl) propanocic acid;
3- (benzylhydroxyrvhosphinyl) -2- (4-indolyl) propanocic acid;
3-(benzylhydroxyrhosphinyl) -2~ (2-thienyl) propanoic acid;
3- (benzylhydroxyohosphinyl) -2- (3-thienyl)propanoic acid;
3- (benzylhydroxyphosphinyl) -2- (4-thienyl) propanoic acid; and
a pharmaceutically acceptable salt, hydrate, or a mixture
thereof.

71. The method of.claim 69 wherein R, or R, is
heterocyclic and X ié oxygen.

72. The method of claim 71 wherein the NAALADase
inhibitor is selscted from the group consisting of:
2-[[(2-pyridyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(3-pyridyl)hydroxyphosphinyl]oxy]peﬁtanedioic acid;
2-[[(44pyridyl)hydroxyphospﬁinyl]oxy]pentanedioic acid;
2-[[(tetrahydrofuranyl)hydroxyphosphinyl]6xy]pentanedioic
acid; |
2- [[(2-indolyl) hydroxyphosphinyl] oxyl pentanedioic acid;
2-[{[(3-indolyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[[(4-indolyl) hydroxyphosphinyl]l oxy] pentanedioic acid;
2-[[{2-thienyl) hydroxyphosphinyl] oxy] pentanedioic acid;

2-[[(3-thienyl) hydroxyphosphinyl] oxy] pentanedioic acid;
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2-[[(4-thienyl)hydroxyphdsphinyl]oxy]pentanedioic acid;

2-[((2-pyridyl)hydroxyphosphinyl‘oxYI-Z-phenylethanoic acid;

2- [ [ (3-pyridyl) hydroxyphosphinyl] oxy] -2-phenylethanoic
2-[[(4-pyridyl) hydroxyphosphinyl] oxy] -2-phenylethanoic

2- [ [ (tetrahydrofuranyl) hydroxyphosphinyl] oxy] -2-phenylethanoic

acid;

2-[[(2-indolyl) hydroxyphosphinyl] oxy] -2-phenylethanoic
2-[[(3-indolyl) hydroxyphosphinyl] oxy] -2-phenylethanocic
2~ [[(4-indolyl) hydroxyphosphinyl] oxy] -2-phenylethanoic
2-[[(2—thienyl)hydroxyphosphinyl]oxy]-2—phenylethanoic
2- [ [(3-thienyl) hydroxyphosphinyl] oxy] -2-phenylethanoic
2-[[(4-thienyl) hydroxyphosphinyl] oxy] -2-phenylethanoic
2-[[benzylhydroxyphoéphinyl]oxy]-2-(2-pyridyl)ethanoic
2-[[benzylhydroxyphosphinyl]oxy]—2f(3—pyridyl)e:hanoic
2- [ [benzylhydroxyphosphinyl] oxy] -2- (4-pyridyl) ethanoic

2- [ [benzylhydroxyphosphinyl] oxy] -2- (tetrahydrofuranyl) ethanoic

acid;

2-[[benzylhydroxyphosphinyl]oxy]-2—(2-indclyl)ethanoic
2- [ [benzylhydroxyphosphinyl]oxyl -2- (3-indolyl)ethanoic
2- [ [benzylhydroxyphosphinyl]oxy] -2~ (4-indolyl)ethanoic
2-[[beﬁzylhydroxyphosphinyl]oxy]-2-(2-thienyl)ethanoic
2- [ [benzylhydroxyphosphinyl]oxy] -2- (3-thienyl) ethanoic
2-[[benzylhydroxyphosphinyl]oxy]-2-(4-thienyl)ethanoic

acid;

acid;

acid;
acid;
acid;
acid;
acid;
acid;
acid;
acid;

acid;

acid;
acid;
acid;
acid;
acid;

acid;

and a pharmaceutically acceptable salt, hydrate, or a mixture

thereof.
73. The method of claim 59 wherein R, or R, is
heterocyclic and X is NR,.

74. The method of claim 73 wherein the NAALADase
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inhibitor is a compound selected from the group consisting of:
2-[[(2-pyridyl) hydroxyphosphinyl] amino]l pentanedioic acid;
2-[[(3-pyridyl) hydroxyphosphinyl]amino]l pentanedioic acid;
2-[[(4-pyridyl) hydroxyphosphinyl] amino] pentanedioic acid;

2- [ [(tetrahydrofuranyl) hydroxyphosphinyl] amino] pentanedioic
acid;

2-[[(2-indolyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(3-indolyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[[(4-indolyl) hydroxyphosphinyl] aminol pentanedioic acid;
2-[[(2-thienyl) hydroxyphosphinyl] aminol pentanedioic acid;
2-[[(3-thienyl) hydroxyphosphinyl] aminol pentanedioic acid;
2-[[(4-thienyl) hydroxyphosphinyl] amino] pentanediocic acid;
2-[[(2-pyridyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[(3-pyridyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[(4—pyridyl)hydroxyphosphinyi]amino]-2-phenylethanoic acid;
2-[[(tetrahydrofuranyl) hydroxyphosphinyl] amino] -2-phenyl
‘ethanoic acid;
2-[[(2-indolyl)hydroxyphosphinyl]amino]-2-phenylethanoic acid;
2-[((3-indolyl)hydroxyphosphinyl]amino]-2-phenylethaﬁoic acid;
2-[[(4-indolyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2- [[(2-thienyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[(3—thienyl)hydroxyphosphinyl]amino]-2-phenylethanoic acid;
2-([(4-thienyl) hydroxyphosphinyl] amino] -2-phenylethanoic acid;
2-[[benzyihydroxyphosphinyl]amino]—2-(2—pyridyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2- (3-pyridyl)ethanoic acid;
2-[[benzylhydrbxyphosphinyl]amino]-2-(4—pyridyl)ethanoic acid;
2- [ [benzylhydroxyphosphinyl] amino] -2~ (tetrahydrofuranyl)

ethanoic acid;
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2- [ {benzylhydroxyphosphinyl] amino] -2- (2-indolyl) ethanoic
2- [ (benzylhydroxyphosphinyl] amino] -2- (3-indolyl) ethanoic
2-[[benzylhydroxyphosphinyl]amino]-2-(4-iﬁdolyl)ethanoic
2- [ [benzylhydroxyphosphinyl] amino] -2- (2-thienyl) ethanoic
2- [ [benzylhydroxyphosphinyl] amino] -2- (3-thienyl) ethanoic
2- [[benzylhydroxyphosphinyl] amino] -2- (4-thienyl) ethanoic

acidg;
acid;
acid;
acid;
acid;

acid;

and a pharmaceutically acceptable salt, hydrate, or a mixture

thereof.
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