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(57) ABSTRACT 

The present disclosure relates to dipeptidase inhibitors, and 
more particularly, to novel methods of using phosphonate 
derivatives, hydroxyphosphinyl derivatives, and phosphora 
rnidate derivatives to inhibit N-Acetylated ot-Linked Acidic 
Dipeptidase (NAALADase) enzyme activity, and to treat 
prostate diseases, especially using the compounds of the 
present invention for the inhibition of the growth of prostate 
cancer cells. 
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METHODS OF CANCER TREATMENT USING 
NAALADASE INHIBITORS 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part (CIP) of 
US. patent application Ser. No. 08/665,775, ?led Jun. 17, 
1996, entitled “Methods of Cancer Treatment Using 
NAALADase Inhibitors”. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] 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. 

[0004] 2. Description of the Prior Art 

Prostate Cancer 

[0005] 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 diagnosed and 41,400 deaths Were caused by prostate 
cancer. The incidence rate of prostate cancer increased 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 progress. 

[0006] In 1993, the molecular cloning of Prostate Speci?c 
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 cancer. PSMA antibodies, particularly indium-111 
labelled and tritium labelled PSMA antibodies, have been 
described and examined clinically for the diagnosis and 
treatment of prostate cancer. PSMA is expressed in prostatic 
ductal epithelium and is present in seminal plasma, prostatic 
?uid and urine. In 1996, it Was found that the expression of 
PSMA cDNA confers the activity of NAALADase. 

NAALADase Inhibitors 

[0007] NAAG and NAALADase have been implicated in 
several human and animal pathological conditions relating 
to glutamate abnormalities and neurotoxicity. For example, 
it has been demonstrated that intra-hippocampal injections 
of NAAG elicit prolonged seiZure activity. More recently, it 
Was reported that rats genetically prone to epileptic seiZures 
have a persistent increase in their basal level of NAALA 
Dase activity. These observations lend support the hypoth 
esis that increased availability of synaptic glutamate elevates 
seiZure susceptibility, and suggest that NAALADase inhibi 
tors may provide anti-epileptic activity. 

[0008] NAAG and NAALADase have also been impli 
cated in the pathogenesis of ALS and in the pathologically 
similar animal disease called Hereditary Canine Spinal 
Muscular Atrophy (HCSMA). It has been shoWn that con 
centrations of NAAG and its metabolites—NAA, glutamate 
and aspartate—are elevated tWo- to three-fold in the cere 
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brospinal ?uid of ALS patients and HCSMA dogs. Addi 
tionally, NAALADase activity is signi?cantly increased 
(tWo- to three-fold) in post-mortem spinal cord tissue from 
ALS patients and HCSMA dogs. As such, NAALADase 
inhibitors might be clinically useful in curbing the progres 
sion of ALS if an increased metabolism of NAAG is 
responsible for the alterations of CSF levels of these acidic 
amino acids and peptides. 

[0009] Abnormalities in NAAG levels and NAALADase 
activity have also been documented in post-mortem schiZo 
phrenic brain, speci?cally in the prefrontal and limbic brain 
regions. 
[0010] The ?ndings described above suggest that 
NAALADase inhibitors could be useful in treating 
glutamate abnormalities. HoWever, the present invention is 
directed to the surprising and unexpected discovery that the 
novel compounds of the present invention are not only 
effective NAALADase inhibitors but are effective in treating 
prostate diseases, particularly prostate cancer. Although the 
cancer data relate 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. 

[0011] While a feW NAALADase inhibitors have been 
identi?ed, they have only been used in non-clinical research. 
Examples of such inhibitors include general metallopepti 
dase inhibitors such as o-phenanthroline, metal chelators 
such as EGTA and EDTA, and peptide analogs such as 
quisqualic acid and [3-NAAG. Accordingly, a need exists for 
more NAALADase inhibitors to be identi?ed and, particu 
larly, for the treatment of prostate diseases such as prostate 
cancer. 

SUMMARY OF THE INVENTION 

[0012] The present invention is directed to novel methods 
for treating cancer, preventing tumor cell groWth, inhibiting 
prostate tumor cell groWth, and inhibiting NAALADase 
enZyme activity, in an animal, comprising administering an 
effective amount of a NAALADase inhibitor. 

[0013] Preferred NAALADase inhibitors include com 
pounds of formula I: 

0 R2 

[0014] Wherein 

[0015] R1 is hydrogen, Cl-C9 straight or branched 
chain alkyl, C2-C9 straight or branched chain alkenyl 
group, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl; 

[0016] X is CH2, O, or N; and 

[0017] R2 is Cl-C9 straight or branched chain alkyl, 
CZ-C9 straight or branched chain alkenyl group, 
C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl, 
Wherein said alkyl, alkenyl, cycloalkyl, cycloalkenyl 
or aryl groups may be optionally substituted With 
carboxylic acid. 
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[0018] Preferably, the compound of formula I is present in 
an amount that is effective for inhibiting NAALADase 
enZyme activity, or treating a prostate disease in an animal. 

[0019] The present invention further relates to a method of 
inhibiting NAALADase enZyme activity in an animal, com 
prising administering an effective amount of the compound 
of formula I to said animal. 

BRIEF DESCRIPTION OF THE FIGURES 

[0020] FIG. 1 is a bar graph plotting the groWth of the 
prostate cancer cell line, LNCAP, against various concen 
trations 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 pM of quisqualate shoW a sharp dose-dependent 
decrease of LNCAP cell proliferation as indicated by the 
signi?cant decrease in the incorporation of [3H]thymidine. 

[0021] FIG. 2 is a bar graph plotting the groWth of the 
prostate cancer cell line, LNCAP, against various concen 
trations of 2-(phosphonomethyl)pentanedioic acid, a 
NAALADase Inhibitor. FIG. 2 shoWs the effect of 7-day 
treatment With 2-(phosphonomethyl)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 as indicated by the signi?cant decrease in the 
incorporation of [3H]thymidine. 

[0022] FIG. 3 is a line graph of the response of LNCAP 
human prostate tumors to daily treatment With 2-(phospho 
nomethyl)pentanedioic acid. Mean of individual tumor vol 
umes are plotted 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 signi?cant 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). 

[0023] FIG. 4 is a line graph plotting the survival per 
centage of animals treated With injections against the num 
ber of days. FIG. 4 shoWs the higher mean survival per 
centage of animals injected With 
2-(phosphonomethyl)pentanedioic acid miXed With polymer 
as compared to those animals 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 had small tumors. 

[0024] FIG. 5 is a line graph plotting tumor groWth 
against days folloWing rat dunning cell injections. Cells 
Were injected, over a period of 84 days, With various dosages 
of 2-(phosphonomethyl)pentanedioic acid and a control 
vehicle. FIG. 5 shoWs that tumor groWth sloWed as a 
function of 2-(phosphonomethyl)pentanedioic acid dosage. 

[0025] FIG. 6 is a line graph of the response of R3327 rat 
prostate tumors to daily treatment With 2-[[(phenylmethyl 
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)hydroXyphosphinyl]methyl]pentanedioic acid. Mean of 
individual tumor volumes expressed relative to the volume 
at the start of treatment (V/VO) are plotted as a function of 
time. Treatment With 2-[[(phenylmethyl)hydroXyphosphi 
nyl]methyl]pentanedioic acid for 2.5 Weeks resulted in a 
statistically signi?cant difference betWeen the control group 
and animals given daily injections of 1 pg of drug (p=0.02). 

DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

[0026] “Compound 3” refers to 2-(phosphonomethyl)pen 
tanedioic acid, a NAALADase inhibitor. 

[0027] “Inhibition”, in the conteXt of enZymes, refers to 
reversible enZyme inhibition such as competitive, uncom 
petitive and non-competitive inhibition. Competitive, 
uncompetitive and non-competitive inhibition can be distin 
guished 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 af?nity betWeen the inhibitor and the enZyme 
may be measured by the inhibitor constant, Ki, Which is 
de?ned as: 

[EH1 

[0028] Wherein is the concentration of the 
enZyme, [I] is the concentration 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 speci?ed, K as used 
herein refers to the affinity betWeen the inventive 
compounds and NAALADase. “IC50” is a related 
term used to de?ne the concentration or amount of a 

compound Which is required to cause a 50% inhibi 
tion of the target enZyme. 

[0029] 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 devel 
opment of primary or secondary tumors, decreased occur 
rence 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 pre 
vention. 

[0030] “NAAG” refers to N-acetyl-aspartyl-glutamate, an 
important peptide component of the brain, With levels com 
parable to the major inhibitor neurotransmitter gamma 
aminobutyric acid (GABA). NAAG is neuron-speci?c, 
present in synaptic vesicles and released upon neuronal 
stimulation in several systems presumed to be glutamater 
gic. Studies suggest that NAAG may function as a neu 
rotransmitter and/or neuromodulator in the central nervous 
system, or as a precursor of the neurotransmitter glutamate. 
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[0031] “NAALADase” refers to N-acetylated ot-linked 
acidic dipeptidase, a membrane-bound metallopeptidase 
Which cataboliZes NAAG to N-acetylaspartate (NAA) and 
glutamate: 

Catabolism of NAAG by NAALADase 

[0032] 

COOH 

O 

NAALADase 
AcHN 4’ 

= N COOH 
E H 

\COOH 
NAAG 

0 COOH 

ACHNQK : OH + 

\COOH HZN COOH 
NAA GLU 

[0033] NAALADase shows a high af?nity for NAAG With 
a Km of 540 nM. If NAAG is a bioactive peptide, then 
NAALADase may serve to inactivate NAAGIS synaptic 
action. Alternatively, if NAAG functions as a precursor for 
glutamate, the primary function of NAALADase may be to 
regulate synaptic glutamate availability. 
[0034] “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 is acids such as acetate, adipate, alginate, aspar 
tate, benZoate, benZenesulfonate, bisulfate butyrate, citrate, 
camphorate, camphorsulfonate, cyclopentanepropionate, 
digluconate, dodecylsulfate, ethanesulfonate, fumarate, glu 
coheptanoate, glycerophosphate, hemisulfate heptanoate, 
hexanoate, hydrochloride hydrobromide, hydroiodide, 2-hy 
droxyethanesulfonate, lactate, maleate, methanesulfonate, 
2-naphthalenesulfonate, nicotinate, oxalate, thiocyanate, 
tosylate and undecanoate. Examples of a base salt include 
ammonium salts, alkali metal 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 amino acids such as arginine and lysine. The 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. 

[0035] 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. 

[0036] The term “prostate disease” relates to prostate 
cancer such as adenocarcinoma or metastatic cancers, con 

Oct. 17, 2002 

ditions characteriZed by abnormal groWth of prostatic epi 
thelial cells such as benign prostatic hyperplasia, and other 
conditions requiring treatment by the compounds of the 
present invention. 

[0037] “PSA” refers to Prostate Speci?c 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 involve 
ment, and provides a parameter for folloWing a prostate 
cancer patient’s response to surgery, irradiation and andro 
gen replacement therapy. 

[0038] “PSMA” refers to Prostate Speci?c 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, prostatic ?uid and urine. It has been found that the 
expression of PSMA cDNA confers the activity of NAALA 
Base. 

[0039] The term “treatment” refers to any process, action, 
application, therapy, or the like, Wherein an animal, includ 
ing a human being, is subject to medical aid With the object 
of improving the animal’s condition, directly or indirectly. 

Preferred NAALADase Inhibitors of the Present 
Invention 

[0040] The present invention relates to a compound of 
formula I: 

0 R2 

[0041] or a pharmaceutically acceptable salt, hydrate, or a 
mixture thereof, Wherein: 

[0042] R1 is hydrogen, CJL-C9 straight or branched 
chain alkyl, C2-C9 straight or branched chain alkenyl 
group, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl; 

[0043] X is CH2, O, or NR1, Where R1 is de?ned 
above; and 

[0044] R2 is C1-C9 straight or branched chain alkyl, 
CZ-C9 straight or branched chain alkenyl group, 
C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl, 
Wherein said alkyl, alkenyl, cycloalkyl, cycloalkenyl 
or aryl group may be optionally substituted With 
carboxylic acid. 

[0045] The present invention also contemplates that said 
alkyl, alkenyl, cycloalkyl, cycloalkenyl or aryl groups may 
be optionally substituted With C3-C8 cycloalkyl, C3 or C5 
cycloalkyl, CS-C7 cycloalkenyl, C1-C4 alkyl, C1-C4 alkenyl, 
halo, hydroxy, carboxy, nitro, tri?uoromethyl, C1-C6 straight 
or branched chain alkyl or alkenyl, CJL-C4 alkoxy, CJL-C4 
alkenyloxy, phenoxy, benZyloxy, amino, or Arl, and Where 
Ar1 is selected from the group consisting of l-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 ?ve substituents Which 
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are independently selected from the group consisting of 
hydrogen, halo, hydroXy, carboXy, nitro, tri?uoromethyl, 
C1-C6 straight or branched alkyl or alkenyl, C1-C4 alkoXy or 
C1-C4 alkenyloXy, phenoXy, benZyloXy, and amino; or phar 
maceutically acceptable salts, hydrates, or mixtures thereof. 

[0046] In a preferred embodiment, the compound is 
selected from the group of formula II: 

0 R2 

u R1— 
| COOH 
H O 

[0047] Wherein 

[0048] R1 is hydrogen, C1-C9 straight or branched 
chain alkyl, C2-C9 straight or branched chain alkenyl 
group, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl; 
and 

[0049] R2 is C1-C9 straight or branched chain alkyl, 
CZ-C9 straight or branched chain alkenyl group, 
C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl, 
Wherein said alkyl, alkenyl, cycloalkyl, cycloalkenyl 
or aryl group may be optionally substituted With 
carboXylic acid. 

[0050] In another preferred embodiment, the R groups are 
either straight or branched aliphatic substituents or carbocy 
clic substituents illustrated by the compounds selected from 
the group of formula II: 

0 R; 

u R1— 
| COOH 
H O 

[0051] Wherein 

[0052] R1 is hydrogen, C1-C9 straight or branched 
chain alkyl, C2-C9 straight or branched chain alkenyl 
group, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, 
l-naphthyl, 2-naphthyl, or phenyl; and 

[0053] R2 is C1-C9 straight or branched chain alkyl, 
CZ-C9 straight or branched chain alkenyl group, 
C3-C8 cycloalkyl, CS-C7 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. 

[0054] Especially preferred methods utiliZe compounds 
Wherein R1 is either a straight or branched aliphatic group or 
a carbocyclic group, R2 is ethyl Which is substituted With a 
carboXylic acid, and X is CH2 are selected from the group 
consisting of: 

[0055] 2-[[methylhydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0056] 2-[[ethylhydroXyphosphinyl]methyl]pen 
tanedioic acid; 
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[0057] 2-[[propylhydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0058] 2-[[butylhydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0059] 2-[[cycloheXylhydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0060] 2-[[(cycloheXyl)methylhydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0061] 2-[[phenylhydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0062] 2-[[benZylhydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0063] 2-[[phenylethylhydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0064] 2-[[phenylpropylhydroXyphosphinyl]methyl] 
pentanedioic acid; 

[0065] 2-[[phenylbutylhydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0066] 2-[[(4methylbenZyl)hydroXyphosphinyl]methyl] 
pentanedioic acid; 

[0067] 2-[[(4-?uorobenZyl)hydroXyphosphinyl]methyl] 
pentanedioic acid; 

[0068] 2-[[(2-?uorobenZyl)hydroXyphosphinyl]methyl] 
pentanedioic acid; 

[0069] 2-[[(penta?uorobenZyl)hydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0070] 2-[[(methoXybenZyl)hydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0071] 2-[[(4-?uorophenyl)hydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0072] 2-[[((hydroXy)phenylmethyl)hydroXy 
phosphinyl]methyl]pentanedioic acid; 

[0073] 2-[[(3-methylbenZyl)hydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0074] 2-(phosphonomethyl)pentanedioic acid; 
[0075] 2[[(3-tri?uoromethylbenZyl)hydroXy 

phosphinyl]methyl]pentanedioic acid; 

[0076] 2-[[(2,3,4-trimethoXyphenyl)hydroXyphos 
phinyl]methyl]pentanedioic acid; 

[0077] 2-[[(1-naphthyl)hydroXyphosphinyl]methyl] 
pentanedioic acid; 

[0078] 2-[[(2-naphthyl)hydroXyphosphinyl]methyl] 
pentanedioic acid; 

[0079] 2-[[(1-naphthyl)methylhydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0080] 2-[[(2-naphthyl)methylhydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0081] 2-[[(1-naphthyl)ethylhydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0082] 2-[[(2-naphthyl)ethylhydroXyphosphinyl]me 
thyl]pentanedioic acid; 
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[0083] 2-[[(1-naphthyl)propylhydroXyphosphinyl]rne 
thyl]pentanedioic acid; 

[0084] 2-[[(2-naphthyl)propylhydroXyphosphinyl]rne 
thyl]pentanedioic acid; 

[0085] 2-[[(1-naphthyl)butylhydroXyphosphinyl]rne 
thyl]pentanedioic acid; 

[0086] 2-[[(2-naphthyl)butylhydroXyphosphinyl]rne 
thyl]pentanedioic acid; and 

[0087] 2-[[(phenylprop-2-enyl)hydroXyphosphinyl]rne 
thyl]pentanedioic acid. 

[0088] Especially preferred methods utilize compounds 
Wherein R1 is either a straight or branched aliphatic group or 
a carbocyclic group, R2 is ethyl Which is substituted With a 
carboXylic acid, and X is CH2 are selected from the group 
consisting of: 

[0089] 2-[(benZylhydroXyphosphinyl)rnethyl]pen 
tanedioic acid; 

[0090] 2-[(phenylhydroXyphosphinyl)rnethyl]pen 
tanedioic acid; 

[0091] 2-[[((hydroXy)phenylrnethyl)hydroXy 
phosphinyl]rnethyl]pentanedioic acid; 

[0092] 2-[(butylhydroXyphosphinyl)rnethyl]pen 
tanedioic acid; 

[0093] 2-[[(3-rnethylbenZyl)hydroXyphosphinyl]rne 
thyl]pentanedioic acid; 

[0094] 2-[(3-phenylpropylhydroXyphosphinyl)rnethyl] 
pentanedioic acid; 

[0095] 2-[[(4-?uorophenyl)hydroXyphosphinyl]rne 
thyl]pentanedioic acid; 

[0096] 2-[(rnethylhydroXyphosphinyl)rnethyl]pen 
tanedioic acid; 

[0097] 2-[(phenylethylhydroXyphosphinyl)rnethyl]pen 
tanedioic acid; 

[0098] 2-[[(4-rnethylbenZyl)hydroXyphosphinyl]rne 
thyl]pentanedioic acid; 

[0099] 2-[[(4-?uorobenZyl)hydroXyphosphinyl]rnethyl] 
pentanedioic acid; 

[0100] 2-[[(4-rnethoXybenZyl)hydroXyphosphinyl]rne 
thyl]pentanedioic acid; 

[0101] 2-[[(2-?uorobenZyl)hydroXyphosphinyl]rnethyl] 
pentanedioic acid; 

[0102] 2-[[(penta?uorobenZyl)hydroXyphosphinyl]rne 
thyl]pentanedioic acid; 

[0103] 2-(phosphonornethyl)pentanedioic acid; and 

- -tr1 uorornet y enZy y roXy 0104 2 3 '? h lb lh d 
phosphinyl]rnethyl]pentanedioic acid. 

[0105] Especially preferred rnethods utiliZe cornpounds 
Wherein R1 is a straight or branched aliphatic group or a 
carbocyclic group, R2 is phenyl, and X is CH2 are selected 
from the group consisting of: 

[0106] 3-(rnethylhydroXyphosphinyl)-2-phenylpro 
panoic acid; 
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[0107] 3-(ethylhydroXyphosphinyl)-2-phenylpropanoic 
acid; 

[0108] 3-(propylhydroXyphosphinyl)-2-phenylpro 
panoic acid; 

[0109] 3-(butylhydroXyphosphinyl)-2-phenylpropanoic 
acid; 

[0110] 3-(cycloheXylhydroXyphosphinyl)-2-phenylpro 
panoic acid; 

[0111] 3-((cycloheXyl)rnethylhydroXyphosphinyl)-2 
phenylpropanoic acid; 

[0112] 3-(phenylhydroXyphosphinyl)-2-phenylpro 
panoic acid; 

[0113] 3-(benZylhydroXyphosphinyl)-2-phenylpro 
panoic acid; 

[0114] 3-(phenylethylhydroXyphosphinyl)-2-phenyl 
propanoic acid; 

[0115] 3-(phenylpropylhydroXyphosphinyl)-2-phenyl 
propanoic acid; 

[0116] 3-(phenylbutylhydroXyphosphinyl)-2-phenyl 
propanoic acid; 

[0117] 3-[(2,3,4-trirnethoXyphenyl)-3-hydroXyphosphi 
nyl]-2-phenylpropanoic acid; 

[0118] 3-[(1-naphthyl)hydroXyphosphinyl]-2-phenyl 
propanoic acid; 

[0119] 3-[(2-naphthyl)hydroXyphosphinyl]-2-phenyl 
propanoic acid; 

[0120] 3-[(1-naphthyl)rnethylhydroXyphosphinyl]-2 
phenylpropanoic acid; 

[0121] 3-[(2-naphthyl)rnethylhydroXyphosphinyl]-2 
phenylpropanoic acid; 

[0122] 3-[(1-naphthyl)ethylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0123] 3-[(2-naphthyl)ethylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0124] 3-[(1-naphthyl)propylhydroXyphosphinyl]-2 
phenylpropanoic acid; 

[0125] 3-[(2-naphthyl)propylhydroXyphosphinyl]-2 
phenylpropanoic acid; 

[0126] 3-[(-naphthyl)butyhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0127] 3-[(2-naphthyl)butylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; and 

[0128] 3-[phenylprop-2-enylhydroXyphosphinyl]-2 
phenylpropanoic acid. 

[0129] Although not limited to any one species, a highly 
preferred species Where R1 is a straight or branched aliphatic 
group or a carbocyclic group, R2 is ethyl Which is substituted 
With carboXylic acid, and X is CH2 is 2-[[benZylhydroXy 
phosphinyl]rnethyl]pentanedioic acid. 

[0130] Other preferred compounds of the present inven 
tion are selected from the group consisting of: hydroXyphos 
phinyl derivatives Wherein X is CH2, R1 is a straight or 
branched aliphatic group or a carbocyclic group, and R2 is an 
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[0178] 2-[[(3-indolyl)propylhydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0179] 2-[[(2-thienyl)methylhydroXyphosphinyl]me 
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[0203] Especially preferred methods use compounds 
Wherein R1 is benZyl, R2 is said alkyl, alkenyl, cycloalkyl, or 
aryl group Which is substituted With a heterocyclic group, 
and X is CH2 are selected from the group consisting of: thyl]pentanedioic acid; 

[0180] 2-[[(3-thienyl)methylhydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0181] 2-[[(4-thienyl)methylhydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0182] 2-[[(3-thienyl)ethylhydroXyphosphinyl]methyl] 
pentanedioic acid; and 

[0183] 2-[[(3-thienyl)propylhydroXyphosphinyl]me 
thyl]pentanedioic acid. 

[0184] Especially preferred methods use compounds 
Wherein R1 is said alkyl, alkenyl, cycloalkyl, or aryl group 
Which is substituted With a heterocyclic group, R2 is phenyl, 
and X is CH2 are selected from the group consisting of: 

[0204] 3-(benZylhydroXyphosphinyl)-2-(2-pyridyl)m 
ethylpropanoic acid; 

[0205] 3-(benZylhydroXyphosphinyl)-2-(3-pyridyl)m 
ethylpropanoic acid; 

[0206] 3-(benZylhydroXyphosphinyl)-2-(4-pyridyl)m 
ethylpropanoic acid; 

[0207] 3-(benZylhydroXyphosphinyl)-2-(3-pyridyl)m 
ethylpropanoic acid; 

[0208] 3-(benZylhydroXyphosphinyl)-2-(3-pyridyl)pro 
pylpropanoic acid; 

[0209] 3-(benZylhydroXyphosphinyl)-2-(tetrahydro 
[0185] 3-[(2-pyridyl)methylhydroXyphosphinyl]-2 

phenylpropanoic acid; 
[0186] 3-[(3-pyridyl)methylhydroXyphosphinyl]-2 

phenylpropanoic acid; 
[0187] 3-[(4-pyridyl)methylhydroXyphosphinyl]-2 

phenypropanoic acid; 
[0188] 3-[(3-pyridyl)methylhydroXyphosphinyl]-2 

phenylpropanoic acid; 

[0189] 3-[(3-pyridyl)propylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0190] 3-[(tetrahydrofuranyl)methylhy 
droXyphosphinyl]-2-phenylpropanoic acid; 

[0191] 3-[(tetrahydrofuranyl)ethylhydroXyphosphinyl] 
2-phenylpropanoic acid; 

[0192] 3-[(tetrahydrofuranyl)propylhy 
droXyphosphinyl]-2-phenylpropanoic acid; 

[0193] 3-[(2-indolyl)methylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0194] 3-[(3-indolyl)methylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0195] 3-[(4-indolyl)methylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0196] 3-[(3-indolyl)ethylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0197] 3-[(3-indolyl)propylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0198] 3-[(2-thienyl)methylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0199] 3-[(3-thienyl)methylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0200] 3-[(4-thienyl)methylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; 

[0201] 3-[(3-thienyl)ethylhydroXyphosphinyl]-2-phe 
nylpropanoic acid; and 

[0202] 3-[(3-thienyl)propylhydroXyphosphinyl]-2-phe 
nylpropanoic acid. 

furanyl)methylpropanoic acid; 

[0210] 3-(benZylhydroXyphosphinyl)-2-(tetrahydro 
furanyl)ethylpropanoic acid; 

[0211] 3-(benZylhydroXyphosphinyl)-2-(tetrahydro 
furanyl)propylpropanoic acid; 

[0212] 3-(benZylhydroXyphosphinyl)-2-(2-indolyl)m 
ethylpropanoic acid; 

[0213] 3-(benZylhydroXyphosphinyl)-2-(3-indolyl)m 
ethylpropanoic acid; 

[0214] 3-(benZylhydroXyphosphinyl)-2-(4-indolyl)m 
ethylpropanoic acid; 

[0215] 3-(benZylhydroXyphosphinyl)-2-(3-indolyl)m 
ethylpropanoic acid; 

[0216] 3-(benZylhydroXyphosphinyl)-2-(3-indolyl)pro 
pylpropanoic acid; 

[0217] 3-(benZylhydroXyphosphinyl)-2-(2-thienyl)m 
ethylpropanoic acid; 

[0218] 3-(benZylhydroXyphosphinyl)-2-(3-thienyl)m 
ethylpropanoic acid; 

[0219] 3-(benZylhydroXyphosphinyl)-2-(4-thienyl)m 
ethylpropanoic acid; 

[0220] 3-(benZylhydroXyphosphinyl)-2-(3-thienyl)eth 
ylpropanoic acid; and 

[0221] 3-(benZylhydroXyphosphinyl)-2-(3-thienyl)pro 
pylpropanoic acid. 

[0222] In another preferred embodiment, the R groups are 
heterocyclic substituents illustrated by the compounds 
selected from the group having formula II: 

0 R; 

u R1— 
| COOH 
OH 
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[0223] wherein 

[0224] R1 is Arl; and 

[0225] R2 is C1-C9 straight or branched chain alkyl, 
CZ-C9 straight or branched chain alkenyl group, 
C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl, 
Wherein said alkyl, alkenyl, cycloalkyl, cycloalkenyl 
or aryl group may be optionally substituted With 
carboXylic acid. 

[0226] Especially preferred methods use compounds 
Wherein R1 is a heterocyclic group, R2 is ethyl Which is 
substituted With carboXylic acid, and X is CH2 are selected 
from the group consisting of: 

[0227] 2-[[(2-pyridyl)hydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0228] 2-[[(3-pyridyl)hydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0229] 2-[[(4-pyridyl)hydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0230] 2-[[(tetrahydrofuranyl)hydroXyphosphinyl]me 
thyl]pentanedioic acid; 

[0231] 2-[[(2-indolyl)hydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0232] 2-[[(3-indolyl)hydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0233] 2-[[(4-indolyl)hydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0234] 2-[[(2-thienyl)hydroXyphosphinyl]methyl]pen 
tanedioic acid; 

[0235] 2-[[(3-thienyl)hydroXyphosphinyl]methyl]pen 
tanedioic acid; and 

[0236] 2-[[(4-thienyl)hydroXyphosphinyl]methyl]pen 
tanedioic acid. 

[0237] Compounds of the present invention Wherein R1 is 
a heterocyclic group, R2 is phenyl, and X is CH2 are selected 
from the group consisting of: 

[0238] 3-[(2-pyridyl)hydroXyphosphinyl]-2-phenylpro 
panoic acid; 

[0239] 3-[(3-pyridyl)hydroXyphosphinyl]-2-phenylpro 
panoic acid; 

[0240] 3-[(4-pyridyl)hydroXyphosphinyl]-2-phenylpro 
panoic acid; 

[0241] 3-[(tetrahydrofuranyl)hydroXyphosphinyl]-2 
phenylpropanoic acid; 

[0242] 3-[(2-indolyl)hydroXyphosphinyl]-2-phenylpro 
panoic acid; 

[0243] 3-[(3-indolyl)hydroXyphosphinyl-2-phenylpro 
panoic acid; 

[0244] 3-[(4-indolyl)hydroXyphosphinyl]-2-phenylpro 
panoic acid; 
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[0245] 3-[(2-thienyl)hydroXyphosphinyl]-2-phenylpro 
panoic acid; 

[0246] 3-[(3-thienyl)hydroXyphosphinyl]-2-phenylpro 
panoic acid; and 

[0247] 3-[(4-thienyl)hydroXyphosphinyl]-2-phenylpro 
panoic acid. 

[0248] Compounds are also preferably selected from the 
group of formula II: 

0 R2 

m R1— 
| COOH 
OH 

[0249] Wherein 

[0250] R1 is hydrogen, CJL-C9 straight or branched 
chain alkyl, C2-C9 straight or branched chain alkenyl 
group, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl; 
and 

[0251] R2 is Arl, Wherein said aryl group may be 
optionally substituted With carboXylic acid. 

[0252] 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. 

[0253] Compounds Wherein R1 is benZyl, R2 is heterocy 
clic, and X is CH2 are selected from the group consisting of: 

[0254] 3-(benZylhydroXyphosphinyl)-2-(2-pyridyl)pro 
panoic acid; 

[0255] 3-(benZylhydroXyphosphinyl)-2-(3-pyridyl)pro 
panoic acid; 

[0256] 3-(benZylhydroXyphosphinyl)-2-(4-pyridyl)pro 
panoic acid; 

[0257] 3-(benZylhydroXyphosphinyl)-2-(tetrahydro 
furanyl)propanoic acid; 

[0258] 3-(benZylhydroXyphosphinyl)-2-(2-indolyl)pro 
panoic acid; 

[0259] 3-(benZylhydroXyphosphinyl)-2-(3-indolyl)pro 
panoic acid; 

[0260] 3-(benZylhydroXyphosphinyl)-2-(4-indolyl)pro 
panoic acid; 

[0261] 3-(benZylhydroXyphosphinyl)-2-(2-thienyl)pro 
panoic acid; 

[0262] 3-(benZylhydroXyphosphinyl)-2-(3-thienyl)pro 
panoic acid; and 

[0263] 3-(benZylhydroXyphosphinyl)-2-(4-thienyl)pro 
panoic acid. 
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[0264] Preferred compounds are also selected from for 
mula III: 

III 

[0265] Wherein 

[0266] R1 is hydrogen, C1-C9 straight or branched 
chain alkyl, C2-C9 straight or branched chain alkenyl 
group, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl; 
and 

[0267] R2 is CJL-C9 straight or branched chain alkyl, 
CZ-C9 straight or branched chain alkenyl group, 
C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl, 
Wherein said alkyl, alkenyl, cycloalkyl, cycloalkenyl 
or aryl group may be optionally substituted With 
carboXylic acid. 

[0268] 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: 

III 
0 R2 

O COOH 

[0269] Wherein 

[0270] R1 is hydrogen, C1-C9 straight or branched 
chain alkyl, C2-C9 straight or branched chain alkenyl 
group, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, 
l-naphthyl, 2-naphthyl, or phenyl; and 

[0271] R2 is C1-C9 straight or branched chain alkyl, 
CZ-C9 straight or branched chain alkenyl group, 
C3-C8 cycloalkyl, CS-C7 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. 

[0272] Especially preferred compounds of Formula III of 
the present invention Wherein R1 is a straight or branched 
aliphatic group or a carbocyclic group and R2 is ethyl Which 
is substituted With a carboXylic acid are selected from the 
group consisting of: 

[0273] 2-[[methylhydroXyphosphinyl]oXy]pentanedioic 
acid; 

[0274] 2-[[ethylhydroXyphosphinyl]oXy]pentanedioic 
acid; 

[0275] 2-[[propylhydroXyphosphinyl]oXy]pentanedioic 
acid; 

[0276] 2-[[butylhydroXyphosphinyl]oXy]pentanedioic 
acid; 
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[0277] 2-[[cycloheXylhydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0278] 2-[[(cycloheXyl)methylhydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0279] 2-[[phenylhydroXyphosphinyl]oXy]pentanedioic 
acid; 

[0280] 2-[[benZylhydroXyphosphinyl]oXy]pentanedioic 
acid; 

[0281] 2-[[phenylethylhydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0282] 2-[[phenylpropylhydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0283] 2-[[phenylbutylhydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0284] 2-[[(4-methylbenZyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0285] 2-[[(4-?uorobenZyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0286] 2-[[(2-?uorobenZyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0287] 2-[[(penta?uorobenZyl)hydroXyphosphinyl] 
oXy]pentanedioic acid; 

[0288] 2-[[(methoXybenZyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0289] 2-[[(4-?uorophenyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0290] 2-[[((hydroXy)phenylmethyl)hydroXy 
phosphinyl]oXy]pentanedioic acid; 

[0291] 2-[[(3-methylbenZyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0292] 2-(phosphono)oXy]pentanedioic acid; 
[0293] 2-[[(3-tri?uoromethylbenZyl)hydroXy 

phosphinyl]oXy]pentanedioic acid; 

[0294] 2-[[(2,3,4-trimethoXyphenyl)hydroXyphos 
phinyl]oXy]pentanedioic acid; 

[0295] 2-[[(1-naphthyl)hydroXyphosphinyl]oXy]pen 
tanedicic acid; 

[0296] 2-[[(2-naphthyl)hydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0297] 2-[[(1-naphthyl)methylhydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0298] 2-[[(2-naphthyl)methylhydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0299] 2-[[(1-naphthyl)ethylhydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0300] 2-[[(2-naphthyl)ethylhydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0301] 2-[[(1-naphthyl)propylhydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0302] 2-[[(2-naphthyl)propylhydroXyphosphinyl]oXy] 
pentanedioic acid; 
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[0303] 2-[[(1-naphthyl)butylhydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0304] 2-[[(2-naphthyl)butylhydroXyphosphinyl]oXy] 
pentanedioic acid; and 

[0305] 2-[[(phenylprop-2-enyl)hydroXyphosphinyl] 
oXy]pentanedioic acid. 

[0306] Especially preferred compounds of Formula III of 
the present invention Wherein R1 is a straight or branched 
aliphatic group or a carbocyclic group and R2 is ethyl Which 
is substituted With a carboXylic acid are selected from the 
group consisting of: 

[0307] 2-[(benZylhydroXyphosphinyl)oXy]pentanedioic 
acid; 

[0308] 2-[(phenylhydroXyphosphinyl)oXy]pentanedioic 
acid; 

[0309] 2-[[((hydroXy)phenylmethyl)hydroXy 
phosphinyl]oXy]pentanedioic acid; 

[0310] 2-[(butylhydroXyphosphinyl)oXy]pentanedioic 
acid; 

[0311] 2-[[(3-methylbenZyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0312] 2-[(3-phenylpropylhydroXyphosphinyl)oXy] 
pentanedioic acid; 

[0313] 2-[[(4-?uorophenyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0314] 2-(methylhydroXyphosphinyl)oXypentanedioic 
acid; 

[0315] 2-[(phenylethylhydroXyphosphinyl)oXy]pen 
tanedioic acid; 

[0316] 2-[[(4-methylbenZyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0317] 2-[[(4-?uorobenZyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0318] 2-[[(4-methoXybenZyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0319] 2-[[(2-?uorobenZyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0320] 2-[[(penta?uorobenZyl)hydroXyphosphinyl] 
oXy]pentanedioic acid; 

[0321] 2-[(phosphono)oXy]pentanedioic acid; and 

[0322] 2-[[(3-tri?uoromethylbenZyl)hydroXy 
phosphinyl]oXy]pentanedioic acid. 

[0323] Compounds of the present invention Wherein R1 is 
a straight or branched aliphatic group or a carbocyclic group, 
R2 is phenyl, and X is oxygen are selected from the group 
consisting of: 

[0324] 2-[[methylhydroXyphosphinyl]oXy]-2-phenyle 
thanoic acid; 

[0325] 2-[[ethylhydroXyphosphinyl]oXy]-2-phenyletha 
noic acid; 

[0326] 2-[[propylhydroXyphosphinyl]oXy]-2-phenyle 
thanoic acid; 
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[0327] 2-[[butylhydroXyphosphinyl]oXy]-2-phenyle 
thanoic acid; 

[0328] 2-[[cycloheXylhydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; 

[0329] 2-[[(cycloheXyl)methylhydroXyphosphinyl] 
oXy]-2-phenylethanoic acid; 

[0330] 2-[[phenylhydroXyphosphinyl]oXy-2-phenyle 
thanoic acid; 

[0331] 2-[[benZylhydroXyphosphinyl]oXy]-2-phenyle 
thanoic acid; 

[0332] 2-[[phenylethylhydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; 

[0333] 2-[[phenylpropylhydroXyphosphinyl]oXy]-2 
phenylethanoic acid; 

[0334] 2-[[phenylbutylhydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; 

[0335] 2-[[(2,3,4-trimnethoXyphenyl)-3-hydroXyphos 
phinyl]oXy]-2-phenylethanoic acid; 

[0336] 2-[[(1-naphthyl)hydroXyphosphinyl]oXy]-2 
phenylethanoic acid; 

[0337] 2-[[(2-naphthyl)hydroXyphosphinyl]oXy]-2 
phenylethanoic acid; 

[0338] 2-[[(1-naphthyl)methylhydroXyphosphinyl)] 
oXy]-2-phenylethanoic acid; 

[0339] 2-[[(2-naphthyl)methylhydroXyphosphinyl] 
oXy]-2-phenylethanoic acid; 

[0340] 2-[[(1-naphthyl)ethylhydroXyphosphinyl]oXy]2 
phenylethanoic acid; 

[0341] 2-[[(2-naphthyl)ethylhydroXyphosphinyl]oXy-2 
phenylethanoic acid; 

[0342] 2-[[(1-naphthyl)propylhydroXyphosphinyl] 
oXy]-2-phenylethanoic acid; 

[0343] 2-[[(2-naphthyl)propylhydroXyphosphinyl] 
oXy]-2-phenylethanoic acid; 

[0344] 2-[[(1-naphthyl)butylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0345] 2-[[(2-naphthyl)butylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; and 

[0346] 2-[[phenylprop-2-enylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid. 

[0347] Although not limited to any one particular species, 
a highly preferred species Where R1 is a straight or branched 
aliphatic group or a carbocyclic group, R2 is ethyl Which is 
substituted With carboXylic acid, and X is oXygen is 2-[[ben 
ZylhydroXyphosphinyl]oXy]pentanedioic acid. 

[0348] Other especially preferred compounds of the 
present invention are selected from the group consisting of: 
phosphonate derivatives Wherein X is oXygen, R1 is a 
straight or branched aliphatic group or a carbocyclic group, 
and R2 is an C2-C8 alkyl or alkenyl chain Which is substi 
tuted With a carboXylic acid. Exemplary species include: 

[0349] 2-[(methylhydroXyphosphinyl)oXy]heXanedioic 
acid; 
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[0398] 2-[[(3-thienyl)methylhydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0399] 2-[[(4-thienyl)methylhydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0400] 2-[[(3-thienyl)ethylhydroXyphosphinyl]oXy] 
pentanedioic acid; and 

[0401] 2-[[(3-thienyl)propylhydroXyphosphinyl]oXy] 
pentanedioic acid. 

[0402] Especially preferred methods utilize compounds 
Wherein R1 is said alkyl, alkenyl, cycloalkyl, or aryl group 
Which is substituted With a heterocyclic group, R2 is phenyl, 
and X is oxygen are selected from the group consisting of: 

[0403] 2-[[(2-pyridyl)methylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0404] 2-[[(3-pyridyl)methylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0405] 2-[[(4-pyridyl)methylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0406] 2-[[(3-pyridyl)ethylhydroXyphosphinyl]oXy]-2 
phenylethanoic acid; 

[0407] 2-[[(3-pyridyl)propylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0408] 2-[[(tetrahydrofuranyl)methylhy 
droXyphosphinyl]oXy]-2-phenylethanoic acid; 

[0409] 2-[[(tetrahydrofuranyl)ethylhydroXyphosphinyl] 
oXy]-2-phenylethanoic acid; 

[0410] 2-[[(tetrahydrofuranyl)propylhy 
droXyphosphinyl]oXy]-2-phenylethanoic acid; 

[0411] 2-[[(2-indolyl)methylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0412] 2-[[(3-indolyl)methylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0413] 2-[[(4-indolyl)methylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0414] 2-[[(3-indolyl)ethylhydroXyphosphinyl]oXy]-2 
phenylethanoic acid; 

[0415] 2-[[(3-indolyl)propylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0416] 2-[[(2-thienyl)methylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0417] 2-[[(3-thienyl)methylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0418] 2-[[(4-thienyl)methylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid; 

[0419] 2-[[(3-thienyl)ethylhydroXyphosphinyl]oXy]-2 
phenylethanoic acid; and 

[0420] 2-[[(3-thienyl)propylhydroXyphosphinyl]oXy] 
2-phenylethanoic acid. 

[0421] Especially preferred methods utiliZe compounds 
Wherein R1 is benZyl, R2 is said alkyl, alkenyl, cycloalkyl, or 
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aryl group Which is substituted With a heterocyclic group, 
and X is oxygen are selected from the group consisting of: 

[0422] 2-[[benZylhydroXyphosphinyl]oXy]-2-(2-py 
ridyl)methylethanoic acid; 

[0423] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-py 
ridyl)methylethanoic acid; 

[0424] 2-[[benZylhydroXyphosphinyl]oXy]-2-(4-py 
ridyl)methylethanoic acid; 

[0425] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-py 
ridyl)ethylethanoic acid; 

[0426] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-py 
ridyl)propylethanoic acid; 

[0427] 2-[[benZylhydroXyphosphinyl]oXy]-2-(tetrahy 
drofuranyl)methylethanoic acid; 

[0428] 2-[[benZylhydroXyphosphinyl]oXy]-2-(tetrahy 
drofuranyl)ethylethanoic acid; 

[0429] 2-[[benZylhydroXyphosphinyl]oXy]-2-(tetrahy 
drofuranyl)propylethanoic acid; 

[0430] 2-[[benZylhydroXyphosphinyl]oXy]-2-(2-in 
dolyl)methylethanoic acid; 

[0431] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-in 
dolyl)methylethanoic acid; 

[0432] 2-[[benZylhydroXyphosphinyl]oXy]-2-(4-in 
dolyl)methylethanoic acid; 

[0433] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-in 
dolyl)ethylethanoic acid; 

[0434] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-in 
dolyl)propylethanoic acid; 

[0435] 2-[[benZylhydroXyphosphinyl]oXy]-2-(2-thie 
nyl)methylethanoic acid; 

[0436] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-thie 
nyl)methylethanoic acid; 

[0437] 2-[[benZylhydroXyphosphinyl]oXy]-2-(4-thie 
nyl)methylethanoic acid; 

[0438] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-thie 
nyl)ethylethanoic acid; and 

[0439] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-thie 
nyl)propylethanoic acid. 

[0440] In another preferred embodiment, R1 is a hetero 
cyclic substituent illustrated by the compounds selected 
from the group of formula III: 

III 

COOH 

[0441] Wherein 

[0442] R1 is Arl; and 

[0443] R2 is CJL-C9 straight or branched chain alkyl, 
CZ-C9 straight or branched chain alkenyl group, 



US 2002/0151503 A1 

C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl, 
wherein said alkyl, alkenyl, cycloalkyl, cycloalkenyl 
or aryl group may be optionally substituted With 
carboXylic acid. 

[0444] Especially preferred compounds Wherein R1 is a 
heterocyclic group, R2 is ethyl Which is substituted With 
carboXylic acid, and X is oxygen are selected from the group 
consisting of: 

[0445] 2-[[(2-pyridyl)hydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0446] 2-[[(3-pyridyl)hydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0447] 2-[[(4-pyridyl)hydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0448] 2-[[(tetrahydrofuranyl)hydroXyphosphinyl]oXy] 
pentanedioic acid; 

[0449] 2-[[(2-indolyl)hydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0450] 2-[[(3-indolyl)hydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0451] 2-[[(4-indolyl)hydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0452] 2-[[(2-thienyl)hydroXyphosphinyl]oXy]pen 
tanedioic acid; 

[0453] 2-[[(3-thienyl)hydroXyphosphinyl]oXy]pen 
tanedioic acid; and 

[0454] 2-[[(4-thienyl)hydroXyphosphinyl]oXy]pen 
tanedioic acid. 

[0455] Compounds of the present invention Wherein R1 is 
a heterocyclic group, R2 is phenyl, and X is oxygen are 
selected from the group consisting of: 

[0456] 2-[[(2-pyridyl)hydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; 

[0457] 2-[[(3-pyridyl)hydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; 

[0458] 2-[[(4-pyridyl)hydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; 

[0459] 2-[[(tetrahydrofuranyl)hydroXyphosphinyl] 
oXy]-2-phenylethanoic acid; 

[0460] 2-[[(2-indolyl)hydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; 

[0461] 2-[[(3-indolyl)hydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; 

[0462] 2-[[(4-indolyl)hydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; 

[0463] 2-[[(2-thienyl)hydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; 

[0464] 2-[[(3-thienyl)hydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid; and 

[0465] 2-[[(4-thienyl)hydroXyphosphinyl]oXy]-2-phe 
nylethanoic acid. 
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[0466] Compounds are also preferably selected from the 
group of formula III: 

III 

COOH 

[0467] 
[0468] R1 is hydrogen, CJL-C9 straight or branched 

chain alkyl, C2-C9 straight or branched chain alkenyl 
group, C3-C8 cycloalkyl, CS-C7 cycloalkenyl, or Arl; 
and 

Wherein 

[0469] R2 is Arl, Wherein said aryl group may be 
optionally substituted With carboXylic acid. 

[0470] 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. 

[0471] Compounds of the present invention Wherein R1 is 
benZyl, R2 is a heterocyclic group, and X is oXygen are 
selected from the group consisting of: 

[0472] 2-[[benZylhydroXyphosphinyl]oXy]-2-(2-py 
ridyl)ethanoic acid; 

[0473] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-py 
ridyl)ethanoic acid; 

[0474] 2-[[benZylhydroXyphosphinyl]oXy]-2-(4-py 
ridyl)ethanoic acid; 

[0475] 2-[[benZylhydroXyphosphinyl]oXy]-2-(tetrahy 
drofuranyl)ethanoic acid; 

[0476] 2-[[benZylhydroXyphosphinyl]oXy]-2-(2-in 
dolyl)ethanoic acid; 

[0477] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-in 
dolyl)ethanoic acid; 

[0478] 2-[[benZylhydroXyphosphinyl]oXy]-2-(4-in 
dolyl)ethanoic acid; 

[0479] 2-[[benZylhydroXyphosphinyl]oXy]-2-(2-thie 
nyl)ethanoic acid; 

[0480] 2-[[benZylhydroXyphosphinyl]oXy]-2-(3-thie 
nyl)ethanoic acid; and 

[0481] 2-[[benZylhydroXyphosphinyl]oXy]-2-(4-thie 
nyl)ethanoic acid. 

[0482] Preferred phosphoramidate 
selected from formula IV: 

compounds are 

IV 
0 R2 






















































































































