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Title: CERTAIN PHOSPHINYL DERIVATIVES USEFUL AS NAALADASE INHIBITORS

Abstract

The present disclosure relates to dipeptidase inhibitors, and more particularly,
and phosphoramidate derivatives that inkibit N-Acetylated -Linked
pharmaceutical compositions comprising s
fo treat prostate diseases, especially using 4

to novel phosphanate derivatives,
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hydroxyphosphinyl
Acidic Dipeptidase (NAALADase} enzyme activity,
uch derivatives, and methods of using such detivatives to nhibit NAALADase activity, and
he compounds of the present invention for the inhibition of the growth of prestate cancer cells.
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CERTAIN PHOSPHINYL DERIVATIVES USEFUL AS NAALADASE INHIBITORS

RELATED APPLICATIONS

This application is continuation-in-part (CIP) of US Patent No. 5,672,592
filed June 17, 1996, entitled “Certain Phosphonomethyl-pentanedioic Acid
Derivatives Thereof’, & CIP of US Patent No. 5,795 877 filed December 31, 1996,
entitled “Inhibitors of NAALADase Enzyme Activity”, and a CIP of US Patent No.
5,863,536 filed December 31, 19986, entitled "Phosphoramidate Derivatives”.

BACKGROUND QF THE INVENTION
1. Field of the Invention
The present invention relates to novel phosphonate derivatives,

hydroxyphosphinyl derivatives, and pnosphoramidate derivatives that inhibit N-
Acetylated «-Linked Acidic Dipeptidase (NAALADase) enzyme activity,
pharmaceutical compositions comprising such derivatives, and methods of using
such derivatives to inhibit NAALADase enzyme activity and to treat prostate

diseases in an animal.
2. Description of the Prior Art Prostate Cancer

Prostate Cancer
Prostate cancer is the leading form of cancer and the second Ieading 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

15/05/00,261 0201 5pe, 1
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caused by prostate cancer. The incidence rate of
prostate cancer increased 65% betwesn 1580 and 19%C, andé
will copsinue to rise with improved scresning tests and
longer lifs expectancies. While most men used to dis of
«5 other illnasses befora prostate cancer had a chance to
develop, higher prostate cancer mortality rates are
expected as men live longer and the disease has mors time
to progress.
In 1993, the molecular cloning of Prostate Specific
10 Membrane Antigen (PSMA) was reported as a potential
prostate carcinoma marker and hypothesized to serve as a
target for imaging and cytotoxic treatment modalicies for
proscate cancer. PSMA antibedies, particularly indium-
117 labelled and tritium labelled PSMA antibodies, have
15 been described and examined clinically for the diagnosis
and treatment of prostate cancer. PSMA is expressed in
prostatic ductal epithelium and is present in geminal
plasma, prostatic fluid and urine. TIn 1956, it was found
that the expression of PSMA cDNA confers the activity cf
20 NAATLADase.
NAALADase Iphibitors
NAAC and NAALADage have been implicated in several
human and animal pathological conditions rzlating to
glutamate abnormalities and neurotoxicity. Tor example,
25 it has been demcnstrated that intra-hippocampal
injections of NAAG elicit prolongad seizure activity.
Mors recently, it was reported that rats genetically

prone to epileptic seizures have a persistent incraase in
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their basal level of NAALADase activity. These
observaticns lend support the hypothesis that incveasad
availabilicy of synaptic glutamate elevates seizure
susceptibility, and suggest that NAALADase inhibitors may
provide anti-epileptic activicy.

NAAG and NAALADase have also besn implicated in the
pathogenesis of ALS and in the pathologically similar
animal disease called Hersditary Canine Spinal Muscular
Atrophy [(HCSMA). It has been shown that concentrations
of NAAG and its metabolites -- NAA, glutamate and
aspartate -- are slevated two- to three-Zold in the
cerebrospinal fluid of ALS patients and HCSMA dogs.
Additionally, NAALADase activity is significantly
increased {(twc- to three-fold) in post-mortem spinal cord
tissue from ALS patients and HCSMA dogs. As such,
NAALADzse inhibitors might be clinically useful in
curbing the progression of ALS if an increased metabelism
of NAAG is responsible for the alterations of CSF levels
of these acidic amino acids and peptides.

Abnormalicies in NAAG levels and NAALADase activity
have also been documented in post-mortem schizophrenic
brain, specifically in the prefrontal and limbic brain
regions.

The findings described above suggest that NAALADase
inhibitors could be useful in treacing 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
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ffective NAALADase inhibitors but ars effective in
treating prostate diseases, particularly prostate cancer.
Alchough the cancer data relate to prostate cancer cells,
NARLADase inhibitors are expected to be equally effective
in treating cancer oi other tissues where NAALADase
enzyme reside, such as the brain, kidney and tesgtis.
While a few NAALADase inhibitors have been
identified, they have only been used in non-clinical
research. Examples of such inhibitors include general
metallopeptidase inhibitors such as o-phenanthroline,
mectal chelators such as EGTA and EDTA, and peptide
analogs such as quisgualic acid and B-NAAG. Accordingly,
a need exists for mors NAALADage inhibitors to be
identified and, particularly, for the treatment of

prostate diseases such as prostats cancer.

SUMMARY OF THE INVENTION

The present invention is directed te novel
phosphonate derivatives, hydroxyphosphinyl derivatives,
and phosphoramidate derivatives that inhibit N-Acetylated
a-Linked Acidic Dipeptidase (NAALADase) enzyms activity,
pharmaceutical compositions comprising such derivatives,
and methods of using such derivatives to Inhibit
NAATADase activity and to treat diseases in an animal
such as cancer and associated diseases of the prostate.

Preferred compositions of the present inveniion

include compounds of formula I:
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L
| “Sxcoon
OH
whersin
R, is nydrogen, C,-C, stralght or branched chain
alkyl, C,-C, straight or branched chain alkenyl
group, C,-C; cycloalkyl, C4-C, cycloalkenyl, or
Ar,;
X is CH,, 0, or N; and

R, is C,-C, straight or branched chain alkyl, C,-C,
straight or branched chain alkenyl group, C,-Cy
cyeloalkyl, Cs-C, cycloalkenyl, or Ar,, whersin
said alkyl, alkenyl, cycloalkyl, cycloalkenyl
or aryl groups is substituted with carboxylic
acid,

The present invention also relates to a

pharmaceutical composition comprising:

(i} a therapeutically effective amount of the

compound of formula I; and
(ii) a pharmacsutically acceptable carrier.
Preferably, the compound of formula I is present in
an amounz that is effective for inhibiting NAALADase
enzyme activity, or treating a prostate disease in an
animal .

The present invention further relates to a method of

inhibiting NAALADase¢ enzyme activity in an animal,
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comprising administering an effasctive amount of the
compound of formula I to said animal.

Finally, the present invention relates to a method
of treating a prostate disease in an animal, comprising

administering an effective amount of the compound of

formula I to said animal.

BRIEF DESCRIPTION OF THI FIGURES

FIG. 1 is a bar graph plotting the growti of the
prostate cancer cell line, LNCAP, agzinst various
concentrations of quisqualic acid. FIG. 1 shows the
effect of 7-day trzatment with quisqualate on the growth
of LNCAP cells. Concentrations ranging from 10 nM to 1
#M 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,
FIG. 2 shows the affect of 7-day treatment with 2-
(phosphonomethyl)pentanedioic acid on the growth of LNCAPD
czlls. Concentrations ranging from 100 pM to 10 aM of 2-
(phosphonomethyl) pentanadioic acid show a sharp dose-
dependent decresase of LNCAP cell proliferation as
indicated by the significant decreass in the
incorporation of [3H]thymidins.

¥IG. 3 is a line graph of the rzsponse of LnCap

buman prostate tumers to daily treatment with 2-
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{phosphonomechyl)pentanedioic acid. Mean of individusl
tumcr volumes are pleotted ag a function of time after ths
start of tresatmen:. Error bars represent the SEM,
Treatment with 2-{phosphonomethyl)pentansdioic acid for
six weeks rssultad in statistically significant
difference betwesn both the control group and animals
given daily injections of drug (p=0.04), and the centrol
group and animals implanted with polymer (p=0.02}.

FIG. 4 is a line graph plotting the survival
percentage of animals treated with 2 {(phosphonomethyl)
pentanedioic acid against the number of days. TFIG. 4
shows the higher mean survival percentage of animals
injected with 2- (phosphonomethyl) pentanedioic acid mixed
with polymer and receiving intratumoral injections of 2-
(phosphonomethyl) pentanedioic acid compared to vehicle
control. The graph shows that 88% of the animals treated
with polymer were alive after 73 days compared to 335%
treated with intratumoral injecticn and 32% of animals
treated with vehicle control.

FIG. 5 is a line graph plotting tumor growth against
days following rat Dunning cell E3327-G injections.
Prostate cancer cells were injected on Day 0. Various
dosages of 2- (phosphaonomethyl) pentanedicic acid and
control vehicle were injected suscutanaously daily from

Days 1 toc 84. FIG. 5 shows that tumor growth slowed as a

Fh

function of 2-(phosphonomethyl)pentanedicic acid dosage.
FIG. 6 is a line graph of the response of RI327-G

ral prostats tumors to daily treatment with 2-
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[[(phenylmethyl)hydroxyphosphinyl]methyl}pentanedioic
acid. Mean of individual tumor volumes expressed
relative to the volume at the start of treatment (V/v,)
are plottad as a function of time. Treatmen: with 2-
[[(phenylmethyl)hydroxyphosphinyljmethyl}pentanedioic
acid for 2.5 wesks resultad in a statistically
significant difference between the control group and
animals given daily injections of i ug of drug
intratumorally (p=0.02).

DETAILED DESCRIPTION OF THZ INVENTION

Definitions

"Compound 3" rafers to 2- (phospheonomethyl) pentane-
dicie 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, X,, which is defined

as:
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wherein [E] is the concentration of the enzyme, (I is

3

the concentration of the inhibitor, and [ET] is the

¢

concentration of the enzyme-inhibiter complex formed by
the reacticn of the enzyme with the inhibitor. Unlass
otherwise specified, ¥, as used hersin refers to the
affinity between the inventive compounds and NAALADase.
"ICS0" is a related term used to define the concentration
or amount of a compound which is reguired ro 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
appearanca of primary or secondary tumers, slowed
development of primary or secondary tumors, decraased
occurrence of primary or secondarv tumors, slowed or
decreased severity of secondary effects of disease,
arrested tumor growth and regression of tumors, among
others. 1In the extreme, complete inhibition, is referrad
to herein as prevention.

"NAAG" rafers to N-acetyl-aspartyl-glutamatas, an
important peptide component of the brain, with levels
comparable to the major inhibitor neurotransmitter gamma -
amincbutyric acid (GABA). NARAG is neuron-specific,
present in synaptic vesicles and released upon neuronal
stimulation in sevaral systems presumed to be
glutamatergic. Studies suggest that NAAG may function as
a4 neurctransmitter and/or neuromedulacor in the cantcral
Nervous gystem, Or as a precursor of the nsurotransmittar

glutamate.
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"NAALADase" refers to N-acetylated o-linked acidjc
dipeptidase, a membrane-bound metallopeptidase which
catabolizes NAAG to N-acetylaspartate (NAA) znd
glutamates:

Catabolism of NAAG by NAAIADaz=
COOH

I 1

| |
Ac NAALADase Ac
TN oo RS /(
H B +
\\COOH \\COOH HN COOH

NAAG NAA GLU

CIOOH
i

NAALADzse shows z high affinity for NAAG with = Xm
of 540 nM. If NAAC is a bicactive 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 availabilicy.

"Pharmaceutically acceptable salt" refers to a salt
of the inveﬁtive compounds which possesses the desired
pharmacological activity and which is neither
biclogically nor otherwise undesirables. The salt can be
formed with inorganic acids such ag acetate, adipate,
alginacs, aspartate, bsnzoate, benzenesulfonate,
bisulfats butyrats, citrate, camphorate,
camphorsuifonate, cyclopentaneproepicnata, digluconate,
dodecylsulfate, ethanesulfonate . fumarate,

gluccheprancate, glycerophosphate, hemisulfare
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heprancate, hexanoate, hydrochloride hydrobromide,
hydroicdide, 2-hydroxyethanssul fonate, lactate, maleats,
methanesulfonace, 2-naphthalenesulfonata, nicotinare,
oxalate, thiocvanate, tosylate and undecancate. Examples
«5 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 basss such as dicyclohexylamine salts, N-methyl-
D-glucamine, and salts with amino zcids such as arginine
10 and lysine. The basic nitrogen-containing groués can be
quarternized with agents including lower alkyl halides
such as methyl, ethyl, propyl and butyl chlerides,
bromides and iodides; dialkyl sulfactes guch ag dimethyl,
disthyl, dibutyl and diamyl sulfates; long chain halides
15 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

20 if none had occurred, no further tumor or tumor cell
growth if thers had already been growth,

The term "prostate disease" relares to prostate
cancer such as adenccarcinoma or metastatic cancers,
conditions characterized by abnozmal growth of prostatic

25 epithelial ceils such as benign prostatic hyperplasia,
and other conditions requiring treatment by the compounds

of the present invention. -
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"PSA" refers to Prostate Specific Antigen, a well
kKnown prostats cancer marker, It 1s a protein produced
by prostats cells and is frequently present ar elavated
levels in the blood of men wich prostate cancer. bpga
correlatess with tumor burden, serves asz an indicator of
metastatic invelvement, and provides a parameter fo=
fcllowing a prostate cancer patient’s response to
surgery, irradiation and androgen replacement therapy.

"PSMA" refers to Prostate Specific Membrane Ancigen,
& potential prostate carcinoma marker tha- has besn
hypothesized to serve as a target for imaging and
Ccytotoxic treatment modalities for Drostate cancer. DSMA
is expressed in prostatic duetal epithelium and is
present in seminal plasma, prostatic £luid and urine. It
has been found that the expression of PSMA cDNA confars
the activity of NAALADase,

The term "treatment" rsfers to any process, actiorn,
application, therapy, or the like, wherein an animal,
including a human being, is subject to medical aid with
the object of improving the animal’s condition, dirsctly
or indirectly.

Compounds of the Present Invention

The present invention relates to a compound of

formula I:
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RJ“lfl"\X/l\c

or a pharmaceutically acceptable salc, hydrata, or a
mixture thereof, wherain:
R, is hydrogen, €,-C, straight or branched chain
alkyl, C,-C, straight or branched chain alkenyl

group, C,-Cy cycloalkyl, C.-C, cycloalkenyl, or

Ar,;

X is CH,, O, or NR,, where R, is defined above;
and

R, is C,-C, stralght or branched chain alkyl, C,-C,

straight or branched chain alkenyl group, C;-C
eycloalkyl, Cs-C, cycloalkenyl, or Ar,, wherein
said alkyl, alkenyl, cycloalkyl, cycloalksnyl
or aryl group 1s substiturad with carboxylic
acid.

The present invention also contemplates that said
alkyl, alkenyl, cycloalkyl, cyclecalkenyl or aryl groups
may be optionally substituted with C,-C, cycloalkyl, C, or
Cs cycloalkyl, C-C, cycloalkenyl, C,-C, alkyl, C,-C,
alkenyl, halo, hydroxyl, nitro, trifluoromethyl, C,-C;
straight or branched chain alkyl or alkenyl, C,-C, aikoxy,
C.-C, alkenyloxy, phenoxy, benzyloxy, or Ar,, and where
Ar. is selected from the group consisting of l-naphtiyl,

Z-naphthyl, 2-indolyl, 3-indolyl, 4-indolyl, 2-furyl, 3-
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is hydregen, C,-C, straight or branched chain
alkyl, C,-C, straicht or branched chaip alkenyi
group, C,-Cy cycloalkyl, C;-C, cvcloalkenyl, 1-
naphthyl, Z2-naphthyl, oxr phenyl; and

is C,-C, straight or branched chain alkyl, ¢,-¢,
straight or branched chain alkenyl group, {,-C,
cycloalkyl, C,-C, cycloalkenyl, l-naphthyl, 2-
naphthyl, or phenyl, wherein said alkyl,
alkenyl, cycloalkyl, cycloalkenyl, 1-naphthyl,
2-naphthy?, or phenyl group is substituted with

carboxylic acid.

i5 Especially preferred compounds of the present

invention wherein R, is an aliphatic or carbocyelic group,
1 P

R, is ethyl which is substituted with a carboxylic acid,

and X is CH, are selected from the group consisting of:

24[[methylnydroxyphosphinyl]methyl]pantanedioic acid;

20 2-[[ethylhydroxyphosphinyl]methyl]pentanedioic acid;

2—{Ipropylhydroxyphosphinyl]methyl]pentanedioic acid;

2—[[butylhydroxyphosphinyl]methyl]pentanedioic acid;

2-[[cyclohexylhydroxyphosphinyl]methyl]pentaqedioic acid;
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furyl, tetrzaydrofuranyl, 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 congisting of hydregen, halo, hydroxyl, nitro,

-5 triflueremethyl, C,-C, straight or branched alkyl or
alkenyl, C,-C, alkoxy or C,-C, alkenyloxy, phenoxy, and
benzyloxy; or pharmaceutically acceptable salts,
hydrates, or mixtures thereof.

In a preferred embediment, the compound is selacted

10 from the group of formula II:
ﬁ Re
Ri—>p \/k
‘ COOH
OH
II
wherein
R, is hydrogen, C,-C, straighc or branched chain
15 alkyl, C,-C, straight or branched chain alkenyl

group, C-Cy coycloalkyl, C.-C, cycloalkenyl, or
Ar,; and
R, is C,-C, straight cr branched chain alkyl, C,-C,
straight or branched chain alkenyl group, C,-C,
20 cycloalkyl, C3-C; cycloalkenyl, or Ar,, wherein
said alkyl, alkenyl, cyvcloalkyl, cycloalkenyl
or aryl group is substituted with carboxylic
acid.
In another preferred embodiment, the R groups are
25 aliphatic or carbocyclic substituents illuscrated by the

compounds selected from the group o formula II:
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2- [ [(cyclohexyl) methylhydroxyphosphinyllmethyl]
pentanedicic acid;

2- [ [phenylhydroxyphosphinyl]methyl] pentanedicic acid;

2- [ [benzylhydroxyphosphinyllmethyl]l pencanediocic acid;

2- [ [phenylethylhydroxyphosphinyll mechyl]pentanedioic
acid;
2-[({3-phenylpropylhydroxyphesphinyl)methyl] pentanedioic
acid;

2- [ [phenylbutylhydroxyphosphinyl]lmethyl] pentanedioic
acid;

2- [ [{4-methylbenzvl) hydroxyphosphinyllmethyl] pentanedioic
acid;

2-{[(4-fluorobenzyl) hydroxyphosrhinyl]lmethyl] pentanedicic
acid;

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

2- [ [{pentafluorobenzyl) hydroxyphesphinyl] methyl]
pentanedioilc acid;

2-[[{4-methoxybenzyl) hydroxyphosphinyl] methyl]
pentanedioic acid;

2-{ (dihydroxyphosphinyl)methyl] pentanedicic acid;
2-{[{3-benzotrifluoride) hydroxyphosphinyllmethyl]
pentanedicic acid;

2-[0(2, 3, 4-trimethoxyphenyl)hydroxyphosphinyllmethyl]
pentanedioic acid;

2- [ [{1-naphthyl) hydroxyphosphinyl] methyl] pentanedioic

acid;
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2~[[{2—naphthyl)hydroxyphosphinyl]me:hyl]pentanedicic

2-[{(1-naphthyl)methylhydroxyphosphinyl]methyl}
pentanedicic acid:
2-[[(2-naphthyl)methylhydroxyphosphinyl]methyl]
pentanedicic acid;
2-EC(l—naphthyl)ethylhydroxyphosphinyl]methyl}
pentanedioic acid;
2—E[(2~naphthyl)ethylhydroxyphosphinyl]methyl}
pentanedicic acid;
2—[[(1-naphthy1)propylhydroxyphosphinyl]methyl}
pentanedioic acid;
2—{[(2-naphthyl)propylhydroxyphosphinyl]methyl]
pentanedioic acid;
2~[[(l-naphthyl)butylhydroxyphosphinyl]methyl}
pentanedioic acid;
2-[[(2—naphthyl)butylhydroxyphosphinyl]mechyl]
pentanedicic acid;
2—[(methylhydroxyphosphinyl)methyl]pentanedioic acid;
2-{[(4-fluorophenyl)hydroxyphosphinyl}methyl]pencanedioic
acid;
2-[[((hydroxy)phenylmethyl)hydroxyphosphinyl]methyl]
pentanedioic acid;
2-[{(B—methylbenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid; and
2-5[(phenylpropwz-enyl)hydroxyphcsphinyl]meﬁhyll

pentanediocic acid.
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Especially preferred compounds of the present
invention wherein R, is an aliphatic or carbocyclic group,
R, is ethyl which is substituted with a carboxylic acig,
and X is CH, are selectad from the group consiscing of.

<5 2- [ (benzylhydroxyphosphinyl)methyl] pentanedioic acid;

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

pentanediolic acid;

2- [ (butylhydroxyphosphinyl)methyl] pentanedioic acid;

10 2—[[(3—methylbenzyl)hydroxyphosphinyl]methyl]pentanedioic
aclid;
2«[(3-phenylpropylhydroxyphosphinyl)methyl]pentanedioic
acid;
2—[[(4—fluorophenyl)hydroxyphosphinyl]methyl]pentanedioic

15 acid;

2- [ {methylhydroxyphosphinyl) methyl] pentanedicic acid;

2- [ (phenylechylhydroxyphosphinyl)methyl] pentanedioic
acid;
2-[[(4-methylbenzyl)hydroxyphosphinyl]methyljpentanedioic

20 acid;
2-[[(4=fluorobenzyl)hydroxyphosphinyl]methyl}pentanedioic
acid;

2- [[(4-methoxybenzyl) hydroxyphosphinyll methyl]
pentanedioic acid;

25 2- [{dihydroxyphosghinyl)methyl] pentanedicic acid;
2-[{(3-benzotrifluoride) hydroxyphosphinyl] methyl]

rentanedicic acid;
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2—E[(2—flucrobenzyl)hydroxyphosphinyl}methyl]pentanedioic
acid; and
2a[[(pentafluorobenzyl)hydroxyphosphinyl]methyl}

pentanedioic acid.

Although not limited to any ons particular species,
a highly preferred species of the present invention where
R, is carbocyclic, E, 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
ars selected from the group consisting of:
hydroxyphosphinyl derivatives whersin X is CH,, R, is
aliphatic or carbocyclie, and R, is an C,-C; alkyl or
alkenyl chain which is substituted with a carboxylic
acid. Exemplary species include:

2- [ {methylhydroxyphesphinyl) methyl] haxanedioic acid;

2- [ {benzylhydroxyphosphinyl) methyl] hexanedicic acid;
2-[(methylhydroxyphosphinyl)methyl}heptanedioic acid;
2-'[ (benzylhydroxyphosphinyl)methyl] heptanedioic acid;

2- [ (methylhydroxvphosphinyl}methyl] octanedioic acid;
2—[(benzylhydroxyphosphinyl)methyl]octanedioic acid;

2- [{methylhydroxyphosphinyl)methyl] nonaredioic acid;

2- [ {(benzylhydroxyphosphinyl) methyl] nonanedioic acid:

2- { (methylnydroxyphosphinyl)methyl] decanedioic acid; and

2- [ (benzylhydroxyphosphinyl) methyl] decanedioic acid.
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Especially preferrsed compounds of the presant

invention whersin R, is said alkyl, alkenvyl, cycloalkyl,
or aryl group substituted with a heterocyelic group, R, is
ethyl which is substitutad with a carboxylic acid, and ¥
is CH, are selected from the group consisting of:
2- [[{2-pyridyl) methylhydroxyphosphinyl]lmethyl]
pentanedioic acid;
2- {{{3-pyridylimethylhydroxyphosphinyl]l mechyl]
péntanedioic acid;
2- [[{4~pyridyl)mechylhydroxyphosphinyl]methyl]
pencanediolc acid;
2- ([ (3-pyridyl)ethylhydroxyphosphinyl]methyl] pentanedioic
acid;
2- [ [(3-pyridyl)}propylhydroxyphosphinylimechyl]
pentanedioic acid;
2-[[(tetrahydrofuranyl) methylhydroxyphosphinyl] mechyl]
pencanediolc acid;
2-{[({tetrahydrefuranyl) ethylhydroxyphosphinyl]lmethyl)
pentanedioic acid;
2~ [{(tetrahydrofuranyl) propylhydroxyphosphinyl] methyl]
pentanediocic acid;
2-[{{2-indolyl)methylhydroxyphosphinyllmethyl]
pentanedioic acid;
2-[{{3-indolyl)methylhydroxyphosphinyl]lmethyl]
pentanedicic acid;
2-[{{4-indolyl)methylhydroxyphosphinyl]mechyl]

pentanedicic acid;
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2—[[(3—indclyl)ethylhydroxyphcsphinyl]methyl]pentanedioic
acid;
2-[[(B-indolyl)propylhydroxyphosphinyl]methyl}
pentanedicic acid;
2~I[(2-thienyl)methylhydroxyphosphinyl}methyl]
pentanedioic acid;
2-[[(3-thienyl)methylhydroxyphosphinyl]methyl]
pentanedioic acid;
2—[[(4—thieny1)methylhydroxyphosphinyl]methyl]
pentanedicic acid;
2~[[(3~thienyl)ethylhydroxyphosphinyl]methyl}pentanedioic
acid; and
2-[[(3Athienyl)propylhydr0xyphosphinyl]methyl}

pentanedicic acid.

In another preferred embodiment, the R groups are
aliphatic, carbocyclic, or heterocyclic substitusnts
iilustrated by the compounds selected from the group

having formula II:

9 Rz
R‘"""Ll vk

’ COOH

OH

Iz

R, is Ar,; and
R, is C,-C, straight or branched chain alkyl, C,-C,

straight or branched chain alkenyl group, C;-Cs
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cycleoalkyl, C.-C, Cycloalkenyl, or Ar,, wherain
said alkyl, alkenyl, cycloalkyl, cycloalkenyl
or aryl group is substitutad with carboxvlic

acid.

Especially preferred compounds of the present
invention 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—pyridy1)hydroxyphosphinlemethyl]pentanedioic
acid;
2~[i(S-pyridyl)hydroxyphosphinyl]methyl]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]methyl]pentanedioic
acid;
2-[[(4—indolyl)hydroxyphosphinyl]methyl]pentanedioic
acid;
2-[[(2—thienyl)hydroxyphosphinyl]methyl]pentanedioic
acid;
2—[[(3-thienyl)hydroxyphosphinyl}methyl]pen:anedioic

acid; and
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2—[[(4~thianyl)hydroxyphosphinlemethyl]pentanedioic
acid.
Compounds are also preferahly selsctad from the

group of formula II:

T
O!H \/J\COOH

wherein
R, is hydrogen, C,-C, straight or branched chain
alkyl, C;-¢, straight or branched chain alkenyl
group, (-G cycloalkyl, C,-C, cycloalkenyl, or
Ar.; and
R, ie Ar,, wherein said aryl group is substituted

with carboxylic acid.

Particular spscies wherein R, is aromatic or
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.

Freferred compounds are alse selected from formula

ITZI:
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0

-
| \O*COOH

OH

T

[ ]
[
H

is hydrogen, C,-C, straight or branched chain
alkyl, ¢,-C, straight or branched chain alkenyl
group, -G, eycloalkyl, Cs-C, cycloalkenyl, or
Ar,; and

is C,-C, straight or branched chain alkyl, C;-C,
straight or branched chain alkenyl group, C,-C,
cycloalkyl, C4-C, cycloalkenyl, or Ar,, wherein
said alkyl, alkenyl, cycloalkyl, cycloalkenyl
or aryl group is substituced with carboxylic

acid.

In another preferred embodiment, the R groups are

aliphatic or carbocyclic substituents illustrated by the

compounds selected from the group of formula III:

wherein

R,

ﬁ Re
Rl#—IIJ \OJ\COOH
OH

is hydrogen, C,-C, straight or branched chain

alkyl, C,-C, straight or branched chain alkenyl
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group, C;-Cy cycloalkyl, C,-C, Cycloalkenyl, 71-
naphthyl, 2-naphthyi, or phenyl; and

R, is C.-C, straight or branched chain alkyl, ¢,-c,
straight or branched chain alkenyl group, C3-GCy
cycloalkyl, ¢,-G, cycloalkenyl, l-naphthyl, 2-
naphthyl, or phenyl, wherain said alkyl,
alkenyl, cyeloalkyl, cycloalkenyl, l-naphthyl,
2-naphthyl, or phenyl group is substituced wich

carboxylic acid.

Especially preferred compounds of Formula III of che
present invention wherein R, is an aliphatic or
carbocyelic group and R, is ethyl which is substituted
with a carboxylic acid are salected from the group
congisting of:
2—[[methylhydroxyphosphinylJoxy]pentanedioic acid;
2—[[ethylhydroxyphosphinyljoxy]pentanedioic acid;
2—[[propylhydroxyphosphinyl]oxy}pentanedioic acid;
2—[Ebutylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[cyclohexylhydroxyphosphinyl]oxy]pentanedicic acid;
24[[(cyclohexyl)methylhydroxyphosphinyl]oxy]pentanedioic
acid;
2-[[phenylhydroxyphosphinyl]oxy]pentanedioic acid;
2—[[benzylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[[phenylethylhydroxyphosphinyl]oxy]pentanedioic acid;
2-[E3~phenylpropylhydroxyphosphinyl}0xy]pentanedioic
acid;

2-[[phenylbutylhydroxyphosphinyl10xy}pentanedioic acid;
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2—[[(4~meshylbenzyl)hydroxyphosphinyl]oxy]pthanedioic
acid;
2~[[(4-fluorobenzyl)hydroxyphosphinyl}cxy]pentanedioic
acid;

+5 2-[[(z-fluorobenzyl)hydroxyphosphinyl]oxy]pentanedioic
acid;
2—[[(pentafluorobenzyl)hydroxyphosphinyl]oxy}
pentanadioic acid;
2—[[Cmethoxybenzlehydroxyphosphinyl]oxy]pencanedioic

10 acid;
2~[f(4~fluorophenyl)hydroxyphosphinyl}oxy]pentanedioic
acid;
2-{[((hydroxy)phenylmethyl)hydroxyphosphinyl]oxy}
bentanedioic acid;

15 2~[[(B-methylbenzyl)hydroxyphosphinyl}oxy]pentanedioic
acid;
2-[(dihydroxyphosphinyl)oxy]pentanedioic acid;
2-[[(S-benzotrifluoride)hydroxyphosphinyl}oxyj
pentanadioic acid;

20 2-0{{2, 3, éﬁtrimethoxyphenyl)hydroxyphosphinyl]oxy}
pentanadioic acid;
2-E[(l«naphthyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(2-naphthy1)hydroxyphosphinyl]oxy]pentanedioic acid;
2-[[(l-naphthyl)methylhydroxyphosphinyl]oxy]pentamedioic

25 acid;

2-[f(2-naphthyl)methylhydroxyphosphinyl]ny}pentanadioic

acid;
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2-[[(l-naphthyl)echylhydroxyphosphinyl]oxy]pentanedioic
acid;
2~[[(2-naphthyl)ethylhydroxyphosphinyl}oxy}pentanedioic
acid;
2-[[(l-naphthyl)propylhydroxyphosphinyl]oxy]pentanedioic
acid;
2-C[(2-naphthy1)propylhydroxyphosphinyl]oxy]pentanedioic
acid;
2—[[(1-naphthyl)butylhydroxyphosphinyl]oxy]pentanedioic
acid;
2—[[Ez—naphchyl)butylhydroxyphosphinyl]oxy}pentanedioic
acid; and
2-E[(phenylprop-2-enyl)hydroxyphosphinyl]oxy}pentanediOic

acid.

Especially preferred compounds of Formula IIT of the
present invention wherein ®, is an aliphatic or
carbocyclic group and R, is ethyl which ig substituted
with 2 carboxylic acid are selecrad from the group
consisting of:
24E(benzylhydroxyphosphinyl)oxy]pentanedioic acid;
2-[(phenylhydroxyphosphinyl)oxy]pentanedioic acid;
2-[[((hydroxy)phenylmethyl)hydroxyphOSphinyl]oxy]
pentanediocic acid;

2- [{butylhvdroxyphosphinyl) oxy] pencanedioic acid;
2-[[(3-me:hylbenzyl)hydroxyphosphinyl]oxyipentanediOic

acid;



10

15

20

25

WO 97/48399

PCTUSY7/11538
-28-
2-[(3—phenylpropylhydroxyphosphinyl)oxy]pentanedioic
acid;
2—{[(4—f1uorophenyl)hydroxyphosphinyl}oxy]pentanedioic
acid;
2- [{methylhydroxyphosphinyl) oxy] peatanedioie acid;
2- [ {phenylethylhydrexyphosphinyl) oxy] pencanedioic acid;
2-{[(4-methylbenzyl)hydroxyphosphinylioxy]pentanedioic
acid;
2‘[I(4-fluorobenzyl)hydroxyphosphinyl]oxy]pentanadioic
acid;
2-[[(4-methoxybenzyl)hydroxyphosphinyl]oxylpentanedioic
acid;
2- [ {dihydroxyphosphinyl) exy] pentanedioic acid;
2-[[(3—benzotrifluoride)hydroxyphosphinyl]oxy}
pentanedioic acid;
24[[(2—fluorobenzyl)hydroxyphosphinyl]oxy]pentanedioic
acid; and
2-[[(pentafluorobenzyl)hydroxyphosphinyl)oxy}pentanedioic

acid.

Although not limited to any cne particular species,
a highly preferred species of the present invention where
R, is carboeyclic, R, is ethyl which is substitured with
carboxylic acid, and X is oxygen is

2- [ {benzylhydroxyphosphinyl] oxyl pentanediaic acid.

Other especially preferred compounds of the present

invention are selected from the group consisting of:
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rhosphonate derivatives wherein ¥ is oXygen, R, is
aliphatic ox carbacyclic, and E; is an C,-¢, alkyl or
alkenyl chain which is substituted with 3 carboxylic
acid. Exemplary species include:
2-[(methylhydroxyphosphinyl)oxy]hexanedioic acid;
2—[(benzylhydroxyphosphinyl)oxy]hexanedioic acid;
2-[(methylhydroxyphosphinyl}oxy]heptanedioic acid;
2-[(benzylhydroxyphosphinyl)oxy]heptanedioic acidg;
2—[(methylhydroxyphosphinyl)OXY]octanedioic acidg;
2-[(benzylhydroxyphosphinyi)oxy}oc:anedioic acid;
2-[(methylhydroxyphosphinyl)oxy}nonanedioic acid;
2—E(benzylhydroxyphosphinyl)oxy]nonanedioic acid;
2-[(methylhydroxyphosphinyl)oxy]decanedioic acid; and

2—[(benzylhydroxyphosphinyl)oxy]decanedioic acid,

Especially preferred cempaunds of the present
invention wherein R, is said alkyl, alkenyl, cycloalkyl,
oY aryl group substituted with a heterooyelic group, R, is
ethyl which is substituted with a carboxylic acid, and ¥
is oxygen are selected from the group consisting of:
2?E[(2~pyridyl)methylhydroxyphosphinyl}oxy]pentanedioic
acid;
2-[{(3~pyridyl)methylhydroxyphosphinyl}oxy]pentanedioic
acid;
2-[[Cé—pyridyl)methylhydroxyphosphinyl]oxy]pentanedioic
acid;
2-[[(3—pyridyl)ethylhydrdxyphosphinyl]oxy]pentanedioic

acid;
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2~[[(3~pyridyl}propylhydroxyphosphinyl]oxy}pentanedioic
acid;
2-£[(tetrahydrofuranyl)methylhydroxyphosphinyl]oxy}
pentanedicic acid;
2-[[(tetrahydrofuranyl)ethylhydroxyphosphinyl]oxy]
pentanadicic acid;
2—[[(tetrahydrofuranyl)propylhydroxyphosphinyl}oxyl
pentanedioic acid;
2-{[(2~indolyl)me:hylhydroxyphosphinyljoxy]pentanedioic
acid;
2-[[(Emindolyl)me:hylhydroxyphosphinyl]oxy]pentanedioic
acid;
2-[[(4-indolyl)methylhydroxyphosphinyl]oxy]pentanedioic
acid;
2—[[(3-indolyl)ethylhydroxyphosphinyl]oxy]pentanedioic
acid;
2-[[(3~indolyl)propylhydroxyphosphinyl]oxy]pentanedioic
acid;
2—[[(Z—Ehienyl)methylhydroxyphosphinyl}oxylpentanedioic
acid;
2:[[(3~thienyl)methylhydroxyphoaphinyl]oxy]pentanedioic
acid;
2-[f(4~thienyl)methylhydroxyphosphinyl]oxy]pentanedioic
acid;
2-[f(B-thienyl)ethylhydroxyphosphinyl]oxy]pentanedioic
acid; and
2-[[(3-thienyl)propylhydroxyphosphinyl]oxy]peﬁtanedioic

acid,
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In another preferred embodiment, R, is an

aromatic or heterocyclic substi-uent illustrated by the

compounds selzscted from the group of formula ITT-

R ﬁ /jf\
| o ™coom
CH
IZZ
wherein
R, is Ar,; and
R, is C,-C, straight or branched chain alkyl, c,-C,

straight or branched chain alkenyl group, Cy-C,
cycloalkyl, C,-C, cycloalkenyl, or Ar,, whezein
sald alkyl, alkenyl, cycloalkyl, cycloalkenyl
or aryl group is substiturad with carboxylic

acid.

Especially preferred comoounds of the present
invention wherein R, is a heterccyeclic group, R, is athyl
which is substituted with carboxylic acid, and ¥ is
oxygen are selected from the group consilsting of
2—[[(24pyridyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2~[[(B-pyridyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2~[[(4-pyridyl)hydroxyphosphinyl]oxy]pentanedioic acid;
2—[[(tetrahydrofuranyl)hydroxyphosphinyl]oxy]pentanedioic
acid;
2-[[(2-indolyl)hydroxyphosphinleoxy}pentanedioic acid,

2-[[(3~indolyl)hydroxyphosphinyl}cxy]pentanedioic acid;
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2-[[(4~izdolyl)hydroxyphosphinyl]oxy]pentanedioic acid;

PCT/0S97/11538

2-([{2-thien yl)hydroxyphosphinyl]oxy]pentanedioic acid;

[(3-this "yl)nydroxyphosphlnyl]onyDentanedlo C acid;

and

2-[[(4-thieny1)hydroxyphosphinyl]oxy]pentanediaic azid.

Compounds are alsc preferably salected from the

group of formula III:

Cl’ R

.
[ \O/LCOOH

wherein

R, is hydrogen, ¢,-¢, straight or branched c

L]
=
L]

hain

alkyl, C;-C, straight or branched chain alkenyl

group, -G eycloalkyl, C,-c, cycloalkenyl, or
Ar,; and
R, is Ar,, wherein said aryl group is substituced

with carboxylic acid.

Particular species wherein R; is aromatic or

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.

Preferred phosphoramidate compounds o

inventicn are selectsd from formula 1Vv!

the prasen

-
C
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0
o
!\N COOH
R
OH
-

is hydrogen, ©,-C, straight or branched chairn
alkyl, C,-C, straight or branched chain alkanyl
group, G-Cy cyclealkyl, C.-C, cycloalkenvyl, or
Ar,; and

is C,-¢; straighc or branched chain alkyl, C,-C,
straight or branched chain alkenyl group, C,-C,
cyeloalkyl, C;-C. cycloalkenyl, or Ar,, wherein
said alkyl, alkenyl, oycloalkyl, cycloalkenyl
or aryl group is substituted with carboxylic

acid.

In a preferred embodiment, the R groups are

aliphati¢ or carbocyclic substitusnts illustrated by the

compounds selected from the group of formula IV:

wherein

R,

Ri—

— 0

R
\NJ\COOH
R

1
0OH

is hydrogen, C,-C, straight or branched chain

1

alkyl, C,-C, straight or branched chain zlkeny

P
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group, (-G cycleoalkyl, C.-C, cycloalkenyl, 1.
naphthyl. 2-naphthyl, or phenvl; and
R, is C,-C, straight or branched chair alkyl, ¢,-C,
straight or branched chain alkenyl groug, C,-C,
“5 cycloalkyl, C.-C, cycloalksnyl, l-naphthyl, 2-
alkenyl, cycloalkyl, cycloalkenyl, 1-naphchyl,
2-naphthyl, or phenyl group is substituted with
carboxylic acid.
10
Especially preferred compounds of Formula TV wherain
R, is an aliphatic or carbocyclic group, R, is ethyl which
is substituted with a carboxylic acid, and the NR, is
amino ars selected from the group c¢onsisting of:
15 2~[[methylhydroxyphosphinyl}amino]pentanedioic acid;
2~ [ [ethylhydroxyphosphinyl} amine] pentanedioic acid;
2~[[propylhydroxyphosphinyl]amino]pentanedioic acid;
Z-[lbutylaydroxyphosphinyl] amino] pentanediois acid;
2—[[cyclohexylhydroxyphosphinyl]amino]pentanedioic acid;
20 2—[[(cyclohexyl)methylhydroxyphosphinyl]aminol
pentanedioic acid;
2-[[phenylhydroxyphosphinyl]amino]pentanedioic acid;
2- [ [benzylhydroxyphosphinyl]aminc] pentanedioia acid;
2~[[phenylethylhydroxyphosphinyl]amino}pentanedioic acid;
25 2-[[phenylpropylhydroxyphosphinyl]amino]pen:anedioic
' acid;

- 2-[[phenylbutyl“ydroxyphosphinylJamino]pentanedioic acid;
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2-[[(4-methylbenzyl)hydroxyphosphinyl]amino]pentanedioi:
acid;
2—[[(4-fluorobenzyl)hydroxyphosphinyl]amino}pentanedioic
acid;
2—[[(Z—Eluorobenzyl)hydroxyphosphinyl]amino]pentanedioic
acid;
2-[[(pentaflucrobenzyl)hydroxyphosphinyl]amino]
pentanedioic acid;
2—[[(methoxybenzyl)hydroxyphosphinleamino]pentanedioic
acid;
2‘[[(4—fluorophenyl}hydroxyphosphinyl}amino]pentanediOic
acid;
2—[[((hydroxy)phenylmethyl)hydroxyphosphinyl]amino}
pentanedioic acid;
2-[[(B-methylbenzyl)hydroxyphosphinyl]aminonentanedioic
acid;
2—[(dihydroxyphosphinyl)mechyl]pentanedioic acid;
2-[E(B—benzotrifluoride)hydroxyphosphinyl]amino}
pentanedioic acid;

2-0((2, 3, 4-trimethoxyphenyl)hydroxyphosphinleamino}
pentanedicic acid;
2-[[(l—naphthyl)hydroxyphosphinyl}amino]pentanedioic
acid;
2-[[(2~naphthyl)hydroxyphosphinyl]amino]pentanedioic
acid;

2~[[(1—naphthyl)me:hylhydroxyphosphinyl]amino]

pentanedioic acid;
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2‘[[(Z—naphthyl)methylhydroxyphosphinyl}aminOJ
pentanedicic acid;
2-[[(l~naphthyl)etbylhydroxyphosphinyl]amino]pentanedioic
acid;
2~[[(2-naphthyl)ethylhydroxyphosphinyl}amino]pentanedicic
acid;
2-[[(l-naphthyl)propylhydroxyphos;hinyl]amino}
pentanediocic acid;
2—{[(2—naph:hyl)propylhydroxyphosphinyl]amino]
pentanedicic acid;
2—[[(l—naphthyl)butylhydroxyphosphinyllamino]pen:anedioic
acid;
2-[[(2~naphthyl)butylhydroxyphosphinyl]amino]pentanedioic
acid; and
2~[[(phenylprop—2—enyl)hydroxyphosphinyl}amino]

pentanedioic acid.

Especially preferred compounds of Formula IV wherein
R, is an aliphatic or 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—E(benzylhydroxyphosphinyl)amino]pentanedioic acid;
2—[(phenylhydroxyphosphinyl)amino]pen:anedioic acid;
2—E{((hydroxy)phenylmethyl)hydroxyphosphinyllamino]
pentanediocic acid;
2- [ {butylnydroxyphosphinyl) amino} ventanedicic acid;
2-[[(3~mechylbenzyl)hydroxyphosphinyl}amino]bentanedioic

acid;
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2-[(3-phenylpropylhydroxyphosphinyl)amino}pentanedioic

2- {{{a-flucrophenyl) hydroxyphosphinyl] amine] pentaradioic
acid;

2—[(methylhydroxyphosphinyl)amino]pentanedioic acid;
2~[(phenylethylhydroxyphosphinyl)amino]pentanedioic acid;
2-[[(évmethylbenzyl)hydroxyphosphinyl}amino]pencanedioic
acid;
2-[{(4-fluorobenzyl)hydroxyphosphinyl]amino]pentanedioic
acid;
2~[[(4-methoxybenzyl)hydroxyphosphinyl]amino]pentanedioic
acid;

2- [ {(dihydroxyphosphinyl) amino] pencanedioic acid;
2—[£(3-benzotrifluoride)hydrcxyphosphinyl}amino}
pentanedicic acid;
2‘[[(2—fluorobenzyl)hydroxyphosphinyl]amino]pentanedioic
acid; and

2—[[(pentailuorobenzyl)hydroxyphosphinyl]amino]

pentanadicic acid.

Although nct limited to any ons particular spezies,
a2 highly prefsrrsd phosphoramidates species of the prasent
inventicon where R, is carbocyelic, R, is ethyl which is
substitutad with carboxylic acid, and X is amino is

2- [[benzylhydroxyphesphinyl] aminol pentanedioic acid.

Other especially prefsrred compounds of the present

inventieon ars selscted from the group consisting of:
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phosphoramidace derivatives wherein X ig amino, R, is
aliphatic or carbocyclic, and R, is an Ci-C; alkyl or
alkenyl chain which is substituted with z carboxylic
acid. Exemplary species include:

2- [ {methylhydroxyphosphinyl) amino] hexanedioic acid;

2- [ {benzylhydroxyphosphinyl) amino] hexanedioic acid;

2- [ (methylhydroxyphesphinyl) amine] heptanedioic acid;
2-[(benzylhydroxyphosphinyl)amino]b=ptanedioic acid;

2- [ (methylhydroxyphaosphinyvl}anincl octanedicic acid;

2- [{benzylhydroxyphosphinyl) amine} octanedioic acid;

2-{ (methylhydroxyphosphinyl)] aninc] nonanedioic acid;

2- [ (benzylhydroxyphosphinyl) amino] nonansdioic acid;

2- [ (methylhydroxyphosphinyl)amino] dacanedioic acid; and

2- [ (benzylhydroxyphosphinyl) aminol dacanedioic acid.

Especially preferred compounds of the pressant
invention wherein R, is said alkyl, alkenyl, cycloalkyl,
or aryl group substituted with a heterocyclic group, R, is
ethyl which is substituted with a carboxylic acid, and X
is amine ares selected from the group consisting of:
24[[(Z-pyridyl)methylhydroxyphosphinyllamino]pencanedioic
acid;
2-[1(3-pyridyl) methylhydroxyphosphinyl] amino] pentanedioic
acid;
2-[[(é—pyridyl)methylhydroxyphosphinyl]amino]pentanedioic
acid;
2-[E(3—pyridyl)ethylhydroxyphosphi:yl]amino]pentanedicic

acid;
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2—[f(B-py:idyl)propylhydroxyphosphinleamino]pentaﬂedioic
acid;
2«E[(tetrahydrofuranyl}methylhydroxyphosphinyl]aminc]
pentanediois acid;
2-[[(tetrahydrofuranyl)ethylhydroxyphosphinyl]amino]
pentanediois acid;
2*[[(te:rahydrofuranyl)propylhydroxyphosphinyl]aminoj
pencanedioic acid;
2—[{(Z-indolyl)methylhydroxyphosphinyl]amino]pentanedioic
acid;
2—E[(B-indolyl)methylhydroxyphosphinyl]amino}pentanedioic
acid;
2—[E(4—indolyl)methylhydroxyphosphinyl]amino}pentanedioic
acid;
2-[[(3-indolyl)ethylhydroxyphosphinyl}amino}pentanedioic
acid;
2—[[(B-Lndolyl)propylhydroxyphospninyl}amino]pentanedioic
acld;
2—[[(2—thienyl)methylhydroxyphosphinyl]amino]pentanedioic
acid;
24[[(3-thienyl)methylhydroxyphosphinyl]amino}pentanedioic
acid;
2—[[(4—thienyl)methylhydroxyphosphinyl]amino}pentanedioic
acid;
2—[i(3-thienyl)ethylhydroxyphosphinyl]amino]pentanedioic
acid; and
2—[[(3«thienyl)propylhydroxyphosphinyl]ami:o]pentanedioic

acid.
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In another preferred embodiment, R, is an
aromatic or heterocyclic substituent illustrated by the

compounds selected from the group of formula Iv:

v
whereain

R, is Ar.; and

R, is C-Cy straight or branchad chain alkyl, C,-C,
straight or branched chain alkenyl group, C,-C,
cycloalkyl, C;-C, cycloalkenyl, or Ar,, wherein
said alkyl, alkenyl, cycloalkyl, ¢ycloalkenyl
or aryl group is substituted with carboxylic

acid.

Especially preferred compounds of the prasent
inventicn wherein R, is a heterocyclic group, R, is ethyl
which is substituted with carboxylic acid, and ¥ is amino
ars selectesd from the group consisting of:
2-[[(Z—pyridyl)hydroxyphosphinyl}amino}pentanedioic acid;
2-[[(3-pyridyl)hydroxyphosphinyl]amino]pentanedioic acid;
2-[[{4-pyridyl) hydroxyphosphinyllamino] pentanedioic acid;
2-[[{tetrahydrofuranyl) hydroxyphosphinyl] amino]
rentanediocic acid;
2-[[(2-indolyl)hydroxyphosphinyl]amino}pentanedioic acid;

2-[[{3-indolyl) hydroxyphosphinyl] amino] pentanedicic acid;
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2-[[(4-indolyl)hydroxyphosphinyl]amino]pentanedioic acid,
2-[[{2-thienyl) hydrexyphosphinyl] amino] pentanedioic acid;
2-[[(3-thienyl)hydroxyphosphinyl]amino]pentanedioic acid;
and

2-{[{4-thienyl) hydroxyphosphinyl] amino] pentanedicic acid,

Compounds are also preferably sslected from the

group of formula IV:

IC,) R
RHHT \ﬁj\com{
e

IV
wherein

R, is hydregen, C,-C, straight or branched chain
alkyl, C,-C, straight or branched chain alkenyl
group, C;-C, cycloalkyl, C,-C; cyeclozlkenyl, or
Ar,; and

R, is Ar,, wherein said arvl group is substituted

with carboxylic acid.

Particular species wherein R, is aromatic or
heterocyclic may be =sasily made and used by persons of
ordinary skill in the art in accordance with the

teachings provided herein and known in the art.

Svnthegig of Comoounds
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The compounds of the Present invention can be
readily prepared by standard technigues of organic
chemistry, utilizing the general synthetic pathways
depicted below (see Schemes I-TX). Frecursor 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), 615-622, Design, Synthasis, and Biological

Activity of a Porent Irhibitor of tha Neuropeptidass -

Acetvlated a-Linked Acidic Dipeptidase) and, for example,
in Froestl et al. (7. Med. Chem., 1995, 38, 3313-3331,

Phosvhinic Acid Analogues of GABA) .

Tf’
ey e
0

B
o
9 I

0
HCI, Reflux H__ﬂ Yy
b
SCHEME T

Production of compounds containing the R groug

substitutions can be easlly made utilizing known mathods.
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Further mechods of synthesizing phosphinic acid esters

are also described in J. Med. Chem., 1988, 31, 204-212,

and may be found in Scheme II, below.
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Method A 0
NaH2PO4 ”
R—CH=CH: ——» R—(CHz)»2 P—H
AIBN
HS804 ‘
EtOH OH
I
R'~—p—H
OH
A. R'= (CH),Ph H.  n-GH,
5 B. (CH,) ,Ph I.  n-CH,
c. (CH,) Ph J.  n-C.H,
D. (CH,) , (P-F-Ph) K.  n-C.H,
E. (CH,) - {3-pyridyl) L. CH, [CH) (CH,) CH,
F. n-C.H,, M.  CH, (CH,) CH(CE,),
10 a. n-CH,,
Method B 0
Cl-P(CEte 1. BO+ ”
R—MgX — > R-POBtR "y R——pwp

2. aqg.NaOH ‘
OH

N.  R'= n-CH,
15 0. CH(CH,) CoH,

SCHEME IT
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Starting with the aforementiocned phosphinic acid

esters, there ars 3

prepare the compounds of the present invention. For

example, a general route was recently described in T,
Med. Chem., 1995, 39, 612-622, and is set forth below in

Scheme III.

OOBn
I i
1. TMSCI, E§N
R—pP—yg _— R—P
| ;:\cocmn | ~~"toos
OH
COOBn OH
COOH
H2 PdjC ||
— R—*I}’ COOH
OH
SCHEME IIT

Another route for preparing the compounds ¢f the
present invention is as set forth belaw in scheme IV and
Scheme V. Scheme TV and Scheme V also show a phosphinic
acid derivative as a starting matesrial to prepare the

compounds of the present invention and the R group is

contemplated as including any reascnable chemical

& variety of routes that can be used to
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substitution and includes without limitation the R groups

listed in Scheme II and within the specification.

1, TMSCI, EsN

g/\COan

[

e | B, P/C
R—P —H R——
| N o T " Scomn T mo
ORs /(\ n OR:
1 COZBII 3
2
o
“ COH
R—P
| COH
OH
4
SCHEME IV
0 i) HMDS Q
i) HCl [l
H—p—H +RBr R—P—H
’ iif) BnOH, EDC ’
O-NH4* OBRn
1 2
CO0Bn
NaH
3 THF
COOBn
COOH COOBn
([Jl 0
| |
R—P L P9C p b
ElOH
COOH | \COOBn
OH
5 4

SCHEME V
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Arnother route of preparing the compounds of the

e

present invention allows for aromaric substituticn az R1

and i1s set forth below in Scheme VI.

5
0
H——! —y L TMSCLEW ﬂ)
| 2 H—p \/i\ OB pec, moon
oH (/\\CO&M [ COBy THF
5 4%%\\CCth OH 6
2
o 0
” (/“\\CCth NaH, THE Iﬂ§>>___ﬂ\\\//[:j\\CCth
H‘T\/\ COmy  Benzaldehyde — | COBn
OBII \ / GBII
; 8
0
s paic H ﬂ\\/J:j\\CQﬁ
Tmo | COH
OH
9
i’ SCHEME VI

Another route of preparing the compounds of the
rresent invention allows for aromacic substituticn at the

R2 positicn and is set forth below in Scheme VITI.
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{R=Bn}

(Bn)(BoO)P(O)H ﬁ

BuNHSO4 Bo—p OB
Bn(JJ\/\“r

0
I I, Pd/C
"' H
o)
Bl‘l—“——]‘?! OH
b}

SCHEME VII
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Preparation of the compounds of the prezent

invention wherein X is NRI is set forth below in Scheme

VIII.
|
R—P—x
R—P—HF , (& H  Pivaloyl Chloride
| g ESN/CEICN 0
o
0 coon
. 0
H o [
R—r—H EuN/CCl R—-P
4 !
Oi . — ’ \ N/\\COan
I Q
C/\/ HN COsBin N
\ /,
== N
COH
0
Hz, P4/C, BO H
> R—7P
| \N COH
HO H

8CHEME VIII
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Freparation of the compounds of the present

invention wherein X is OXygen is set forth below in

Scheme IX.
COO2Bn
i
0 C00sBn BE&P R—p\ |
I THF | 0" 0028
——
R—p—n 2. NalOx HO
!
HO HO COQ2En
CO:H
o}
I, P4/C, BO I
R—-P
| Mo~ com
HO
5
SCHEME IX
Pharmaceutical Compositions cf the Pregent Invention
10 The present invention also relates to a
pharmaceutical composition comprising:
(LY & therapeutically effective amount of a
compound of formulas I, II, ITI or IV; and
(11) a pharmaceutically accaprable carrier.
15 In another preferred embodiment, the pharmaceurical

composition further comprises a therapeutic agent
selected from the group consisting of therapeutic
hormones, chemotherapeutic agents, monoclonal antibcdies,

anti-angicgenesis agents, radiolabellad compounds,
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antinecplastic agents and mixcures thareof. Example

therapeutic hormones include diethvlstilbestrol (DES

s of

.

leuprolide, flutamide, cyproterone acetate, katoconazole

and aminc glutethimide are prefsrrad. Examples of

antineoplastic agents include §-fluorouracil, wvinbla

sTine

sulfate, estramustine phosphate, suramin and strontium-

82. Examples of chemotherapeutic agants include
buserglin, chlorctranisene, chromic phosphate, cispl
cyclophosphamide, dexamethasone, doxcrubicin, estzrad
estradiol valerats, estrogens conjugated and estarif
estrone, ethinyl estradiol, floxuridine, goserelin,
hydroxyurea, melphalan, methotrexate, mitemyecin and
prednisone.

In a further preferred embodiment, tha compound

formula I, II, IIT or IV is present in an amount tha

atin,
iol,

ied,

of

Lt is

effective for inhibiting NAALADase activity in an animal

Or treating a prostats disease in an animal.

Progess for Preparing Pharmacaourical Compositions

In yet another preferred embodiment, a process
preparing a pharmaceutical composition or medicament
containing a compound of the present inventcion for

treating a disease is also contemplaced.

Methods of Use of the Presert Invention

1) Method of inhibiting NBALADase arzuvme activity

for
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The present invention further relates -o z method of
inhibiting NAALADase enzyme activity in an animal,
comprising administering an effective amount of a

compound of formula I, II, III or IV to said animal.

ii) Method of treating a prostate diseassa

The present invention also rzlates to a method of
reating a prostate disease in an animal, comprising
administering an effective amount of a compound of
formula I, II, III or IV to said animal.

In a preferred embodiment, said prostate disease is
brostate cancer such as prestatic adenccarcinoma, benign
prostatic hyperplasia, cor conditicns involving the
prostate requiring administration of the compounds of the
present inventicn, such prostatic intraepithelial

heoplasia (PIN}.

iii) Method of treatinag cancer

In addition to prostate cancer, other forms of
cancer that ﬁay be treated with the compounds of the
present invention include without limitation: ACTH-
producing rumors, acute lymphocytic leukemia, acute
nonlymphocytic leukemia, cancer of the adrenal cortax,
bladder cancer, brazin cancer, breast cancer, cervix
cancer, chronic lymphocytic leukemia, chronic myelocytic
leuicemia, colorectal cancer, cutansous T-csll lymphoma,
endometrial cancer, esophageal cancer, Ewing’'s sarcoma,

gallbladder cancer, hairy cell leukemia, head & neck
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cancer, Hodgkin’s lymphoma, Kaposi‘'s sarcoma, kidney
cancer, liver cancer, lung cancer(small and/or non-smail
cell), malignant peritoneal effusicn, malignant pleural
effusion, melanoma, mesothelioma, multiple myeloma,
neuroblastoma, non-Hodgkin‘s lymphoma, osteosarcoma,
ovary cancsr, ovary (germ cell) cancer, pancregatic
cancer, penis cancer, retinoblastema, skin cancer, scoft-
tigsue sarcomé, sgquamous cell carcinomas, stomach cancar,
testicular cancer, thyroid cancer, trophoblastic
necoplasms, cancer of the utsrus, vaginal cancer, cancsr
of the vulva and Wilm’s tumor.

The compounds of che present invention are
particulariy useful in treating cancer of tissues whers
NAATADase 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 izhibitor based drugs aras
used ag an immediate inicial therapy prior to surgery and
radiation therapy, and as a continuous post-treatment
therapy in patients at risk for rscurrsnce or metastasis
{based upen high PSA, high Gleason’s score, locally
extensive disease, and/or pathological evidence of tumor
invasion in the surgical specimen). The geoal in these
patients is to inhibit the growth ¢i potentially
metastatic cells from the primary tumor during surgexy or
radiotherapy and inhibit the growth oI tumer cells Ifrom

undetectaple residual primary tumcr.



16

15

20

WO 97/48399 PCT/U897/11538

-54 -

For patisnts who initially present with advanced or
metastatic cancer, NAALADase inhibitor based drugs ars
usad as a continuous supplement to, or poscible as a
replacement for hormonal ablation. The goal in these

patients is to slow tumor cell growth from both tha

ntreated primary tumeor and freom the existing mecastatic

[

In addition, the invention may be particularly
efficacious during post-surgical rscovery, whers tha
pressnt compositions and methods may bs particulariy
effective in lessening the chances of racurrence of a

cumer 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 presentc invention and
may contain compounds and/or compesitions containing the
compounds ¢f the present invention. Radiolabelled
compounds and monoclonal antibedies may be used in a
manner so as te 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 targetad by a NAALLDase
inhibitor, radiolabelled compound or monoclonal arncibody,

and similar diagnostic uses known to persons skillad in
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Route of Adminiscxation

In the methods of the present invention, the
compounds may be administered orally, parsnterally, by
inhalation spray, topically, rectally, nasally, buccally,
vaginally or via an implanted resssrvolr in dosage
formulations containing conventional non-toxie
pharmaceutically-acceptable carriers, adjuvants and
vehicles. The term parenteral as used herein includes
subcutaneocus, intravenous, intramuscular,
intraperitoneal, intrathecal, intraventricular,
intrasternal or intracranial injection and infusion
techniques. Invasive techniques ars preferred,
particularly direct administration to damaged neurcnal
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
adminigtered by an intraventricular route,

The compounds may also be administersd in the form
of sterile injectabla preparations, for example, as
sterile injectable agueous or cleaginous suspensions.
Thess suspensions can be Formulatad according to
techniques known in the art using suitable dispersing or
wetting agenis and suspending agents. The sterile
injectable preparations may alsc be stsriie injectable

solutions or suspensions in non-toxic parenterally-
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accsptable diluents or solvents, for exampls, as
solutions in 1,3-butansdiol. Among tha acceptable

vehicles and solvents that may be employ

[
[sR
M
14
[t
5
il
rr
i
54

Ringer’s solution and isotonic sodium chloride solution,
In addition, sterile fixed oils are conventionally
employved as solvents or suspending mediums. For this
purpose, any bland fixed oil such as a synthetic mono- or
di-glyceride may be smployed. Fatty acids such as oleic
acid and its glyceride dsrivativeg, including olive oil
and castor oil, especially in their volyoxyethylated
forms, are useful in the preparation of injectables.
Thase oil solutions or suspensions may alsc contain long-
chain alcohel diluents or dispersants.

Additionally, the compounds may be administered
orally in the form of capsules, tablats, aqueous
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 driac gorn starch,
Aqueous 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 suizable non-irritating

T

excipients which ars solid at rcom tamperature, bu

ligquid at rectal temparaturs such thac they will melz in
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the rectum to release the drug. Such excipients include
cocoa buttsxr, beeswax and polyesthylene glycols,

Moraover, the compounds may be adminigterad
topically, especially when the conditions addressed for
treatment invclve areas or organs readily accessible by
topical application, including neurological disorders of
the eye, the skin or the lowar incestinal tract.

For topical application to the eye, or ophthalmic
use, the compounds can be formulatzd as micronized
suspensions in isotonic, pH adjusted sterile saline or,
preferably, as a solution in isotonic, pH adjusted
sterile saline, either with or withou:t a Dreservative
such as benzylalkenium chloride. Alternatively, the
compounds may be formulated into ointments, such as
petrolatum.

For rtopical application to the skin, the compounds
can be formulated into suitabls ointments containing the
compounds suspended or dissolved in, for axample,
mixtures with one or more of the following: winmeral cil,
liguid petrolatum, white petrolatum, propylene glyeol,
pclyoxyethylene polyoxypropylens compound, emulsifying
wax and watexr. Alternatively, the compounds can be
formulated into suitable lotions or creams containing the
active compound suspended or dissclved in, for example, a
mixture of one or more of the following: mineral oil,
scrbitan meonostearats, polysorbatz 60, catyl ester wax,
cetearyl alconol, 2-octyldedecanol, benzyl aléohol and

watar.,
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Topical application teo the lower intestinal trace
can be effactad in ractal supposicory formulations (gzae
above) or in suitable snema formulations.

The compounds of the present invention may be
administersd by a single dose, multiple discreta dogsss er
continuous infusion. Since the compounds ars small,
easily diffusible and relatively stuable, they ars well
suited to continuous infusion. Pump means, particularly
subcutanaous pump means, are prafarred for continuous
infusien.

Composicions and methods of chs invention alsc may
utilize controlled release technology. Thus, for
example, NAALADase inhibitors may be incorporated into a
polymer matrix for controlled relsass over a period of
days. Such controlled relsase films are well known to
the art. Examples of polymers commonly employed for this
purpose that may be used in the present invention include
nondegradable ethylene-vinyl acetace copolymer and
degradable lactic acid-glycolic acid copolymers. Certain
hydrogels such as poly(hydroxyethylmethacrylate) or

poly(vinylalcohol) alse may bes useful.

Dosage
Dose levels on the order of about 0.1 mg to about
10,000 mg of 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 dosz level for zny particular patient will wvary
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dererding upon a varisty of factors, including the
activity of the specific compound emploved; the ags, bedy
weight, general health, sex and dizt of the patient; tha
time of administration; the rate of excretion; drug
compination; the severity of the particular diseass being
treated; and the form of adminigtration. Typlcally, in
vitrs dosage-effect results provide useful guidance on
the proper doses for vatient administration. Studies in
animal models are also helpful, particularly in
determining effective doses for treating cancer. The
considerations for determining the propar dose levels ars
well known in the art.

In a preferred embodiment, the compounds of tha
present invention ars administered in lyophilized form.
In this case, 1 to 100 mg of a compound of the present
invention may be lyophilized in individual vials,
togsther with a carrier and a buffer, such as mannitol
and sodium phosphate. Ths compound may be reconstituted
in che vials with bacterisestatic water befors
administracion.

As previcusly mentioned, the compounds of the
present invention may be administersd in combination with
one or more therapeutic agents, including
chemotherapeutic agents. TABLE I provides known median
dosages for selected chemotherapeutic agents. Specific
dose levels for thess agents will depend upon
considerations such as those identified above‘for the

compounds of the present invention.



10

1=

20

25

30

WO 97/48399

PCTUSY7/11538
-50-

TABLE T

CHEMOTZERAPEUTIC AGENT

MEDIAN DOSAGE

Asparaginase

10,000 units

Bleomycin Sulfatze 15 units
Carboplatin 50-450 mg
Carmustins 100 mg
Cisplatin 10-50 mg
Cladribine 10 mg

Cyclophosphamide 100 mg-2 gm
(lyophilized)
Cyclophosphamide (non- 100 mg-2 gm
lyophilized)
Cytarabine (lyophilized 100 mg-2 gnm

powder)

Dacarbazine 100 mg-200 mg
Dactinomyecin 0.5 mg
Dzunorubicin 20 mg
Diethylstilbestrol 250 mg
Doxorubicin 10-150 mg
Efidronate 300 mag
Btoposgida 100 mg
Floxuridine 500 mg
Fludarabine Phosphate 50 mg

Fluorouracil

500 mg-5 gm

Goserelin 3.6 mg
Granisetron Hydrochloride 1 mg

Idarubliciz 5-10 mg
Ifosfamide 1-3 gm

Leucoveorin Calcium

50-350 mg

Leuprolide 3.75-7.5 mg
Mezhlorathamine 10 mg
Medroxvorogastarone 1 gm
Melphalan 50 gm
Methotraxate 20 mg-1 om
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CHEMOTHERAPEUTIC AGENT MEDIAN DOSAGE

Mitomycin 5-40 mg

Mitoxantrone 20-30 mg

Ondansetren Hydrochloride 40 mg

Paclitaxel 30 mo

Pamidronats Discdium 30-%30 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 Alfa

2,000-10,000 units

Fllgrastim

300-480 magm

Immune Globulin

500 mg-10 gm

Interferon 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 reaimen

For the methods of the present invention, any

administration regimen regulating the timing and ssquence

of druy delivery can be used and repeatad as necesgary to

{0

ffect treatment. Such regimen may include pretrsatment

and/or co-administration with addi-ional therapeutic

agents.,
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For patients with prostate cancar that is neither
advanced ncr metastatic, the compcunds of the present
invention mav be administered (i) prior tae surgery or
radiaticn tre=atmen:t to reduce the risk of metastasis;
(1) during surgery or in conjunction with radiation
treatment; arnd/or (iii) after surgery or radiation

therapy to raduce the risk of recurrance and to inhibit

the growth oI any residual tumorous cells.

For patients with advanced or metastatic prostate
cancer, the compounds of the prasent invention may be
administerad as a continuous supplsment to, or as a
replacement for, hormonal ablation in order te slow tumer

cell growth in both the untreated primary tumor and the

0y

existing merastatic lesions.

The mechods of the present invention are
parcvicularly useful where shed cells could not be removed
by surgical intervention. Aftex post-surgical recovery,
the methods of the present invention would be effective
in reducing the chances of recurrsnce of a tumor

engendered by such shed cells,

Combination with Other Treatments

{3} Surgerv and Radiation Treatment

In general, surgery and radiation treatment are
employed as potentially curative therapies for patients
with localized prostace cancer who are under 70 ysars of

age and ars expected to live at least 10 more years.
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Approximately 70% of newly diagnosed prostate cancer
patients f£all into this category. Approximately 90% of
these patients (63% of total patients) underge surgery,
while approximately 10% of these patients (7% of total
patients) undergo radiation treatment.

Higtopathological examination of surgical specimens
reveals that approximately 63% of patients undergoing
surgery (40% of total patients) have locally extensives
tumors or regionmal (lymph necds) metastasis that was
undetected at initial diagnosis. These patients ars at a
significantly greater risk of recurrence. Approximatzly
40% of these patients will actually develop recurrence
within five years after surgery. Results afrer radiation
treatment are even less encouraging. Approximately 80%
of patients who have undergone radiation treatment as
their primary therapy have dissass persistence or develop
recurrence or metastasis within five years after
crsatment.

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

Based on the above statistics, thers is considerabls
oprortunity to use the present invention in conjunction
with surgery and/or radiatlon trsacment.

{ii} Hormcnal Therapy
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Hormonal ablation is the most effective palliatjive
treatment Icor the 10% of patlents with metastatic
prostate cancer. Hormonal ablation by medication and/or
orchisctomy is used to block hormones that promote

g further growth and metastasis of prostate cancer. With
time, both the primary and metastatic tumors of virtually
all of these patients become hormens-independent and
resistant to therapy. Approximatzly 50% of patients with
metastatic cancer die within three years after initial

10 iagnosis, and 75% of such patients die within five years
afrer diagnosis. Continuous supplementation with the
compounds of the present invention may be used to prevent

or reverse this potentially metastasis-permissive state.

15 iii) Chemotherapy
While chemotherapy has been successful in treating

some forms of cancer, it has shown slight therapeutic
value in trsating prostate cancer where it is generally
reserved as a last resort. Accordingly, the opportunity

20 to treat prostate cancer by combining chemotherapy with
the methods of the presenf inventicn will be rare. When
combined, however, such treatments should be more
effective than chemotherapy alone in centrelling prostate
cancar.

25 (iv) Immunotheraov

The compounds of the present invention may alsc be
. used in combination with monoclonal antibodias to treat

progtate cancer. Such combined treatment is particularly
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effective for patients with peivic ivmph node
involvement, of which only 34% survive after § years. An
example of such monoclonal antibodiss is cell
membrane-specific anti-prostate antibody,

The present invention may alsc be used with
immurotherapies based on polyclonal or monoclonal
antibody-derived reagents. Monoclonal antibody-derived
reagents ars preferred. These reagents are well known in
the art, and include radiolabelled monocleonal antibodias
such as monoclonal antibodies conjugated with strontium-
89.

(v} Crvotherapv

The methods of the present invention may also be
used in conjunction with cryotherapy for treatment of

prostate cancer.

Experimental Studies

The fcllowing experimental studies of compounds of
the present inventicon and of structurally related
compounds provide strong evidence that the compounds of
the present invention are nen-toxic and are effective in
inhibiting WAALADase activity, treating glutamate

abrnormalities and treating prostate diseases.

In Vivo Toxicitv of NAALADase Inhihitors

To examine the toxicological affect of NAALADase
inkibition in vivo, a group of mice wers injected with 2-

{phosphonomethyl) pentanedioic acid, a NAALADase inhibitor
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of high activity, in doses of 1, 5, 10,

PCT/US97/11538

3¢, 100, 300 and

500 mg/kg bedy weight. The mice wara subsequencly

observed two times per day for 5 comsecutive days. The

survival rate at each dose level is provided in TABLE TT

below. The results show that the NAALADase inhibitor is

non-toxic to mice, suggesting that the

compounds of the

present invention would be similarly non-toxic to humans

when administered at therapeutically affective amounts.

TIABLE IT

TOXICOLOGICAL EFFECTS OF NAALADASE INHIBITORS

Dose 1 5 1¢ 30 100 300 500
(mg/ka)

Surviwval 100 100 100 100 100 100 £6.7
Rate After

5 days (%) |

In Vitro Assav of NAALADase Activiby

The follewing compounds were tested for in vitro

inhibition of NAALADass activity. The

provided in Tables IIT{(a), III(b), and

results are

IIZI(c) below.

TABLE TIT (&
IN VITRO ACTIVITY OF NAALADASE INHIBITORS
Compound K, (nM)
2- {phosphonomethyl)pentanedicic acid G.275 + 0.08
2- (phosphonomethyl) succinic acid 700.00 =+ 67.3
2-[[2-carboxvethyl) hydroxyphosphinyl] -
methyvl]ventanedicic acid) 1.89 =+ 0.19
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2- (phosphonomethyl) pentanedioic acid showed a high
level of NaALADase inhibiting activity, with a K, of 0.27
nM (Tabls ZII{a)). The activity of this compound 1is
»1000 times more potent than that of Previously described
inhibitors. Since 2—(phosphonomethyl)pen:anedioic acid
is similar in structure to the compounds of the present
invention, the results suggest that the compounds of the
present invention would also be potazns NAALADas=
inhibitors. By comparison, 2~ (phogphonomethyl) succinic
acid exhibits much lower NAATLADase inhibiting activity,
suggesting that a glutamate analog atctached to the
phosphonic acid contributes to its NAALADage inhibiting
activity, The results also show that 2-[[2-
carboxyarhyl) -hydroxyphosphinollmethyl] pentanediaic acigd,
which has an additional carbexylic acid side chain
similar co the aspartate residue found in NAAG, exhibits
a lower NAALADase inhibiting activity than 2-

{(phosphonomethyl) -pentanediocic acid.

Table III (b)

Othexr compounds demonstrating inhibition of
NAALADase activity are set forth below in Table IIi(b).
Results of the nine compounds in Table ITI(b) shows the
remarkabis Xi activity of & variecy of compounds of the
present Invention. These compounds show NAALADase
inhicitorv ability whersin Rl comprises an aliphatic
greup, a zliphatic which is substisuted, an afomatic

group, and aromatic which is substituted.
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Table ITI(b)

In vitro Activity of NAALADzse Inhibitors

Ki(nM s¢} ;
COMPOUND (uM) MPOUND Ki(zM)
J o PN
m——p . u i ; CO:H
. /—._—-‘_\ i COH | —— I:-" \\/’J\\ 231
Lo OH ot i COH
R Pt OH
L,
0 by ,'/
| " com -
7 ~ 3
= COH 0
OH A f/\\cem
P TR A 532
— 1 T comt
0 L~ OH
HO 7 oy
TP A 54
7 Tcom N
4 9 om | “CoH
— TR A 1100
| COH
o] o
| oo
~——P._ A 143
I | O s
Lo COuHE | [ Tcom
VAN N 148
Co— 0 Meom
= OH
O .
Il Tem
. PP “
— - “CoH
[0):4
5
Further results, provided in Table ITI(c), alsoc show
the remarkable Ki activity of the compounds of the
ie pPrasent invention. These compounds show NRAALADase

inhibitory ability wherein - comprizes an aliphatic
which is substitutad (benzyl) which is further

substiktuted with an additional substituent.
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Takle III(¢) iIn vitro Activity ¢f NAALADase Inhibitors
Compound Ki Valu=s (nM
COOH
0
H Ki = 68nM
—~P
| O0H
COOH
o]
i Ki = 700M
P
l 00H
7N O
N
F COOH
j Kj = 90n0M
COOH
CO0H
vﬁ Ki = 1756M
COOH
B
COOH
a .
“ Ki = 38nM
F
P
i 00H
i/ N\ om
— F
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Drococol for In Vitro Assay of NAALADase Activity

The amount of [(H]Glu liberared from [*EINARG in 50
mM Tris-Cl buffer was measured for 15 minutss ag 37° C
using 30-50 pg of synaptosomal protein. Substrate and
product were resolved by anion-exchange liquid
chromatography. Duplicate agsays wers performed so that
no more than 20% of the NAAG was digested, representing
the linear range of peptidase activity. Quisqualate (100
uM) was inciuded in parallel assay tubes to confirm the

specificity of the measurements.

In Vitro Assav of NAALADase Inhibitors

con Cancer

Referring now te FIGS. 1 and 2. the effect of
NAALADase inhibitors on cancer cell line were examined.
ILNCRP cells (a prostate cancer cell line) were treated
with quisqualate acid {(in concentrations ranging from 10
nM to 1 pM) and 2- (phosphonomethyl) pentanedioic acid (in
concentrations ranging from 100 pM te 10 nM). The 3H-
thymidine measursment for each concentration of
quisqualate acid and 2 - (phosphonomethyl) pentanedioic acid
is also provided in TABLE IV belew. FIGS. 1 and 2
present this data graphically and particularly illustrate
the decrease in proliferation and thymidine uptake of

cells treated with NAALADase inhibitors.
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qH-Thvmidine Incoxporatign (dom/well!

Dose ouisguzlic Acid Z2- (phogphonomethvl] -
rentanedioic acid

Control 4813 + 572 4299 4+ 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 1295 & 181 --

The results show that LNCAP cell proliferation (as
measured by the incorporation of 3H-thymidine) decreassd
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 In Vicro Canger ASSaV

Cells in RPMI 1640 medium containing 10% Fstal Calf
Serum (FCS) are plated in 24 well plares and allowed to
adhere for 24 hours befors addition of guisgualic acid
(10" to 107%) or 2-(phosphonomethyl)pentanediocic acid (107
“org 107%) for 7 days. On the 7th day, the cells aze

pulsed with 3H-thymidine for 4 hours, harvested and

measured for radicactivity. Values represent means +/-
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SEM of & separats cell wells for each creatment. Al
e¥periments are performed at least twice.

To control for non-specific cvtostatic effects of
quisqualats acid and 2—(phosphonomethyl)pencanedioic
acid, the agents are simultaneously evaluated on a non-
NAALADase containing prostate call line, DUL45 (Carter et
al., Proc. Natl. Acad. Sci. USA, (83) 749-753, 13%6). rtf
the treatments with quisqualate acid and 2-
{phosphonomethyl) pentanedicic have no significant effecr
on cell growth, the NAALADase inhibiting activity of the
agents are uniquely responsible for their cytostatic
effects on prostate carcinoma call lines.

Cell lines and Tissus Culture

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

[3H] _Thymidine Incorporation Assavys

The cells are suspendad at 1 x 10° cells/ml in RPMT-
1640 media and seeded into 24-well plates at 500 ul per
well. After 24 hour incubation, various concentrations
of guisgualic acid (Sigma) or the potent NAALADase
inhibitor 2- (phosphonomethyl)pentanedicic acid

{synthesizad according to the methods of Jackson at al.,
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J Med Chem 39(2) €15-522) is added to the wells and the
plates are rzturned to the incubatcr. On davs 3, 5 and
7, media and drug are refreshed. On the 8th day
folilowing seeding, each well is pulsed with 1 uci ’H-
thymidine (New England Nuclear) for 4 hours. Media is
then removed and the wells washad 2 times with phosphate
buffared saline (pH=7.4). The contants of each welil is
subsequently solubilized 250 ul of 0.2 N NaOH and
transferrsd to scintillation vials. 5 ml UltimaGold
(Packard) scintillation cocktail is added znd
radioactivity is quantitated using 2 Beckman LS6001
scintillation counter.

General Procedurs for Compound Svnthesis

The purity and/or identity of all synthetic
compounds ils ascertained by thin layer chromatography,
High Pressure Liguid Chromatography (HPLC), mass
spectrometry, and elemental analysis. Proton Nuclear
Magnetic Resonance (NMR) spectra ars obtained using a
Bruker gpectrometer. Chemical shifcs ars reported in
parts per million relative to tetramethylsilane as
internal standard. Analytical thin-layer chromatography
{TLC) is conducted on prelavered silica gel GHLF plates
{Analtech, Newark, DE). Visualization of the plates is
accomplished by using UV light, phosphomolybdic acid-
ethanol, and/or iocdoplatinacs charring. Flash
chromatography is conducted on Kieselgel 50, 230-400 mesh
(Z. Merck, Darmstadt, West Cermany). Solvents are either

reagent or HPLC grade. Reactlions are run at ambient
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temperature and under a nitrogen atmosphere unless
otherwise noted. Solutioms are evaporated under rsduced

pressure on a Buchi rotary evaporator.

In vivo INCaDl Tumor Xenograft Assav and Results

Referring now to FIGS. 3 and 4, LNCap human prostats
cancer cells were injected subcutaneously into the right
flank of mals nude mice. 2- (phosphenomethyl) pentansdioic
acid, a MNAALADase inhibitor, was administered by daily
intratumoral injection (0.25 ug/day) beginning when the
tumors reached a volume of approximately 50-70 mmd. An
additional group was included using a silicon polymar
centaining 2- (phosphonomethyl) pentanedioic  acid which
released approximately 0.25 ug/day of drug locally into the
tumor. The 2-{phosphcnomethyl)pentanedicic acid polymer
was changed two times per week. Tumor volumes wers

monitored for 42 days after the beginning of treatment.

EXPERIMENTAL PROCEDURES
Cell Lines

INCaP is a human prostate cancer cell line that was
established in 1973 from a pleural effusion of a patient
who had been treated with 5-FU, doxcrubicin, methotrexate,
and CTX in the 3 months before the cell line was initiated.
This line is androgen receptor pesitive and has been used
in screening anticancer drugs that are targetad as hormons
antagonists. LNCaP was grown in RPMI with 1.5 g NaHCO3/L,

10% fetal bovine serum (FBS), and 2 mM L-glutamine and was
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kept at 37°C in a humidified 5% ©02/air incubator.

Antibictics were not added to the medium.

Animzl Tumor Model

NCr nude (nu/nu) wmale mice, age ¢-5 weeks, were
purchased Zrom Taconic (Germantown, NY). The animals were
housed four per cage in sterile filter-topped cages in a
ventilated cage rack. Upon arrival, they were quarartined
for four working days before use. Temperature was
maintained at 72 : 5°F and relative humidity at 35-70%, and
a 12-hr light/dark cycle is used. The mice were fed
sterile, autoclavable, certified Purina rodent chow ad
libitum. Drinking water was acidified and autoclaved, and
the source water was recirculated, dzionized, UV-treated,
and 5-um filtered.

After the animals were released from guarantine, the
mice were injected subcutaneously in the right flank with
1 X 107 1NCa? cells in Matrigel™ (0.1-ml injection volume) .
Tumor dimensions and body weight were mweasured twice
weekly. Vernier calipers were used to measures tumors in
thres planes, and tumor veolume (V) was calculated as
follows: Vv = 7w(y X y X z)/6, where x, v, and z were the
tumcr measurements minus skin thickness. At the end of the
experiment, the mice wers sacrificed by 0, inhalation

followed by cervical dislocation.

Pharmaceutcicals
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2- ([phosphonemethyl)pentanediocic acid was made up in
water at a concentration of 2.5 mg/ml. Polymer centaining
2- (phosphonomethyl) pentanedioic acid was made up by
grinding 140 mg NaCl tec a fine powder then mixing with Smg
2- (phosphornomethyl) pentanedicic acid and 350 mg silicone
gel. The mixture was spread to 2 thin film and allewed to

dry for 24 hours. The material was cut intoe 1-1.5 mg

pieces for subcutaneous implantation.

Treatment Protocol

When the tumor volumes reached a predetermined size
{mean tumor volume 50-70 mm®), mics were added randomly into
treatment groups of six to eight mice each. All treatments
were administered dally £for at least 4 wesks. 2-
(phosphonomethyl) pentanedicic acid was administered
intratumorally daily in a volume of 0.05 ml containing
0.025 =i 2- (phosphonomethyl) pentanedicic acid per
injection.

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

The tumor wers measured twice weekly for at lsast 8
weeks after the first treatment. The mean tumor wolume for
each group was calculated for each time point.‘ Compariscns

betwsen groups at specific times wexz made using an
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unpaired, two-tailed t-test, and the rssults wers analyzed
using analysis of variance (ANOVA).
Systemic toxicity was assessed from reductions in body
weight aftar treatment. The mice were gacrificed 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, NC)

In viveo ERat Dunning R3327 Model

Referring now to FIGS. 5 and &, Dunning R3327-G
prostate cancesr cells were injected subcutanecusly into
both flanks of syngeneic male rats. In the first study,
the anti-tumor growth activity ot 2-
{phosphonomethyl) pentanedioic acid was tested following
daily subcutaneous injections of tha drug (1,3 10 and 30
ng/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-
[ {phenyimethyl) hydroxyphosghinyllmethyl] pentanedioic acid
was tested following daily intra-tumoral injecticns of the
drug (0.2,1,10,100 pg) after the tumor reached an initial
volume of 80-25%0 mm’. Tumor volumes were subsaquently
monitored for &2 days after the beginning of drug

treatment.
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EXPERIMENTAL PROCEDURES
Cell Lines

R3327-C 1s a cell line derived from an androgen-
sensitive papillary adenocarcinoma derived from a
spontaneously forming tumer in the prostatse. R3327-G cells
wers grown in RPMI, 10% fetal bovine serum (FBS), 2 mM L-
glutamine, and 10-8 M dexamethasone. Culturss wers kept at
37°C in a humidified 5% C02/air incubator. Ancibictics

were not added to the medium.

Animal Tumor Model

Copenhagen male rats, age 8-10 weeks, were purchased
from Harlan Sprague Dawley (Indianapolis, IN). The animals
were housed two per cage. Upon arrival, they wers
quarantined for four working days befors use. Temperaturs

was maintained at 72 + 59F and relative humidity at 35-70%,

Q

and a 12-hr light/dark cycle was used. The rats wers f=
certified Purina rodent chow and water ad libitum.

After the animals were released from guarantine, the
rats were injected subcutaneously in both flanks with 1 x
107 R3327-G cells (0.1-ml injection volume). Tumoxr
dimensions and body weight wers measured twice weekly.
Vernier calipers wers used to measure tumors in three
planes, and tumor volume (V) was calculated az follows: V

= w{y X v X z}/6, where x, vy, and z were the tumecr

'l
1]
wm
L5

measurements minus skin thickness. Tumors begar tc ag
4-5 weeks after tumor cell injection. At the end of th

experiment, the rats were sacrificed by CO2 inhalation.
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Pharmaceucicals

2- (phosphonomethyl) pentanadici o acid was made up in
physioclogical saline fresh each day prior to injection. 2
stock sclution  of 2—{[phenylmethyl)hydroxyphcsphinyl}
methyllpencanedioic acid was mads up in water at =
concentration 2.5 mg/ml; ten-fold serial dilutions wers

made Lresh weekly for injections.

Treatment Protocol

In the 2-(phosphonomethyl)pentanedioic acid study, the
Tats werz given daily subcutaneous injections of drug
beginning the 14 days following tumor cell implantation anc
continued for 1z weeks. In the 2=
[[phenylmethyl)hydroxyphosphinyl]methle pentanediocic acid
study, the drug was not administered until the umor
volumes reached z predetermined size (mean tumor volume 95-
280 mm') . At this time, the rats were divided ints
Lreatment groups of five rats each. All treatments of 2-
[[phenyime:hyl)hydroxyphosphinyl]methyl} pentanediocic acigd
were subsequently administered intra-tumorally daily for s
weeks.

The tumors were measured twics weekly. The mean tumor
volume for each group was calculatsd for each time point.
Comparisons betwean groups at specific times wers mads
using an unpaired, two-tailed t-test, and the results wers
analyzed using analyzed of variancs (RNOVAR) .  For the 2-
{[phenylme:hyl)hydroxyphosphinyl}methyl] penténedioi: acid

Study, individual tumor volumes (V) were expressed as 2
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fraction cf the tumer volume on Day 0, tha first gay ok

r2atment (V0). For each Sroup, the mean of the ratio V/vo

ot

was plotted ag a function of time aZter trsarment .

5 Statistical Analysis
Statistical analysis ag described abova Was performed using

IMP (SAS Institute, Ine. Cary, NC),

EXAMPIES
10 The following examples are illustrative of preferred
embodiments of methods of use ang Dreparation of compounds
of the invention ang are net to bes constryuad as limiting
the invencion thereto. Unless otherwige indicated, al1

bercentages are based upon 100% of the final formulations,

15
EXAMDIE 1
Preparation of 2—F(methvlhvdroxvohosnhinyl)meggzLL
bentanedioic acid
Scheme IV R=CH3, R1=CH2Ph
20
Méthyl—O-benzylphosphinic acid
Dichloromethylphosphite {10.0 g, 77 mmal) in 80 wl of dry
diethyl ether was cooled to -30°C under an atmosphere of
nitxcgen. & solution of benzyl alcchol (23 g, 213 mmol)
25 and triethylamine (19,2 g 100 mmel) in 40 mL of diethyl

ether was added dropwise over 1 heur while Maintaining an
internsl temperature range of por £0 10°C. Once additicn

was complets the mixture was warmed o rocm Lemperature and
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stirred overnight. The mixture was filterad and ths solig
cake washed with 200 mi of diethyl ether. The organics
wera combined and evaporated under reduced pressurs o give
25 g ©of =z clear and colorless liquid.  The licuid was
purified by flash chromatography and eluted with a3 1.1
hexane/ethvl acetace to ethyl acstate gradient. The
desired Fractions were collected and evaporated %o give
methyl O-benzylphosphinic acid (1, R=CH3,R1=CH2Dx, 5.5 g,

50

o

} as a clear and colorless oil. RE 0.2 (1:1,
Hexane /EtOAc) .
'H NMR (d6-DMSQ) : 7.4 pem (m,5H), 7.1 ppm {(d,1H), 3.0 ppm

(dd,2H), 1.5 ppm (d,3H)

2,4-Di(benzvloxvcarbonvl)butvl(methvl)-O-benzvlnh:sohinic

acid

Methyl-0O-benzylphosphinic acid (3.53 g, 20.7 mmol! in 200
wL  of dichloromethane was cooled te -5°C under an
atmosphere of nitrogen. Triethylamine (3.2 a,
added via syringe followed by trimethylsilyl chloride 2.9
g, 27 mmol). The reaction mixturs wag stirred ani warmed
LS  room temperature over 1 hour. Dibenzyl 2-
methylenepentanediocate (2, 6.0 g, 18.5 mmol) in -9 mhL of
dichloremethane was added. The mixture was then stirred at
Yoom temperature overnight. The reaction mixcture was
cooled teo 0°C and trimethylaluminum (5 =i, 18 mmcl, 2.0 M
in dichloromethans) was added. The flask was warmed and
stirred for 72 hours. The clear light yellow solution was

cooled te $9C and quenched by the slow additicm of 5%
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hydrochloric acid. The quenched reacticn mixturs wag
warmed to room temperatura and the organic layer removed.
The organic layer was washed with 5% hydrochloric acid and
with water. The organics wers iried (MgSO,) and evarcrataed
under reduced pressurs to give 8 ¢ of a clear light vellow
oil. The oil was purified on sgiliea gel and eluced wich z
gradient of 1:1 hexanes/ethyl acerate to 100% ethyl
acetate. The desired Ffractions were collected and
evaporated to give 2,4~di(benzyloxycarbonyl)buty(methyl)vo—
benzylphosphinic¢ acid (3,R=CH3,R1=CH2Ph 0.8 g, 8%) as a
clear and colorless oil. Rf 0.5 {echyl acetate) .

"H NMR (CDC1,):7.4 ppm {(m,15H), 5.1 pem (m,6H), 3.0 ppm (m,
1H), 2.4 ppm (m,3H),2.1 ppm {m,3H), 1.3 ppm (44, 3H)
Elemental Analvysis Calculaced CieH:.0,2.0.5H,0:C 68.01,E .32

Found: C 64.85,E §.35%

2—[(Me:hvlhvdroxvnhosnhinvl)methvlloentanedioic acid

2,4~di(benzyloxycarbonyl)buty(methyl)-O-benzylphosphinic
acid (0.8 g, 1.€ mmol) in 20 wl of water containing 100 mg
of 10% pd/C was hydrogenated at 40 pei for ¢ hours. The
mixture was filtered over a pad of Celite and evaporated at
h i gh V.ac<cuum t o g i v e 2 -
[(methylhydroxyphosphinyl)methyl]pentanedioic acid (4,
R=CH3,0.28 g, 78% as a clear and colorless viscous oil.

'H NMR (D,0): 2.5 pom(m, 1H), 2.2 pom{t,2H), 2.0 ppm (m,1H),
1-7 ppm(m,34), 1.3 ppm (d, 3H)

Elemental Analysis Calculated CH,,0,P. 0.2 Hy0: C356.92 H 5.93

Found: C37.06 £ §.31
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EXAMPLE 2

Preparation of 2-[(butvlhvdroxvrohoschinvl)imethvl]

ventanedicic acid

Scheme IV R=n-butyl, Rl=H

Butylphosphinic Acid

Diethyl chlorophosphite (25g, 0.lémcl) in 60 mL of dry
athar was cooled to 0°C under an atmosphers of nitrogen.
Butylmagnesium chloride (80 wml, 0.16 mol, 2.0 M solution
in ether) was added dropwise over z period of 2 hours
while mainctaining the internal temperature at 0°C. Once
addition was complete the thick white slurry wag heated
to 30°C for 1 hour. The suspension was filtered under a
nitrogen atmosphere and the filtrate evaporated under
raduced pressure. The clear light vellow ligquid was than
brought up in 15 mL of water and stirrad at room
temperature. Concentrated hydrochloric acid (0.5 mL) was
then added and an exothermic reaction was cbserved. The
mixture was stirred an additional 15 minutes and
extractad with two 75 mL portions of ethyl acetate. The
organics were combined, dried (MgsSC,) and evaporated to
give a clear and colorless liguid. The liquid was
—raated with NaCH (20 mlL, 20 M) and stirred for 1 hour.
The mixture was then washed with dizthyl ether and

acidified to pH 1.0. The desired material was extracted
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from the acidified extract with two 100 mL portions of
ethyl acetate. The arganics wers cempined, dried (Mgso,)
and evapcrated under reduced pressura to give
butylphosphinic acid (1,R=n-butyl, Rl=H, 10g,51%}) as =
clear and colorless liquid.
1H NMR (d6-DMSOJ: 5.9 ppmid, 1H), 1.5 PeEmi{m, 25}, 1.4

ppm(m, 4¥}, 0.9 ppm(t, 3H)

Butvlfz,é-di(benzv10xvcarbonvl)butvl}nhosnhinic acid

Butylphosphinic acid (2.Cg, 16mmol) in 80 mi of dry
dichloromethane was cocled to 0°C under an atmosphere of
nitrogen. Tristhylamine (6.7 g, 56 mmol) was added
followed by trimethylsilyl chloride (58 mL, 58 mmol, 1.0
M in dichloromethane}. The mixturs was scirred at 0°C for
10 minutes and dibenzyl 2-methylenepentanedicate (2) (5.4
g, 20 mmcl) in 20 mL of dichlcromethane was added. The
cold bath was removad and the reaction warmed to room
temperature and stirred overnight. The mixture was then
cooled to 0°C and guenched by the slow addition of 5%
hydrochloric acid. The dichloromethane layer was then
rémoved and washed with 5% hydrochloric aeid and with
brine. The organic layer was dried (MgS0,) and evaporated
Co give a clear light golden liquid. The liquid was
purified by flash chromatography and eluted with 3:1
hexane/ethyl acstats containing 5% acetic acid. The
desirad fractions weve combined and avaporated ko giwve

butyl[2,4-di(benzyloxycarbonyl)butyl]phosphinic acid
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(3,R=n-butyl, R1=H} (2.9 g, 40%) as a clear and colorless
eil. RE 0.12 (3:1, Hex./EtOAc 5% AcOH).
' NMR (d5-DMSO}: 7.3 ppm (m, 10), 5.0 ppm (s,4H), 2.7 ppm
(m, 1E) 2.3 ppm (y, 2H}, 1.8 ppm (m, 2H), 1.3 ppm (m,

47), 0.8 ppm {(t, 3H)

2- [ (Butvihvdroxvphogohinyl) mezhyvlloentanedioic acid

Butyl (2, 4-di (benzyloxycarbonyl}butyl]l phosphinic acid (2.9
g, 6.5 mmel) in 30 mi of water concaining 0.32 g 10% Pd/C
was hydrogenated cn a Parr hydrogenator at 40 psi for 4.5
hours. The mixture was filtered tizrough a pad of Celite
and evaporated under high vacuum t9 give 2-

[ {(butylhydroxyphosphinyl)methyllpentansdioic acid (4,
R=n-butyl) {0.75 g, 43%) as a clear and colorless viscous
oil.

‘B NMR (D,0): 2.4 ppm (m, 1H}, 2.1 pom (t, 2H), 1.9 ppm
(m, 1H}, 1.5 ppm (m, 3H), 1.4 ppm (m, 2H), 1.1 ppm (m,
4%}, 0.6 ppm (&, 3H)

Elemental Analysis Calculated C,,E,,0,P. 0.5 H,0: C 43.64, H

7.32: Found C 43.25, H 7.12

EXAMPLE 3

Praparation of 2-

[ (benzvlhvdroxvphosphinvi)imethvlinentanadioic acid

Scheme IV R=CH2Ph, R1l=H

Benzvlohogphinic acid
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Disthylchlorophosphite (25 g, 0.16 mol) in 100 mi of dry
diethyl ether was coolad to 0°C under an atmosphera of
nitrogen. Benzylmagnesium chleride (80 mL, 0.18 mol, 2.0
M sclution in Et,0} was added dropwise aver two hours
while maintaining a temperature below 10°C. & thick
white glurry formed and stirring was coantinued at room
temperature for 1 hour. The mixture was filtered under a
nitrogen atmosphere and the filtrate evaporated undex
reducad pressure to give a clear and colorless liguid.
The liquid was stirred as 15 mL of water was added
followed by 0.8ml concentrated hydrochloric acid. An
exothermic reaction was observed and stirring was
continued for an additional 30 minutes followed by
extraction with ethyl acetate. The organics were
combined, washed with brine, dried (MgS0,) and evaporated.
The clear light goliden liguid was added to sodium
hydroxide (50 mL, 2.0 M NaCH), stirred for one hour and
washed with diethyl ether. The agqueous laver was
acidified to pH 1.0 with concentrated hydrochlor:ic acid
and extracted with ethyl acetate. The organics were
combined, dried (MgSO,) and evaporated to give
banzylphosphinic acid (1, R=CH2Ph, R1+H) (8 g, 32%) as a
clear light golden oil.
‘H NMR (d6-DMSO): 7.3 ppm (m, SH), 5.9 ppm (4, 1H), 3.1

pem (4, 24

Benzvl (2 4-d; (benzvioxvxgarbonyl)butviliphosphinic acid
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Benzylphosphinic acid (2.3 g, 15 mmol) in 150 ml of dry
dichloromechane was cooled to 0°C under a nitrogen
atmosphers. fTriethylamine (6.5 g, 65 mmol) was addec
followed by trimethylsilyl chloride (5.8 g, 5¢ mmel)
while the reaction temperaturs was maintained ar oeg.
After 30 minutes dibenzyl 2-methylenepentanediote (2) in
20 mb of dichloromethane was added over 5 minutes. The
reaction mixturs was left to warm to roonm temperature and
stirred overnight. The clear solution was cooled to 0°C
and quenched with 5% hydrochloric acid and with brine,
dried (MgS0Q,! and evapcrated to give a clear yellow
liquid. Purification by £lash chromatography and elution
with 1:1 hexanes/ethyl acetate containing 10% acetic acid
yielded 2.0 g (28%) of benzyl{z,4-
di(benzyloxycarbonyl)butyl]phosphinic acid (3, R=CH2Ph,
R1+H) as a clear light vellow oil. BFf 0.37 (1:1
Hex./EtOAc, 10%ACOH).
'H NMR (d6-DMSO) : 7.2 ppm(m,15H), S.0 ppm(s,4H),3.0
(d,2H),2.8 ppm(m,1H},2.3 pom(t,2H), 1.9 ppmim,2H), 1.7

ppmit, 1H)

2~F(Benzvlhvdroxvnhosohinvl)methvlTuentanedioic agid

Benzyl [2, 4~di (kenzyloxcarbonyl) butyllphosphinic acid(0.5
g, 1.0 mmol] in 20 mlL of water containing 120 mg of 10%
Pd/C was hvdrogenated on a Parr hydrogenator at 40 psi

for 6 hours. Filtration through a Czlite pad followed bv

evaporation on high vacuum gave 0.17 g (57%) of 2-
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{ (benzylhydroxyphosphinyl)methyll pertanadioic
acid(4,R=CHE2Ph) as a whire solid.

19 ¥MR (D,0): 7.1 ppmim,5H), 2.% pem(d,2H], 2.4 ppm(m, 1),

pmi{m, 35)

2.1 ppmitc,2H), 1.8 ppmim,1H}), 1.6
Elemental Analysis, Calculated C;H,,0,P: C52.00H5.71:

Found: C51.48H5.70

EXAMPLE 4

Preparation of 2-[phenvlethylhvdroxvohosphinyllmethyvll

pentanedioic acid

Scheme IV R=Ch2CH2Ph,Rl=H

Phensthvliphosphinic acid

Disthylchlorophosphite (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 wh, 0.1 mel,
1.0 M in TYF) was added dropwise over 2 hours while
maintaining a tempsrature betweer 0-10°C. A thick white
slurry formed and stirred at rocm Temperature overaight.
The mixture was filtered under a nitrogen atmosphere and
the filtrate evaporated under reduced pressure to give a
clear and colorless licuid. The liquid was stirred as 15
mL of water was added followed by 0.5 mL of concentrated
hydrochloric acid. An exothermic resaction was obhsgerved
and stirring continued for 15 miruces followed by
extraction with ethyl acetats. Ths organics were
combined, washed with brine, dried (MgSO,) and avaporated.

The clear liguid was brought up in sodium hydroxide (40
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mL, 2.0 M NaQH), stirred for 1 heour and washed once wich

T

diethyl ethsr. The aquesous layer was acidified to PH 1.0

v

with c¢oncsnirated hydrochloric acid and extractad with
ethyl acetacs. The organics weras cembined, dried (Mgs0,)
and evaporated to give phenethylphosphinic acig
{1,R=CH2CHZPk, R1=H) (9.8 g, 58%) as a clear light yvellow

oil.

H NME (ds-DMSO}:7.2 ppm (m,5H), 6.9 ppm (d,1H), 2.3 pom

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

2 4-Di(benzvloxvcarbonvl)butvl(Dhenethvl)ohosnhin+c acid

Phenethylphosphinic acid (1.0 g, 5.9 mmol) in 50 mL of
dry dichlcromethane was cooled to -5°C under a nitrogen
atmosphere. Triethylamine (2.3 G, 23 mmol) was added

tollowed by trimethylsilyl chloride 2.2 g, 21 mmel) while

<

the reaction temperature was maintainad at 0eC. After 1

=
h

0 ml o

=]

minutes dibenzyl 2-methylenepentanedioate (2) in
dichloromethane was added over 10 minutas. The reaction
mixture was left to warm to room tsmperature and stirred
overnight. The clear solutien was cooled to 0°C and
quenched with 5% hydrochloric acid follewed by removal of
the organic layer. The organic layer was washed with
brine, drisd (Myso4) and evaporated to give a clear lighc
golden liguid. Purification by flash chromatography and
elution with 1:1 Hexane/EtOAc containing 5% ACOE rasultad

in 1.2 g (41%) of 2,4-
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di(benzyloxycarbonyl)butyl(phenethyl)phosphinic
acld(3,R=CH2CH2Bh, R1=H) as a clear and colorless oil,
*Y NMR (d6-DMS0): 7.2 pEm (@, 15H) , 5.0 ppm (s,4H),3.3 ppm

(m,1H), 2.8 ppm(m,4H), 2.3 epmim,2), 1.8 ppm(m,4H)

2[4-f(Phenethvlhvd*oxvnhosmhinvl)methvl]oentanedioic acic

2,4—Di(benzyloxycarbonyl)butyl(phe:ethyl)phosphinic
acid(1.1 g,2.2 mmol) in 20 mL of watar containing 120 mg
of 10% PA/C was hydrogenated on a Dar» hydrogenator at 49
psi overnight, Filtration through a Celite pad followed
by evaporation on high vacuum gave 0.a g {114%) of 2-
[(phenethylhydroxyphospbinyl}methyl}pentanedioic
acid(4,R=CH2CH2Ph) as a white solid,

M ONMR(D,0): 7.2 ppm (m, 52}, 2.7 pom (m,2H), 2.5 PEm
(m,1H), 2.3 ppm {t,2H), 1.9 ppm (m,6H), 1.5 ppm (t,1H)
Elemental Analysis:

Calculated €,H,0P 0.75H,0,0.5 AcOS: C 50.35 & §.,34

Found: C 50.26 H 5.78

EXAMPLE 5

Preparation of 2-[(3-

Dhenvlnromvlhvdroxvnhosmhinvl)methvlibentanedicic acid

Scheme IV R=CH2CH2CH2Ph, R1=H

3-Phenylorooviphosphinic acid

Magnesium turnings (2.44 g, 0.10 mel) in 20 mL of dry
disthyl ether under an atmcsphere of nitrogen was added

several icdine crystals. Prenyloropyl bromide {(26.0 g,
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0.10 mel) in 80 mL of diethyl ether was placed in s
dropping funnel, Approximately 10 mL of the bromida
sclution was added to the magnesiug turnings and
stirring was initiatad. After several minutes the iodine
was consumed and additional pPhenyloropyl bromide was
added while maintaining a temperature of 35°C. Qncea
additional was complete (1.5 hours) the mixzture was
sealed and stored at 5eC.
Diethylchlorophosphite (15.7 g, 0.1 mol) in 50 mL of dry
disthyl ether was cooled to 5°C under an atmosphera of
nitrogen. Phenylpropyimagnesium bromide (100 ml, 0.1
mol, 1.0 M solution of in Et,0) was added dropwise over 2
hours while mailntaining a temperature between 0-10°C.
thick white slurry formed and was stirred an additicnal
30 minutes. The mixture was filtered under a nitrogen
atmosphers and the filtrate evaporated under reduced
pressure to give a ¢lear and colorless liguid. To the
ligquid was added 20 mL of water followed by 0.5ml of
concentrated hydrochloric acid. an axothermic reacrion
waz obgerved and stirring continued for 20 minutes
follewed by extraction with ethyl acetate. The organics
were combined, washed with brine, dried (MgSo,) and
evaporated. To the clear liquid was added sodium
hydroxida (40 mL, 2.0 M NaOH), the resulting solution
stirred for 1 hour and then washad with diethyl ether.
The aquecus layer was acidified to pH 1.0 with
concentrated hydrochioric. acid and extracted twice with

ethyl acecate. The organics wera combined, dried (MgSQ,)
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and evaporatsd to give E—phenylpropylphosphinic acidg
(1,R=CH2CH2CH2Pk, R1=H) (3.8 9. 93%) as a clear and
colorless oil,

'H NMR (d&-DMSC) : 7.2 pem (m,SH), 6.9 pm (d,1H}, 2.5 joyelnst

(©,2H), 1.7 pom (m,2H), 1.6 ppm (m, 2K)

2J4‘Di(benzvloxycarbonvl‘butvl(3~DhEEVlDrODVl)DhOSDhiniC

acid

3*phenylpropylphosphinic acid(1.0 g, 5.4 mmol) in 50 mp
of dry dichloromethane was cocled to -gog under a
nitrogen atmesphere. Triethylamine (2.2 g, 22 mmel) was
added followed by trimethylsilyl chloride (2.1 g, 19
amol) while the reaction temperaturs was maintained ar
0°C.  After 10 minutes dibenzyl 2-methylenepentanedioate
(2} in 10 mL of dichloromethane was added over 10
minutes. The reaction mixture was warmed to room
Cemperature and scirrad overnight. The clear solution
was cooled to peC and quenched with 5% hydrochlerie acid
followed by remeval oI the crganic layer. The organic
layer was washed with brine, dried {Mgs0,) and evaporated
te give a clear vellow liguid. Purificaticn by flash
chromatography and elution with 4.1 hexane/ethyl acatate
containing 5% acatic acid resulted in 1.5 g (56%) of 2,4~
di(benzyloxycarbonyl)butyl(3—phenylpropyl)phosphinic
acid (3, R=CH2CHACH2DA, Rl=H) as a clear light vellow oil.

Rf 0.58 (1.1 Hex./EtOAc,S%AcOH);
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‘H WMR {(d6-DMSO): 7.2 ppm (m,15H), 3.0 ppm (s, 4H), 2.7 Ppm
(m, 1H), 2.5 ppm (m,5H), 2.2 ppm (m,2H),1.8 ppmim, 3H) ,
1.6 ppm (m, 2H)
Elemental Analysis:
Calculated C,H,y0,P. 1.3H,0: C 65.43 K 6.75

Found: C €5.24 4 6.39

2-[{3-Phenvipropylhvdroxvohesphinvl) methylipentanedicic

acid

2,4-Di (benzyloxycarbonyl) butyl (3 -vhenylpropyl) 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
followaed by evaporation on high vacuum gave 0.8 g {89%)
of 2-{{3-phenylpropylhydroxyphosphinyl) methyl]
pentanedicic acid(4,R=CH2CHZCH2Ph)as a light vellow
viscous oil).

*H NMR (D2Q): 7.4 ppm {(m,S5H), 2.7 pem (m,3H), 2.4 ppu
(t,3H), 1.8 ppm (m, 7H);

Elemental Analysis:

Caleculated CH,,0,F 0.75 H,0, 0.75 AcOE: C€51.23 H 6.84

Found: Ch0.85 H 6.02

EXAMPLIE 6

Preparation of 2-[[(4-methvlbenzvi'~vdroxvohosphinvl]

metkviipentanedicic acid

Scheme V, Compound §
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Hexamsthyldisilazane {21.1 mL, 100 mmol) was added
to vigorously stirred ammonium phosphinate (8.30 g, 100
umel), and the rasulting suspension was stirred at- 105 ¢
for 2 h. 2 solution of 4-methylbenzyl bromide (5,00 g,
27.0 mmol) was then dropwise added to the suspension at 0°
C. The mixturs was stirred at rt for 1% h. The reaction
mixture was then diluted with dichloromethans (50 ml.) and
washed with 1 N HC1 (50 mL}. The organic layer was
separated, dired over Na,50,, and concentrated to give
4.72 g of a white solid. This was dissolved in
dichloromethane (50 mL) and benzyl alechol (3.24 g, 20
mmol) was added to the solution. 1,3-
Dicyclohexylcarbodimiae ({BCC) (6.19 g, 30 mmol) was then
added to the solution at 0° ¢, and the suspension was
stirred at rt for 14 h. The sclvent was removed under
reduced pressure and the residue was suspended in EtOAc.
The resulting suspensicn was filtered and the filtrats
was concentrated. The residue was purified by silica gel
chromatography (hexanes: EtQAc, 4:1 to 1:1) to give 2.40
g of 4-methylbenzyl-0-benzylphosphinic acid (2, R=4-
methylbenzyl} as a white solid (34% yield): Rf 0.42

{

4}

tOAc); "2 NMR (DMSO-d;) delta 2.30 (s, 3 H), 3.29 (d, J
= 16.6 Hz, 2 H), 5.2 (m, 2 H), 7.0 (&, J = 543 Hz, 1 H),

7.3-7.2 (m, 4 H}, 7.3-7.4 (m, 5 H}.

To a solution of 4-methylbenzyl-O-benzylphosphinic acid
{2, R= 4-methylbenzyl) (2.16 ¢, §.3 mmol) in THF (15 mL)

a

was added sodium hydride {0.10g, 60 % dispersion in oil)
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followed by dibenzyl 2-methylenepentanaediocate at 0 C, and
the mixture was gtirred at rt for 4 . The reacticn
mixture was then diluted with EtCAc (50 mL] and poured
into 1N HC1 (50 mL). The organic layer was saparated,
dired over Na,S0,, and concentrated. This material was
purified by silica gel chromatography (hexanes: ZtQAc,
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
oll (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, ¢ H),
2.7-2.9 (m, L H), 3.05 {dd, J = 9.0, 16.8 Hz, 2 H), 4.8~

5.1 {m, 6 H), 7.0-7.1 {m, 4 H), 7.2-7.4 (m, 15 H).

To a solution of 2,4-diibenzyloxycarbonyl)butyl (4-
methylbenzyl) -o-benzylphosphinic acid (0.70 g, 1.2 mmel)
in ethanol (30 mb) was added Pd/C (5%, 0.10 g} and the
suspension was shaken under hydrogen (50 psi) for 18 h.
Tha suspension was then Ziltered through a pad of Celite
and concentrated under reduced pressure. The resulting
residue was dissclved in distilled water (5 mL), passed
through a column of AG SOW-X8 resin (H' form), and
lyophilized to give 0.21 g of Z-[[{4-

methylbenzyl) hydroxyphosphinylimethylipentanedioic acid
{5, R = 4-methylbenzyl} as a white solid (55% yield}: RE
0.62 (i-PrOH:H,Q0, 7:3); *H NMR (D,0) delra 1.7-1.9 (m, 3
Hy, 2.0-2.2 {(m, 1 H), 2.33 (dt, J = 1.7 Hz, 7.4 Hz, 2 H),

Hz, 2 H), 7.0-7.1

ul

2.55-2.70 (m, 1 H), 3.12 (d, J = 15,
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(m, 2 H), 7.2-7.3 {m, 2 H). Anal. Caled

It

C,E.,0:P*0.30H,0:C, 52.60; H, §.18. Found: C, 52.60; H,

5.28.

EXAMPLE 7

Prevaracion of 2-[{t4-Flugrobenzvl) hvdroxvohosphinyl]

methvilpentanedioic_agid (R = 4-fluorabenzyl):

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

Rf 0.64 (i-PrOH:K,0, 7:3); 'H NMR (D,0) delca 1.7-1.2 (m,
3 H, 2.0-2.2 (m, 1 H), 2.3-2.4 {m, 2 H), 2.55-2.70 (m, 1
H), 3.12 {4, J = 1.5 Hz, 2 H), 7.0-7.1 {m, 2 H}, 7.2-7.3
(m, 2 H). Anal. Calecd for C,H,FO,P*0.25H,0:C, 48.38; H,

5.15. Found: C, 48.38; H, 5.15.

EXAMPLE 8

Dragaration of 2-[[(4-Methoxybenzvl] hvdroxvohosphinyll

methvlivencanedicic acid (R = 4-methoxybenzyl):

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

Rf 0.56 (i-DYOH:H,0, 7:3); '‘H NMR (D,0) delta 1.8-1.3 {(m,
3 H), 2.0-2.2 (m, L H}, 2.3-2.4 (m, 2 H}, 2.55-2.70 {m, 1
H), 3.16 (4, J=16.7 Hz, 2 u)y, 3.81L (s, 3 H), 6.98 (d, J

= 8.7 Hz, 2 H), 7.25 (d, J = 8.7 Hz, 2 H). Anal. Calcd

h

or C,H,,0.B%0.304,0:C,50.09; K, 5.8%. Found: C, 49.98; K,

5.80.

EXAMPLE 3
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Preparation of 2-[[(2-Fluorobenzvl) hvdroxvohosphinvl]

methvl]loertanedinic acid (R = 2-fluorcbenzyl):

Scheme Vv, prepared as described in the above exampls
where R = methylbenzyl:

RF 0.67 (i-PrOH:B,0, 7:3); ' 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,
H), 3.28 (d, J = 16.8 Ez, 2 H), 7.1-7.5 (m, 4 H). Anal.
Caled for ¢, H,,FO,P*0.10H0:C,48.79; H, 5.10. Found: C,

48.84; H, 5.14.

EXAMPLE 10

Preparation of 2-I{{Pentaflugrobenzvl)hydroxyphosvhinyll

methvllpentanedicic acid (R = pentafluorcbenzyl):

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

Rf 0.69 (i-PrOH:K,0, 7:3); 'H MMR (D,0) delta 1.8-2.0 (m,
3 H), 2.1-2.3 (m, 1 H), 2.3-2.5 {m, 2 H), 2.7-2.9 (m, 1
H), 3.29 (d, J = 15.4 Hz, 2 H), Anal. Calcd for

O 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-I[({methvlihvdroxyonosohinvlimethyl]l

pentanedioic acig

Scheme VI, Compound 9

2,4-Di (benzyloxycarbonyl) butylphesphinic acid (&)
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Bry phosphinic acid (100 g, 1.52 mol) was dissolved ip
100 mi of chloroform and treated with tristhylamine (155
g, 1.52mol) . The mixture was evapcrated and transfewrad
to a three liter flask, containing 750 mL of chloroform.
The solution was stirred by means of a mechanical scirrvar
and the flask cooled to 0°C. The clzar solution was
treated with triethylamine (277 g, 2.72 mol}) followad by
trimethylsilyl chloride (281 g, 2.38 mel). Once addition
of trimethylsiyl chloride was complate dibenzyl 2-
methylenepentanedicate (2) in 150 ml of chloroform was
added dropwise over 20 minutes. The low temperaturs bath
was removed and the mixture warmed to room temperatursa.
After 6§ hours the thick slurry was filtered and the
filtrate cooled to 0°C. The filtrate was then guenched
with 5% hydrochloric acid and the organic laver removad.
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
vellow liguid. The liguid was purifiad by flasgh
cﬁromatography and eluted using 3:1 hexanes/ethyl acestate
containing 5% trifluorcacetic acid to give 40 g (7%) of
the desired product. RE 0.28(3:1 Eex./EtOAc 5% TFA);
*H NMR (CDC1l,): 7.3 ppm (m, 1CH), 7.2 ppm (d, 1H}, 5.12
ppm (s, 2H), 2.9 ppm (m, 1H}, 2.4 ecem (£, 2H), 2.2 opm

(m, 1H), 2.0 ppm (m, 3H)

2 .4-Di {benzvioxvecaxbonvlibutviberzyvinhosphinic acid (7)
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To a soluticn of 2,4-di-(benzyloxycarbonyl)butyl
phosphinic acid (6) (19.3 g, 49.4 mmol) in
tetrahydrofuran was added benzyl alconcl (5.3 g, 45.3
mmol} and dimethylamino in tetrahydrofuran was added
benzyl alcohol (5.3 g, 49.3 mmol) and dimethylamino
pyridine (0.5 g). Diecylcohexylcarbodimide (DCC, 1l2g, 58
mmel) was added and a white precipitate formed. Afrsr 30
minutes the white suspension was filterad and the
filtrate evaporated under reduced pressure. The cleaxr
and colorless oil was purified by flash chromatography
and eluted with 1:1 Hex./EtOAc to give 2,4-
di(benzyloxycarbonyl)butylbenzylphosphinic acid (7) (11.5
g, 47%) as a clear and cclorless oil. Rf. 0.i6 (1:1
Hex./EtORc) ;
‘H NMR {CDCL,): 7.3 ppm (m, 1SH), 7.2 ppm (d,1H), 5.0 ppm

{m,6H), 2.9 ppm (m,1H), 2.2 ppm {m,3H), 1.9 ppm (m, 3H)

2.4-Di (benzvioxvearbonvl) buryl [hvdroxy (phenvl ]

methvilbenzviphcsphinic acid (8)

2,4-Di(benzyloxycarbonyl)butylbenzylphosphinic acid (7)
in 5 mL of dry THF was added dropwise to a stirring
cooled (0°¢C) mixture of sodium hydride (0.09 g, 2.3 mmol)
in 15 mlL ¢f THF. After 15 minutes benzzldehyde (0.23 g,
2,.2 mmel) was added via syringe while maintaining a
Cemperatura of 0°C. After 30 minutes the mixturs was
quenched with water and extractad with two portions of
dichloromsthane. Ths organics wers compined and

evaporated to give a clear colorless oil. The oil was
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chromatographed on silica and eluted with a 1:1

Hex./EtOAc solvent system. The dasired fractions were

collected and evaporated to give 0.4 g (33%) of 2,4-

di(benzyloxycarbonyl)butyl[hydroxy(phenyl)methyl}benzylph
S ospainic acid (6} as a clear and colorless oil.

RfO,18(1:1 Hex./EtOAc);

‘H WMR {CDCL,): 7.3 ppm (m,20H), 5.2 pom {m,1H), 4.% ppm

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

10 2-(vadroxv(nhenvl)methvl]hvdroxvnhosnhinvlmethvl)

rentanedioic acid(9)

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

methyl]benzylphosphinic acid(8) (0.37 g, 0.6 mmol) in 25
ml of water containing 0.10g of 10% 2d/C was hydrogenated
15 at 40 psi for § hours. The mixture was filtered through
& pad of Celite and lyophilized to give 2-
(fhydroxy(phenyl)methyl]hydroxyphosphinylmethyl)pentanedi
oic acid (9){0.14 g, 70%) as a wnite solid.
H NMR {D20): 7.4 ppm (m,S53), 5.0 prm (d,1H), 2.7 pom
20 (m,1E), 2.4 ppm (m,2H), 2.2 ppm (m, 1H),1.9 pom {m, 3H)
Element Analysis:
Calculated C,3H;,0,P. 0.6H,0:C 47.74 H 5.61

Found: C 47.73 H 5.68

25 EXAMPLE 12

Preparation of Dibenzvl 2-Methvlanepentanedioate.

Scheme III.
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Benzyl acrylate (560 g, 3 mol) was heatad to 100°%
under an atmosphere of nitrogen. The heating was stopped
ard HMPT (10 g, 61 mmol] was added dropwise while
maintaining an internal temperaturs of 135-145°C, Cnce
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 o a column
containing a plug of dry silica. The column was then
washed with 1:1 Hex/EtOAc and the sclwvent was collected
and evaporated. The clear yellow ligquid was distilled
under high vacuum {200 ulg) to give an initial frac-ion
cf 8 g distilling at 45°C and then the desired product at
18C- 185°C (212 g, 42%) as a clear and colorless liquid.
M NMR (CDC1,)

7.3 ppm (s, 10H); 6.2 ppm (s, 1H); 5.5 ppm (s, 1H); 5.2

pm (s, 2H); 5.1 ppm (sS,2H); 2.6 pem {m, 4H).
p P g

EXAMPLE 13

Preparation of Dibenzvl 2-

[[Bis (benzyloxy)phosphorylimethvl] -pentanedicate.

Scheme III

Dibenzyl phosphite (9.5 g, 36 mmol) in 350 ml of
dichloromethane was cooled to 0°C. To this stirring
sclution was added trimethyl aluminum (18.2 mil, 2.0 M
solution in hexane, 36.4 mmol). Aftar 30 minutss 1
(6.0g, 37 mmcl) in 90 ml of dichloromethana was added
dropwise over 10 minutes.- The clear and colorless

solution was then warmed tc room temperaturs and left to
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stir overnight. The mixture was then quenched by the
glow addizion of 5% HCl. After Stirring an additional
1.5 hours tha lower organic laver was removed and the
aqueous laver extracted once with 100 ml of
dichlorowmechane. The organics wers combined, dried
(Mg80,) , and evaporated to give a clear light golden
licuid. The ligquid was chromatographed on silica gel (4
cw*30 cm) and eluted with a gradient (4:1-1:1) solvent
system (Hexane/EtOQAc). The fractions containing the
desired preduct wers combined and evaporated to yield 2
(7.1 g, 42%) as a clear and colorless liquid. The liquid
was then distilled on a Kughleror apparatus at 0.5 mm Hy
and 195-200°C. The distillate was discarded and the
remaining light golden oil was chromatographed on silica
gel (1:1, Zex./EtOAc) to give 2.9 g of 2 as a clear and
colorless cil., TLC R, 0.5 (L:1, Hex./EtOAc).
1H-NMR {CDCl,)
7..-7.4 (m, 20H); 5.05 (s, 2H); 4.8-3.03 {m, 6H}; 2.8

(12); 2.22-2.40 (m, 3H); 1.80-2.02 (m, 3H}.

EXAMPLE 14

Preparation of 2- (Phosphonomethyvl)ventansdicic Acid.

Scheme III

The benzyl pencanedicats (2.9 g, 4.9 mmol) was added
Lo a mixture of 20 ml of methancl containing 0.29 g (&
mels) of 10% Pd/C. This mixture was hydrogenated cn a

Parr hydregenator at 40 psi for 24 hours, filterad and
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evaporated to give 3(1.0g, %0%) as a clear slightly
golden viscous oil.
1E-NMR (D,0)

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

EXAMPLE 15

A patient is diagnosed with adesnocarcincma of the
prostate. The patient may then be adminiscered a
NAALADase inhibitor, such as set forth in examples 1
through 3, by direct injeczion into the tumor. After
this initial treatment, the patient may be optionally
adminiscered the same or different NARLADase inhibitor by
intermittent or continuous administration by subdural
purg. It would be expected that no further ocecurrences
of the adenoccarcinoma would develop.

EXAMPLE 16

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, the patient may be optlomally
administered the same or different NAALADase inhibitor by
intermittent or continuous administration by implantation
of a biocompatible, polymeric matrix delivery systsm. It
would be expected that no further cccurrences of the
adenocarcinoma would develop.

EXAMBLE 17
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hyperplasia. The patient may then be administerad s
N2ALADasz inbibitor, such as set forth in examples 1
through 3, by direct injection into the tumcr. Afrar
this initial treatment, the patient may he opticnally
administersd the same or different NAALADase inhibitaer by
intermittent or continucus administration by injeccion,
subdural pump, or polymeric matrix implant. It would be
expected that the benign prostatic hyperplastic c2lls do
not deveicp into carcinoma.
EXAMPLE 18

A patient is diagnosed with adenccarcinoma of the
prostate. The adenccarcinoma appears not to have
metastasized. The adenocarcinoma would be removed by
surgery. After post-operative rescovery, the patisntg
would be locally administered NAALADase inhibitor by
intermittent or continuous administrarcion by injection,
subdural pump or by polymeric matrix implant. It would
expected that no further occurrences of the carcinoma
would develop.

EXAMELE 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 treatment modality. Tumor
tissue would be removed by surgery. The patient would be
locally administered a NAALADase inhibiter such as

described herein from the time, approximately, of thes
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initial diagnosis and would continue after surgery.
Aftsr post-operative recovery, the pacient would be
maintained at this level of NAALADzse inhibitor by a
regimen of periodic local administration. The patient
would be monitored carefully for intolerable adverse
side-effects of NAALADase inhibitor administration. It
would be expectad that no further tumors develop. If
seme of the original, small tumorous masses are detectad
after surgery, they would be expected to not grow in
size,
EZAMPLE 20

A patient ig diagnosed with ACTHE-producing tumors.
The patient may then be administersd a NAALADasa
inhibitor, such as set forth in examples 1 through 3, by
direct injection into the tumer. After this initial
Lreatment, the patient may be opticnally administered the
same or different NAALADase inhibitor by direct
injection, subdural pump, or jimplancation of a
biocompatible, polymeric matrix delivery system. It
would be expected that tumor growth or tumor cell growth
would be prevented or inhibited and that no further
occurrences of the ACTH-producing tumor would develop.

EXAMPLE 21

A btreatment such as that described in Exampls 9
wherein the patient is diagnosed with acute lymphocytic
leukemia.
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A treatment such as that described in Example g
wherain the patient is diagnosed with acute non-
lymphocytic leukemia.
EZANELE 23
A treatment such as that described in Example 9
wherein the patient is diagnosed with metastatic or non-
mecastatic cancer of the adrenal cortex.
EXAMPLE 24
A treatment such as that described in Example @
wherein the patient is diagnosed with metastatic or non-
metastatic bladder cancer.
EXAMPLE 25
A treatment such as that described in Example 9
wherein the patient iz diagnosed with metastatic or non-
metastatic brain cancer.
EXAMPLE 25
A treatment such as that described in Example 9
wherein the patient is diagnosed with metastatic or non-
metastatic breast cancer.
EXAMPLE 27
A treatment such as that described in Example 9
wherein the patient is diagnosed with metastatic or non-
metastatic cervical cancer.
EXAMPLE 28
A treatment such as that described in Example 9
wherein the patient is diagnosed with metastatic or non-
metastatic chronic lymphocytic leukemia.

EXAMPLE 29
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A treacment such as that described in Example ¢
wherain tka patient is diagnosed wich metastatic or non-
metastatic chronic myelocytic leukemia.

EXAMPLE 30

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

EXAMPTE 31

A treztment such as that described in Example 9
wherein ths patient is diagnosed with metastatic cor non-
metastatic cutaneous T-cell lymphoma.

EXAMPLE 32

A treatment such as that described in Example 9
wherain the patient is diagnosed with wmetastatic or non-
metastatic endometrial cancer.

EXAMPIE 33

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

EXAMPLE 34

A treatment such as that described in Example 3
wherein ths patient is diagnosed with metastatic or non-
metastatic Ewing’s sarcoma.

EXAMPLE 35

A treatment such as that described in Example 9
wherein tihe patienc is diagnosed with mecastatic or non-
metastatic gallbladder cancer.
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A trsatment such as that described in Example 9
wherein the patient is diagnosed with metastatic or nen-
metastatic hairy cell leukemia.

EXAMPLE 37

A trzatment such as that described in Example 9
wherein ths patient is diagnosed with metastatic or non-
metastatic head and neck cancer.

EXAMPTE 38

A treatment such as that described in Example 9
wherein the patient i1s diagnosed with metastatic or non-
metastatic Hodgkin’'s lymphoma.

EXAMPLE 39

2 treatment such as that described in Example ¢
wherein the patient is diagnossd with metastatic or nen-
metastatic Kaposi’s sarcoma.

EXAMPLE 40

A treatment such as that described in Example 38
wherein the patient is diagnosed with metastatic or non-
metastatic kidney cancerx.

EXAMPLE 41

A treatment such as that described in Example &
wherein the patient is diagnesed with metastatic or non-
metastatic liver cancer.

EXAMPLE 42

A treatment such as that described in Example %
wherein the patient is diagnosed with metascatic or non-
metastatic lung cancer (small cell and/or non-small

cell) .




10

15

20

25

WO 97/48399 PCT/US97/11538

~108-~
EXAMPLE 43
A treatment such as that described in Example g
wharein the patient is diagnosed with metastatic ow non-
metastatic malignant peritoneal effusion.
EXAMDPLE 44
A treacment such as that described in Example @
wherein the patient is diagnosed with metastatic or non-
mecastatic malignant pleural effusion.
EXAMPLE 45
A treatment such as that described in Example 3
wherein the patient is diagnosed with metastatic or non-
metastatic melancma.
EXAMPLE 46
A treatment such as that described in Exampls 9§
wherein the patient is diagnosed with metastatic or non-

metastatic mesothelioma.

EXAMPLE 47
A treatment such as that described in Example 9
wherein the patisent is diagnosed with metastatic or non-
metastatic multiple myeloma.
EXAMPLE 48
A etreatment such as that described in Exampls 9
whersin the patient is diagnosed with metastatic or non-
metagtatic neuroblastoma.

EXAMPLE 49
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A treatment such as that described in Example
wherein the patient is diagnosed with metastatic or non-
metastatic non-Hodgkin's lymphoma.

EXAMPLE 50

A treatment such as that described in Example §
wherein the patient is diagnosed with metastatic or nen-
metastatic cstecsarcoma.

EXAMPLE 51

A treatment such as that described in EZxample 9
wherein the patient is diagnosed with metastatic or non-
metastatic ovarian cancer (and/or germ cell ovarian
cancer) ,

EXAMPLE 52

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

EXAMBLE 53

A treatment such as that described in Example ©

wherein the patient is diagnosed with metastatic or non-

metastatic penis cancer.

EXAMPLE 54
A treatment sUch as that described in Example 9
wherein the patient is diagnosed with metastatic or non-
metastatic rstincblastoma.

EXAMPBIE 5%
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A treatment such as that described in Example 9
wherein the patient is diagnosed with metastatic or pan-
metastatic skin cancer.

EXAMPLE 56
3 & treatment such as that described in Exampie 9
wherein the patient is diagnosed with metastatic or non-
metastatic soft-tissue sarcoma.
EXAMPLE 57
A treatment such as that described in Example 9
10 wherein the patient is diagnosed with metastatic or non-
metastatic sguamous cell carcinoma.
EXAMPLE 38

A treatment such as that described in Example 9

wherein the patient is diagnosed with metastatic or non-
15 metastatic stomach cancer.
EXAMPLE 59

A treatment such as that described in Example 9
wherein the patient is diagnosed wich metastatic or non-
metastatic testicular cancer,

20 EXAMPLE 60

A treatment such as that described in Example 9
wherein the patient is diagneosed with metastatic or nen-
metastatic thyroid cancer.

EXAMPLE 61
25 A treatment such as that described in Example &
wherein the patient is diagnosed with metastatic or non-
metastatic trophoblastic neoplasm,

EXAMPLE €2
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A treatment such as that described in Example 5
wherein the patient is diagnosed with metastatic or non-
metastatlic uterine cancer.

EXAMPLE 53

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

EXAMPLE 64

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

EXAMPLE 65

A treatment such as that deseribed in Example §
wherein the patient is diagnosed with metastatic 0¥ non-
metagtatic Wilm’'s tumor.

The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departurs 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:
L- A compound of formula I:
W R:
Ri—P
’\X COOH
OH
wherein
R, is hydrogen, C.-C, straight or branched chain
alkyl, C,-C, straight or branched chain alkenyl
group, C,-C, cycloalkyl, C.-C, cycloalkanyl, or
Ar.;
X is CH,, O, or NR,, whers R, i1s defined above;
and

R, is C,-C, straight or branched chain alkyl, C,-G,
gtraight or branched chain alkenyl group, ;-G
cycloalkyl, C4-C, cycloalkenyl, or Ar,, wharein
said alkyl, alkenyl, ¢yecloalkyl, cycloalkenvl
or aryl group is substituted with carboxylic
acid,

wherein said alkyl, alkenyl, c¢ycloalkyl, cycloalkenyl or
aryl groups may be optionally substitutad with C-C
cycloalkyl, ¢, or & cycloalkyl, C.-C, cycloalkenyl, C.-C,
alkyl, C,-C, alkenyl, halo, hydroxyl, nitro,
trifluoromethyl, C.-C; straight or branched chain alkyl ecr
alkenyl, C.-¢, alkoxy, C.-C, alkenyloxy, phenoxy,
penzyloxy, or Ar,, and where Ar, is selected from the

group consisting of l-naphthyl, 2-naphthyl, 2-indolyil, 3-
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indolyl, 4-indolyl, 2-furyl, 3-furyl, tetranydrofuranyl
2-thienyl, 3-thienyl, 4-thienyl, 2-, 3-, or 4-pyridyl, or
phenyl, having one to five substitusnts which are
independently selected from the group consisting of

5 hydrogen, halo, hydroxyl, nitre,. trifluoromethyl, C,-C,
straight or branched alkyl or alkenyl, C,-C, alkoxy or C,-
C, alkenyloxy, phenoxy, and benzyloxy; or pharmaceutically
acceptable salts, hydrates, or mixturss thereof.

2. The compound of claim 1, wherein R, is a

10 substituted or unsubstituted aliphatic or carbocyclic
group; and R, is an aliphatic group which is substituted
with carboxylic acid.

3. The compound of claim 1, whersin R, is a
substituted or unsubstituted aliphatic or carbocyelic

15 group; and R, is C,-C, alkyl or alksnyl chain which is
substituted with carboxylic acid.

4. The compound of claim 1, whersin R, is a
substituted or unsubstituted aliphatic or carbecyclic
group; and R, is C, alkyl or alkenyl chain which is

20 substituted with carboxylic acid.

5. The compound of claim 1, wherein onme of R, or R,
is an aromatic or heterocyclic group.

6. A pharmaceutical composition which comprises:

{i} a therapeutically effective amount of the

25 compound of c¢laim 1; and
. (1i) =z pharmaceutically acceptable carrier.
7. A method of inhibiting NAATADase anzyvme

activity in an animal, which comprises:
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administering an 2ffective amount of a campound o

i

claim 1 to said animal.
8. A method of treating a prostate disease in an
animal, comprising administering an effective amounc of
5 the compound of claim 1 to said znimal.
9. The method of claim 8, whersin said prostate
disease is prostate cancer or benign prostatic
hyperplasia.

0. A compound of formula II:

La

wherein
R, is hydrogen, C,-C, straight or branched chain
alkyl, C,-C, straight or branched chain alkenyl
15 group, G-C; aycloalkyl, C,-C, cycloalkenyl, 1-
naphthyl, 2-naphthyl, ¢r phenyl; and
R, is C,-C, straight or branched chain alkvi, C~Cy
straight or branched chain alkenyl group, C,-C,
cycloalkyl, C,-C, cycloalkenyl, 1-naphthyl, 2-
20 naphthyl, or phenyl, whersin said alkyl,
alkenyl, cyclealkyl, cycloalkenyl, l-naphthyl,
2-naphthyl, or phenyl group is substitutad with
carboxylic acid,
. wherein gaid alkyl, alkenyl, cyclealkyl, cveloalkenyl or

25 aryl groups may be optionally substituted with C,-C,
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cycloalkyl, ¢, or C, cycloalkyl, Cs-C, cycloalkenyl, c.-c,
alkyl, C.-C, alkenyl, halo, hydroxyl, nitra,
triflucromethyl, C,-C; straight or branched chain alkyl or
alksnyl, €,-C, alkoxy, C,-C, alkenyloxy, phenoxy,
benzyloxy, or Ar,, and whers Ar. is selected from the
group consisting of 1-naphthyl, 2-naphthyl, 2-indelyl, 3-
indolyl, 4-indelyl, 2-furyl, 3-furyl, tetrazhydrofuranyl,
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, hydroxyl, nitro, triflucromethyl, C.-C,
straight or branched alkyl or alkeryl, C,-C, alkoxy or C.-
C, alkenyloxy, phenoxy, and benzyloxy; or pharmaceutically
acceptable salté, hydrates, or mixtures thereof.

11. The compound of claim 10, wherein R, is C,-C,
alkyl or alkenyl chain which is substituted with
carboxylic acid.

12. The compound of claim 10, wherein R, is ¢, alkyl
or alkenyl chain which is substituted with carboxylic
acid.

13. A pharmaceutical composition which comprises:

(i) & therapeutically effective amount of the
compound of claim 10; and

(i1) a pharmaceutically acceptabls carrier.

14. A method of inhibiting NAALADase enzyme
activity in an animal, which comprises:

administering an effective amount of a compound of

claim 10 -o said animal.
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15. A method cf treating a prostarve disease in an
animal, comprising administering an effective amount of
the compound of claim 10 to said animal.

16. The method of claim 15, whersin said prostata

5 disease is prostates cancer or benign prostatic
hyperplasia.

17. A compound selected from the group consisting
of:

2- [ [methylhydroxyphosphinyl]lmethyl]pentanedioic acid;
19 2- [ [ethylhydroxyphosphinyl]lmethyl]l pentanedicic acid;
2-{[propylhydroxyphospninyl]methyl]pentanedioic acid;
2- [ [butylhydroxyphosphinyl]methyl] pentanedioic acid;
2- [ [eyclohexylhydroxyphosphinyllmethyl]l pentanedioic acid;
2-[{{cyvelohexylmethylhydroxyphosphinylimethyl]
15 pentanedicic acid;
2- [ [phenylhydroxyphosphinyl]l methyl] pentanedioic acid;
2- [ [benzylhydroxyphosphinyllmethyl] centanedioic acid;
2- [ [phenylethylhydroxyphosphinyl]lmethyl] pentanedioic
agid;
20 2- [ [phenylpropylhydroxyphosphinyl]lmethyl]lpentanedioic
acid;
2- [ [phenylbutylhydroxyphosphinyl]methyllpentanedicic
acld;
2- [ [(4-methylbenzyl) hydroxyphosphinyl] methyl]l pentanedicic
25 acid;
2- [ [{4-fluorobenzyl) hydroxvohosphinyl]lmethyl] penzanedicic

acid;
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2-[[(2-fluorobenzyl)hydroxyphosphinyllmethyl]pentanedioic
acid;
2—[[(pentafluorobenzyl)hydrcxyphosphinyl}methylj
pentanedioic acid;
2-f{(é-methoxybenzyl)hydroxyphosphinyl]methyl]
pentanediocic acid;
2-[[(4—fluorophenyl)hydroxyphosphinyl]methyljpencanedioic
acid;
2-[[((hydroxy)phenylmethyl)hydroxyphosphinlemethyl]
pentanedicic acid;
2—E[(3~methylbenzyl)hydroxyphosphinyl]methyl}pentanedioic
acid;
2—[(dihydroxyphosphinyl)methyl]pentanedioic acid;
2-[f(3—benzotrifluoride)hydroxyphosphinyl]methyl]
pentanedicic acid;
2-00(2, 3, 4-trimethoxyphenyl)hydroxyphosphinyl}methyl]
pentanedioic acid;
2-[[(l-naphthyl)hydroxyphosphinyl]mathyl]pentanedioic
acid;
2~[[(2~naphthyl)hydroxyphosphinyl]methyl]pentanedioic
acid;
2~[E(l-naphthyl)methylhydroxyphosphinyl]methyl]
pentanedicic aaid;
2-[[(2"naphthyl)methylhydroxyphosphinyl]methyl}
pentanedioic acid;
2-[[(l—naphthyl)ethylhydroxyphosphinyl]methyl]

pentansdioic acid;
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2-{i(2-napnchyl)ethylhydroxyphesphinyl] methyl]
pentanedioic acid;
2-{[(l-naphzhyl)propylhydroxyphosphinyl] methyl]
pentanedioic acid;

2- [ [{2-naphthyl) propylhydroxyphosphinylimechyl}
pentanedicic acid;

2- [ [{l-naphthyl)butylhydroxyphosphinyl]methyl]
pentanedioic acid;
2-[[(2-naphchyl)butylhydroxyphosphinyll methyl]
pentanediolc acid;

2~ [{ ({phenyiprop-2-enyl) hydroxyphosphinyl] methyl]
pentanedicic acid;

2~ {(methylhydroxyphosphinyl)methyl] hexanedioic acid;
2- [ (kenzylhydroxyphosphinyl)methyl] hexanedioic acid:;
2- [ (methylhvdroxyphosphinyl)methyl] heptanedioic acid;
2~ [ {benzylhydroxyphosphinyl)methyll heptanedioic acid;
2- [ (methylaydroxyphosphinyl)methyl] cctanedioic acid;
2- [ {benzyihydroxyphosphinyl) methyl]l octanedioic acid;
2- [ (methylhydroxyphosphinyl)methyl] nonanedioic acid;
2~ [ (benzylhyvdroxyphosphinyl)methyllnonanedioic acid;
2- [ {methylhydroxyphosphinyl) methyl]l decanedioic acid;
2- [ (benzylhvdroxyphosphinvl)methyl] decanedioic acid;
2-[[{(2-pyridyl)methylhydroxyphosphinyllmethyl]
pentanedicic acid;
2-[[3-pyridyl)methylhydroxyphosphinylmethyl]
pentanedicic acid;

2- [ [{4-pyridvl)methylhydroxyphosphinyl]methyl]

pentanedicic acid;
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2- [[{3-pyridyl) ethylhydroxyphosphinyllmethyl] pentanedioic
acid;
2- {{(3-pyridyl) propylhydroxyphosphinyl]lmechyl]
pentanedioic acid;
2- [ [(cetrahydrofuranyl) methylhydroxyzhosphinyl|mechyl!
pentanedioic acid;
2-I[(cetrahydrofuranyl)ethylhydrexyphosphinyllmethyl]
pentanedioic acid:
2-[ [ (tetrahydrofuranyl) propylhydroxyphosphinyl] methyl]
pentanedioic acid;
2-[[(2-indolyl}methylhydroxyphosphinyl]lmethyll
pentanedioic acid;
2-[{{3-indolvl) methylhydroxyphosphinyl]mathyl]
pentanedicic acid;
2-[[{4-indolyl)methylhydroxyphosphinyljmethyl]
pentanadiolc acid;
2- [[(3-indolyl) ethylhydroxyphosphinyl]lmethyl]pentanedioic
acid;
2- [ (3-indolyl) propylhydroxyphosphinyl] methyl]
pentanedioic acid;
2-[[(2-thienyl)methylhydroxyphosphinyllmethyl]
pentanedioic acid;
2- [[{3-thienyl) methylhydroxyphosphinyllmethyl]

pentanediocic acid;

pentanedioic acid;
2-[[(3-thienyl)ethylhydroxyphosphinyl]lmethyl]pentansdioic

acid;
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2-[[(3-thienyl)propylhydroxyphosphinyl]methyl]
pentanedioic acid; and
a pharmaceutically acceptable salz, hydrate, or a mixturs
thersof.

18. A compound selected from the group consisting
of:
2- [{benzyihydroxyphosphinyl) methyl] pentanedioic acid;
2-[(phenylhydroxyphosphinyl)methyl]pentanedioic acid;
2-[[((hydroxy)phenylmethyl)hydroxyphosphinyl]methyl]
pentanedioic acid;
2—[(butylhydroxyphosphinyl)methyl]pentanedioic acid;
2~[[(3~methylbenzyl)hydroxyphosphinyl]methyl]pentanediOic
acid;
2—[(3-phenylpropylhydroxyphosphinyl}methyl]pentanedioic
acid;
2—[[(4~fluorophenyl)hydroxyphosphinlemethyljpentanedioic
acid;
2- [ (methylhydroxyphosphinyl) methyl] pentanedioic acid;
2- [{phenylethylhydroxyphosphinyl)methyl]lpentanedioic
acid;
2:[[(4—methylbenzyl)hydroxyphosphinyl]methyl]pentanedioic
acid;
2- [[(4~fluocrobenzyl) hydroxyphosphinyl! methyl]l pentanedioic
acid;
2- [[{4-methoxybenzyl) hydroxyphespininyl] methyl]
pentanedicic acid;

2-{({dihyvdroxyphosphinyl)methyl] pencanediocic acid;
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2-[[(3~benzotrifluoride)hydroxyphosphinyl]methyl}

pentanedicic acid;

2-[[(2-fluorobenzyl)hydroxyphosphinyllmethyl]pentanedioic
acid;
5 2- [[{pentafluorobenzyl) hydroxyphospninyl]methayl]

IS

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

19. A compound of formula II:

ﬁ Re
RF_ﬁP\\»/J\\
' COOH
OH
10
Iz
wherein
R, is Ar,; and
R, is €,-Cy straight or branched chain alkyl, ¢,-C,
1s straight or branched chain alkenyl group, ¢,-C,
cycloalkyl, C.-C, cycleoalkenyl, or Ar,, wherein
said alkyl, alkenyl, cycloalkyl, cycloalkenyl
or aryl group is substituted with carboxylic
acid,
20 wherein gsaid alkyl, alkenyl, cyclealkyl, cycloalkenyl or

aryl groups may be optionally substituted with C,-C,
cycloalkyl, C; or C; cycloalkyl, C3-C, cycloalkenyl, C,-C,
alkyl, C,-C, alkenyl, halo, hydroxyl, nitro,
trifluoromethyl, C,-C; straight or zranched chain alkyl oz

25 alkenyl, C.-C, alkoxy, C,~C, alkenyloxy, phenoxy,



10

15

20

25

WO 97/4839% PCT/US97/11538

-123-
berzvlexy, or Ar,, and where Ar, is selected from the
group consisting of Ll-naphthyl, 2-naphthyl, 2-indolvl, 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, hale, hydroxyl, nitro, triflucromethyl, C. -C,
straight or branched alkyl or alkenyl, C.-C, alkoxy or C.-
C, alkenyloxy, phenoxy, and benzylexy; or pharmaceutically
acceptable salts, hydrates, or mixtures thereof.

20. The compound of claim 15, wherein R, is a (-G
alkyl or alkenyl chain which is substituted with
carboxylic acid.

21. The compound of claim 19, wherein R, is a G
alkyl or alkenyl chain whick is substituted with
carboxylic acid.

22. A pharmaceutical compesition which comprises:

{i] a therapeutically effective amount of the
compound of claim 1%; and

(ii) a pharmaceutically acceptable carrier.

23. A method of inhibiting NAALADase enzyme
activity in an animal, which comprises:

administering an effective amount of a compound of
claim 19 to said animal.

24. A method of treating a prostate diseass in an
animal, comprising administering an effective amount of

the compcund of claim 19 to said animal.
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25. The method of c¢laim 24, wheresin said prostata
disease is prostate cancer or benign prostatic
hyperplasia.

26. A compound selected from the group consisting
of:

2- [[{2-pyridyl) hydroxyphesphinyllmethyl] pentanediocic
acid;

2-[[(3-pyridyl) hydroxyphosphinyl]lmechyl] pentanadicic
acid;

2- [[(¢-pyridyl) hydroxyphosphinyllimethyl] pentanadicic
acid;

2- [[(tetrahydrofuranyl) hydroxychosphinyl}methyl]
pentanedioic acid;

2-[[(2-indolyl) hydroxyphosphinylimethyl] pentanedioic
acid;

2-[[{3-indolyl) hydroxyphosphinyllmethyl]lpentanedicic
acid;

2-{[(4-indolyl) hydroxyphosphinyl]mechyl] pentanedioic
acid;

2-[[{2-thienyl) hydroxyphosphinylimethyl] pentanedioic
acid;

2~ [[{3-thienyl) hydroxyphosphinyl]methyl] pentanedioic
acid;

2- [{{4-thisnyl) hydroxyphosphinyl]methyl] pentanadioic
acid; and

a pharmaceutically acceptable salt, hydrate, or a mixture

27. A compound of formula III:
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is hydrogen, C,-C, strailght or branched chain
alkyl, -0, straight or branched chain alkenyl
group, C,-C, cyecloalkyl, C.-C; cyeloalkenvl, 1-
naphthyl, 2-naphthyl, or phenyl, and

is C,-C, straight or branched chain alkyl, C,-¢,
straight or branched chaiz alkenyl group, C3-Cy
cycloalkyl, €;-C, cycloalkanyl, 1-naphthyl, 2-
naphthyl, or phenyl, wherein said alkyl,
alkenyl, cyeloalkyl, cycleoalkenyl, l-naphthyl,
2-naphthyl, or phenyl group is substituted with

carbeoxylic acid,

wherein said alkyl, alkenyl, cycloalkyl, cycleoalksnyl or

aryl groups may be opticnally substicured with Cy-Cy

cycloalkyl, ¢, or Cs cycloalkyl, C.-C, cycloalkenyl, C.-C,

alkyl, C,-C, alkenyl, halo, nydroxyl, nitro,

trifluoromethyl, C,-C; straight or branched chain alkyl cr

alkenyl, C,-C, alkoxy, C;-C, alkenyloxy, phenoxy,

benzyloxy, or Ar,, and where Ar, is selected from the

group consisting of l-naphthvl, 2-naphthyl, 2-indelyl, 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 substituants which are

-l
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independently selected from the group consisting of
hydrogen, nalo, hydroxyl, nitro, trifluoromethyl, c,-c,
straight or branched alkyl or alkenyl, C,-C, alkoxy or c,-
C, alkenyloxy, phenoxy, and benzyloxy; or pharmaceuticall
acceptable salts, hydrates, or mixtures theraof.

28. The compound of claim 27, wherein R, is a Ca=Cy
alkyl or alkenyl chain which is substituted with
carboxylic acid.

22. The compound of claim 27, wherein R, is a C,
alkyl or alkenyl chain which is substitutsd with
carboxylic acid.

30. A pharmaceutical composition which comprises:

(i) a therapeutically effective amount of the
compound < claim 27; and

(11} a pharmaceutically acceptable carrier.

31. A method of inhibiting NAALADase enzyme
activity in an animal, which comprises:

administering an effective amount of a compound of
claim 27 to said animal.

32. A method of treating a prostate disease in an
animal, comprising administering an effective amount of
the compound of claim 27 to said animal.

33. The method of c¢laim 32, wherein said prostate
disease is prostate cancer or benign prostatic
hyperplasia.

34. A compound selected from the group consisting
of:

2- [ imethylhydroxyphosphinvl] oxylpentansdicic acid;
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2- [{ethylhydroxyphosphinyl]l oxy] pentanedicic acid;
2- [ [propylhydroxyphosphinyl] oxyl pentanedicic acid;
2- [ [butylhydroxyphosphinyl] oxy] pentanedioic acid;
2~ [ [cyclohexylhydroxyphosphinyl]l oxy] pentanedioic acig;
2- [[{eyclohexyl) methylhydroxyphosphinyl] oxyl pentanedioic
acid;
2- [ [phenylhvdreoxyphosphinyl] oxyl pentanedioic acid:
2- [ {benzylhydroxyphosphinyl] oxyl pentanedicic acid:
2- [ [phenylethylhydroxyphosphinyl] oxyl pentanedioic acid;
2- [ [phenylpropylhydroxyphosphinyl] cxy] pentanedicic acid;
2- [ Iphenylbutylhydroxyphosphinyl] oxy] pentanedioic acid;
2~ [[{4-methylbenzyl) hydroxyphosphinyl] oxy] pentanedicic
acid;
2- {[{4-fluorobenzyl) hydroxyphosphinyl] oxylpentanedioic
acid;
2-[[{2-fluorobenzyl) hydroxyphosphinvl}oxyl pentanedioic
acid;
2- {[(pentafluorobenzyl) hydroxyphosphinyl) oxy]
pentanedioic acid;
2- [ [ {(methoxybenzyl) hydroxyphosphinyl] oxy] pentanedioic
acid;
2- [[(4-fluorophenyl) hydroxyphosphinyl] oxy] pentanadioic
acid;
2- [ [{ {hydroxy) phenylmethyl) hydroxyphosphinyl] oxy]
pentanediocic acid;
2- [[(3-methvlbenzyl} hydroxyphosphinyvl] oxy] pentanedicic
acid;

2- [{dihyéroxyphesphinyl) oxyl pentanedioic acid;
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2-[[(3-benzotriﬁlu0ride)hydroxyphosphinyl]oxy]
pentanedioic acid;
2-[[(z2, 3, ¢-trimethoxyphenyl) hydroxyphosphinyl] oxy)
pentansdicic acid;

2- [[{1-naphthyl) hydroxyphosphinyl] oxy] pentanedicic acid;
2- [{{2-naphthyl) hydroxyphosphinyl] oxy]l pentanedioic acid;
2- [[{l-naphthyl)methylhydroxyphosphinyl] oxy] pentanedioic
acid;

2- [[{2-naphthyl)methylhydroxyphospninyl] oxy] pentanadioic
acid;
2~[[(1-naphthyl)ethylhydroxyphosphinyl]oxy]pentanedioic
acid;

2-[[(2-naphthyl}ethylhydroxyphosphinyl] oxy]pentanedicic
acid;

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

2-[[(2-naphthyl) propylhydroxyphosphinyl] oxy] pentanadioic
acid;

2-{ [{1-naphthyl) butylhydroxyphosphinyl] oxy]l pentanedicic
acid;

2-[[{2-naphchyl} butylhydroxyphosphinyill oxy] pentanadioic
acid;

2- ([ {phenylprop-2-enyl) hydroxyphosphinyl] oxy] pantanadioic
acid;

2- [ (methylhydroxyphosphinyl) oxy] hexanedioic acid;
2-[{kenzylhydroxyphosphinyl) oxy] hexanedioic acid;
2-[(methylhydroxyphosphinyl) oxy] hepranedicic acid;

2- [ (benzylihvdroxyphosphinyl)oxyl hepzanedioic acid;
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2- [ (methylhvdroxyphosphinyl) oxyl octanedicic acid;
2- [ (benzylhydroxyphosphinyl) oxyloctanedicic acid:
2- [ {methylhydroxyphospninyl) oxylnonanedicic acid;
2- [{benzylhydroxyphosphinyl) oxyinonanedicic acid;
2- [ (methylnydroxyphosphinylioxyldecanedioic acid;
2- [ (benzylhydroxyphosphinyl) oxy] decanedioic acid;
2-[[(2-pyridyl) mechylhydroxyphosphinyl] oxy]l pentansdioic
acid;
2- [[(3-pyridyl)methylhydroxyphosphinyl] oxylpentanadicic
acid;
2-[[(4~-pyvridyl)methvlhydroxyphosphinyl) oxylpentanedioic
acid;
2-[[(3-pyridyl)ethylhydroxyphosphinyl] oxy) pentanedioic
acild;
2-[[(3-pyridyl)propylhydroxyphosphinylioxylpentanedioic
acid;
2-[ [ {tetrahydrofuranyl) methylhydroxyphosphinyl] oxy)
pentanedioic acid;
2- [ [{tetrahydrofuranyl) ethylhydroxyphosphinyl] oxy]
pentanedioic acid;
2- [ [{tetrahydrofuranyl) propylhydroxyphosphinyl] oxy)
pentanedicic acid;
2-{({2-indolyl) methylhydroxyphosphinvl] oxy] pentanedioic
acid;

2-{[{3-indoly]l) methylhydroxyphesphinyl] oxy] pentanediocic

indolyl) methylhydroxyphosphinyl] oxy] pentanadicic

b
'
—
—
ik
i
=

PCT/US97/11538
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2-[[{3-indelyl}ethylhydroxyphosphinyl] oxyl pentanediois
acid;
2-[[(3-indolyl) propylhydroxyphosphinyl] oxylpentanadioic
acid;
2-[[(2-chienyl) methylhydroxyphosphinyl]oxy] pentanedicic
acid;
2-[[(3-thienyl)methylhydroxyphosphinyl]oxy]pentanedioic
acid;
2-{[(4-thienyl)methylhydrcxyphosphinyl] oxy]lpentanadicic
acid;
2-[[(3-thienyl)ethylhydroxyphosphinyl] oxy] pentanedioic
acid;
2-[[{(3-thienyl)propylhydroxyphosphinvl]oxyl pentanedioic
acid; and
a pharmaceutically acceptable salt, hydrata, or a mixture
thereof.

35. A compound selected from the group consisting
of:
2- [ {(benzylhvdroxyphosphinyl) oxyl perntanedioic acil;
2~ [ (phenylhydroxyphosphinyl) oxy] pentanedioic acid;
2-[ [ { (hydroxy) phenylmethyl) hydroxyphosphinylloxy]
pentanedioic acid;
2- [ {(butylhydroxyphosphinyl) oxylpentanedicic acid;
2+ [{{3-methylbenzyl)hydroxyphosphinyll oxylpentanedioic
acid;
2- [{3-phenvlpropylhydroxyphosphinyl) oxylpencanadiolic

acid;
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2-[[(4-fluocrophenyl) hydroxyphosphinyl] oxyl pentanedicic
acid;

2- [{methylhydroxyphosphinyl) oxylpentanadioic acid;

2- [ (phenylethylhydroxyphosaphinyl)oxyl pentanedioic acid;

5 2~ [ [ (4-methylbenzyl) hydroxyphosphinyvlloxyl pentanadicic

acid;

2- [ [{¢-£fluorcbenzyl) hydroxyphosphinyl] oxyl pentanedioic

acid;

2- ([ {4-methoxybenzyl) hydroxyphosphinyl] oxy] pentanedioic
10 acid;

2- [ (dihydroxyphosphinyl) oxylpentansdioic acid;

2-[[({3-benzotrifluoride) hydroxyphosphinyl] oxyl

pentanedicic acid;

2= [[{2-fluorobenzyl) hydroxyphosphinyl] oxy]l pentanedioic
15 acid;

2- [ { {pentafluoraobenzyl) hydroxyphosphinyl] oxyl pentanedicic

acid; and

a pharmaceutically acceptable salt, hydrats, or a mixture

thereof.
20 36, A compound of formula III:
T” R
ot L
I\‘o COOH
H
II:
wherein

R, is Ar,; and
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R, is ¢,-C, straight or branched chain alkyl, C,-¢,
straight or branched chain alkenyl group, C(,-C,
cycloalkyl, C.-GCy cycloalkenyl, or Ar,, whersin
said alkyl, alkenyl, cycloalkyl, cyclealkenyl
or aryl group is substituted with carboxylic
acid,

wherein said alkyl, alkenyl, cycloalkyl, cycloalkenyl or
aryl groups may he optionally substituted with C;-C,
cycloalkyl, ¢, or C, cycloalkyl, C;-C, cycloalkenyl, C,-C,
alkyl, ¢,-C, alkenyl, halo, hydroxyl, nitro,
triflucromethyl, C,-C; straight or branched chain alkyl or
alkenyl, C,-C, alkoxy, C,-C, alkenyloxy, phenoxy,
benzyloxy, or Ar,, and where Ar, is gelected from the
group consisting of l-naphthyl, 2-naphthyl, 2-indelyl, 3-
indelyl, 4-indolyl, 2-furyl, 3-furvl, tetrahydrofuranyl,
2-thienyl, 3-thienyl, 4-thienyl, 2-, 3-, or 4-pyridyl, or
phenyl, having one to five substituents which are
independently selacted from the group consisting of
hydrogen, hale, hydroxyl, nitro, trifluoromethyl, C;-Cq
straight or branched alkyl or alkenyl, C,-C, alkoxy or C.-
C, alkenylexy, phencxy, and benzyloxy; or pharmaceutically
acceptable salts, hydrates, or mixtures thereofk.

37. The compound of claim 35, wharein R, is a -G
alkyl or atkenyl chain which is substituted with
carboxylic acid.

3. The compound of claim 3§, wherein R; is a &
alkyl or alkenyl chain which is substituted with

carboxylic acid.
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35. A pharmaceutical composition which comprises:

{1) a therapeutically effectivs amount of the
cempound of claim 36; and

(11) a pharmacsutically acceptable carrier.

5 40. A method of inhikiting NAALADase enzyme
activity in an animal, which comprises:

administering an effective amcuat of a compound of
claim 36 to said animal.

41. A method of treating a prostate diseass in an

10 animal, comprising administering an effective amount of
the compound of claim 36 to said animal.

42. The method of claim 41, wherein said prostate
disease is prostate cancer or benign prostatic
nyperplasia.

15 43, A compound selected from the group consisting
of:
2- [ ({2-pyridyl) hydroxyphosphinyl]cxy]pentanediocic acid;
2- [ [ (3-pyridyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2- [ [ {4-pyridyl) hydroxyphosphinyl] oxy] pentanedioic acid;
20 2-[[({tetrahydrofuranyl) hydroxyphosphinyl] oxy] pentanedicic
acid;
2-[[(2-indolyl) hydroxyphosphinyl] oxy] pentanedioic acid;
2-[[{3-indolyl) hydroxyphosphinyl] oxy]l pentanedioic acid;
2-[[(4-indolyl) hydroxyphosphinylloxyl pentanedicic acid:
25 2- [ [(2-thienyl) hydroxyphosphinyl] oxy] pentanadiocic acid;
2-{{(3-thienyl) hydroxyphosphinyl]oxylpentanedicic acid;
2-[[(4-thienyl)hydroxyphosphinyl]l oxylipentanedicic acid;

and
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a pharmacesutically acceptable salt, hydrate, or a mixcure
thersof.

44, 2 compound of formula IV:

W R:
v b L
| SN cooH
R1
OH
Iv
5 wherain
R. is hydrogen, C;-C, straicht or branched chain
alkyl, C,-C, straight or branched chain alkenyl
group, C,-C, cycloalkyl, C;-C, cycloalkenyl, 1-
naphthyl, 2-naphthyl, oxr phenyl; and
10 R, ig C,-C, straight or branched chain alkyl, C,-C,
scraight or branched chain alkenyl group, C,-GC
cvcloalkyl, C;-C, cycloaikenyl, l-naphthyl, 2-
raphthyl, cor phenyl, wherein said alkyl,
alkenyl, cycloalkyl, cycloalkenyl, 1-naphthyl,
15 2-naphthyl, or phenyl group is substituted with

carboxylic acid

wherein said alkyl, alkenyl, cycloalkyl, cycleoalkenyl or

aryl groups may be cpticonally substituted with C,-Cj

cycloalkyl, ¢, or C, cycloalkyl, C,-C, cycloalkenyl, C,-C,
20 alkyl, C,-C, alkenyl, haleo, hydroxyl, nitro,
trifluoremethyl, C,-C, straight or branched chain alkyl or
alksnyl, C.-¢, alkoxy, C.-C, alkenyloxy, phencxy,
benzylaxy, or Ar,, and where Ar, is selected _from the
group consisting of l-maphthyl, 2-raphthyl, 2-indclyi, 3-

25 indelyl, 4¢-indolyl, 2-furyl, 3-furvl, tetrahydrofuranyl,
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2-thienyl, 3-thienyl, 4-thienyl, 2-, 3-, or 4-pyridyl, or
phenyl, having cne to five substituents which are
independently selected from the group consisting of
hydrogen, halo, hydroxyl, nitro, trifluoromethyl, C,-C,
straight or branched alkyl or alkeryl, ¢,-C, alkoxy or C.-
C, alkenvloxy, phenoxy, and benzylcxy; or pharmaceutically
acceptable salts, hydrates, or mixtures thereol.

45. The compound of claim 44, wherein R, is (,-C,
alkvl or alkenyl chain which is substituted with
carboxylic acid.

46, The compound of claim 44, wherein R, is C; alkyl
or alkenyl chain which is substituted with carboxylic
acid.

47. A pharmaceutical composition which comgprises:

(i) a therapeutically effective amount of the
compound of claim 44; and

(ii) a pharmaceutically acceptable carrier.

48. A method of inhibkiting NA2LADase enzyme
activity in an animal, which comprises:

administering an e2ffective amount of a compound of
claim 44 to sald animal.

49. A methed of treating a prostate diseass in an
animal, comprising administering an affective amount of
the compound of claim 44 to said animal.

0. The method of claim 49, wherein said prostate
disease is prostate cancer or beniga prostatic

hyperplasia.
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1. A compound selected from the group consisting
of:
2- [ [methylhydroxyphosphinyl] amino] pentanedicic acid;
2- [[ethylhydroxyphosphinyl] amino] pencanedicic acid:
2- [ [propylhydroxyphosphinyl] aminol pentanedioic acid;
2- [ [butylhydroxyphosphinyll amino]pentanedioic acid;
2- {[cyclonexylhydroxyphasphinyl] anino] pentanadioic acid;
2=
([ {cyclohexyl)methylhydroxyphosphinyl] amine] pentanedioic
acid;
2- [[phenylhydroxyphosphinyl] amino] pentanedioic acid;
2- [[benzylhydroxyphosphinyl] amino] pentanedioic acid:
2- {{phenylethylhydroxyphosphinyl] aminol pentanedioic acid;
2- [ [phenylpropylhydroxyphosphinyl]l aminol pentanedioic
acid;
2—[[phenylbutylhydroxyphosphinyl]amino]pentanedioic acid;
2- [ [ (4~methylbenzyl) hydroxyphosphinvl] amine) pentanedicic
acid;
2-[[(4-£fluorobenzyl) hydroxyphosphinvliaminc] pentanedioic
acid;
2-[({2-flucrobenzyl) hydroxyphosphinyl] aminc] pentanedioic
acid;
2- {[{pentafluorobenrzyl) hydroxyphesphinyl] amino]
pentanediocic acid;
2- [ [ {methexybenzyl) hydroxyphosphinyl] amino] pentansdicic
acid;
2-[[(4-fluorophenyl)hydroxyphosphinyl]amino]ﬁentanedioic

acid;
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2-[[{ (hydroxy) phenylmethyl) hydroxvohosphinyl] amine]
pentanadicic acid;
2- {[{3-metaylpenzyl) hydroxyphosphinyl] amino] pentanadioic
acid;
2- [ (dihydroxyphosphinyl)aminol pentanediocic acid;
2- [[{3-benzotroflucride) hydroxyphosphinyl] amino]
pentanediocic acid;
2-10{2, 3, 4-trimethoxyphenyl)hydroxyphosphinyilamina]
pentanedioic acid;
2-[[(1-naprhthyl) hydroxyphosphinyl] amino] pentanedioic
acid;
2- [[{2-napithyl) hydroxyphosphinyll aminc] pentanadicic
acid;
2-[[{1-naphthyl)methylhydroxyphosphinyl] amino]
rentanedioic acid;
2- [[(2-naphthyl)methylhydroxyphosphinyl] amino]
pentanedicic acid;
2- [[{i-naphthyl)ethylhydroxyohosphinyl] amino] pentanedioic
acid;
2-[{{2-naphthyl)ethylhydroxyphosphinyl] amino) pentanedioic
acid;
2-{[(1-naphthyl)propylhydroxyphosphinyl]amine]
pentanedioic acid;
2-{[(2-naphthyl) propylhydroxyphosphinyl]amino]
pentanedicic acid;
2-[ [ {L-nasathyl)butylhydroxyphosehinyl] amino] pentanedioic

acid;
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2-EE(2-naphthyl)butylhydroxyphcsphinyl]amino]pentanedioic-
acid;
2—[[(phenylprop-Z—enyl)hydroxyphosphinyl}aminc}
pentanediolic acid;
2- [ {methylhydroxyphosphinyl)amino] hexanedicic acid;
2- [ (benzylhydroxyphosphinyl) amino] hexanedioic acid;
2- [ (methylhydroxyphosphinyl) amino] heptanadioic acid;
2~ [ (berzylhydroxyphosphinyl) amino] neptanedioic acid;
2- [{methylhydroxyphosphinyl)aminol octanedioic acid;
2- [ (benzylhydroxyphosphinyl} aminoj octanadioic acid;
2- [ {methylhydroxyphosphinyl) amine] nenanedioic acid;
2- [ (benzylhydroxyphosphinyl) amine] nonanedicic acid;
2~ [ {methylhydroxyphesphinyl) amino] decanedicic acid:
2- [ (benzylhydroxyphosphinyl) amino] decanedioic acid;
2-[[(2-pyridyl) methylhydroxyphosphinyl] amine] pentanedicic
acid;
2-{[(3-pyridyl) mechylhydroxyphosohinyl]amine] pentanadicic
acid;
2- [ [{4~pyridyl)methylhydroxyphosphinyl] amine] pentanedioic
acid;
2-[[(3-pyridyl)ethylhydroxyphosphinyl] amino] pentanedioic
acid;
2- [[{3-pyridyl) propylhydroxyphosphinyl]amino] pentanedioic
acid;
2~ [ (tetrahydrofuranyl)methylhydroxyphosphinyll amino]
pentanadicic acid;
2-[[{tetrahydrofuranyl)ethylhydroxvohospninyl] amino)

pentanedicic acid;
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2—[[(tetrahydrofuranyl)propylhydrcxyphosphinyl]amino]
pentanedicic acid;
2—[[(2—indolyl)methyl‘ydroxyphosphinleamino]pentanedioic
acid;
2-[[(3-indolyl)methylhydroxyphosphinyl}amino]pentanedioic
acid;
2-[{(é—indolyl)metbylhydroxyphosphinyl]amino]pentanedioic
acid;
2—[[(B-indolyl)ethylhydroxyphosphinyl]aminolpentanedioic
acid;
2—[[(3—indolyl)propylhydroxyphosphinyl]aminoJpen:anedioic
acid;
2~[[(2-thienyl)methylhydroxyphosphinyl]amino}pentanedioic
acid;
2—[[(B—th:enyl)methylhydroxyphosphinyl]aminolpentanedioic
acid;

2—[[(4«thienyl)methylhydroxyphosphinyl]amino}pentanedioic

b}
[¢]

id;
2-[{(3—thienyl)ethylhydroxyphosphinyl]amino]pentanedioic
acid;
2—[[(B—thienyl)propylhydroxyphosphinyllamino]pentanedioic
acid; and

z pharmaceutically acceptable galt, hydrate, or a mixture
thareof.

52, A compound selected from Lhe group consisting

o=
2—[(benzylhydroxyphosphinyl)amino}pen:anedioic acid;

2-[(phenylhydroxyphosphinyl)amino}pentanedioic acid;
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2- [[{ (hydroxy) phenylmetinyl) hydroxyzhosphinyl] amine]
pentanedioic acid;
2- [ (butylhydroxyphosphinyl}aminolpentanediolc acid;
2-[[{3-methylbenzyl) hydroxyphosphinyl] aminc]pentanedioic
acid;
2-[(3—phenylpropylhydroxy;hosphinyl)amino]pentanedioic
acid;
2- [ [(4-fluorophenyl) hydroxyphosphinyl] aminolpentanedioic
acid;
2- [ (methylhydroxyphosphinyl) aminc] pentanedioic acid;
2- [ (phenylethylhydroxyphosphinyl) aminc] pentanedicic acid;
2-[[{4-methylbenzyl) hydroxyphosphizyl] amino] pentanedioic
acid;
2-[[(4-fluorobenzyl) hydroxyphosphinyllamino]pentanedioic
acid;
2- [ [ (4-methoxybenzyl) hydroxyphosphinyl]amino] pentanedioic
acid;
2- [ {dihydroxyphosphinyl) aminol pentaredioic acid;
2-[[(3-benzocrifluoride) hydroxyphoschinyl] amina]
pentanedicic acid;
2-[[{2-fiuorobenzyl) hydroxyphosphinyl] aminol pentanedioic
acid;
2—[[(pentafluorobenzyl)hydroxyphosphinyl}amino]
pentanedicic acid; and
a pharmaceutically acceptable salt, hydrate, ©r a mixture
thereof.

53. A compound of formula IV:
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ﬁ R:
Ri—p /J\
| Sy ™ coom
R1
OH
whexein
R, is Ary; and
R, is -, straight or branched chain alkyl, C,-C,

straight or branched chain alkenyl grour, Cc,-C,
cycloalkyl, C,-C, cycloalkenyl, or Ar,, whersin
said alkyl, alkenyl, cycloalkyl, cycloalkenyl
or aryl group is substituced with carboxvlic
acid
whersin said alkyl, alkenyl, cyclealkyl, cvcloalkanyl or
aryl groups may be optionally subscituted with Cy-C,
cycloalkyl, ¢, or C; cycloalkyl, C-C, cynloalkenyl, C,-C,
alkyl, C,-C, alkenyl, halg, hydroxyl, nitro,
trifluoromechyl, C,-C, straight or branched chain alkyl orx
alksnyl, ¢;-¢, alkoxy, C,-€, alkenvloxy, phenoxy,
benzyloxy, or Ar,, and wherse Ar, 1s selected from the
group consisting of l-napthyl, d-napthyl, 2-indolyl, 3-
indelyl, 2-indolyl, 2-furyl, 3-furyl, tetrahydrofuranyl,
Z-thienyl, 3-thienyl, 4-thienyl, 2-, 3-, or 4-pyridyl, or
phenyl, having ore to five substituents which are

independently selected from the group consisting of

straight or branched alkyl or alkenyi, C,-C, alkoxy or C,-
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C, alkenyleoxy, phenoxy, and benzyleoxy; or pharmaceutically
acceptable salts, hydrates, or mixturss thereof.

54, The compound of claim 53, wheresin R, is & ¢,-C,

alkyl or alkenyl chain which is substituted with
5 carboxylic acid.

55. The compound of claim 53, wherein &, is a C,
alkyl or alkenyl chain which is substituted with
carboxylic acid.

56. A pharmaceutical composicion which comprises:

10 (i) a therapeutically effective amount of the
compound of claim 53; and

{ii) & pharmaceutically acceptable carrier.

57. A method of inhibiting NAALADase enzyme
activity in a2 animal, which comprises:

15 administering an effsctive amount of a compound of
claim 53 to said animal.

58. A method of treating a prostate disease in an
animal, comprising administering an effective amount of
the compound of claim 53 to said animal.

20 59. The method of claim 58, wherein said prostate
disease is prostate cancer or benign prostatic
hyperplasia.

60. A compound sslected from the group consisting
of:

25 2-[[{2-pyridyl) hydroxyphosphinyl] amino] pentanedioic acid;

) 2-[[(3-pyridyl) hydroxyphosphinyl]amino] pencanedicic acid;

2- [[{4¢-pyridyl) hydroxyphosphinyl] amine] pentanedioic acid;
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2-[ [ {tetrahydrofuranyl) dydroxyphosphinyl] amino] pentanedicic acid,
2-[[ {2 - indolyl) hydroxyphosphinyl] amino] pentanediocic acid;
2 [ (3 - indolyl) hydroxyphosphinyl] amino] pentanedioic acid,
2-[ [ (4 - indolyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[ [ {2 - thienyl) hydroxyphosphinyl] amina] pentanedioic acid,;
2-[[ (3 - thienyl) hydroxyphosphinyl] amino] pentanedioic acid;
2-[ [ (4 - thienyl) hydroxyphosphinyl] amine] pentanedioic acid; and
a pharmaceutically acceptable salt, hydrate, or a mixture thereof,

61. A method inhibiting NAALADase enzyme activity in @ human, which
comprises: administering an effective amount of a compound of any one of claims
1105 10t0 12, 17 to 21, 26 to 29, 34 to 38, 43 to 46, 51 to 55 or 60 te said
human.

62. A method of treating a prostate disease in a human comprising
administering an effective amount of a compound of any cne of claims 110 5, 10 to
12, 17 t0 21, 26 t0 29, 34 to 38, 43 to 46, 51 to 55 or 60 to said human.

83. The method of claim 62 wherein said prostate disease is prostate
cancer or benign prostatic hyperplasia.

64. A compound according to any one of claims 110 5, 10to 12, 17 fo
21, 26 10 29, 34 to 38, 43 t0 46, 51 to 55 or 60 substantially as hereinbefore
described with reference to any one of the drawings and/or the Examples.

65. A compasition according to any one of claims 8, 13, 22, 30, 39, 47 or
56 substantially as hereinbefore described with reference to any one of the
drawings and/or the Examples.

66, A method according to any one of claims 7 to 9, 14 to 16, 23 to 25,
31 to 33, 40 to 42, 48 to 50, 57 to 59 or 61 to 63 substantially as hereinbefore
described with reference to any one of the drawings and/or the Examples.

Dated this 15" day of September, 2000.
GUILFORD PHARMACEUTICALS INC.

BY their Patent Attorneys:
CALLINAN LAWRIE

15/09/00,761 0201 spe, 143
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FIG.2
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