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ANTI-EPILEPTOGENIC AGENTS

RELATED APPLICATIONS

This applicasion claims the priority of U.S. Provisional Application No. 60/275,618,
filed March 13, 2001; and this application is related 1o and discloses material in addition 10
U.S. Application No. 09/041,371, filed March 11, 1998, now U.S. Patent 6,306,909, the

entire contents of which are incorporated herein by reference.

RACKGROUND OF THE INVENTION

Epilepsy is a serious neurological condition, associated with seizures, that affects

“hundreds of thousands of people worldwide. Clinically, a seizure results from g sudden

electrical discharge from a collection of neurons in the brain. The resulting nerve cell acuvity

is manitested by symptoms such as uncontrollable movements.

A seizyre is a single discrete clinical event caused by an excessive electrical discharge
from a collection of neurons through a process termed “ictogenesis.” As such, a seizure is
merely the symprom of epilepsy. Epilepsy is a dynamic and often progressive process
characterized by an underlying sequence of pathological rransformations whereby normal
brain is altered, becoming susceptible to recurrent seizures through a process termed
“epileptogenesis.” While it is believed that ictogenesis and epilepiogenesis have certain
biochemical pathways in common, the two processes are not identical. Ictogenesis (the
initiation and propagation of a seizure in time and space) 1s 2 rapid and definitive
electrical/chemical event occurring aver seconds or minutes. Epileprogencsis (the gradual
process whereby normal brain is transformed into a state susceptible to spantaneous,
episodic, time-limited, recurrent seizures, through the initiation and maturation of an
“epileprogenic focus”) is a slow biochemical and/or histological process which generally
occurs over monghs 1o years. Epileptogenesis is a two phase process. _Phgse 1
epileprogenesis is the initiation of the epileptogenic process prior to the first seizure, and is
often the result of stroke, disease (e.g., meningitis), or wauma, such as an accidental blow 10

the head or a surgical procedure performed on the brain. Phase 2 epilepragenesis refers 1o the

-1-



10

15

20

25

WO 02/073208 PCT/CA02/00363

process during which a brain that is already susceptible 10 seizures, becomes still more
suscepiible 1o seizures of increasing frequency and/or severity. While the processes involved
in epileprogenesis have not been definitively identified, some researchers believe that
upregulation of excitatory coupling between neurons, mediated by N-methyl-D-aspartare
(NMDA) recepiors, is involved. Other researchers implicate downregulation of inhibjtory

coupling between neurons, mediated by gamma-amino-butyric acid (GABA) recepiors.

Although epilepiic seizures are rarely faral, large numbers of patients require
medication 1o avoid the disruptive, and potential dangerous, consequences of seizures. In
many cases, medication is required for extended periods of time, and in some cases, a patienl
must continue to take prescription drugs for life. Furthermore, drugs used for the

management of epilepsy have side effects associated with prolonged usage, and the cost of

. the drugs can be considerable.

A variety of drugs are available for the management of epileptic seizures, including
older anticonvulsant agents such as phenytoin, valproate and carbamazepine (ion channel
blockers), as well as newer agents like felbamate, gabapentin, and tiagabine. B-Alanine has
been reported to have anticonvulsant aciivity, as well as NMDA inhibitory activity and
GABAergic stimulatory activity, but has not been employed clinically. Currently available
accepied drugs for epilepsy are anticonvulsant agents, where the term “anticonvulsant” is
synonymous with “anti-seizure” or “anu-ictogenic”; these drugs can suppress seizures by
blocking ictogenesis, but it is believed that they do not influence epilepsy because they do not
block epileptogenesis. Thus, despite the numerous drugs available for the treatment of
epilepsy (i.e., through suppression of the convnlsions associated with epilepric seizures),
there are no generally accepred drugs for the treatment of the parhological changes which
characterize epilepiogenesis. There is no generally accepted method of inhibiting the
epileptogenic process and there are no generally accepied drugs recognized as anti-

epileptogenic.

SUMMARY OF THE INVENTION
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This inveniion relates 1o methods and compounds, e.g., anti-ictogenic and/or anti-
epileprogenic compounds, useful for the yearment and/or prevention of convulsive disorders

including epilepsy.

In one aspect, the invention provides a method for inhibiting epileptogenesis ina
subject. The method includes administering 1o a subject in need thereof an effective amount
of an agent which modulates a process in a pathway associated with epileptogenesis such that

epileptogenesis is inhibited in the subject.

In another aspect, a method for inhibiting epileptogenesis in a subject is provided- An
effective amount of an agent which antagonizes an NMDA receptor and augments
endogenous GABA inhibition is administered 1o a subject in need thereof, such that
epileptogenesis is inhibited in the subject. In preferred embodiments, the agent amtagonizes

" an NMDA receptor by binding to the glycine binding site of the NMDA receptors. In

preferred embodiments, the agent augments GABA inhibition by decreasing glial GABA
uprake. In certain preferred embodiments, the agent comprises a pharmacophore which both
antagonizes an NMDA receprtor and augments endogenous GABA inhibition. The agent can
be administered orally and, in certain embodiments, after the step of oral administration, the
ageni can be wansported into the nervous system of the subject by an active rransport shuttle
mechanism. In preferred embodiments, the anti-epileptogenic agent is a B-amino anionic
compound, where an anionic moiety is selected from the group consisring of carboxylare,
sulfate, sulfonare, sulfinate, sulfamate, tetrazolyl, phosphate, phasphonate, phosphinare, and
phosphorothiocate. [n certain embodiments, the agent is a $-amino acid, but is preferably not

B-alanine.

In anather aspect, the invention provides a method for inhibiting epileptogenesisin a
subject, The method includes administering 10 a subject in need thereof an effective amount

of a compound of the formula:

R1\(A /[A .
NR2R3 or R1 NR2R3

-3 -
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where A is an anionic group at physiological pH; R’ is alky), alkenyl, alkynyl,
cycloalkyl, aryl, alkoxy, aryloxy, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aryloxycarbonyl, amino, hydroxy, cyano, halogen, carboxyl, alkoxycarbonyloxy,
aryloxycarbonyloxy or aminocarbonyl; and R? and R are each independently hydrogen,
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, or
aryloxycarbonyl; or R® and R, taken together with the nitrogen to which they are aptached,
form an unsubsrituted or substimted heterocycle having from 3 to 7 atoms in the heterocyclic
ring; or a pharmaceutically accepable salt or ester thereof; such thart epileptogenesis is
inhibited.

In another aspect, the invention pravides a method for inhibiting epileptogenesis in a
subject. The method includes the step of adminisiering 1o a subject in need thereof an

effective amount of a compound represented by the formula:

NR?R?

where the dashed line represents an optional single/double bond (of either £- or Z-
configuration); A is an anionic group at physiological pH: R? and R® are each independently
hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl, or aryloxycarbonyl; or R? and R, 1aken together with the nitrogen 10 which
they are artached, form an unsubstitured or substituted heterocycle having from 3 10 7 atoms
in the heterocyclic ring; R* and R’ are cach independenily hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aryloxycarbonyl, amino,
hydroxy, cyano, alkoxy, aryloxy, carboxyl, alkoxycarbonyl, arylaxycarbonyl; or R* and R®,
1aken together, form a substituted or uasubstituted carbacyclic or heterocyclic ring having

from 5 10 15 atoms in the ring; or a pharmaceutically acceptable sal‘t'o?csu:r thereof; such
that epileptogenesis is inhibited.
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In another aspect, the invention provides a methad for inhibiting a convulsive disorder
in a subject. The method includes the step of administering 10 a subject in need thereof an
effective amoun; of a B-amino anionic compound such Tat the convulsive disorder is

inhibited; provided that the B-amino anionic compaund is not B-alanine or taurine.

In another aspect, the invention provides an anti-epileptogenic compound of the

R1\(A : JiA
NR2R3 or R’ NR?R3?

where A is an anionic group at physiological pH; R! is alkyl, alkenyl, atkynyl,

formula:

eycloalkyl, aryl, alkoxy, aryloxy, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aryloxycarbonyl, amino, hydroxy, cyano, nitro, thiol, thiolalkyl, halogen, carboxyl,
alkoxycarbonyloxy, aryloxycarbonyloxy or aminocarbonyl; and R® and R? are each
independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, or aryloxycarbonyl; or R? and R?, 1aken together with the
nitrogen 1o which they are attached, form an unsubstituted or substitured heterocycle having
from 3 10 7 atoms in the hererocyclic ring; ora pharmacentically acceptable salt or ester
thereof, wherein the anti-epileptogenic compound has anti-epileptogenic activity. In

preferred embodiments, A represents carboxylate.

In cerain preferred embodiments, the compound is selected from the group consisting
of a-cyclohexyl-p-alanine, u—(4-ten~butylcyclohexy1)—B-alanine, a-(4-phenylcyclohexyl)—ﬁ-
alanine, a-cyclodadecyl-f-alanine, B-(p-methoxyphenethyi)-ﬁ-ala:ﬁne, and B-(p-

methylphenethyl)-f-alanine, and pharmaceurically acceptable salts thereof; or the compound

~ is selected from the group consisting of ﬁ—(4-triﬂuoromethylphenyl)-ﬁ-alanine and B-[2-(4-

hydroxy-3~methoxyphenyl)ethyl]-B-alanine, and pharmaceuncally accepiable salts thereof: or
the compound is selected from the group consisting of f~(3-pentyl)-8-alapine and §-(4-

merhylcyclohexyl)-B-alanine, and pharmaceutically acceptable salts thereof.
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In still another aspect, the invention provides a dioxapiperazine compound of the

formula:

Ar

o)
NR®

RN

R’

where Ar represents an unsubstituted or substitued aryl group; R® and R®* are cach
independently hydrogen, alkyl, alkylcarbonyl, arylearbonyl, alkoxycarbony! or
aryloxycarbonyl; and R’ is hydrogen, alkyl, mercaptoalkyl, alkenyl, alkynyl, cycloalkyl, aryl,
alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aryloxycarbonyl, cyano, carboxyl,
alkoxycarbonyl, aryloxycarbonyl, or ~(CH2)p-Y, where nis an integer from 1 10 4 and Y is
hydrogen or a heterocyclic moiery selecred from the group consistng of thiazolyl, mriazoly},
and jmidazolyl; provided that if Ar is an unsubsrituted phenyl group, R’ is not hydrogen,

methyl or pheny); or a pharmaceurically acceptable salt thereof.

'Methods for jnhibiring convulsive disorders in a.subject are also disclosed. An
effective amount of an agent is administered 10 2 subject in need thereof such that
epileptogenesis and ictogenesis is imhibired in the subject. The agent blocks sodium or
calcium ion channels, or opens potassium or chloride ion channels; and has at }east one
activity, e.g., NMDA receptor antagonism, augmentation of endogenous GABA inhibirion,
calcium binding, iron binding, zinc binding, NO synthase inhibition, and antioxidant activity.
In a desired embodiment, the agent antagonizes NMDA receptors by binding to the NMDA
receplors, e.g., by binding 10 the glycine binding site of the NMDA receptors, and/or
augments GABA inhibition by decreasing glial GABA upiake.

In another aspect, the invention provides a method for inhibiting a convulsive
disorder. The method includes the step of administering 0 a subject in need thereaf an

effective amount of a compound represented by the formula:
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Ar

R%*N

R’

where Ar represems an unsubstituted or substituted aryl group; R® and R%* are each
independently hydrogen, alkyl, alkylcarbonyl, arylcarbonyl, alkoxycarbouyl or
aryloxycarbanyl; and R’ is hydrogen, alkyl, mercaptoalkyl, alkenyl, alkyny), cycloalkyl, aryl,
alkylcarbonyl, arylcarbonyl. alkoxycarbonyl, aryloxycarbonyl, ¢yano, carboxyl,
alkoxycarbonyl, aryloxycarbonyl, or «(CH2)p-Y, n is an integer fromlto4and Yis
hydrogen or a heterocyclic moiery, €-2., thiazolyl, wiazolyl, and imidazolyl; provided that if
Ar is unsubstityted phenyl, R’ is not hydrogen. methyl or unsubstituted phenyl; or a
pharmacentically acceplable salt or ester thereof; such that the convulsive disorder Is
mhibited. '

Tn another aspect, the invention provides 2 compound of the formula:

Ar

R’

where Ar represents an unsubstituted or substituted aryl group; R? is hydrogen or
alkyl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl or aryloxycarbonyl; R** may be an
antioxidant moiety, an NMDA antagonist, an NO synthase inhibitor, an iron chelaror moiety,
a Ca(ll) chelator moiety, or a Zn(i1) chelator moiety; and R’ is hydtogen, alkyl,
mercapioalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl, aryloxycarbonyl, eyano, carboxyl, alkaxycarbonyl, aryloxycarbonyl, or -

(CHn)p-Y, where n is an integer from 1 to 4 and Y is a heterocyclic moiety such as thiazolyl,

-7
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triazolyl, or imidazolyl; or a pharmaceutically accepiable salt therzof. In preferred

embodiments, R®* is D-a-aminoadipy! and/or R’ is mercaptomethyl.

1n another aspect, the invention provides a method for concomitantly inhibiting
epileptogenesis and ictogenesis, including administration 10 a subject in need thereof of an

effective amonnt of a compound of the formula:

Ar

RN

R’

where Ar represents an unsubstituted or substituted aryl group; R®is hydrogen or
alkyl, alkylcarbonyl, arylcarbony!, alkoxycarbonyl or aryloxycarbonyl; R® may be an
antioxidant moiety, an NMDA antagonist, an NO syathase inhibitor, an iron chelator mojety,
a Ca(1l) chelator moiety, or a Zn(II) chelator moiety; and R’ is hydrogen, alkyl,
mercaptoalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl, aryloxycarbonyl, cyano, carboxyl, alkoxycarbonyl, aryloxycarbonyl, or -
(CH2)p-Y, where nis an integer from 110 4 and Y is a heterocyclic moiety selected from the
group consisiing of thiazolyl, triazolyl, and imidazolyl; ora pharmaceutically acceptable salt

thereof; such that epileprogenesis is inhibited.

In another aspect, the invention provides a method for weating a disorder associated
with NMDA receptor antagonism, including the siep of administering 10 a subject in need

thereof an effective amount of a compound of the formula:
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Ar

R%*N

4

where Ar represents an unsubstitused or substituted aryl group; R® is hydrogen or
alkyl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl or aryloxycarbonyl; R* is an NMDA
antagonist moiery; R7 is hydrogen, alkyl, mercaptoalkyl, alkenyl, alkynyl, cycloalkyl, aryl,
alkylcarbony}, arylearbonyl, alkoxycarbonyl, aryloxycarbonyl, cyano, carboxyl,
alkoxycarbonyl, aryloxycarbonyl, or ~(CH2)p-Y, where nis an integer from 1 o4 and Yisa
heterocyclic moiety selected from the group consisting of thiazolyl, riazolyl, arid imidazolyl;
or a pharmaceutically acceprable salt thereaf; such that the disorder associated with NMDA

recepior antagonism is weated.

In another aspect, the invention provides a method for preparing & B-amino carboxyl

compound representéd by the formula:

NR*R®

NRZR® or COOR®

where the dashed line represents an optional Qingle/double bond (of either E- or Z-
configurarion); R? and R are each independently hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, ov aryloxycarbonyl; or R*and
R?, 1aken together with the nirogen to which they are attached, form an unsubstituted or
substituted hererocycle having from 3 1o 7 atoms in the heterocyclic ¥isfg; R* and R’ are each
independently hydrogen, alkyl, alkenyl, atkynyl, cycloalkyl, aryl, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aryloxycarbony), amino, hydroxy, cyano, carboxyl,
alkoxycarbony 1, or aryloxycarbonyl; or RY and R®, 1aken 1ogether form a substituted or

-0.
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unsubstitured carbocyclic or heterocyclic ring having from 5 to 15 atoms in the ring; and R®
is hydrogen, alkyl, ary}, or an organic or inorganic salt-forming cation. The method ncludes

the step of reacting a compound of the formula:

5 where the dashed lines each represent an oprional single bond; X is nitro, azido, or
NRZR®, wherein R? and R? are defined above; W is -CNor -COOR%; R* and R’ are as defined
above; and R® is hydrogen, alllcyl, aryl, or an organic or inorganic salt-forming cation; under

reductive desulfurization conditions such that the B-amino carboxyl compound is formed.

In another aspect, the invention provides 2 method for preparing a p-amino carboxyl

10 compound represented by the formula:
R?

COOR®

NR?R’
RS
where R? and R? are each independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,

aryl, alkylcarbonyl, arylcarbonyl, atkoxycarbonyl, or aryloxycarbonyl; or R® and R®, taken
together with the nitrogen to which they are attached, form an unsubstituted or substituted

45  heterocycle having from 3 1o 7 atoms in the heterocyclic ring; R* and R’ are each
independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aryloxycarbonyl, amino, hydroxy, cyanosalkoxy, aryloxy,
carboxyl, alkoxycarbonyl, aryloxycarbonyl; or R* and R®, taken together, form a substitured

or unsubstitated carbocyelic or heterocyclic ring having from 5 1o 13 atoms in the ring; and

-10-
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R® is hydrogen, alkyl, aryl, or an orgamic or inorganic salt-forming cation. The method

includes reacting a compound of the formula:

where the dashed lines each represent an optional single/double bond; X is nitro,
azido, or NR?R®, R® and R’ are as defined above; W is -CN or -COOR’; R” is bydrogen,
alkyl, aryl, or an organic or inorganic sali-forming cation; and R* and R® are as defined
above; under reductive desulfurization condifions such that the B-amino carboxyl compound
of the above formula is formed; provided that if W is -CN, the method comprises the further

step of acidification.

The invention also provides a method for inhibiting epileptogenesis and ictogenesis in

. 2 subject including adminisiering to a subject in need thereof an effective amount of an agens

represented by the formula A-B, where A 1s a domain having sodiym or calcium ion channel
blacking activity, or A has potassium or chloride channel opening‘ activity; and B is 3 domain
having has at least one acrivity, e.g., NMDA receptor antagonism; augmentation of
endogenous GABA inhibition, calcium binding, iron binding, zinc binding, NO synthase
inhibition, and antioxidant activity, such that epileptogenesis is inhibited in the subject. In
preferred embodiments, the domains A and B of the agent are covalently linked. Ina

preferred embodiment, A is a dioxapiperazine moiety.

-11-
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In yet another aspect, the invenrion provides a method for inhibiting epileprogenesis
including administering 10 a subject in need thereof an effective gmount of a compound

represented by the formula:

R4

NRZR?
RS

where A is an anjonic group at physiological pH; R? and R? are each independently
hydrogen, alky), alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl, or aryloxycarbonyl; or R? and R®, taken together with the nitrogen 1o which
they are anached, form an unsubstiuted or substituted heterocycle having from 3 1o 7 atoms
in the hererocyclic ring; R* and R’ are each independently hydrogen, alkyl, alkeny), alkynyl,
cycloalkyl, aryl, alkylcarbonyl, arylcarbony!, alkoxycarbonyl, aryloxycarbonyl, amino,
hydroxy, cyano, alkoxy, aryloxy, carboxyl, alkoxycarbonyl, or aryloxycarbonyl; or R and
R’, 1aken 1ogether, form a substituted or unsubstitured carbocyclic or heterocyclic ring having
from S to 15 atoms in the ring; or a pharmaceurically accepiable salt or ester thereof; such

that epileptogenesis is inhibired.

A method for inhibiting 2 neurological condition in a subject includes the step of
administering 1o a subject in need thereof an effective amount of an agent which antagonizes
an NMDA receptor and augments endogenous GABA inhibition, such that the neurological
condition is inhibited in the subject. The neurological condition may be, €.g., siroke,

Alzheimer's disease, cancer, and neurcdegenerative disease.

Methods for preparing a p-aryl-fi-alanine compound are presenied, which include
reacting an aryl aldehyde with a malonate compound and an ammoniur compound under

conditions such that a B-aryl-$-alanine compound is formed.

~12-
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Other methods for inhibiting epileprogenesis include administering 1o a subject in

need thereof an effective amount of a compound represented by the formula:

RTO

R® R
Z N/

A
L.

where R’ and R'? may each independently be hydrogen, alkyl, alkenyl, alkynyl, aryl,
5 alkoxy, arylaxy, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aryloxycarbonyl, amino,
hydroxy, thiol, alkylthiol, nitro, cyano, halogen, carboxyl, alkoxycarbonyloxy,
aryloxycarbonyloxy and aminocarbonyl; or R® and RN,A together with the two-carbon unit 10
which they are astached, are joined 1o form a carbocyclic or heterocyclic ring having from 4
10 8 members in the ring; and R'" is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,

10 alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, or aryloxycarbonyl; or R’ and R'', together
with the carbon atom and nitrogen atom to which they are respectively amached, are joined 10
form a heterocyclic ring having from 4 1o 8 members in the ring; and R'%s selected from the
group consisting of hydrogen, alkyl, aryl and a carbohydrate; or a pharmacentically

accepiable salt or ester thereof; such that epiléptogenesis is inhibited.

18 In anorher aspect, a2 method for inhibiting epileptogenesis includes administering 1o a

subject in need thereof an effective amouant of a compound represented by the formula:

o R'l Qa R'l On
R /R”
RQa N

o N/KO o
L

where R® R R'® R'™ may each independenly be hydrogen, alky}, alkenyl,

alkynyl, aryl, alkoxy, aryloxy, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aryloxycarbonyl,
13-
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amino, hydroxy, thiol, alkylthiol, nitro, cyano, halogen, carboxyl, alkoxycarbonyloxy,
aryloxycarbonyloxy and aminocarbonyl; or R* and R*®, 1ogether with the two-carbon unir to
which they are attached, are joined to form a carbocyclic or heterocyclic ring having from 4
to 8 members in the ring; or R'™ and R'®, together with the two-carbon unit 1o which they
are attached, are joined to form a carbocyclic or heterocyclic ring having from 4 10 8

1% ogether with

members in the ring; or one of R”® and R is joined with one of R'™ and R
the two-carbon unit 1o which they are artached, 1o form a carbocyclic or heterocyclic ring
having from 4 10 8 members in the ring; R'' is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
aryl, alkylcarbonyl, arylearbonyl, alkoxycarbonyl, or aryloxycarbonyl; or one of R'® and R'®
is joined with R", 1ogether with the carbon atom and nitrogen atom to which they are
respectively attached, 1o form a heterocyclic ring having from 4 10 8 members in the nng; and
R is selected from the aroup consisting of hydrogen, alkyl, aryl and a carbohydrate {such as
a sygar, e.g., ribose or deoxyribose); or a pharmaceurically acceptable salt ar ester thereof;

such that epileptogenesis is inhibired.

Pharmacophore modeling methods for identifying compounds which can prevent
and/or inhibit epileprogenesis in a subject are part of the invention and feature the
examination of the structures of two or more compounds which are known to cause a direct
or indirect pharmacological effect on a protein or a molecule which is involved in
epileptogenesis. These proteins and molecules which are involved in epilepiogenesis include
cell-surface receptor molecules (e.g., an NMDA recepior) or a molecule that is involved in
transport of neurotransmitiers (e.g., a GABA transporter). Preferably, the suuctures of these
compounds each include one or more pharmacophores which can exert ay least some of the
pha.rmacologlcal effect of the compound. The methods of the invention also include
determining average pharmacophore structure(s) (e.g., carbon backbone structures and/or a
three-dimensional space filling structures) based on the pharmacophore sprucrures of the two
or more compounds. New compounds having one or more of the average pharmacophore

structures can be chosen using these methods such as shown in Example 1.
: Syl

In related embodiments, these methods feature the examination of the structures of
two or more compounds which are known to cause a direct or indirect pharmacological effect

on two or more proteins or molecules which are involved in epileptogenesis. The new

-14-
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compound which is chosen will preferably have one or more pharmacophores which are

active on different proteins or molecnles involved with epileptogenesis.

In a preferred embodiment, a new compound which is chosen (e g., designed) by thes
methods of the invention inhibits epileprogenesis in a subject. It is a further object of the
§ invention 1o provide compounds and methods for wearment of swoke, Alzheimer's disegse
and neurodegenerative disorders. Itis a further object of the invention 1o provide novel
anticonvulsant agents. It is a further object of the inventuon 1o prqvide compounds and
methods for reating stroke and pain. These and other objects, fearures, and advantages of the

invenrion will be apparent from the following description and claims.
10

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts exemplary pyrimidine and dihydropyrimidine compounds useful in

the merhods of the invention.

Figure 2 depicts exemplary syuthetic schemes for preparing pyrimidine and

16  dihydropynmidine compounds of the invention.
Figure 3 depicts one embodiment of a synthesis of B-amino acids of the inventon.

Figure 4 is a flow chart showing a scheme for purification of f-amino acids.

DETAILED DESCRIPTION OF THE INVENTION

20 This invention pertains 10 methods and agents useful for the treatment of epilepsy and
convulsive disorders, for inhibition of epileptogenesis, and for inhibition of ictogenesis; and
to methods for preparing anti-convulsive and ami-epileptogenic agents of the invention. The
invention further pertains 1o pharmaceutical compositions for rearment of convulsive

disorders, and 10 kits including the anti-convulsive compounds of the invention.

e

25

Definitions
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For convenience, certain 1erms used in the specification, examples, and appended

claimns are collected here.

The language “a process in a pathway associated with epileprogenesis™ includes
biochemical processes or events which 1ake place during Phase 1 or Phase 2 epileptogenesi:
and lead 1o epileprogenic changes in tissue, i.e., in tissues of the central nervous system
(CNS), e.g., the brain. Examples of processes in pathways associared with epileptogenesis

are discussed in more deiail, infra.

The language "a disorder associated with NMDA receplor aniagonism,” includes
disorders of a subject where abnormal (e.g., excessive) activity of NMDA receptors can be
treated by antagonism of an NMDA recej:tor. Epilepsy is a disorder associated with
excessive NMDA-mediated activity. Other non-limiting examples of disorders associated
with excessive NMDA-mediated aclivity include pain, stroke, anxiety, schizophrenia, other
psychoses, cerebral ischemia, Hunringfon's chorea, motor neuron disease, Alzheimer's
disease, AIDS dementia and other disorders (in humans or animals) where excessive activity
of NMDA receprors is a cause, at least in part, of the disorder. See, ¢ g, Schoepp er al , Eur.
J. Pharmacol. 203:237-243 (1991); Leeson ef al., J. Med. Chem 34:1243-1252 (1991),
Kulagowski e7 al , J. Med Chem. 37:1402-1405 (1994); Mallamo ¢/ al., J Med. Chem.
37:4438-4448 (1994); and references cited therein.

The term “convulsive disorder” includes disorders where the subject suffers from
convulsians, e.g., convulsions due 1o epileptic seizure. Convulsive disorders include, but are
not limited 1o, epilepsy and non-epileptic convulsions, e.g., convulsions due 10 adminisiratior

of a convulsive agent to the subject.

The term “inhibition of epileptogenesis™ includes prevemting, slowing, halting, or

reversing the process of epilepiogenesis.

The term “anti-epileprogenic agent” includes agents which are capable of inhibiting

epileptogenesis when the agent is administered 1o a subject.

I

The 1erm “anticonvulsant agent” includes agents capable of inhibizing (e.g..

preventing, slowing, halting, or reversing ) ictogenesis when the agent is administered to a

subject.

-16-~
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The term “pharmacophore™ is known in the art, and includes molecular moieries
capable of exerting a selected biochemical effect, e.g., inhibition of an enzyme, binding 10 2
veceptor, chelation of an ion, and the like. A selected pharmacophore can have more than one
biochemical effect, ¢.g., can be an inhibitor of one enzyme and an agonist of 3 second
enzyme. A therapeutic agent can include one or more pharmacophores, which can have the
same or different biochemical activities. The skilled practitioner will recognize that a number
of pharmacophores with similar structures and/or properties (e.g., bioldgical effects) may be
combined 1o predict or design an oplimized or “average pharmacophore” structure. Such an
average pharmacophore structure may provide a more desired level of biological effect that

the individual pharmacophores used 10 create the average structure.

An “anionic group’ refers to a group that is negarively charged at physiological pH.

‘Preferred anionic groups include carboxylate, sulfate, sulfonate, sulfinate, sulfamate,

terrazolyl, phosphate, phosphonate, phosphinare, or phosphorothioate or functional
equivalents thereof. “Functional equivalents” of anionic groups include bioisosteres, e.g.,
bioisosteres of a carboxylate group. Bioisosteres encompass both classical bioisosteric
equivalents and non-classical bioisesteric equivalents. Classical and non-classical
bioisosteres are known in the art. See, e.g., Silverman, R.B. The Orgunic Chemistry of Drug
Design and Drug Action, Academic Press, Inc.: San Diego, CA, 1992, pp. 19-23. A

paniicularly preferred anionic group is a carboxylate.

The rerm “B-amino anionic compound” includes compounds having an amino group,
such as -NR*R” (where R® and R® may each independently be hydrogen, alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, or aryloxycarbonyl, or
R and R”, mken togerther with thé nitrogen atom to which they are attached, form a cyclic
mojety having from 3 1o 8 atoms in the ring) separated from an anionic group by a two-
carbon spacer unit. Thus, for example, a B-amino anionic compound can be represented by
the substructural formula A-C-C-NR'R®, where A is an anionic group. Preferred B-amino
anionic compounds include B-amino acids and analogs thereof. In cenain preferred
embodiments, the B-amino anionic compound is not B-alanine or taurine.

The language “reductive desulfurization™ is known in the art, and refers 10 the process

of reductively eliminating sulfur from a compoynd. Conditions for reductive desulfurizarion
-17 -



10

15

20

25

30

WO 02/073208 PCT/CA02/00363

are known in the art and include, ¢.g., treatment with TiClg/LiAlHy or Raney nickel/Hp. See
generally, Kharash, N. and Meyers, C.Y., “The Chemistry of Organic Sulfur Compounds,”
Pergamon Press, New York (1966), Vol. 2.

The term “subject” is known in the att, and refers 1o a warm-blooded animal, more
preferably a mammal, including non-human animals such as rats, mice, cats, dogs, sheep,
horses, cartle, in addition To apes, monkeys, and humans. In a preferred embodiment, the

spbject is a human.

Unless specifically indicated, the chemical groups of the present invention may be
substituted or unsubstituted. Further, unless specifically indicated, the chemical substituents
may in turm be substituted or unsubstituted. la addition, multiple substituents may be present
on a chemical group or substituent. Examples of substituents include alkenyl, alkyunyl,
halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
atyloxycarbonyloxy, carboxyl, alkylcarbonyl, arylearbonyl, alkoxycarbonyl, aminocarbonyl,

' alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, formyl,

rimethylsilyl, phosphate, phosphonata, phosphinato, cyano, amino (including alkyl amino,
dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino (inclnding
alkylcarbonylamino, arylcarbonylamino, carbamoy! and ureido), amido, imino, sulfhydryl,
alkylthio, arylthio, thiocarboxylate, sulfaies, alkylsulfinyl, sulforaro, sulfamoyl, sulfonamido,

nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, and aromatic or heteroaromatic

' moieties

The rerm “alkyl” refers to saturated aliphatic groups, including straighi-chain alkyl
groups, branched-chain alkyl groups, cycloalkyl, heterocyclyl, cycloalkyl (alicyclic) groups,
alkyl substituted cycloalkyl groups, and cycloalkyl sﬁbstimted alkyl groups. In preferred
embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon atoms in its
backbone (e.g., C;-C;, for straight chain, C;-C;, for branched chain), and more preferably has
20 or fewer carbon atoms in the backbone. Likewise, preferred cycloalkyls have from 4-10
carbon atoms in their ring structure, and more preferably have 5, 6 or7 carbons in the ring

structure.

Moreover, alkyl (e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, etc.) includes both

“unsubstituted alkyl” and “substituted alkyl,” the latter of which refers 10 alkyl moieties

-18-



10

13

20

25

30

WO 02/073208 PCT/CA02/00363

having substituents replacing a hydrogen on one or more carbons of the hydrocarban
backbone. Such substituents can include, for example, halogen, hydroxyl, alkylearbonyloxy,
arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, |
alkoxycarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphinato, cyano, amino (including alky! amino, dialkylamino, arylamino, diarylamino,
and alkylarylamino), acylamino (including alkylcarbonylamino, arylcarbonylamino,
carbamoy! and ureido), amidine, imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate,
sulfates, sultonato, sulfamoyl, sulfonamido, nitro, wrifluoromethyl, cyano, azido, heterocyclyl,
or an aromatic or heteroaromatic moiety. Jt will be understood by those skilled in the art that
the moieties substituted on the hydrocarbon chain can themselves be substitured, if

appropriate. Cycloalkyls can be further substituted, e.g., with the substituents described

- above. An “aralky]l” moiely is an alkyl substituted with an aryl (e.g., phenylmethyl (v.¢.,

benzyl)).

The term “ary}” includes 5- and 6-membered single-ring aromatic gronps that may
include from zero 1o four heteroatoms, for example, benzene, pyrrole, furan, thiophene,
imidazole, oxazole, thiazole, niazole, pyrazole, pyridine, pyrazine, pyridazine and
pyrimidine, and the like. Aryl groups also include polycyclic fused aromatic groups such as
naphthyl, quinolyl, indolyl, and the like. Those aryl groups having heteroatoms m the ring
structure may also be referred to as “aryl heterocycles,” ~heteroaryls™ or “heteroaromatics.”
The aromaric ring (e.g., phenyl, indole, thiophene) can be substimred at one or more ring
positions with such substituents as described above, as for example, halogen, hydroxyl,
alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, alkaxycarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate,
phosphonato, phosphinato, cyano, amino (including alky! amino, dialkylamino, arylamino,
diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and wreido), amidino, imino, sulfhydryl, alkylthio, arylthio,
thiocarboxylate, sulfares, sulfonato, sulfamoyl, sulfonamido, nitwro, rifluoromethyl, cyano,
azido, heterocyclyl, or an aromaric or heteroaromatic moiety. Arylhé,r;ps can also be fused
or bridged wirth alicyclic or heterocyclic rings which are not aromatic se asto form a

polycycle such as rerralin.
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The terms “alkenyl” and “alkynyl™ include unsaturated aliphatic groups analogous in
length and possible substitution 1o the alkyls described above, but that contain at least one

double or triple bond respectively and at least two adjacent carbon atoms.

As used in the description and drawings herein, an “optional single/double bond” is
represented by a solid line together with a dashed line, and refers 1o a covalent linkage
between two carbon atoms which can be either a single bond or a double bond of either £- ot

Z-configurarion where appropriate. For example, the sirucrure:

can represent either cyclohexane or cyclohexene.

Unless the number of carbons is otherwise specified, “lower alkyl” means an alkyl
group as defined above, but having from one 10 ten carbons, more preferably from one 10 six
carban atoms in its backbone strucnure. Likewise, “lower alkenyl” and “lower alkynyl” have

similar chain lengths. Preferred alkyl groups are lower alkyls.

The terms “heterocyclyl” or “heterocyclic group” refer 1o 3- 10 10- membered ring
structures, more preferably 4- 10 7- membered rings, which ring swuctures include one or
more heteroaroms, e.g, Two, three, or four. Heterocyclyl groups include pyrrolidine, oxolane,
thiolane, piperidine, piperazine, morpholine, lactones, lactams such as azeridinones and
pyrrolidinones, sultams, sultones, and the like. The heterocyclic ring can be substituted at
one or more positions with such substitents as described above, including halogen,
hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylare, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl, alkylthiocarbonyl, alkoxyl,
phosphate, phosphonato, phasphinato, cyano, amino (including alkyl amino, dialkylamino,
arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulthydryl, alkylthio, arylthio.
thiocarboxylate, sulfares, sulfonaro, sulfamoyl, sulfonamido, nitro, tr_iﬁ%romethyl, cyano,

azido, heterocyclyl, or an aromatic or heteroaromatic moiety.

The 1erms “polycyclyl” or “polycyclic group” refer 1o two or more ¢yclic rings (e.2.,
cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) where two or more
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carbons are common 1o two adjoining rings, c.g., the rings are “fused rings.” Rings that are
joined through non-adjacent atoms aye termed “bridged” rings. Each of the rings of the
polycycle can be substituted with such substituents as described above, as for example,
halogen, hydroxyl, alkylcarhanyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, alkoxyecarbony!, aminocarbonyl,
alkylthiocarbonyl, alkoxyl, phosphate, phasphonate, phasphinato, cyano, amino (including
alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino

(including alkylcarbonylamine, arylearbonylamino, carbamoyl and ureido), amidino, imino,

 sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, sulfonaro, sulfamoyl, sulfonamido,

nitro, trifluoromethyl, cyano, azido, heterocyclyl, or an aramatic or heteroaromaric moiety.

The rerm “heteroatom™ as used herein means an atom of any element other than

- carbon or hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorus.

The term ~ary! aldehyde,” as used herein, refers to a compound represented by the
formula Ar-C(O)H, where Ar is an aryl moiety (as described above) and -C(O)H is a formyl
or aldehydo group. In a preferred embodiment, the aryl aldehyde is a (substitured or
unsubstituted) benzaldehyde. A variety of aryl aldehydes are commercially available, or can
be prepared by routine procedures from commercially available precursors. Procedures for
the preparation of ary! aldehydes include the Vilsmeier-Haack reaciion (see, e.g, Juiz, 4dv.
Org. Chem. 9, pi. 1, 225-342 (1976)), the Ganerman reaction (Truce, Org. React. 9, 37-72
(1957)), the Ganterman-Koch reaction (Crounse, Org. Reacr. S, 290-300 (1949)), and the
Reimer-Tiemann reaction (Wynberg and Meijer, Org Reacr. 28, 1-36 (1982)).

1t will be noted thar the structure of some of the compounds of this invention includes
asymmeitric carbon atoms. Itis 1o be understood accordingly that the isomers arising from
such asymmerry (2.g.. all enantiomers and diastereorners) are included within the séope of
this invention unless indicated otherwise. That is, unless otherwise stipulated, any chiral
carbon center may be of either (R)- or (S)-stereochemistry. Such isomers'can be obtained in
substantially pure form by classical separation 1echniques and by stereachemically controlled

synthesis. Furthermore, alkenes can include either the E- or Z- geometry, where appropriate.
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L Methods for Treating Convulsive Disorders

In one aspect, the invention provides methads for wreating convulsive disorders,

including epilepsy.

In one aspect, the invention provides a method for inhibiting epileptogenesis in a
subject. The method includes administering 10 a subject in need thereof an effective amount
of an agent which modulares a process in a pathway associated with epileptogenesis such tha

epileprogenesis is inhibited in the subject.

As noted abave, upregulation of excitatory coupling between neurons, mediated by N
methyl-D-aspartate (NMDA) receprors, and downregulation of inhibitory coupling between
neurons, modiated by gaxmna-amino-butyric'acid (GABA) recepiors, have botli been
implicated in epileptogenesis. Other processes in pathways associated with epileptogenesis
include release of niric oxide (NO), a neurotransmiter implicated in epileptogenesis; release
of calciam (Ca21), which may mediate damage to neurons when released in excess;
nenrotoxicity due 10 excess zinc (Zn21); neurotoxiciry due to excess iron (Fe2); and
neurotoxicity due 1o oxidarive cell damage. Accordingly, in preferred ernbodizﬁents, an agent
10 be administered 10 a subjecr to inhibil epileptogenesis preferably is capable of inhibiting
one or more processes in at least one pathway associated with epileprogenesis. For example,
an agent useful for inhibition of epileptogenesis can reduce the release of, or anenuate the
epilepiogcnic effect of, NO in brain tissue; antagonize an NMDA receptor; augment
endogenous GABA inhibition; block volrage-gated ion channels; reduce the release of,
reduce the free concentrarion of (e.g., by chelation), or otherwise reduce the epileptogenic
effect of cations including Ca2t, Zn2t, or Fe2™; inhibit oxidarive cell damage; or the like. In
certain preferred embodiments, an agent 10 be administergd 1o a subject 10 inhibit
epileprogenesis is capable of inhibiung at least two processes in at least one pathway

associated with epileprogenesis.

Non-limiting examples of pharmacaphores which can modulate a process in a

e e

pathway associated with epilepiogenesis include:

= inhibitors of NO synthase such as L-arginine and alkylared derivaiives thereof;
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» antagonists of NMDA receptors such as (R)-a~-amino acids. See, e g, Leeson, P.
and Iverson, L.L., J Med Chem. (1994) 37:4053-4067 for a general veview of inhibitors of
the NMDA. recepior;

» augmenters of endogenous GABA irhibition such as inactivators of GABA
aminotransferase like gamma-vinyl-GABA. See, e.g, Krogsgaard-Larsen, P, e/ al., J. Med
Chem. (1994) 37:2489-2505) for a review of GABA recepior agonists and antagonists;

« chelators of Ca2t, Zn2+, or Fe2+such as EDTA, EGTA, TNTA, 2.2-bipyridine-

4.4,~dicarboxylare, enterobactin, porphyrins, crown ethers, azacrown ethers; and

» antioxidants such as vitamins C and E, carotenoids such as f-carotene, butylated

phenols, Trolox (a wocopherol analog), selenium, and glutathione.

~ Inone preferred embodimen, the agent antagonizes an NMDA ieceptor and augmen
endogenous GABA iphibition. In cerain preferred embodiments, the agent is administered
orally. Preferably, after oral administration, the agent is ransported to the nervous sysiem o
the subject by an active transport shustle mechanism. A non-limiting example of an active
transport shurtle is the large neutral amino acid wansporter, which is capable of transporting
amino acids across the blood-brain barrier (BBB).

In another embodiment, the invention provides a method for inhibiting
epileptogenesis. The method includes the step of administering 10 a subject in need thereof
an effective amount of a compound of the formula (Formula I):

R’ A A

NRZR? or R’ NR?R?
Formulal

where A is an anjonic group at physiological pH; R' is alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, alkoxy, aryloxy, lalkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aryloxycarbonyl, amino, hydroxy, cyano, halogen, carboxyl, alkoxycarbonyloxy,

aryloxycarbonyloxy or aminocarbonyl; and R? and R? are each independently hydrogen,
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alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, or
aryloxycarbonyl; or R?and R®, aken together with the niwogen 1o which they are atrached,
form an uasubstituted or substituted heterocycle having from 3 1o 7 atoms in the heterocycl]
1ing; or a pharmaceutically accepiable saht or ester thereof; such that epileptogenesis is

inhibited. In a preferred embodiment, RZ and R? are both hydrogen.

In certain embodiments, the compound of Formula | can be represented by the
formula (Formula 11):

NR?R®

Formula 1T

where the dashed line represents an optional single bond; R* and R’ are each
independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aryloxycarbonyl, amino, hydroxy, cyano, alkoxy, aryloxy,
carboxyl, alkoxycarbonyl, aryloxycarbonyl, heterocyclic; or R*and R’ taken together, form
substituted or unsubstituted carbocyelic or heterocyclic ring having from 5 10 15 atoms (inore
preferably 5 1o 8 atoms) in the ring; and A, R® and R? are as defined above; or a

pharmaceutically acceprable salt or ester thereof, such thar epileptogenesis is inhibited.

In another embodiment, the invention provides 2 method for inhibiting
epileprogenesis. The method includes rthe step of adminisiering 1o a subject in need thereof

an effective amount of a compound represented by the formula (Formula III):

-24 -
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Rﬂ:
A
NRZR®
s
Formula [11

where A, R% R? R* and R’ are as defined above; or a pharmaceutically acceptahle
sal1 or ester thereof; such that epileprogenesis is inhibited. In a preferred embodiment, A is a
carboxylate. In a particylarly preferred embodiment, A is carboxylate, R is hydrogen, and

‘R’ is a (substituted or unsubstituted) aryl group. ln another preferred embodiment, R* and R®
taken together, form a 6-membered ring as in, e.g,, 2-, 3-, or 4-aminobenzoic acid,
particularly anthrahnic acid.

In another embodiment, the invention provides a method for inhibiring
epileprogenesis. The method includes the step of administering 10 a subject in need thereof
an effective amount of a compound selected from the group consisting of o, a-disubstituied
B-alanines, a,B-disubstituted B-alanines, B.B-disubstituted B-alanines, a,f,a-trisubsrituted -
alanines, a.B,R-risubstituied f-alanines, a,aN-trisubstitned B-alanines, o,B,N-trisubsritured
P-alanines, B,B,N-trisubstituted B-alanines, a0, N,N-tetrasubstituted B-alanines, &,B,N, N-
tetrasubstituted B-alanines, §.8,N,N-tetrasubstituted f-alanines, a,a,B,f-tetrasubsrituted -
alanines, o.a,f.N-tetrasubstituted p-alanines, o,p,p,N- tetrasubstituted B-alanines,
a.a,B,N,N- pentasubstituted $-alanines, a,B,8,N,N- pentasubstityted fi-alanines, o,o.B,B,N-
pentasubstituted f-alanines, o,a,f,8,N,N-hexasubstituted B-alanines including all
stereoisomers; or pharmaceutically acceptable salts or esters thereof, such that

epileptogenesis is inhihired.

—- e

The step of administering to the subject can include administering 1o the subject a
compound which is metabolized 10 an anri-convulsani and/or anti-epileptogenic compound of

the invention. For example, the methods of the invention include the use of prodrugs which
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are converted in vivo 1o the therapeutic compounds of the invention. See, e.&., Silverman, ch.
8, cited above. Such prodrugs can be used to alter the biodisuibution to allow compounds
which would not typically cross the blood-brain barrier to cross the blood-brain barrier, or the
pharmacokinetics of the therapeutic compound. For example, an anionic group, .g., 2
carboxylate group, can be esterified with an ethyl or a famy group 10 yield a carboxylic ester.
When the carboxylic ester is administered 10 a subject, the ester can be cleaved,

enzymarically or non-enzymatically, 1o reveal the anionic group.

In another illustrative embodiment, the methods of the invention include
administering to the subject a derivative of uracil or an analog thereof (including substituted
pyrimidines, UMP and uridine, or analogs thereof). Administration of a uracil compound or

metabolite thereof, such as a dihydrouracil or a f-ureidopropionare, can result in the iz vive

formation of an active compound of the invention. Accordingly, in a preferred embodiment,

the methods of the invention may include the step of administering to a subject in need
thereof an effective amount of a substitured or unsubstituted uracil, dihydrouracil or -
ureidopropionate compound, or a derivanve or analog thereof (or 2 pharmaceutically
acceptable salt or ester thereof), in an amount effective 10 trear a convulsive disorder and/or
10 inhibit epileprogenesis, e.g., by in vivo conversion of the uracil, dihydrouracil ar f3-
ureidopropionate compound to 2 B-amino acid compound effective to treat or prevent the

convulsive disorder.

Thus, in certain embodiments, preferred compounds for administration 1o a subject
include pyrimidines such as substituted uracils which can be converted in vivo 1o f-amino
anionic compounds. In a preferred embodiment, the compound can be represented by the

formula (Formnula V):
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Formula V

where R® and R'® may each independently be hydrogen, alky! (including cycloalkyl,
heterocyclyl, and aralkyl), alkenyl, alkynyl, aryl, alkoxy, aryloxy, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aryloxycarbonyl, amino (including unsubstituted and
substituted amino), hydroxy, thiol, alkylthiol, nitro, cyano, halogen, carboxyl,
alkoxycarbonyloxy, aryloxycarbonyloxy or aminocarbony}; or R” and R, together with the
two-carbon unit va which they are anached, are joined ro form a carboceyclic or heteracyclic
ring having from 4 10 8 members in the ring; and R'' is hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, or aryloxycarbonyl; or R'and
R'!, 1ogether with the carbon atom and nitrogen atom to which they are respectively atached,

are joined ta form a heterocyclic ring having from 4 to 8 members in the ring; and R7is

" selected from the group consisting of hydrogen, alkyl, aryl and a carbohydrare (suchasa

sugar, e.g., ribose or deoxyribose); or a pharmaceutically accepiable salt or ester thereof. In
another embodiment, the compound can be represented by the formula (Formula Va):
R'lOa R1 Db

R™. R
R N

: ZJ\O

Formula Va

where R”, R®, R'™, R!®™ may each independently be hydrogen, alkyl (including
cycloalkyl, heterocyelyl, and aralkyl), alkenyl, alkynyl, aryl, alkoxy, aryloxy, alkylcarbonyl,
arylcarbonyl, alkoxycarbonyl, aryloxycarbonyl, amino (including unsubsrimred and
substituted amino), hydroxy, thiol, alkylthiol, nitro, cyano, halogen, carboxyl,
alkoxycarbonyloxy, aryloxycarbonyloxy or aminocarbonyl; or R*® ,gm_i’Rgb, together with the
two-carbon unit to which they are artached, are joined to form a carbocyclic or heterocyclic
ring having from 4 to 8 members in the ring; or R'® and R'®, rogether with the two-carbon

unit 1o which they are arached, are joined to form a carbocyclic or heterocyclic ring having
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from 4 1o 8 members in the ring; or one of R> and R is joined with one of R'™ and R'®,
together with the two-carbon unit 1o which they are attached, 1o form a carbocyclic or
heterocyelic ring having from 4 to 8 members in the ring; R' is hydrogen, alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl, alkoxycarbony), or aryloxycarbonyl; or
one of R'™ and R'™ is joined with R, together with the carbon atom and nitrogen atom to
which they are respectively attached, 1o form a heterocyclic ring having from 4 10 8 members
in the ring; and R'? is selected from the group consisting of hydrogen, alkyl, aryl and a
carbohydrate (such as a sugar, e.g., ribose or deoxyribose); or a pharmaceutically accepiable

salt or ester thereof.

Pyrimidine compounds, such as 5-fluorouracil (SFU), have been used as anti-

neoplastic agents. The anti-cancer activity of SFU and similar compounds is believed 1o be

" due to a “suicide substrare” mechanism where the SFU inhibits thymidylate synthase, an

enzyme important in DNA synthesis. In preferred embodiments, pyrimidine and
dihydropyrimidine compounds administered according 1o the invention for the ueément of
convulsive disorders (inhibition of epilepiogenesis) do not significantly inhibit thymidylate
symthase. Without wishing 1o be bound by theory, it is believed that inhibition of thymidylate
synthase by pyrimidine compounds 1s increased by the presence of elecironegative groups at
the S-position of the pyrimidine ring (i.e., R> of Formula Va), and can therefore be decreased
by providing such compounds with non-electronegative groups at the 5-position of the
pyrimidine ning (i.e., R’ of Formula Va). Itis further believed that by providing subsriruents
with sufficient steric bulk 10 decrease the ability of the pyrimidine compound 1o bind 10
thymidylare synthase, inhibition of thymidylate synthase can be decreased. Thus, in
preferred embodiments, in a compound of Formula V for administrarion according to the
present invention, Rlisa non-electronegative (i.e., neuiral or electropositive) group (e.g.,
alkyl, aryl, or the like). In preferred embodiments, at least one of R® and R*® of Formula V is
a sterically bulky group (e.g.. long~chain or branched alkyl, substituted aryl, or the like), or

R’ and R are joined 1o form a carbocyclic or heserocyclic ring.

e 28

Non-limiting examples of pynmidine and dihydropyrimidine compounds for use
according 1o the invention, together with illustrative active metabolites thereof, are shown in

Figure 1.

-28 -



10

1%

20

25

WO 02/073208 PCT/CA02/00363

The use of substituted or unsubstituted uracils, and derivatives or analogs thereof,
may be especially advantageous as certain uracil compounds have been found to have anti-
ictogenic properties (only) whén tested in an anti-seizure mode} in rats. See, e.g., Medicinal
Chemisiry Volume V; W. I. Close, L. Doub, M. A. Spielman; Editor W. H. Harmung; John
Wiley and Sons 1961). Thus, the prodrug form of the compound (a uracil) can havé anti-
seizure activity, while the metabolically-produced p-amino anionic compounds can have anti-
epileptogenic and/or anti-convulsive activity. These activities, individually and in
combinarion, can provide effective therapy for convulsive disorders in mammals (including

humans).

In cenain embodiments, an active agent of the invention antagonizes NMDA
feceptors by binding to the glycine binding site of the NMDA receptors. In certain preferred
embodiments, the agent augmenis GABA inhibition by decreasing glial GABA uptake. In
certain other embodiments, the agent is administered orally. In yer other embediments, the

method further includes administering the agent in a pharmaceutically acceptable vehicle.

In stll another embodiment, the invention provides a methad of inhibiting a
convulsive disorder. The method includes the step of administering to a subject in need
thereof an effective amount of a B-amino anionic compound such that the convulsive disorder

is inhibired; provided that the B-amino anionic compound is not $-alanine or faurine.

In another embodimeny, the invention provides a method for inhibiting both a
convulsive disorder and epileptogenesis in a subject. The method includes the step of
administering 1o a sybject in need thereof an effective amount of an agent which blocks
sodium or calcium ion channels, or opens potassium or chloride ion channels; and has at least
one acrivity selected from the group consisting of NMDA recepior antagonism, augmentation
of endogenous GABA. inhibition, calcium binding, ivon binding, zinc binding, NO synthase
inhibition, and antioxidant activity, such that epilepiogenesis is inhibited in the subject.

Blockers of sodium and/or calcium ion channel activity are well known in the art and
can be used as the A moiely in the compounds and methods of the present invention.
Similarly, any compound which opens potassium or chloride ion channels can be used as the

A moiety in the compounds and methods of the present invention. Antagonist of NMDA
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receptors and augmenters of endogenous GABA inhibition are also known to one of skill in
The art and can be used in the methods and compounds of The invention. For example, 2,3~
quinoxalinediones are reported 1o have NMDA receptor anfagonistic activity (see, e.g., U.S.
Paient No. 5,721,234). Exemplary calcium and zinc chelators include moieries known in the
art for chelation of divalent carions, including cthylenediaminetetraacetic acid (EDTA),
ethylene glycol bis(beta-aminoethy! ether)-N,NN' N'-tetraacetic acid, and the like, in addition
to those mentioned supra. Exemplary iron chelators include enterobactin, pyridoxal
isonicotinyl hydrazones, N.N'-bis(2-hydroxybenzoyl)-ethylenedizmine-N,N'-diacetic acid
(HBED), and 1-substituted-2-alkyl-3-hydroxy-4-pyridones, including 1-(2-carboxyethyl)-2-
methy l-3—hydroxy-4-pyridon¢, and other moieties known in the ant to chelate iron. |

Compounds which inhibit NO synthase activity are known in the art and include, e.g., Ny -

. substituted arginine analogs, especially of the L configuration, including L-Ny-nitro-arginine

(2 specific inhibitor of cerebral NO synthase), L-Ny-amino-arginine, and L-Ny-alkyl-
areinines; or an ester thereof, preferably the methyl ester. Exemplary antioxidants include

ascorbic acid, tocopherols including alpha-tocopheral, and the like.

Tn another embodiment, the invention pravides a method for inhibiting a convulsive
disorder. The method includes the step of administering 1o a subject in need thereof an
effecrive amount of a dioxapiperazine (also known as diketopiperazine) compound

represemed by the formula (Formula IV):

Ar
0
NR®
RSN
(@]
7
Formula IV

-

where Ar represents an unsubstituted or substituted aryl group; R is hydrogen, alkyl,
mercaptoalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl, aryloxycarbonyl, cyano, carboxyl, alkoxycarbonyl, aryloxycarboayl, or -
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(CH2)y~Y, where n is an integer from 1 10 4 and Y is a heterocyclic moiety selected from the
group consisting of thiazolyl, triazoly}, and imidazolyl; and R® and R®* are each
independently hydrogen, alkyl, alkylcarbonyl or arylcarbonyl; or a pharmaceutically
acceptable salt thereof; such that the convulsive disorder is inhibited. 1n a preferred
embodiment, R’ is not hydrogen, methyl or phenyl. Ina preferred embodiment, the
compound is cyclo-D-phenylglycyl-(S-Me)-L-cysieme. For symthesis of dioxapiperazines,
See, e.g., Kopple, KD. et al., J. Org. Chem. 33:862 (1968); Slater, G.P. Chem Ind. (London)
32:1092 (1969); Grahl-Nielsen, O. Terrahedron Len. 1969:2827 (1969). Synthesis of

selected dioxapiperazine compounds is described in the Examples, infra.

In another embodiment, the invention provides a method for concwrently inhibiting

epileptogenesis and ictogenesis, the method including the step of administering to a subject in

" need thereof an effective amount of a compound of the formula:

Ar
o}
NR®
RE-N
0
7
Formula 1V

where Ar represents an unsubstituied or substituted aryl group; R’ is hydrogen, alkyl,
mercaptoalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl,
alkkoxycarbonyl, aryloxycarbonyl, cyano, carboxyl, alkoxycarbonyl, aryloxycarbonyl, or -
(CHo)p-Y, where n is an integer from 1 to 4 and Y is a heterocyclic moiety selected from the
group consisting of thiazolyl, wriazolyl, and imidazolyl; RS is hydrogen or alkyl,
alkylcarbonyl, arylcarbonyl, alkoxycarbony! or aryloxycarbonyl; and R5# is selected from the
group consisting of an antioxidant moiety, an NMD,A antagonist, an NO synthase inhibitor,
an iron chelator moiety, a Ca(ll) chelaror moiety, a Zn(ll) chelator ;n;’iety, and an antioxidant
moiety; or a pharmaceutically acceprable salt thereof; such thar epileprogenesis is inhibited.

In certain embodiments, R is not hydrogen, methyl or phenyl.
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In another embodiment, the invention provides a method for twreating a disorder
associated with NMPDA receptor antagonism. The method inecludes the step of administering

10 a subject in need thereof an cffective amount of a compound of the formula:

Ar
0
NRS
RE*N
0
7
Formula IV

where Ar represents an unsubstituted or substituted aryl group; R’ is hydrogen, alkyl,
mercaptoalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl, aryloxycarbonyl, cyano, carboxyl, alkoxycarbonyl, aryloxycarbonyl, or -
(CHp)qa~Y, where 1 is an integer from 1 10 4 and Y is a heterocyclic moiety selected from the
group consisting of thiazolyl, triazolyl, and imidazolyl; R® is hydrogen or alkyl,
alkylcarbony), arylcarbonyl, alkoxycarbonyl or aryloxycarbonyl; and R®* is an NMDA
antagonist moiety; or a pharmaceutically acceptable salt thereof, such that the disorder
associated with NMDA receptor antagonism is treated. In certain embodiments, R’ is not

hydrogen, methy! or phenyl.

In yet another embodiment, the invention provides a method for inhibiting ictogenesis
and epileplogenesis in a subject. The method includes the step of administering 10 a subject
in need therenf an effective amount of an agent represented by the formula A-B, where A isa
domain having sodium ion channel blocking activity; and B is a domain having art least one
activity selected from the group consisting of NMDA receptor antagonism, GABA inhibition
augmeniation, calcium binding, iron binding, zinc binding, NO synthase inhibition, and
antioxidant acrivity, such that epileptogenesis is inhibited in the subject, In certain preferred
embodiments, the domains A and B (e.g., pharmacophores) of the agent are covalently
linked. In certain preferred embodiments, A is a dioxapiperazine moiety, a phenytoin moiety,

or a carbamazepine moiery.
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In another embodiment, the invention provides a method for inhibiting ictogenesis .
and epileptogenesis in a subject. The method includes the step of administering 1o a subject
in need thereof an effective amount of an agent represented by the formula A-B, where Aisa
domain having anti-icotgenenic activity; and B is a domain having at least one activity
selected from the group consisting of NMDA recepior antagonism; GABA inhibition
augmentation; calcium binding; iron binding; zinc binding; NO synthase inhibition; and
antioxidant activity; such that epileptogenesis is inhibited in the subject. In centain preferred
embodiments, the domains A and B (e.2., pharmacophores) of the agent are covalently
linked. In certain preferred embodiments, A is a dioxapiperazine moiery, a phenytoin moiety,

or a carbamazepine moiely.

A hybrid drug according 10 the invention can be a bifunctional molecule created by
connecring an anti-ictogenic roiety with an anti-epileptogenic moiety via, preferably, 3
covalent linkage such as an amide bond or an esier bond. The linkage can oprionally be
cleavable in vivo. The linkage can also include a linker or spacer moiety 1o provide
flexibility or sufficient space berween the A and B moieties 10 permit interaction with the
respective moieties fo which A and B bind or with which A and B interact. Exemplary
linkers include diacids (such as adipic acid), .g., to link amino group-confaining A and B
moieties; or diamines (such as 1.6-hexanediamine), e.g., 10 link carboxyl group-contaimng A
and B mojeries; or amino acids, e.g., to link an amino-functionalized B moiety 1o a carboxy-
functionalized A moiely (or vice versa). A linker can be selected 10 provide desired
properties according 1o considerations well known to one of skill in the art. The bifunctional
molecule thus argets both ictogenesis and epileptogenesis. The skilled practitioner will

appreciate that a hybrid drug may comprise one or more desired average pharmacophores.

In another embodiment, a method for inhibiting epileptogenesis and/or ictogenesis in
a subject involves administering to a subject an effective amount of a compound such that

epileprogenesis is inhibited, where the compound is of Formula A:

Rz\ I
N""“CHchQ“A

R‘/
Farmula A
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" where R! is hydrogen, alkyl, alkenyl, alkynyl, aryl, alkylearbonyl, arylcarbonyl,
‘alkoxycarbonyl, or aryloxycarbonyl; R? is alkyl, alkeny), alkynyl, aryl, alkylcarbonyl,
arylcarbonyl, alkoxycarbanyl, or aryloxycarbonyl; A is an anionic group at physiologicél pH;
and pharmaceutically acceptable salis or esters thereof.

In a preferred embodiment of Formula A, A is carbaxylic acid or ester. In another

preferred embodiment of Formmula A, R'is hydrogen. In yer another preferred embodiment of
Formula A, R? is alkyl, e.g., arylalkyl such as phenyialkyl.

Examples of compounds of Formula A include

Q) (@) 3)

@ (10)

)] ‘
A \/\., X j ;/\j\,,, o
kJ/ I:~ E:25; E:;Eiﬁﬁ/\/Lm

and pharmmaceutically accepiable salts or esters thereof,

In another embodiment, a method for inhibiting epileptogenesis and/or ictogenesis in
a subject involves administering 1o a subject an effective amount of a compound such thag
epileptogenesis is inhibijred, where the compound is of Formula B:

NH,

B—C——C—A
H H,
Formula B

wherein A is an anionic group ar physialogical pH; B is a phenoxy substituted phenyl
group; and pharmaceutically accepiable salts or esters thereof
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In a preferred embodiment of Formula B, A is a carboxyl group. In preferred
embodiments of Formula B, B is an alkylphenoxy substituted phenyl group, e.g., a
methylphenoxy substituted phenyl group, or a halophenoxy substituted phenyl group, eg. 3
chlorophenoxy substituted phenyl group. Preferably compounds of Formula B are a single

§  stereoisomer, as exemplified hereinbelow.
Examples of compounds of Formula B include

(Al13) (Alq) (A16)
Jonecnallons i

and pharmaceutically acceptable salts or esters thereof.

Still finther preferred embodiments of compounds of Formula B are presented in

10 Table S, and below:

(R)-3-Amino-3-[3-(3- NH, HCI
triﬂuoromethylphenoxy)phenyl] FsC o : CO.H
propionic acid hydrochloride U \@\/
(S)-3-Amino-3-[3- NH, HCY
(u'iﬂuommethylpheuoxy)pheuyl] FsC o Co,H
propionic acid hydrochloride \O/
(R)-3-Amino-3-[3-(a- N HCI
methylphenaxy)phenyl]propionic : COzH
acid hydrochloride /O/ O\O/\/

H3C
(S)-3-Amino-3-[3-(4- NH. HCI
meﬂlylphenuxy)pheny1]pr0pionic c COH
acid hydrochloride : Q/

Hs3C i
(R)-3-Amino-3-[3- NHp HCI
(phenoxy )phenyl]propionic acid o : CO.H
hydrochloride @ = [ 2

N
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[(S)3-Amino-3-[3- Ntz FHOY
(phenoxy)phenyllpropionic acid o CO,H
hydrochloride Q/

(D)-(~r)-3~a,mino-3-[3—(4- NH5CI
ch]orophenoXY)Phenyl] propionic o COaH
acid, hydrochloride @/

= cr N
(L)~(-)-3-amino-3-[3-(4- NHsC1

chlurophenoxy)phenyl]propionic

- 0 CQOzH
acid, hydrochloride /@’
Ci

(L)-(-)-3-amino—3-[3—(3,4~ T BRGG
dichlorophenoxy)phenyl}propionic G o ~-COPH
acid, hydrochloride e :©/ U
I

(D)-(+)-3"amino-3-[3-G3.4- NH;CI
dichlomphenoxy)phenyl]propionic Ci (o) coon
acid, hydrochloride U

Ci
3-amino-3-(3~ NH3CI
phenoxy)phenylpropionic acid, Q COooH
hydrochloride ©/

_—

In another embodiment, a2 method for inhibiting epileptogenesis and/or ictogenesis in
a subject involves administering 10 a subject an effective amount of a compound such that
epileptogenesis is inhibited, where the compound is of Formula C:

NH-»

D\.l,CA
H H,

Formula C

where A is an anjonjc group at physiological pH; D is an aryl group substituted with 2

or more alkoxy or aryloxy moieties: and pharmaceutically acceptable salts or esiers thereof,
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In 2 preferred embodiment of Formula C, A is a carboxyl group. In another preferred

embodiment of Formula C, D is a phenyl group substituted with 2 or more alkoxy or aryloxy
moteties. In another preferred embodiment of Formula C, Dis a pheny] group substituted
with 2 or more alkoxy (e.g., methoxy) groups.

Examples of compounds of Formula C include

(A29) (A30)

and pharmaceutically aéceptable salts thereof.

In another embodiment, a method for inhibiting epileprogenesis and/or ictogenesis in

a subject, comprises administering to a subject an effective amount of 3 campound such that
cpileptogenesis is inhibited, where the compound is of Formuja D

10

A

Em-—-(CHg),,~C—-——C-——NH2
H 2
Formula D
where A is an anionic group at physiological pH; m and n are 1 10 3; Eis a substituted
or unsubstinnted phenyl, and pharmaceutically acceptable salis or esters thereof.

15 In a preferred embodimenr of FormulaD, Aisa carboxyl group. In another preferred

embodiment of Formuia D,nislandEisa diphenyl! substituted methyl.

Examples of compounds of Formula D include

(7 (8) a3
™ F T
g\r"“‘ wm"
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and pharmaceutically acceprable sals or esters thereaf.

In yet another embodiment, 2 method for inhibiting epileprogenesis and/or ictogenesis
in a subjecrt, comprises administering 10 a subject an effective amount of a compound such '
§  that epileptogenesis is inhibited, where the compound is of Formu)a E

/ \ NH>

x,,/ === (CO,R™),

Formula E

' where R is a hydrogen,

alkyl, aryl, or an arganic or inorganic salt-forming cation; n
isltoS;tisito?2 (preferred);

each X is independenily selecred from the group consisting of
halogen, nitro, cyano, and substituted or unsubstituted alky! and alkoxy groups; and
pharmaceutically acceprable salts or esters thereof.

10

In a preferred embodiment of Formula E.R¥isan hydrogen and t is 2.
Examples of preferred compounds of Formula E include the following:

3-Amino-3-(4-niwophenylpropionic acid NH;

Jona
OzN
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3-Amino-3-(4-methylphenyl)-2-
carboxypropionic acid acid

3-Amino-3-(4-methoxypheny})-2-
carboxypropionic acid

3-Amino-3-(4-nitrophenyl)-2-
carboxyprapionic acid

HiC

HsCO

O:N

PCT/CA02/00363

NHz
CQoOH

OQCH

NH2
CODOH

COOH

CCOoH

COOH

Compounds which find use in the therapeutic methods of the invention can be

determined through routine screening assays. For example, the animal mode] of Phase 1

epileprogenesis described in Example 2, infra, can be employed 10 determine whether a

particular compound has anti-epileptogenic activity against Phase 1 epilepiogenesis. Chronic

epileptogenesis can be modeled in rats (and candidate compounds screened with) the kindling

assay described by Silver er al. (4nn. Neurol. (1991) 29:356). Similarly, compounds useful

as anticonvulsants can be screened in conventional animal models, such as the mouse model

described in Horton, R.W. et al., Eur. J. Pharmacol. (1979) 59:75-83. Compounnds or

pharmacophores useful for, e.g.. binding to or inhibition of receptors or enzymes ¢an be

screened according 10 conventional methods known 1o the ordinarily skilled practitioner. For

example, binding 1o the GABA uptake receptor can be quantified by the method of Ramsey ¢/
al. as modified by Schlewer (Schlewer, 1., e1 al., J. Med. Chem. (1991) 34:2547). Binding 1o

the glycine site on an NMDA recepror can be quanvified, e.g., according 1o the method
described in Kemp, A., ef al., Proc. Nail. Acad. Sci. USA (1988) 85:6547. Effect onthe

vohiage-gared Nat channel can be evaluated ir virro by voliage clamp assay in rat

hippocampal slices.

Assays suitable for screening candidare compounds for anticonvulsive and/or anti-

epileplogenic activity in mice or rats are described in Examples 4 and 3, infra.
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1. Compounds and Methods of Identifyina Compounds

In another aspect, the invention pravides compounds useful for the treatment of

epilepsy and convulsive disorders.

In one embodiment, the invention provides an anti-epileptogenic compound of the

formula (Formula I)

R1\[A LA
‘ R’ NR?R®

NRZR® o
Formula]

where A is an anionic group at physiological pH; R} is alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, alkoxy, aryloxy, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aryloxycarbonyl, amino, hydroxy, cyano, halogen, carboxyl, alkoxycarbonyloxy,
aryloxycarbonyloxy or aminocarbonyl; and R? and R are each independently hydrogen,

alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, or

. aryloxycarbonyl; or R® and R?, taken together with the nitrogen 1o which they are atiached,

form an unsubstituted or substituted heterocycle having from 3 1o 7 atoms in the heterocyclic
ring; or 2 pharmaceurically acceprable salt or ester thereof: wherein the anti-epileptogenic
compound has anti-epileptogenic activity.

In certain preferred embodiments, A Tepresents carboxylate. In certain preferred
embodiments, the co;npound is selected from the group consisting of a-cyclohexyl-B-alanine,
a-(4-tert-butyleyclohexyl)-B-alanine, a-(4-phenyleyclohexyl)-B-alanine, a-cyclododecyl-B-
alanine, B-(p-methoxyphenethyl)-B-alanine, B~-(p-methylphenethyl)-B~alanine, and
pharmaceutically accepiable salts thereof. In other preferred embodiments, the compound is
selected from the group consisting of B-(4-trifluoromethylphenyl)-B-alanine and B-[2-(4-
hydroxy-3-methoxyphenyl)ethyl]-B-alanine and pharmaceutically acCeptable salis thereof. In
stilt other embodiments, the compound is selected from the group consisting of B-(3-pentyl)-

B-alanine and B-(4-methylcyclohexyl)-B-alanine and pharmaceutically acceptable salts
thereof.
-40 -
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Tn another embodiment, the invention provides 2 dioxapiperazine compound of the

formyla (Formula IV)
Ar
O
NR®
R&N '
0
.
Formula IV

where Ar represents an unsubstiied or substitured aryl group; R’ is hydrogen, alkyl,

" mercaptoalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl,

alkoxycarbonyl, aryloxycarbonyl, cyano, carboxy), alkoxycarbonyl, aryloxycarbonyl, or -
(CH2)p-Y, where nis an integer from 110 4 and Y is hydrogen or a heterocyclic moiety
selected from the group consisnng of thiazolyl, triazolyl, and imidazolyl; and R® and R®* are
each independently hydrogen, alkyl, alkylcarbonyl, arylcarbonyl, alkoxycarbony! or
aryloxycarbonyl; or a phannaceutically accepiable salt thereof. In some preferred
embodiments, the carbon atom 10 which the Ar group is aniached has the “D” or “R”
stereochemical configuration. In certain embodiments, Ax is an unsubstituted or substituted
phenyl group. In certain embodiments, Y is hydrogen. In cernain preferred embodiments, at
least one of RE and R®* is selected from the group consistng of an anvioxidant moiety, an
NMDA antagonist, an NO synthase inhibitor, an iron chelator moiety, @ Ca(il) chelator
moiety, and a Zn(11) chelator moiety. In cenain preferred embodiments, R’ is methyl or

mercapromethyl.

In cenain preferred embodiments, R® and R°* are both hydrogen. In cenain
particularly preferred embodiments, the compound is cyclo;:henylglycyl—2—(amino—3-
mercaptobutanoic acid), more preferably cyclo-D-phenylglycyl-L—[2—(amino-3-
mercaptobutanoic acid)]. Ina refeﬁed embadiment, the compoung i;yclo-D-phenylglycyl-

(S-Me)-L-cysteine. In some preferred embodiments, AT is an unsubstituted phenyl group. Ir

" certain embodiments, R’ is not hydrogen, methyl or phenyl.
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Tn another embodiment, the invention provides a compound of the formula (Form
V)

Ar

RE-N

Formula 1V

5 where Ar represents an unsubstituted or substiyted aryl group; R’ is alkyl,

" mercapioalkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl, aryloxycarbonyl, cyano, carboxyl, alkoxycarbonyl, aryloxycarbonyl, or -
(CH2)p-Y, where n is an integer from 1 10 4 and Y is hydrogen or a heterocyclic moiety
selected from the group consisting of thiazolyl, riazolyl, and imidazolyl; R%is hydrogen o
alkyl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl or aryloxycarbonyl; and R®= is selected
from the group consisting of an antioxidant moiety, an NMDA antagonist, an NO synthase
inhibitor, an iron chelator moiety, a Ca(ll) chelaror moiety, and a Zn(I1) chelator moiety; o
both R and R®* are selected from the group consisting of an antioxidant moiery, an NMD:
antagonist, an NO synthase inhibitor, an iron chelator moiety, a Ca(ll) chelator moiety, and

15 Zn(Il) chelator moiety; or a pharmaceutically acceptable salt thereof. In certain preferred

embodiments, R°¥ is D-a-aminoadipyl. [n certain preferred embodiments, R’ is

mercaptomethyl. In certain embodiments, R’ is not hydrogen, methy! or phenyl. In cerain
preferred embodiments, R®* finther comprises a cleavable linkage. In one embodiment, the
compound comprises cyclo-D-phenylglycyl-1.-alanine.

20 As will be appreciated by the skilled pracritioner, the compounds of the invention

include compounds which can have a single pharmacophore (e.g., dioxapiperazines where 1l

dioxapiperazine moiety is the sole pharmacophore); or §-amino anionic moisties where the

B-amino anionic moiely is responsible for the biochemical activity of the compound. Cerrai

compounds of the invention include two distinct pharmacophores and have a striucture
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represented by A-B, where A and B are each domains or pharmacaphores having biochemical
activity (e-g., an anticonvulsant dioxapiperazine moiely having a distinct antioxjdant moiety, 7
e.g., RS#) (also referred 10 herein as a “hybrid” drug). A compound which includes two
pharmacophores can be capable of interaction with wo or more distinct receptors. Where the
compound of the invention includes more than one pharmacophore, the pharmacophores can
be linked 1o each other by a variety of techniques known 1o the skilled practitioper. For
example, the pharmacophore represented by R°* can be cavalemly bonded 10 a
dioxapiperazine moiety through an amide linkage to a nitrogen of the dioxapiperazine ring.

A linkage between two pharmacophores can be selected such that the two pharmacophores
are cleaved from each other 7 vive (i.c., by the selection of a linkage which is labile in viva).

Examples of such biologically labile linkages are known in the art. See. ¢ g, Silverman, cited

"above. Advantageously, such a “hybrid” two-pharmacophore drug can be designed to be

transported within the body 10 reach a site or organ such as the brain, where one or more
pharmacophore moieties exert a biological effect, a1 which site the hybrid drug can be
cleaved 10 provide two active drug moieues. Some examples of hybrid drugs are set forth

above.

The invention further contemplates the use of prodrugs which are converted in vivo 10
the therapeutic compounds of the invention. Such prodrugs can be used 1o alter the
biodistribution (e.g., to allow compounds which would not typically cross the blood-brain
barrier o cross the blood-brain barrier) or the pharmacakinetics of the therapeutic compound.
For example, an anionic group, e.g., a carboxylate or sulfonate, can be esterified, e.g, with a
methyl group or a phenyl group, to yield a carboxylate or sulfonate ester. When the
carboxylate or sulfonate ester 1s administered 1o a subject, the ester is cleaved, enzymatically
or non-enzymatically, to reveal the anionic group. Such an ester can be cyclic, e.g., a lacione
or sultone, or two or mare anionic moieties may be esterified through a linking group. An
anionic group can be esterified with moieties (e.g., acyloxymethy] esters) which are cleaved
10 reveal an intermediate compound which subsequently decomposes o yield the active |
compound. Aliernatively, an anionic moiety can be esterified 10 a—g'i&p which is actively
rransported in vivo, or which 18 selectively taken up by target organs. The ester can be

selecred 1o allow specific targeting of the therapeutic moieties to particular organs. In another
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embodiment, the prodrug is a reduced form of an anionic group, €.g., 2 carbaxylate or

sulfonate, ¢.g., an alcohol or thiol, which is oxidized in vivo 10 the therapeutic compounnd,

Thus, as described above, preferred compounds include pyrimidines, such as
substituted uracils, which can be converted in vivo 1o B-amino anionic compounds. Ina

preferred embodiment, the compound can be represented by the formula (Formula V): |
| R0

= /R11
N

o) N/Ko

L.

RQ

Formula V

where R® and R'® are each independently selected from the group consisting of
hydrogen, alky] (including cycloalkyl, hetefocyclyl, and aralkyl), alkenyl, alkynyl, aryl,
alkoxy, aryloxy, alkylearbonyl, arylcarbonyl, alkoxycarbonyl, aryloxycarbonyl, amino
(including unsubstitured and substituted amino), hydroxy, thiol, alkylthiol, nitro, cyano,
halogen, carboxyl, alkoxycarbonyloxy, aryloxycarbonyloxy or aminocarbonyl; or R’ ana R,
together with the Two-carbon unir 1o which they are anached, are joined to form a carbocyclic
or heterocyclic ring having from 4 1o 8 members in the ring; and R'is hydrogen, alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl, arylcarhonyl, alkoxycarbonyl, or
aryloxycarbonyl; or R'® and R"", ogether with the carbon atom and nitrogen atom ta which
they are respectively attached, are joined 1o form a heterocyclic ring having from 4 10 8
members in the ring; and R¥ is selected from the group consisting of hydrogen, alkyl, aryl
and a carbohydrate (such as a sugar like ribose or deoxyribose); or a pharmaceutically
accepiable salt or ester thereof. In another embodiment, the compound can be represented by

the formula (Formula Va): -
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1.

Formula Va

where R% R™, R'®™, R'™ are cach independently selected from the group consisting
of hydrogen, alky! (including cycloalkyl, heterocyclyl, and aralkyl), alkenyl, alkynyl, aryl,
alkoxy, aryloxy, alkylcarbonyl, arylearbanyl, alkoxycarbonyl, aryloxycarbonyl, amino

-(including unsubstituted and substityted amino), hydroxy, thiol, alkylthiol, nitro, cyano,

halogen, carboxyl, alkoxycarbonyloxy, aryloxycarbonyloxy or aminocarbonyl; or R* and
R, together with the two-carbon unit 10 which they are attached, are joined 1o form a
carbocyelic or heteracyclic ring having from 4 10 8 members in the ring; or R'® and R'®,
together wirh the two-carbon unit to which they are attached, are joined to form a carbocychic
or heteracyelic ring having from 4 to 8 members in the ring; or one of R”® and R is joined
with one of R** and R'%, together with the two-carbon unit 1o which they are atiached, 10
form a carboeyclic ar heterocyclic ring having from 4 to 8 members in the ring; R
hydrogen, alkyl, alkenyl, alkyny}, cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl, or aryloxycarbonyl; or one of R'® and R'® is joined with R", together with
the carbon atom and nitrogen atom 1o which they are respectively attached, 1o form a
heterocycelic ring having from 4 1o 8 members in the ring; and R* s selected from the group
consisting of hydrogen, alkyl, aryl and a carbohydrate (such as a sugar, e.g., ribose or

deoxyribose); or a pharmaceutically accepiable salt or ester thereof.

Compounds of Formulas V and Va can be prepared according to a variety of synthetic
procedures, some of which are known in the art. Exemplary synthe;cs are shown in Figure 2.
For example, as shown in Figure 2, a barbituric acid compound can be mudlﬁed (e.g., by
mesylation with mesy) chloride and an amine base) to provide a compound which can be

further funcrionized (e.g., by Michael addition of a suitable nucleophile); or can be
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reductively desulphonated 10 provide a dienophile for subsequent Diels-Alder cycloaddition
with a suitable dienophile. Reduyction of the wracil ring provides dihydrouracil derivatives.

Compounds nsefl in the present invention may also include cayrier or targeting
moieties which allow the therapeuric compound 10 be selectively delivered 1o a target organ
or organs. For example, if delivery of a therapeutic compound to the brain is desired, the
compound may include a moiety capable of 1argeting the compound to the brain, by either
aclive or passive wansport (a “targeting moiety™). Illustratively, the carrier molecyle may
include a redox moiety, as described in, for example, U. S. Patent Nos. 4,540,564 and
5,389,623. These parems disclose drugs linked 10 dibydropyridine moietjes which can enter

the brain. where they are oxidized 10 a charged pyridinium species which is rapped in the

brain. Thus, drug accumulates in the brain. Other carrier moieties include compounds, such

as amino acids or thyroxine, which can be passively or actively wansported in viva. Sucha
carrier moiety can be metabolically yemoved i vivo, or can remain intact as pars of an active
compound. Many targeting moieties are known, and include, for example,
asialoglycoproteins (see, ¢.g., U.S. Patent No. 5,166,320) and other ligands which are

uransported infa cells via recepror-mediared endocytosis.

The rargeting and prodrug strategies described above can be combined 1o preduce a
compound That can be transported as a prodrug 1o 2 desired site of action and then unmasked

10 reveal an active compound.

In another aspect, the present invention provides phanmacophore modeling methods
for :denifying compounds which can inhibit epileptogenesis in a subject. These methods
fearure the examination of the structures of two or more compounds which are known 10
cause a direct or indirect pharmacological effect on a protein or 2 molecule which is involved
in epileptogenesis. These proreins and molecules which are involved in epileprogenesis are
believed 10 include cell-surface receptor molecyles (e.g , an NMDA receptor) or a molecule
that is involved in rransport of neurorransmiters (e. &, a GABA rransparter). Preferably, the
structyres of these compounds each include one or more pharmacepheres which can exert at
least some of the pharmacological effect of the compound. The methods of the invention also
include derermining average pharmacophore structure(s) (e.g., carbon backbone structures

and/or a three-dimensional space filling structures) based on the pharmacophore structyres of
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the two or more compounds. New compounds having one or more of the average

pharmacophore siictures can be chosen using these methods.

In related embodiments, these methods feature the examination of the structures of
Two or more compounds which are known 1o cause a direct or indirect pharmacological effect
on Two or more proleins or molecules which are involved in epileptogenesis. In such an
embodiment, the skilled practitioner will realize thar the new compound which is chosen will
preferably have one or more pharmacophores which are active on different proteins or

molecules involved wirh epileptogenesis.

In a preferred embodiment, a new compound which is chosen (e.g , designed) by these

methods of the invenrion inhibirs cpileprogenesis in a subjecr.

The methods of ideutifying compounds may further rely on the construction of
additional complementary models which simulate at least a portion of a protein or a molecule
which is involved in epileptogenesis (e.2., a “pseudorecepior”). Such a simulation can be
used 1o further evaluate new candidare compounds which comprise one or more average
pharmacophores. Complementary models can be constrncted using algorithms and/or
methods which rely on the structures of pharmacophores or whole compounds that interact
with the protein molecule involved with epileprogenesis. Algorithms for the construction of
sych a simulation will be known 1o the skilled pracritioner and include MM2 molecular
mechanics force field (see, e.g, Allinger (1977) S Am. Chem. Soc. 99:8127-8134, Allinger er
al. (1988) L. Comp Chem. 9:591-595, Lii er al. (1989) J. Comp. Chem. 10:503-513, Cornell

eral. (1995) J. Am Chem. Soc. 117:51 79-5197, Wiener et al. (1 986) J. Comp. Chem.7:230-
252).

The invention further provides a kit which includes a container of a compound of the
invention and instructions for using a therapeutically effective amoung of the compound 10 a
subject in need thereof such that a counvulsive disorder (e.g., epileptogenesis) is inhibited in
the subject. The kirs of the inveniion provide convenient means for using, e.g., administering
the compounds of the invention. Ina particularly preferred embod;n;;t. the kit includes a

therapeurically effective amount of the compound, more preferably in unit dosage form.
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This invention also provides 2 method of diagnosing an epileptogen%c condition in a
subject comprising administering a compound of the invention (e.g. compounds 1-14 and Al-
A32 described later) labeled with a detectable marker 10 said subject; and measunng
increased binding of the compound 1o the NMDA recepiors of the neurons of said subject’s

brain, thereby diagnosing an epileprogenic condition in said subjecr.

This invention further provides a method of disgnosing an epileprogenic condition in
a subject comprising administering a compound of the invention (e.g. compounds 1-14 and
Al1-A32 described later) labeled with a dereciable marker w s2id sybject; and measuring
decreased binding of the compound 1o the GABA receptors of the neurons of said subject’s

brain, thereby diagnesing an epileprogenic condition in said subject.

“Compound labeled with a detectable marker” as used herein includes compounds
that are labeled by a detectable means and includes enzymatically, radioacrively,

fluorescently, chemiluminescenily, and/or bioluminescently labeled antibodies.

Examples of enzymes that can be used as labeled include malare dehydrogenase,
staphylococcal nuclease, deha-V-steroid 1somerase, yeast alcohol deh:fdro,genase, alpha-
glycerophosphate dehydrogenase, miose phosphate isomerase, horseradish peroxidase,
alkaline phosphatase, asparaginase, glucose oxidase, beta-galactosidase, ribonuclease, urease,

caralase, glucose-VI-phosphate dehydrogenase, glucoamylase and acerylcholinesterase.

Examples of radioactive labels include: *H, "1, *'[, %8, “C, and preferably '#I.
Examples of fluoroscent labels include: fluorescein isothiocyanate, thodamine,
phycoerytherin, phycocyanin, allophycocyanin, o-phthaldehyde and fluorescamine.
Examples of chemilnminescent labels include: luminol, luciferig, isoluminol, theromaric
acridinium ester, imidazole, acridinium salf and oxalate ester. Examples of bioluminescens

labels include: luciferin, juciferase and aequorin.

11 Methods for Pregan'ng B-amino Anionic Compounds .»

The invention further provides methaods for preparing -amino anionic compounds.
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In one embodiment, the invention comprises a method for preparing a f-amino

carboxyl compound represented by the formula (Formula V1):

NRZR® of

5 Formula VI

where the dashed line represents an optional single/double bond (of cither E- or Z-
configuration); R? and R> are each independently hydrogen, alkyl, alkeny), alkyayl,
cycloalkyl, aryl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, or aryloxycarbonyl; or R? and
R, aken togerher with the nitrogen 1o which they are anached, form an unsabstituted or

10 substituted heterocycle having from 3 10 7 atoms in the heteroeyclic ring; and R* and R® are
each independently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylcarbonyl,
arylearbonyl, alkoxycarbonyl, aryloxycarbonyl, amino, hydroxy, cyano, alkoxy, aryloxy,
carboxyl, alkoxycarbonyl, aryloxycarbonyl, heterocyelyl; or R* and R’, 1aken together, form a
gubsﬁmted or unsubstituted carbocyclic or heterocyclic ring having from S 1o 135 atoms (more

15  preferably 5 10 8) in the ring; and R¥ is hydrogen, alkyl, aryl, or an organic or inorganic sali-

forming cation. The method includes the steps of reacting a compound of formula VI

Formula V]I

20 where the dashed lines each represent an optional single/double bond; X is niwro,
azido, or NR2R3, wherein R? and R? are defined above; W is -CN or -COOR?; 8* is hydrogen,
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alkyl, aryl, or an organic or inorganic salt-forming cation; and R* and R’ are as defined
above; under reductive desulfurization conditions such that the -amino carboxyl or $-amino
nitrile compound is formed. In cenain preferred embodiments, R is alkylcarbonyl,

arylcarbonyl, alkoxycarbonyl, or aryloxycarbonyl, and R? is hydrogen.

Compounds of Formula VII can be prepared according 10 methods known in the art.

For example, the synthesis of aminothiophene carboxylares (i.e., the compound of Formulg
V1 where W is -COOR® and R is a carion, X is an amino group, and each dashed line isa
single bond) has been reported by several methods. See, e.g, Beck, J Org. Chem (1972)
37:3224; Meth-Cohn, J. Chem Res (1977) (8)294, (M)3262. Reduction of aminothiophene
carboxylates (or aminothiophene nitriles) under reductive desuifurization conditions has now
-been found 10 produce B-amino acids in good yield (aminothiophene nisriles also réquire
hydrolysis of the nitrile group, which can be aceomplished according 10 well-known methods.
See, e.g., Larock, Campreftensive Orguanic Transformations, VCH Publishers (1989), and
references cired therein. In a preferred embodiment, the reductive desulfurization conditions
comprise reacting the aminothiophene carboxylare with Raney nickel, such thar the
aminothiophene carboxylate is desulfurized.

In another embodiment, the invention provides a method for preparing a B~amino
carboxyl compound represented by formula VIII:

R4
COOR?®
NR°R?
RS
Formula Vil

where R? and R® are each indepandently hydragen, alkyl, alk_:nyl, alkynyl, cycloalkyl,
aryl, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, or aryloxycarbonyl; ar R? and R?, waken
1ogether with the nitrogen 1o which they are attached, form an unsubstituted or substituted
heterocycle having from 3 10 7 atoms in the heterocyclic ring; and R” and R’ are each
-50-
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independently hydrogen, alkyl, alkenyl, atkynyl, cycloalkyl, ary}, alkylcarbonyl,

arylcarbonyl, alkoxycarbonyl, aryloxycarbony!l, amino, hyd;oxy, cyano, alkoxy, aryloxy,
carboxyl, alkoxycarbonyl, aryloxycarbony!, heterocyclyl; or R and R’, taken together, form a
substinied or unsubstituted carbocyclic or heteracyclic ring having from 5 to 15 atoms (more
preferably 5 10 8 atoms) in the ning; and R®is hydrogen, alkyl, ary}, or an organic ar inorganic

sali-forming cation. The method includes vhe steps of reacring a compound of formula IX

Formula IX

where the dashed lines each represent an oprional single bond; X is nitro, azido, ar
NR’R®, wherein R? and R® are defined above; W is -CN or -COOR®, R® is hydrogen, alkyl,
aryl, or an organic or inorganic salt-forming cation; and R* and R? are as defined above;
under reductive desulfurization conditions such that the $-amina carboxyi compound of
Formula VIII is formed (where W = -CN, the carboxylate will be formed after reductive
desulfurization and acidification). In certain preferred embodiments, R? is alkylcarbonyl,

arylcarbonyl, alkoxycarbonyl, or aryloxycarbonyl, and R? is hydrogen.

Compounds of Formula IX (or esters thereof, which can be hydrolyzed according to
known methods 10 provided compounds of Formula IX) can be prepared according 10
merthods known in the art. See, e.g., U. S. Patent No. 4,029,647; Henriksen and Autrup, Acta
Chem. Scand. 26:3342 (1972); or Hartke and Peshkar, Pharm Zentralhalle 107:348 (1968).

The synthetic methods §f the invention provide advantages over previously reported
syntheses of B-amino acids. For example, ‘che inventive methods provide access 1o a variety
of B-amino acids subsyituted at either carbon, or both carbons, of the Two-carbon backbone;
the particular B-amina acid produced is determined by the starting ‘arfinothiophene
carboxylate, which can be prepared with a variely of substiments. As described in Example
1, infra, the inventive methods provide B-amino acids in good yield, under mild conditions,

and in only a small number of steps from commercially available reagents. Iustrative
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compounds which have been prepared by this method are presented in Example 1. The
methods of the invention thus provide a general, rapid, simple, and high-yielding route 1o -

amino acids.

In anorher embodiment, the invenrion provides a method for preparing a f-aryl-p-
alanine compound. In this embodiment, the invention provides a simple, one-pot reaction
capable of producing a variety of substituted and unsubstimued B-aryl-B-alanine compounds,
often using readily available precursors. The method used herein is an adapiation to produce
f-alanine analogs. The merhod includes the steps of reacting an aryl aldehyde with a
malopate compound and an ammonium compound, under condisions such thar a B-aryl--
alanine compound is formed. In a preferred embodiment, the aryl aldehyde is 8 substitured or
‘unsubstituted benzaldehyde. In a preferred embodiment, the malopnate compound is malonic
acid. In a preferred embodiment, the ammonium compound is an ammonium sat of a
compaund selected from the group consisting of ammonia, primary amines, and secondary
amines. A particularly preferred ammonium compound is a salt of ammonia, most preferably
ammoniym acetate. In a preferred embodiment, the solvent is a polar organic solvent such as

ethanol. An exemplary synthesis according to the invention is described in Example 3.

Ir will be appreciated that B-amino acids, in addition 1o the anti-epileprogenic
propenies described herein, have other uses, e. g, as synthetic intermediates and as
commodity chemicals. For example, the B-lactam structure is present in many commercially-
valuable anfibiotics, including, for example, pencillins, carbapenems, norcardins,
monobaciams, and the like. A variety of methods for conversion of B-amina acids {o (i-
lactams have been reported. See, e.g, Wang, W.-B. and Roskamp, E.1., J. Am. Chem. Soc.
(1993) 115:9417-9420 and references cited therein. Thus, the present invention further
provides a method for the synthesis of B-lactams. The method comprises subjecring a
compound of Formula VII (or Formula IX) to reductive desulfurization conditions to produce
a compound of Formula VT (or | or V1i}), followed by cyclization of the compound of
Formula VI (or I or VIII) 1o form a f-lactam. Moreover, B-amino acids have been shown 10

improve the condifion of certain cancer patients (see, e.g , Rougereau, A. eral Ann
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Gastroenterol. Heparol. (Paris) 29 (2): 99-102 (1993). Thus, the present invention provides

methods for preparing compounds usefil for the reatment of cancer.

IV. _ Librapes

In another aspect, the invention provides libraries of compounds of Formula 1V,

Formula VI, or Formula VI, and methods of preparing such libraries.

The synthesis of combinatorial libraries is well known in the art and has been
reviewed (see; e.g., E.M. Gordon e7 al., J Med. Chem. 37:13835-1401 (1994)). Thus, the
{nvention includes merhods for synthesis of comhinarorial libraries of compounds of Formula
1V, Formula V1, or Formula VIIL. Such libraries can be synthesized according 10 a vanety of
merhods. For example, a “split-poal” strategy can be implemented 1o produce a library of
compounds. The library of immobilized compounds can then be washed 1o remove
impurities. In cerain embodiments, the immobilized compounds can be cleaved from the

solid support 1o vield a compound of Formula 1V, VI, or VIIL

In another illuswrative method of combinatorial synthesis, a “diversomer library” is
creared by the method of Hobbs, DeWin er al. (Proc. Natl. Acad. Sci. U.S.A. 90:6909

(1993)). Afier creation of the library of compounds, purificarion and workup yields a soluble
library of substituted compounds of Formula IV, Vi, or VIIL

Orther synthesis methods, including the “wea-bag” rechnique of Houghien et al., Nature

354:84-86 (1991), can also be used 1o synthesize libraries of compounds according to the

subject invenution.

Combinarorial libraries can be screened 1o determine whether any members of the
library have a desired activity, and, if so, 1o identify the active species. Methods of screening
combinatorial libraries have been described (see, e.g., Gordon er ul., J Med. Chem , op cit.).
Soluble compound libraries can be screened by affinity chromatography with an appropriate
receplor (o isolate ligands for the receptor, followed by identification of the isolated ligands
by convensional techniques (e.g., mass spectrometry, NMR, and the like). Immobilized
compounds can be screened by contacting the compaunds with a soluble recepor; preferably,

the soluble recepror is conjugated 1o a label (e.g., fluorophores, colorimetric enzymes,
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radicisotopes, luminescent compounds, and the like) thay can be detected to indicate ligand
binding. Alemarively, immabilized combounds can be selectively released and allowed 10
diffuse throngh a membrane to interact with 2 receptor. Exemplary assays useful for
screening the libraries of the invention are known the ar (see, e.8., EM. Gordon et al , J
Med. Chem. 37:1385-1401 (1994)).

Combinatarial libraries of compounds can also be synthesized with “tags” 10 encode
the identity of each member of the library. see, e.g, U.S. Patent No. 5,565,324 and PCT
Publication No. WO 94/08051). In general, this method features the use of iner, but readily
detectable, 1ags, that are anached 1o the solid support or to the compounds. When an active
compound is detected such as by one of the techniques described above, the ideniity of the
compound is determined by identification of the unique accompanying 1ag. This tagging

method permits the synthesis of large libraries of compounds which can be identified at very
low levels.

In preferred embodiments, the libraries of compounds of the invenrion contain at least
30 compounds, more preferably at least 100 compounds, and siill more preferably at least 500
compounds. In preferred embodiments, the libraries of compounds of the invention contain
fewer than 10% compaunds, more preferably fewer than 108 compounds, and still more
preferably fewer than 107 compounds.

A library of compounds is preferably substantially pure, i.e., substantially free of
compounds other than the intended products, e.g., members of the library. In preferred
embodiments, the purity of a library produced according to the methods of the invention is at

least about 50%, more preferably at least about 70%, still more preferahly at least about 90%,
and most preferably at least about 95%.

The libraries of the invention can be prepared as described herein. In general, at least

one staring maierial used for synthesis of the libraries of the inveniion is provided as a

variegated population. The 1erm “variegated popularion”, as used herein, refers 1o a
population including ar least two different chemical entities, e.g., of different chemical
structyre. For example, a “variegated population” of compounds of Formula V1i would

comprise at least iwo different compounds of Formula VIJ. Use of a variegated population of
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linkers yo immmobilize compounds 1o the solid support can produce a variety of compounds

upon cleavage of the linkers.

I ibraries of the invention are useful for, inter alia, drug discovery. For example, a
library of the invention can be screened 1o determine whether the library includes campounds

having a pre-selected activity, e.g., anti-epileptogenic or anticonvulsant acyjvity.

V. Pharmaceutical Compositions

In another aspect, the present invention provides pharmaceutically accepiable
compositions which comprise a therapeutically-effective amount of one or more of the
compounds described above, formulated 1ogether with one or more pharmaceutically
acceptable carriers (additives) and/or diluents. The pharmaceutical compositions of the
present invention may be specially formulated for adminiswration in solid or liquid form,
including those adapied for the following: (1) oral administration, for example, drenches
{agueous or non-aqueous solunons or suspensions), tablets, boluses, powders, granules,
pastes for application 1o the 1ongue; (2) parenteral adminisiration, for example, by
subcuraneous, intramuscular or intravenous injection as, for example, a sterile solution or
suspension; (3) 1opical application, for example, as a cream, ointment or spray applied 1o the
skin; or (4) intravaginally or intrarecyally, for example, as a pessary, cream or foam. Ina
preferred embodimeny, the therapeuric compound is adminisiered orally. The compounds of
the invention can be formnlated as pharmaceutical compositions for administration 10 3

subject, €.g., a mammal, including a human.

The compounds of the invention are administered 10 subjects in a biologically
compatible form suitable for pharmaceutical administration in vivo. By “biologically
compatible form suiiable for administration in vivo™ s meant a compound 1o be adminisrered
where any 1oxic effects are ourweighed by the therapeuric effects of the annbody. The 1erm
subject 1s intended 1o include living organisms where an immune respgnse can be elicited,
e.g., mammals. Examples of subjects include humans, dogs, cars, rodents (¢ g., miceor rass),
and transgenic spegies thereof. Adminiswation of a therapeutically active amount of the

therapeutic compositions ot the present invention is defined as an amount effective, ar

-55.



10

13

20

25

30

WO 02/073208 PCT/CA02/00363

dosages and for periods of time necessary o achieve the desired result. For example, a
therapeutically active amount of a compound of the invention may vary accprding 10 factors
such as the disease state, age, sex, and weight of the individual, and the ability of amibody 1o

elicit a desired response in the individual. Dosage regimes may be adjusied 1o provide the

. optimum therapeufic response. For example, several divided doses may be administered

daily or the dose may be proportionally reduced as indicated by the exigencies of the

therapeuric situation.

The active compound may be administercd in a convenient manner such as by
injecrion (subcutaneous, intravenou;-, etc.), oral administratian, inhalation, transdermal
application, or rectal administration. Depending on the route of administration, the active
compound may be coated in a material 1o protect the compound from the action of enzymes,

acids and other natural conditions which may inactivate the compound.

A compound of the invention can be administered to a subject in an appropriate
carrier or diluent, co-administered with enzyme inhibitors or in an appropriate carrier such as
liposomes. The term “pharmaceutically accéptable carrier” as used herein is intended to
include diluents such as saline and aqueous buffer solutions. To administer a compound of
the inventjon by other than parenteral adminiswration, it may be necessary to coat the antibody
with, or co-administer the compound with a material 1o prevent its inactivation. Liposomes
include water-in-oil-in-water emulsions as well as conventional liposomes (Strejan et al.,
(1984) J. Neuroimmunaol 7:27). The acuve compound may also be administered parenterally
or intraperitoneally. Dispersions can also be prepared in glycerol, liquid polyethylene
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these

preparations may contain a preservative to prevent the growth of microorganisms.

Pharmaceurical composirions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable salutions or dispersion. In all cases, the composition must be
sterile and must be fluid to the extent that easy syringability exists. Te¥nust be stable under
the conditions of manufacture and storage and must be preserved against the contaminating
action of microorganisms such as bacieria and fungi. The phannaceutically acceprable carrie:

can be a solvent or dispersion medium containing, for example, water, ethanol, polyol (for
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example, glycero}, propylene glycol, and lignid polyetheylene glycal, and the like), and
suitable mixtures thereof. The proper fluidity can be mainrained, for example, by the use of a
coating such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. Prevention of the action of microorganisms can be
achieved by various antibacierial and antifungal agents, for example, parabens,
chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. Inmany cases, it will be
preferable 1o include isotonic agents, for example, sugars, polyalcohols such as manitol,
sorbirol, sodium chloride in the composition. Prolonged absorpsion of the injeciable
compositions can be brought abou: by inclnding in the composition an agent which delays

absorprion, for example, aluminum monpsiearaie and gelatin.

Sterile injectable solutions can be prepared by incorporating active compound in the
required amount in an appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the acrive compound into a sterile vehicle which contains a basic
dispersion medium and the required other ingredients from those enumerared above. In the
case of sterile powders for the prepararion of sterile injectable solutions, the preferred
methods of preparation are vacuum drying and freeze-drying which yields a powder of the

active ingredient plus any additional desired ingredient from a previously sterile-filtered
solution thereof.

When the active compound is suitably protected, as described above, the composition
may be orally administered, for example, with an inert diluent or an assimilable edible
carrier. As used herein “pharmaceurically acceptable carrier” includes any and al) solvents,
dispersion media, coatings, antibacterial and anrifungal agents, isoronic and absorpiion
delaying agents, and the like. The use of such media and agents for pharmaceutically active
sibstances is well known in the art. Except insofar as any convenrional media or agens is
incompatible with the active compound, use thereof in the therapeutic compositions is

contemplaied. Supplementary active compounds can also be incorporgted into the
compositions.

11 1s especially advantageouns 1o formulate paremeral compositions in dosage unit form

for ease of adminisiration and uniformity of dosage. Dosage unit form as used herejn refers
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1o physically discrete units suited as unitary dosages for the mammalian subjects 1o be
weated; each nnit containing a predetermined quantity of active compound calcularted 10
produce the desired therapeuric effect in association with the required pharmaceutical carner.
The specification for the dosage unir forms of the invention are diciated by and directly
dependent on the unique characteristics of the active compound and the particular therapentic
effect 1o be achieved, and the limitations inherent in the art of compounding such an active

compound for the therapeuric weatment of individuals.

EXAMPLES

!

Example }:  Identification of corggdunds based on a pharmacophore model

A pharmacophore model was developed which incorporated the structural parameters
and features of two differens classes of compounds: (1) inhibitors of GABA uptake receptors,
and (2) co-agonists of the NMDA receptor.

Previous models (Murali Dhar et al. (1994) J. Med. Hem. 37:2334, Falch and
Krogsgaard-Larson (1991) Eur. J Med. Chem 26:69, N’Goka (1991)J. Med Chem
34:2547) supgest that GABA yptake inhibitors should include:

1) An amine functional group (preferrably a second amine)
i1) A carboxylic funcrional group
1)  Alipophilic group, preferably aromatic

iv) An eleciron-rich functionality (double-bond or an oxygen) locared between the
amine and the lipophilic group

%) A two carbon chain length between the amine functional group and the double
band or the oxygen atom.

Other previous models focused on antagonists of the glycine co-agonist site of the

NMDA recepior complex (e.g., Leeson and Iverson (1993) J. Med. Chem 37:4053) suggest
that co-agonists of the NMDA recepior should desirably include: '

i) An amine functional group (preferrably a second amine)
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i) A ce;rboxylic funciional group

iiiy  Two small lipophilic groups

iv) A large lipophilic group

‘Based on this informarion, average pharmacophore model compounds were prepared

which, as a class, may be considered 10 be ~amino acids and analogs thereof. Important

parameters of These compounds include:
1) An ammne group
i) A carhoxylic funciional group
1) A B-alanine backbone
v) A flexible lipophilic moiety

To further refine the profile of desired compounds, a 3-dimensional visualization of
an “average recepior site” was consiructed using a series of molecular modeling calculations
(MM2 molecular mechanics force field). First, using various probe molecules known ta bind
1o the glycine subsite on the NMDA recepror, a “pseudo recepror” model was created using a
compliementary modeling approach. To achieve this, fragments of the known NMDA
receptor site peptides were mathematically positioned in the vicinity of several probe
molecules (e.g., compounds known 1o bind the receptor) 1o simulate a recepror, i e., the probe
malecules were used as a template to compile a receptor mode! around them. For example,
the side-chain of glutamate was used 1o “dock” 10 basic ammonium functianalities in the
probe molecule. Lipophilic pockets were simulated with the side-chain of phenylalanine. 8y
doing so, the “receptor” of the glycine subsite on the NMDA receptor was mathemarically
modeled. Next, the same procedure was carried ous for the glial GABA upiake receptor. The
two model receprors were than overlapped to design a model hybrid receptar (average
recepror site). This model hybrid recepror site contained three “pockets”. An anionic pocket
was situated 7.7 A from a cationic pocket capable of interacting with ammonium and
carboxylate functionalities, respectively. A mobile lipophilic pocker was located in a variable
position ranging from 5.2 10 8.1 A from the anionic pocker. $-amino acid analogues which

inclade the above criteria were inserted into the model hybrid receptor. Optimal fir was
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heared 10 reflux. The reaction mixmure was cooled 10 yield a2 mixmure of the B-aryl B-alanine
and (in cerain cases) a cinnamijc acid derivarive. The cinna'mic acid (if Present) was removed
by acid/base €XTraction of the mixmure 10 vield the B-ary} -B-alanine, often in moderate 10

S goodyield. A listor candidare ¢ompounds which were obtained by this method are listed
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Example 2: _In vivo assessment of candidage compounds’ phamaccological uulity

for inhibition of epileptogenesis

The twe groups of candidate analogues were tesied in vivo for both anti-seiznure
activities and neurclogical toxicities. One seizure model was performed using adult male
Sprague-Dawley rats in accordance with the guidelines of the Canada Council on Animal

. -Care and under the supervision of the Queen’s University Animal Ethics Comminee. This

test procedure has been adopted from previous work by Turski ez a/. (1984) Brain Res.
321:237. The test compounds were administered at 100mg/kg by interperitoneal (i.p.)
injection. Seizures were induced 20 minwes afterwards by i.p. administration of pilocarpine
hydrochloride (350 mg/kg). Protection was defined as the absence of chronic spasms over a
30 minute observation period afier pilocarpine adminiswstion. Compounds 1,2, 3,5, 8, 10,
11,13, Al, A4, AS, All, Al3, Al4, AlS, Al6, A21, A26, A28, A29, and A31 exhibited
significant anri-seizure activity with this assay. The classes of compounds exhibiting ami~
seizure activity include: N-substituted f-amino acid acid analogues (compounds 1, 2, 3, and
10); B-substituted B-amino acid analogues (compounds 5, 11, Al, A4, AS, All, A3, A4,
AlS, Al6, AZ], A26, A28, A29, and A31); and a-gubstimted B-amino acid analogues (..
compounds 8 and 13).

Further assays 10 Test the anti-seizure and neuratoxic propenties of the candidate
compounds included the maximal electroshock seizure (MES) model, the subcutancous
pentylenetetrazole (PTZ) —~ induced seizure model, and the rotorad neurotaxiciry test. All
assays were performed by the Anticonvulsant Drug Development (APDyProgram in the
Epilepsy Branch of the NIH (see, e.g., Stables and Kupferberg (1997) The NIH
anticonvulsant Drug Development (ADD) Program: Preclimeal Anticonvulsant Screenng

Praojecr, Libby & Sons). All compounds were rested with either male Carworth Farms #1
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mice or male Sprague-Dawley rats. Each test compound was administered via an i.p.
injection at 300, 100, and 30 mg/kg.

In the MES-induced seizure model, see, e.g., “Molecular and Cellular Targets for
Anti-Epileptic Drugs” G. Avanzini, e7 al. (1997) John Libbey & Company Lid., pp 191-198;
Chapter 16, “The NIH Anticonvulsant Drug Development (ADD) Program: preclinical
anficonvulsant screening project,” by James P. Stables and Harvey J. Kupferberg, anti-seizure
aétiﬁty of a test compound was defined as the abolition of hind-leg tonic-extension over a 30 |

minute observation period. Compounds 9, 10, and A3 shawed significant anti seizure activity

with this assay.

In the PTZ-induced seizure model, seizuyes were typically induced 0.5 and 4 hrs after
test compound administrarion by 1.p. injection of PTZ (85mg/Ke in mice and 70 mg/kg in
rats). Protection was defined as the inhibirion of chronic spasms over a 30 min observarion
period. Compounds 9, 10, A3, A7, Al7, A22, A23, A24, and A25 showed significant anti
seizure activity with this assay.

In the rotarod neurotoxicity testing, mice were placed on a 1-inch diameter knurled
plastic rod rotating at a speed of 6 rpm after the administrarion of the test compound.
Neurotoxicity was defined as the inability of mice 1o maintain their equilibtium over a one
minute observation period. Compounds 1, 2, 4-9, 11, 12, 14, A3, A4, A6, A8, A9, A0, Al7,
A21, A22, A23, A26, A27, A28, A29, A30, A31, and A32 showed no neurological toxiciry
by this assay. However, of the remaining compounds which exhibited somz neurotoxicity,

the level of toxicity was low compared 1o antiseizure drugs such as carbamazine and valproic
acid.

Example 3: _Sypihesis of §-amino acids:Method A

General Procedures

N-Acetyl Protection via Acelic Anhydride o

Acemidothiophenecarboxylic acid alkyl esters were prepared by refluxing the

corresponding amino compound with excess Acy0 (4 equiv.) in anhydrous AcOH for 1 hour.
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The mixture was poured in cold water and the product was iso}ated by filtration, washed with

water and recrystallized from EiOH.

Synthesis of Raney Nickel Cartalyst

A solurion of NaOH (320.0 g, 8 mol) in warer (1.2 L) was mechanically stirred ina
2.0 L flask. Afier cooling to 10°C in an ice-bath, nickel aluminum alloy (250 g) was added in
small portions over 90 minutes. The resulting suspension was stirred at room temperature for
1 hour and at 50°C for an additional 8 hours. The suspension was tansferred to a graduared
cylinder and the aqueous supematant was decanted. The resulting shurry was shaken with 2.5
M aqueous NaOH solution (200 mL), then decanted. The nickel catalyst was washed 30
times by suspension in water (150 mL) followed by decanting. The washing was repeated 3

times with absolute EtOH (100 ml.) and the resulting Raney nickel was stored under absoluse
EiOH.

Raney Nickel Reductive Desulfurization

Alkyl aceramidothiophenecarboxylate (20 mmol) and freshly prepared Rangy nickel
(8 equiv.) were refluxed in EtOH (75 mL) with vigorous stirring for 16 hours. The hot
mixture was filtered through diatomaceous earth (Celite) and the nickel residue was washed
with hot EtOH (50 mL). The filirate was concentrated 10 yield pure N-acetyl-f-alanine alkyl

ester as a clear oil, a gum or whire crystals.

N-Aceryl and Alky! Ester Deprotecrion via Acidolysis

The doubly protected a- or -substituted f-alanine was refluxed in 6 M HCI for §
hours. The solution was evaporated (10 remove HpQ, HCY, MeOH and AcOH) and the
residue was twice dissolved in distilled H2O and concenmrated (fo terove residual HC1). The
product was recrysiallized from E1OH 1o yield the hydrochloride salt as white crystals.

Aliematively, the crude product was dissolved in a minimuin volume of hat HyO and tivated

with NH40H unril the free f-amino acid precipirtated. Two volumes of E1OH or MeOH were
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added o aid the separation of the product and prevent clymping. The mixmre was cooled
{4°C) for 24 hours 10 encourage further precipitation then was filtered. The product was
washed with ice cald H>O and EtOH then was recrystallized from MeOH or E1OH 10 yield

pure substituted B-alanine as white crystals.

TLC Analysis

In the experimental procedures that follow, the solvents used for thin-layer

chromatographic analysis are abbreviated as follows:
Solvent B: merhylene chloride:acetone:acetic acid 100:100:0.5
Solvem (: ethy! acetate:methanol 9:1
Solvent J: chloroform:acetone:water 88:12:15
Solvent K: methanol:aceric acid 5:1

Solvent L: ethanol:acetic acid 50:1

Synthesis of Alkyl Acetamidothiophenecarboxylates

Methyl 3-Aceramidobenza[b Jihiophene-2-carboxylare

Using the procedure described above, methyl 3-aminobenzo[blthiophene-2-
carboxylate (1.8596 g, 8.97 mmol) was acerylated and purified by EtOH recrysiallizarion 10
afford pure product as ﬁne whire crystals (1.4723 g, 5.91 mmol, 65.9 %); mp: 178-180°C;
TLC: R=0.63 (Solvent D), 0.55 (Solvent ), 0.80 (Solvent L); IR (cm” ): 3271 (NH), 3021
(CH), 1716 (ester C=0), 1670 (amide C=0), 746 (=CH); 'H nmr (CDC1 ): 5 9.46 (br s, 1H),
8.08 (dd, 1H, J=7.0, 2.2 Hz), 7.76 (dd, 1H, J=7.5, 1.0 Hz), 7.48 (d of 1, 1H, ]=6.9, 1.4 Hz),
7.39 (d of 1, 1H, J=7.0, 1.0 Hz), 3.94 (s, 3H), 2.33 (s, 3H).

Methyl 3-Aceramido-6-(irifluoromethylbenzo[b Jrhiaphene-2-carboxylate

Methyl 3-amino-6-(iriflucromethyl)benzo[bjthiophene-2-carboxylare (1.4944 g, 5.43
mmol) was acetylated and purified by EtOH recrysiallization 10 afford pure product as fluffy,
light yellow erysials (1.5261 g, 4.81 mmol, 88.6 %); mp: 204-205°C; TLC: R f=0.72 (Selvent
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1), 0.78 (Solvent L); IR (cm-z): 3274 (NH), 3069 (CH aromaric), 2962 (CH alipharic), 1720 ’
(ester C=0), 1676 (amino C=0); 'H nmr (CDCL): & 9.81 (br s, 1H), 8.06 (s, 1H), 7.94 (4, 1H,
1=8.7 Hz), 7.51 (dd, 1H, 1=8.7, 1.4 Hz), 3.85 (s, 3H), 2.20 (4, 3H, J=4.2Hz).

Merhyl 2-Acetamido-4,5,6, 7-tetrahydrobenzo[bJthiophene-3-carboxylate

Methyl 2-amino-4,5,6,7-1etrahy drobenzo{blthiophene-3-carboxylate (3.0004 g, 14.20
mmol) was acetylated as described above and purified by EtOH recrystallization to afford
pure product as light brown crystals (3.3823 g, 13.35 mmol, 94.0 %); mp: 103-106°C; TLC:
Rf-fﬂ-68 (Solvent I), 0.66 (Solvent J), 0.76 (Solvent L); IR (cm"}): 3248 (NH), 2932 (CH),
1698 (ester C=0), 1668 (amide C=0); H nmr (CDCL,): &11.22 (brs, 1H), 3.86 (s, 31), 2.74
(u. 2H), 2.63(m, 2H), 2.25 (s, 3H), 1.79 (m, 2H), 1.76 (m, 2H).

Methyl 2-Acetamida-G-tert-butyl-4, 5,6, 7-tetrahydrobenzo (b Jrhiophene-3-carbaxylate

Methyl 2-amino-6-err-buryl-4,5,6,7-tetrahydrobenzo[b)ihiophene-3-carpoxylate
(1.3693 g, 5.12 mmol) was acetylared as described above and purified by E1OH
recrystallization to afford pure product as fine white crystals (0.9312 g, 3.01 mmol, 58.8 %);
mp: 117-118°C; TLC: R=0.74 (Solvent 1), 0.70 (Solvent J); IR (em’): 3271 (NH), 2953
(CH), 1674 (C=0); 'H nmr (CDC1): 3 11.20 (br s, 1H), 3.85 (s, 3H), 3.00 (d of m, 1H,
3=17.1 Hz), 2.68 (d of m, 1H, J=15.7 Hz), 2.50 (d of m, 1H, J=17.3 Hz), 2.34 (d of m, 1H,
J=14.2 Hz), 2.25 (s,3H), 2.00 (d of m, 1H, J=10.8 Hz), 1.49 (dd, 1H, J=12.0, 5.0 Hz), 1.27
(dd, 1H, J=12.1, 5.1 Hz), 0.93 (s, 9H). ‘

A

Erhyl 2-Aceramidocyclododeca(b Jthiophene-3-carboxylate

Ethyl 2-aminocyclododeca[b]thiophene-3-carboxylate (4.9236 g, 15.91 mmol) was
acerylated as described above and purified by EsOH recrystallization 1o afford pure product as
light brown crysials (4.6058 g, 13.10 mmol, 82.3 %); mp: 54-74°C; TLC: R€=0.73 (Solvent
1, IR (cm'lj: 3358 (NH), 2929 (CH), 1710 (ester C=0), 1678 (amide C=Q); 'H nmr (CDCIS):
8 11.35 (br s, 1H), 4.33 (q, 2H, J=7.3 Hz), 2.75 (1, 2H, J=6.9 Hz), 233& (t, 2H, I=7.6 Hz), 2.47

(m, 2H), 2.44 (m, 2H), 2.24 (s, 3H), 1.74 (m, 4H), 1.62 (m, 4H), 1.38 (1, 3H, J=7.2 H2), 1.30
(m, 4H).
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Meikyl 2-Aceramido-4,5,6,7-resrahydro-6-phenylbenzo[b Jthiophene-3-carboxylate

Methy! 2-amino-4,5,6,7-terahydro-6-phenylbenzo{bjthiophene-3-carboxylate (2.5046
g, 8.71 'mmol) was acetylated as described above and purified by EtOH rvecrystallization ro
afford pure product as 3 fine off-white powder (2.3763 g, 7.21 mmol, 82.8 %); mp: 116-
117°C; TLC: Rr: 0.79 (Solvent 1), 0.78 (Solvens J); IR (cm-l): 3255 (NH), 3029 (CH), 2925
(CH), 1686 (ester C=0), 1668 (amide C=0), 703 (=CH); "H nms (CDCIB): 8 11.25 (brs, 1H),
7.28 (m, SH), 3.88 (s, 3H), 3.00 (m, 2H), 2.89 (m, 2H), 2.78 (m, 1H), 2.27 (s, 3H), 2.08 (m,
iH), 1.94 (m, 1H).

Meihyl 3-Aceramido-S-phenylilmophene-2-carboxylaie

Methyl 3-amino-5-phenylthiophene-2-carboxylate (2.5031 g, 10.73 mmol) was
écetylated as described above and purified by £10H recrystallization to aftord pure product as
white erystals (2.7726 g, 10.07 mmol, 93.8 %); mp: 115°C; TLC: Rt=O.70 {Solvens {), 0.7
(Solvent I); IR (cm"): 3319 (NH), 3122 (CH), 2950 (CH), 1715 (ester C=0Q), 1680 (amide
C=0Q), 765 (=CH); "H nmr (CDCL): 5 10.18 (br s, 1H), 838 (s, 1H), 7.66 (m, 2H), 7.41 (m,
3H), 3.90 (s, 3H), 2.25 (s, 3H).

Methyl 3-Acetamido-3-(3-methoxyphenyl)thiophene-2-carboxylare

Methy! 3-amino-5-(4-methoxyphenyl)thiophene-2-carboxylate (2.5004 g, 9.50 mmol)
was acetylated and purified by EtOH recrystallization to atford pure praduct as fine white
crystals (2.7173 g, 8.90 mmol, 93.7 %); mp: 148-149°C; TLC: R;=0.68 (Solvent 1), 0.65
(Solvent J); IR (cm’): 3303 (NH), 3143 (CH), 2943 (CH), 1705 (ester C=0), 1663 (amide

=0), 817 (=CH); H nmr (CDCL): 8 10.19 (brs, 1H), 8.27 (s, 1H), 7.60 (d of m, 2H, J=8.9
Hz), 6.93 (d of m, 2H, J=8.8 Hz), 3.89 (s, 3H), 3.84(s, 3H), 2.24(s, 3H).

Merthyl 3-Acetamido-5-(4-methylphenyl)thiophene-2-carboxylate

Methyl 3-amino-5-(4-methylphenyl)thiophene-2-carboxylate (1.5098 g, 6.10 mmol)
was acetylated as described above and purified by B1OH recrysiallization 1o afford pure
product as white fluffy crystals (1.6694 g, 5.77 mmol, 94.6 %); mp: 137-129°C; TLC:
R =0.70 (Solvent I, 0.64 (Solvem J), 0.75 (Solvent K); IR (cm’): 3316 (NH), 2953 (CH),
1710 (ester C=0), 1675 (amide C=0), 812 (=CH); 'H nmr (CDCI ): 8 10.18 (br s, 1H), 8.33
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(s, 1H), 7.56 (4, 2H, 1=8.2 Hz), 7.21 (d, 2H, J=8.0 Hz), 3.89 (s, 3H), 2.38 (s, 3H), 2.24 (s,
3H).

Methyl 3-Aceramido-3-[3-methoxy-4-(4-nitrobenzyloxy)phenylJthiophene-2-

carboxylate

Methyl 3-amino-5-[3-methoxy-4-(4-nitrobenzyloxy) phenyljthiophene-2-carboxylate
(1.5174 g, 3.66 mmol) was acetylated as described above and purified by EtOH
recrysiallization 1o afford pure product as yellow crystals (1.5487 g, 3.39 mmol, 92.6 %); mp:
193-194°C; TLC: R =0.68 (Solvent 1), 0.65 (Solvent J); IR (em’'): 3326 (NH), 3072 (CH),
2944 (CH), 1705 (ester C=0), 1671 (amide C=0), 836 (=CH); 'H nrur (CDCL): 5 10.19 (br s,
1H), 8.28 (4, 2H, I=2 Hz), 8.23 (s, 1H), 7.62 (d, 2H, J=8.7 Hz), 7.19 (d, 2H, J=5.6 Hz), 6.85
(4, 1R, 1=8.9), 5.27 (s, 2H), 3.97 (s, 3H), 3.90 (s, 3H), 2.24 (s, SH).

Synthesis of N-Acetyl-a-substituted-R-alanine Alkvl Esters

N-dceryl-orcyclahexyl-B-alanine methyl and ethyl esters

Methyl 2-acetamido-4.5,6,7-tetrahy drobenzo[blthiophene-3-carboxylae (0.8125 g,
3.37 mmol) was reductively desulfurized using Raney nickel 1o yield the title compounds as a
light yellow oil (0.6051 g, 2.81 mmol, 83.4 %); TLC: R =0.80 (Solvent I), 0.81 (Solvent L);
IR (cm): 2894 (CH aliphatic), 1738 (ester C=0), 1674 (amide C=0); 'H nmr (CDCL): §
591 (br 5, 1H), 4.14 (q, 2H, J=7.1 Hz, minor ethyl esier product), 3.69 (s, 3H), 3.53 (m, 1H),
3.32 (m, 1H), 2.46 (m, 1H), 1.94 (s, 3H), 1.69 (m, 5H), 1.26 (r, 3H, ]=7.2 Hz, minor ethyl
ester product), 1.14 (m, 6H).

N-Aceryl-a-cyclododecyi-f-alanine ethyl ester

Ethyl 2-acetamidocyclododecalbjthiophene-3-carboxylate (2.3366 g, 6.65 mmol) was
reductively desulfurized using Raney nickel to yield the title compound as a yellow oit
(2.1314 ¢, 6.55 mmol, 98.5 %); TLC: R =0.75 (Solvent I), 0.46 (Sotvent J); IR (cm’): 3316

(NH), 2903 (CH aliphatic), 1725 (ester C=0), 1661 (amide C=0); 'H pmr (DMSO-d6): &
7.88 (brs, 1H), 4.05 (g, 2H, 7=8.1 Hz), 3.59 (m, 2H), 2.45 (m, 1H), 1.74 (s, 3H), 1.50 (m,

- 1H), 1.28 (m, 22H), 1.15 (1, 3H, 1=8.1 Hz).
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N-Aceryl-a-($-teri-butyicyciohexyl)- f-alanine methyl ester

Methyl 2-acetamido-6-rert-butyl-4,5,6,7-tetrahydrobenzo[bjthiophene-3-carboxylate
(0.8286 g, 2.68 mmol) was reductively desulfurized using Raney nickel 1o yield the title
compound as a sticky whire solid (0.7466 g, 2.63 mmol, 98.3 %o); mp: 73-75°C; TLC:

R =0.70 (Solvent i), 0.33 (Solvent I); IR (cm'l): 3261 (NH), 2943 (CH alipharic), 17335 (ester

=0), 1648 (amide C=0), 'H nrar (CDCL,): & 5.88 (br s, 1H), 3.69 (s, 3H), 3.53 (m, 1H), 3.41
(m, 1H), 3.34 (m, 1H), 2.44 (m, 1H), 1.94 (s, 3H), 1.77 (m, 2H), 1.63 (m, 1}}, 1.50 (m, 1H),
1.27 (3, 1H, J=7.1 Hz), 1.00 (m, 4H), 0.82 (s, SH).

N-Acenyl-a-(4-phenyicyclohexyl)-F-alanine meithyl ester

Methyl 2-acetamido-4,5.6,7-tetrahydro-6-phenylbenzoblihiophene-3-carboxylate
(2.0292 g, 6.16 mmol) underwent Raney nickel reductive desulfurization 1o yield the utle
compound as a whirte solid (1.7908 g, 5.90 mmol, 95.8 %); mp: 75-80°C; TLC: R=0.58
(Solvent J), 0.79 (Solvent L); IR (cm~l): 3259 (NH), 3079 (=CH), 2929 (CH alipharic), 1730
(ester C=0), 1647 (amide C=0), 698 (=CH); 'H nmr (CDC1 ): & 7.29 (m, 3H), 7.19 (m, 2H),
5.94 (br s, 1H), 3.73 (s, 3H), 3.58 (mm, 1H), 3.48 (m, 1H), 3.40 (m, 1H), 2.47 (m, 2H), 1.97 (s,
3H), 1.91 (m, 2H), 1.75 (m, 2H), 1.50 (m, 2H), 1.26 (m, 2H). |

Synthesis of N~Acetyl-B-substiuted-B-alanine Methy) Esters
N-Aceyl- f-phenyl-f-alanine methyl ester

Methy! 3-aceramidobenzo[blthiophene-2-carboxylate (1.3742 g, 5.51 mmol)
underwent Raney nickel reductive desulfurization to yield the title compound as a light
yellow-brown solid (1.1876 g, 5.37 mmol, 97.4 %); mp: 58-61°C; TLC: R =042 (Solvent 1),
0.24 (Solvent J); IR (em’): 3322 (NH), 3061 (CH aromatic), 2955 (CH aliphatic), 1741 (ester
C=0), 1649 (amide C=0); 'H nmr (CDCL): 5 7.30 (m, SH), 6.62 (br d, 1H, 1=6.0 Hz), 5.43
(g, 1H, J=6.0 Hx), 3.62 (s, 3H), 2.89 (dd, 2H, 1=8.5, 5.9Hz), 2.02 (s, 3H).

N-Aceryl-f-(4-wrifluoromerhylphenyl)- B-alanine methyl ester

Merhyl 3-aceramido-6-(trifluoromethyl)benzo[blthiophene-2-carboxylate (0.7014 g,
2.21 mmol) was reducrively desulfurized using Raney nickel to yield the title compound as a
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clear oil (0.5961 g, 2.05 mmo}, 92.6%); TLC: R=0.52 (Salvent 1), 0.86 (Solvent L); IR {em’
'): 3340 (NH), 1736 (ester C=0), 1654V(amide C=0); 'H nmr (DMSO-d6): 5 845 (d, 1H,
7=8.0 Hz), 7.59 (d, 2H, J=8.3 Hz), 7.49 (4, 2H, J=8.1 Hz), 5.25 (q, 1H, J=7.6, 13- Hz2), 3.55 (5,
3H), 2.75 (m, 2H), 1.82 (s, 3H).

N-Aceryl- f-phenethyl-p-alanine melhyl ester

Methyl 3-acetamido~3-phenylthiophene-2-carboxylate (2.3660 g, 8.59 mmol)
underwent Raney nickel reductive desulfurization to yield the tirle comnpound as an off-white
gum (2.1108 g, 8.47 mmol, 98.6 %); TLC: R=0.68 (Solvent I), 0.65 (Solvent J); IR (cm’):
3475 (NH), 2893 (CH aliphatic), 1735 (ester C=0), 1654 (amide C=0); 'H nmr (CDCL): 8
7.23 (m, SH), 6.10 (br 4, 1H, J=8.8 Hz), 4.30 (1 0f d, 1H, J=8.9, 5.4 Hz), 3.68 (s, 3H), 2.66 (1,
2M, J=8.2 Hz), 2.57 (dd, 2H, 1=4.9, 3.0 Hz), 1.96 (3, 3H), 1.87 (m, 2H).

N-Aceryl-B-(p-methoxyphenethyl J- B-alunine methyl ester

Methyl 3-acetamido-5-(4-methoxyphenyl)thiophene-2-carboxylate (1.8100 g, 5.93
mmo}) underwent Raney nickel reductive desulfurizarion 1o yield the utle compound as a
yellow oil (1.5544 g, 5.56 mmol, 93.8 %); TLC: R =0.54 (Solvent I), 0.25 (Solvent J); IR
(cm’'): 3285 (NH), 2944 (CH), 1735 (ester C=0), 1651 (amide C=0), 728 (=CH); 'H nmr
(CDCL): 8 7.08 (d, 2H, J=8.5 Hz), 6.81 (d, 2H, J=8.7 Hz), 6.03 (br d, 1H, J=8.7 H2), 4.27 (m,
1H), 3.77 (s, 3H), 3.67 (s, 3H), 2.59 (1, 2H, 1=8.2 Hz), 2.55 (d, 2H, }=8.4 Hz), 1.96 (s, 3H),
1.84 (g, 2H, J=82 Hz).

N-Acepl-B-[2-(4~-merhylphenyl)ethyl - B-alanine methyl ester

Methy] 3-acetamido-5-(4-methylphenyl)thiophene-2-carboxylate (1.4905 g, 5.15
mmo}) was reductively desalfurized using Raney nickel to yield the title compound as a
white gum (1.3434 g, 5.10 mmol, 99.1 %); mp: 50-51°C; TLC: R1=0.63 (Solvent 1), 0.85
(Solvent L); IR (cm'!): 3288 (NH), 2906 (CH alipharic), 1731 (ester C=0), 1639 (amide

.C=0), 807 (=CH); 'H nmr (CDCL,): 8 7.07 (s, 4H), 6.08 (br d, 1H, J=8.8 Hz), 4.28 (sextes,

1H, J=5.3 Hz), 3.67 (s, 3H), 2.63 (d, 2H, }=8.2 H2), 2.55 (m, 2H), 2.30 (s, 3H), 1.96 (s, 3H),
1.84 (quinter, 2H, J=7.9 H2).
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N-Acetyl-B-[2-(3-methoxy~3-hydroxyphenyl)ethyl]- f-alanine methyl ester

Methyl 3-acetamido-5-[3-methoxy-4-(4-nitrobenzyloxy) phenyljthiophene-2-
carboxylate (1.4481 g, 3.17 mmol) was reductively desulfurized using Raney nickel. The
filtered solution was taken up in hot EtOAc then washed with 0.5 N HCl (2 x 30 mL)) and
H20. The organic layer was dried (MgS803), filtered and concentrated 1o yield the title
compound as a yellow oil (0.5620 g, 1.90 mmol, 60.0 %); TLC: R = 0.80 (Solvent L); IR
(cm’*): 3498 (OH), 2905 (CH aliphatic), 1743 (ester C=0), 1663 (amide C=0), 726 (=<CH);
'"H nmr (CDC[K): 5 6.82 (d, 14, J=7.9 H2), 6.67 (1w, 2H), 6.10 (br d, 1H, I=8.6 H2), 5.56 (br s,

1H), 4.28 (m, 1H), 3.88 (s, 3H), 3.68 (s, 3H), 2.60 (d, 2H, 7=8.4 Hz), 2.55 (, 2H, }=2.2 Hz),
1.97 (s, 3H), 1.85 (m. 2H).

Svnrhesis of a-Substituted-~-B-alanines

a-Cyclohexyl-p-alanine

N-Acetyl-a-cyclohexyl-p-alanine ethy! and methyl esters (2.4499 g, 10.77 mmol)
were deprotected 1o yield the title compound as fine white crystals (0.9573 g, 5.59 mmol,
51.9 %); mp: 238-240°C; TLC: R=0.75 (Salvent I); IR (em™): 3300-2700 (OH), 2207, 1635
(carboxylate C=Q); "H nmr {(TFA-d): 5 4.58 (quinrer, 2H), 4.01 (m, 1H), 3.11 (m, 1H), 2.83
(m, SH), 2.32 (m, SH).

a-Cyclododecyl-fB-alanine Hydrochloride Salt

N-Acetyl-a-cyclododecyl-B-alanine ethyl ester (2.1268 g, 6.83 mmol) was
deprotected 10 yield the title compound as white crystals (0.7322 g, 2.51 mmol, 36.7 %); mp:
201-204°C; TLC: R=0.79 (Solvent I), 0.80 (Solvent L); IR (cm‘]): 3400-2700 (OH), 1722
(carboxylate C=Q); 'H nmr (DMSO-d6): 8 12.72 (br s, 1H), 7.99 (br s, 3F1), 2.98 (m, 1H),
2.82 (m, 1H), 2.68 (m, 1H), 1.91 (m, 2H), 1.28 (mm, 22H).

a-(4~tert-Butylcyclohexyl)- f-alanine Hydrochloride Suli ~ =
N~Ace;yl—a—(4—tert~butylcyclohcxyl J-p-alanine methyl ester (0.7463 g, 2.63 mmol)

was deprotected to yield the title compound as fine white crystals (0.4347 g, 1.65 mmol, 62.7
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%); mp: 230°C (dec); TLC: R=0.91 (Solvent K); IR (cm’™'): 3400-2700 (OH), 1732
(carboxylare C=0); "H nmr (DMSO-d6): & 8.02 (br s, 3H), 2.97 (m, 1H), 2.84 (m, 2H), 2.5}
(m, 1H). 1.71 (m, 3H), 1.63 (m, 2H), 0.95 (m, 4H), 0.79 (s, 9H).

a-(4-Phenylcyclohexyl)-p-alanine Hydrochloride Salt

N-Acetyl-u~(4-phenylcyclohexyl)-B-alanine methyl ester (1.6699 g, 5.50 mmol) was
deprotected 1o yield the title compound as fine white crystals (0.5235 g, 1.84 mmol, 33.5 %);
mp: 268°C (dec); TLC: R=0.74 (Solvent I), 0.64 (Solvent K); IR (em’): 3300-2500 (OH),
1701 (carboxylate C=0); 'H nmr (DMSO-d6): & 8.09 (br s, 0.5H), 7.18 (m, 5H), 3.29 (m,

1H), 3.01 (m, 1H). 2.87 (dd, 1H, J=12.8, 4.0 Hz2), 2.57 (1, IH, J=4.5 Hz), 2.45 (m, 1H), 1.75
(ra, SH), 1.29 (m, 3R).

Synthesis of B-Substimted-B-Alanines

B-Phenyl-f-alanine

N-Acetyl-B-phenyl-B-alanine methyl ester (1.1561 g, 5.23 mmol) was deprotected 10
yield the utle compound as fine whise crystals (0.5275 g, 3.19 mmol, 61.1 %); mpﬁ 220-
221°C; TLC: R=0.7S (Solvent 1); IR (cm”): 3305 (sharp: OH not H-bonded), 2195, 1627
(carboxylate C=0); 'H nmr (D,0): §7.32 (s, 5H), 4.49 1, 1H, I=7.9 Hz), 2.71 (d of 1, 2H,
J=6.5, 1.3 Hz).

B(4-Trifluaromerhylphenyl)-B-alanine Hydrachloride Salt

N-Acetyl-f-(4-urifluoromethylphenyl)-B-alanine methyl ester (0.5850 g, 2.01 mmol)
was deprotected 1o yield the vtle compound as a white pawder (0.5076 g, 1.87 mmol,
93.0%); mp: 203° C (dee.); TLC: R = 0.60 (Solvent H); IR (em’'): 3500-2900 (OH), 1715
(carbaxylate C=0); 'Hamr (D,0): 8 7.70 (d, 1H, J=8.1 Hz), 7.54 (d, 2H, }=8.1 Hz), 4.78
(@d, 1H, 1=7.0, 7.3 Hz), 3.05 (m, 2H).

.

P-Phenerhyl-f-alanine

N-Acetyl-f-2-phenethyl-A-alanine methy! ester (1.5322 g, 6.15 mmol) was
deprorected 1o yield the ritle compound as white crysrals (0.4709 g, 2.44 mmol, 39.6 %); mp:

-72-



10

1S

20

25

WO 02/073208 PCT/CA02/00363

N W w—e

211-214°C; TLC: R=0.37 (Solvent 1), 0.74 (Solvent 1., IR (em): 3496, 3310 (s,ham OH not
H-bonded), 3028 (CH}, 2932 (CH), 2162, 1663 (carboxylate C=0), 702 (=CH), Hnmr
(TFA-d): 5 8.36 (d, SH, J=15.6 Hz), 4.92 (br s, 1H), 4.14 (br s, 2H), 3.95 (br d, 2H, J=8.0
Hz), 3.32 (br s, 2H),

S-(p-Methoxyphenethyl)-fi-alanine

N-Acertyl-B-(p-methoxyphenethyl)-B-alanine methyl ester (1.1244 g, 4.03 mmol) was
deprotecied and recrystallized from MeOH 1o give the title compound as off-white crystals
(0.2761 g, 1.25 mmol, 31.0 %); mp: 180-184°C; TLC: R‘FO.34 (Solvent 1), 0.70 (Solvent K);
IR (cm’): 3400-2500 (OH), 2171, 1632 (carboxylate C=0); 'H nms (D_0): § 7.13 (d, 2H,
1=8.6 Hz), 6.85 (d, 2H, J=8.5 Hz), 3.69 (s, 3H), 3.37 (m, 1H), 2.57 (1, 2H, ]=8.0 Hz), 2.46 (m,
2H), 1.82 (m, 2H).

[(p-Methylphenethyl)-S-alanine

N-Acetyl-#[2-(4-methylphenyl)ethyl]-B-alanine methyl ester (1.2884 g, 4.89 mmol)
was deprotecied 1o yield the title compound as flufty white crysials (0.6779 g, 3.27 mmol,
66.9 %); mp: 206-207°C; TLC: R f‘-=0.89 (Solvent K); IR (cm'l): 3530, 3280 (sharp: OH not
H-bonded), 3017 (CH), 2166, 1706 (carboxylate C=0), 810 (=CH); 'H nmr (TFA-d): 8 8.20
(m, 4H), 4.89 (m, 1H), 4.10 (m, 2H), 3.87 (m, 2H), 3.38 (s, 3H), 3.28 (quinter, 2H, J=6.32

Hz).

B-[2-(4-Hydroxy-3-methoxyphenyljethyl ]- B-alanine Hydrochloride Salr

N-Aceryl-B-[2-(4-hydroxy-3-methoxyphenyl)ethyl]-B-alanine methyl ester (0.5281 g,
1.79 mumol) was deprotected 10 yield the title coinpound as a yellow oil (0.4852 g, 1.76
mmol, 98.4 %); TLC: R = 0.32 (Solvent I), IR (em"): 3447 (OH), 1718 (carboxylate C=0);
'H nrar (DMSO-d6): 7.79 (br d, 1H, I=8.3 Hz), 6.68 (s, 1H), 6.65 (d, 11, J=0.5 Hz), 6.49 (d,

1H, J=8.0 Hz), 4.00 (m, 1H), 3.69 (s, 3H), 2.43 (m, 2H), 2.30 (d, 2H, J=6.6 Hz), 1.63 (m,
2H).
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Synthesis of 2-Azeyidinones

Preparation of N-Substituted 2-Azesidinones from N-Substituted B-Amino Acids

CCly (1.0 mL, 10 mmol) and uiethylamine (TEA) (1.7 mL., 12 mmol) were added 10 a
stirred solutian of N-subsiituted B-amino acid (10 mmol) and (CgHs)3P (1.56 g, 1.2 mmol)
in MeCN (100 mL). The reaction mixjure was refluxed for 1.5 hours then concentrated in
vacuo. The residue was dissolved in CHpCly (100 mL) and washed with water and brine,
The organic layer was dried (MgSO4) and evaporated 10 dryness. The praduct was isolated

by silica gel flash chromatography using EtQAc/hexane (1:2) as an eluani.

Preparation of N-Silyl 2-Azetidinones from N-Unsubstituted F-Amino Acids

N-Bromosuccinimide (2.14 g, 12 mmol) and TEA (1.7 mL, 12 mmol) were added 1o a
stirred solurion of N-unsubstituted f-amino acid (10 mmol) and (CgHs)3P (1.56 g, 1.2
mmol) in MeCN (100 mL). The reaction mixture was stirred at ambient temperatuce for 10
hours, then concentrated in vacwo. The residue was dissolved in CH2Cly (60 mL), weated
with t-butyldimethylsilyl chloride (2.25 g, 15 mmol) and diisopropylamine (2.8 ;11L, 15
mmol), and stirred at room temperature for 5 hours. The solution was then diluted with
CH2C13 (100 ml) and washed with water and brine. The organic layer was dried (MgSO4)
and evaporated 1o dryness. The product was isolated by silica gel flash chromarography
using E10Ac/hexane (1:7) as an eluant.

Example 4: Synthesis of 8-aryl §-alanines

B-Aryl-B-alanines were prepared in 2 one-pot reaction. In brief, to a solution of a
substituted benzaldehyde in absolute ethanol was added malonic acid and excess ammonium
acerate, and the reaction mixnure was heated 1o reflux. The reaction mixmre was cooled to
yield a mixture of the S-aryl-B-alanine and (in certain cases) a cinfiangic acid derivative, The
cinnamic acid (if present) was removed by acid/base extraction of the mixture 1o yield the >3
aryl-f-alanine, ofien in moderate 10 good yield. The process is depicted in Figure 3, and

further details of experimenial procedures for the synthesis of certain S-aryl-P-alanine
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compounds are provided infra. A representative purification schefne for purifying the
compounds is shown in Figure 4. Certain compounds prepared as described herein are set
forth in Table 1, infra. Yield data are presented in fwa columns, the second being identical 10
thatin Table 2, infra.

Table 1. Average yield of f-aryl-B-alanines prepared from benzaldehydes

(Reaction conditions not optimized)

Compound RCHINH,)CH,COOH Average Yicld (%)
R=

"4-Fluorophenyl 65%
4-Phenoxyphenyl 54%
3-Methylphenyl ‘ : 56%
3-Methyl-4-methoxyphenyl ’ 53%

3-(3.4-dichl émphenoxy)phenyl 45%
2-Methylpheny) 19%
3-(4-chlorophenoxy)phenyl 28%
2,5-Dimethyl~4~-methoxyphenyl 18%
4-Trifluoromethoxyphenyl 31%
2-Chlorophenyl 25%
2~Fluoro-3—triﬂuororr;ethylphenyI 11%
3-Bromo-~4-methoxypheny! 34%
4-Bromopheny! 52%

Phenyl 64% -
4-Methylpheny! 51%
4—Chloropheny1 39%
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4-Acetamidophenyl 23%
2,5-Dimcxhoxyphenyl 22%

4-Diethylaminopheny!

3-Methylphenyl 46%
2-Hydroxy-3-methoxyphenyl 14%
4-Phenylphenyl 40%
3,4~-Dibenzyloxyphenyl 36%
3-[(3-Triflucromethyl)phenyloxyjphenyl 35%

 Selected compounds synthesized by this method are shown in Table 1.

Representative syntheses of certain of these compounds, and additional compounds of the

invention, are sel forth below.

B-substituted-B-amino-acids were prepared by refluxing the corresponding
benzaldehyde derivatives with excess ammonium acetate (~2 equiv.), and malonic acid (1
equiv.) in absolute ethanol unil the reaction has completed (determined by TLC and NMR).
Cinnamic acid derivarive was produced as a side product. The reaction mixmures were then

worked up with standard procedures, e.g., as described in Figure 4.

S3(3.4-dichlorophenoxy)phenyl- S~alunine hydrochloride salt

Using the procedure described above, 3-(3,4-dichlorophenoxy Jbenzaldehyde (10 g,
37.4 mmol), ammonium acetate (3.8437 g, 49.8 mmol) and malonic acid (3.8923 g, 37.4
mmol) were refluxed (slow) in absolute ethanol (30 mL) for § hours. R-3(3,4-
dichlorophenoxy)phenyl-B-alanine as white solid was then filtered and washed Twice with 10
mL of absolute ethanel. Subsequently, addition of 10 mL 3N HCI was added 1o this B-3(3.4~
dichlorophenoxy)phenyl-f-alanine to afford the B-3(3,4-dichloraphenoxy)phenyl-8-alanine
hydrochloride salr (4.44 g, 12.2 mmol, 32.6%); MP: 164-165°C; IR (KBr): 3193, 1609 cm“l;
R =0.55 (solvent 24), 0.72 (solvent 25); "H NMR (D;0/ K,CO0s): & 7.31-6.57 (m, 7H), 4.03 (1,

J=7.29 Hz, 1H), 2.4-2.29 (m, 2H). Anal. Calcd for Cy5H,,CLNO;: C, 49.68; H, 3.89; N, 3.86.
Found: C, 49.34; H, 3.87; N, 3.93.
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ﬁ--’l‘bramophenyl—ﬁ-alanine

4-Bromobenzaldehyde (10 g, 54 mmol), ammoniuin acelae (8.663 g, 112.4 mmol)
and malonic acid (5.67 62 g, 54.5 mmol) were refluxed (slow) in absolute ethanol (45 ml) for
150 hours. White solid was filtered and dissolved into 2 warm (70°C) solution of S0 mL of
Na,COs and SO mlL of H,0. This solution was rhen extracted with 100 mlL of diethyl ether
three times. The aqueous layer was further acidified t0 pH 7 10 produce white solid p-4-
bromopbanyl—ﬁ-alaxﬁne (4.5140 g, 18.49 mmol, 34.2%); MP: 234°C; IR (KBr): 3061, 1594 4
con; TLC: R=0.35 (solvent 24), 0.32 (solvent 25); "H NMR (D:0/ KCQs): 57.42-738 (m,
2H). 7.17-7.14 (m, 2H), 4.11-4.07 (3, J=7.25 Hz, 1H), 2.48-2.36 (m, 2H). Anal. Caled for
CoH;BINO,: C, 4429 H, 4.13; N, 5.74. Found: C, 44.35: H, 3.93; N, 5.70.

p-4-fluorophenyl-f-alunine

4-Flyorobenzaldehyde (10 &, 80 mmol), ammonium acetare (8.2487 g, 107 mmol)
and malonic acid (8.3285 g, 80 mmol) were refluxed (slow) in absolute ethanol (60 mL) for
48 hours. White solid was filtered and purified by ethanol recrystallization 10 afford p-4-
flporophenyl-p-alanine (10.04 g, 54.8 mmol, 68.5%); MP: 21 6-217°C; IR (KBr): 3160, 1606
cm?; TLC: R f=0.41 (salvent 24), 0.42 (solvent 25); 'H NMR D0/ K,CO4): 8 7.28-7.19 (m, -
2H), 7.03-6.91 (m, 2H). 4.10 (1, /=7.39 Hz, 1H), 2.54-2.34 (m, 2hH). Anal. Calcd for
CoH,FNO,.5/3H;0: C, 50.70; H, 6.30; N, 6.57. Found: C, 50.34; H, 6.39; N, 6.30.

52, S-dimethoxyphenyl-f-alanine

2,S-dimethoxybenzaldehyde (4.1437 g, 25 mmol), ammonium acetate (3.1200 g,
40.47 mmol}) and malonic acid (3.1244 g, 30.02 mmol) were refluxed (slow) in absolure
ethanol (60 mL) for 6 hours. White solid was filtered and purified by methanol
recrystallization 10 afford B-z,S-dimethoxyphc:nyl—ﬁ‘alanine (1.239 g, 5.5 mmol, 22.0%);
MP: 206-208°C; IR (KBr): 2944, 1630 cm™; TLC: Rf=0.29 (solvent 21), 0.66 (solvent 23);
HNMR (200 MHz, D;0/ KoCO3): 8 6.9-6.7 G, 3H), 4.3 ¢- /= 7.89 Hz, 1H), 3.7-3.6 (m,
6H) 2.55-2.2 (m, 2H). Anal. Calcd for C,,H1sNO,.6/5H0: C, 53.52;—:1, 7.10: N, 5.67. Found:-
C, 53.85; H, 6.45; N, 5.56.

ﬁ-S—brama-4—merhoxypnenyl—ﬁ-alanine
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3-Bmmo-4—mcthoxy1benmldehyde (9.9835 g, 46.42 mmol), ammonium acetate
(7.2984 g, 94.69 mmol) and malonic acid (4.9124 g. 47.21 mmol) were refluxed (slow) n
absolute ethanol (110 ml.) for 281 hours. White solid was filtered and dissolved {nta a warm
(70°C) solution of 50 mL of Na;COs and 50 mL of ;0. This solution was then exiracted
with 100 mL of diethy! ether three fimes. The agueous layer was further acidified 1o pH 1
and exyracted with 100 mL of ethyl acerate twice. Subsequently the aqueous layer was
evaporated to dryness and 30 mL of absoluie erthanol was then added 10 the white residue,
stirved for 15 min, and filtered. The same procedure was then repeated twice. The final
mixture was filtered, and the filirate was evaporalted 10 dryness. Propylene oxide (975 mlL,
139.3 mmol) was added 1o the cthanol portion. The solution was stirred and warmed up 10
50°C 1o produce {3-3-bromo—4-methoxypheny1—{S-alanine (3.0284 g, 11.05 mmol, 23.8%);
MP: 213°C; IR (KBr): 2945, 1604 cm’; TLC: Rf=0.26 (solvens 24), 0.28 (solvent 25); 'H
am (D,0/ KaCOs): 87.42 (s, 1H), 7.18-7.14 (d &, 18, 6.91-6.87 (d, 1H), 4.05-3.98 (1, 1H),
3.71 (s, 1H), 2.47-2.30 (m, 2§1). Anal. Caled for C,oH2BINO;1SH,0: C, 43:25; H, 4.50; N,
5.04. Found: C, 43.16; H, 4.24; N, 4.94.

Adgditional compounds as synthesized generally in accordance with the previous

paragraphs and analytical dara therefor are provided below in Table 2.

Table 2. S-aryl-f-alanines prepared from benzaldehydes.

Compound Yield | mp. €O | TLC NMR (®PM) |
_ Ry
BSPN 735-7.2 (s, 5H) ]
NH, 4.45 (1. 1H, 7.3 Ha)

2.82.1 (m, 2H)
COOH

67.1% | 220-221 21:0.54
23: 0.60

CQH} 1 NOz MW=
165.20

solubility: ~10mg/ml
saline
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7.2-7.1 (M, 4H)
4.17-4.09 (1, 1H, 7.4 Hz)

nHL 4 2.39-2.46 (m, 2H)
COOH| 51% | 208-210 { 21:0.57
23:0.56
CioH1NOCl MW=
215.68
solubility: ~10mg/ml
saline
B6P16Y 7.3-7.17 (s, 4H)
’NH £ 4.07-4.17 (x, 7H, 7.2 Hx)
2.45-2.55 (dr, 45 Hz, 3.5
COOH[ gsoq | 186-189 | 21:0.54 | | Hz)
' 23: 0.54
Cl
Cng |N02C12 MW=
1236.10
solubility: ~10mg/ml
saline
B7P16 7.2-7.3 (s, 4H)
NHL! 4.05-4.15(1, 1H, 7.4 He)
o oo 23% 221-222 21: 0.32 2.4-2.5(dt,4.9Hz, 2.5
/]l\ 23: 0.60 Hz) ‘
CHy” “NH ~
C HHMN203 MW=
22224
solubility: ~10mg/ml
saline
RBSP22 6.9-6.7 (m, 3H)
OMe NH, 4.3 (v, 1H,7.89 Hz)
3.7-3.6 (m, 6H)
COOH 2.55-2.2 (m, 2H)
2% 206-208 21: 0,29
23: 0.66
Me
& nH;sNOq Mw=
225.23
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NHL]
@/C OOH
/\v

6.7-6.8 (d.2H, 8.71 Hz)
7.1-7.2 (4,2H, 8.72 Hz)
4.04.1 (1, 1H,7.28 Hz)

228 21: 0.298 3.0-3.1 M, 48)
23: 0.48 23-24 (M, 2H)
. 7 24: 048 0.8-0.9 (M, 6H)
C | 3H2|N2020 1 MW=
272.77
RB8PsS 6.9-7.2 (M, 4H)
: NH, 4.0-4.1 (1, 1H, 737 Hz2)
COOH 24 (M, 2H)
45.8% 226-227 24: 0,297 2.2 (M, 3H)
25:0.324 -
C mHuNOz MW=
17922
R8P13 6.6-6.8 (M, 3H)
OH NH, 4.4-4.5 (1, 1H, 7.30Hz)
CHP ooul 172% | 200-201 | 24:0.324 3.6 (s, 3H)
25:0.324 2.5 (44, 2H, 7.25 Hz)
CioHiNO;,  Mw=
211.22
B8PSS 7.28-7.19 (m, 2H)
NH, 7.03-6.91 (m, 2H)
CQOH 4.10 (1, 1H, 7.39 Hz)
61.5% | 216-217 | 24: 0.41 2.54-2.34 (m, 2H)
F 25.' 0-42
CoH,,FNO, MW=
183.17
B8P79 7.33-7.23 (m, }
NH, 7.09-7.03 (m, } SH
oo | 68.1% | 214-215 24: 0.65 6.96-6.89 (m, }
@O . 25:0.43 | | 4.08-4.16 (1, 1H, 7.23 Hz)
2.46-2.42 (dg, 2H, 7.12
C]5H15N03 Mw=
257.29 Hz, 2336 Hz)
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BSP91 , 7.28-6.77 (m, 8H)
4.08 (1, 1H, 7.30 Hz)

Nl
o oon| 56.4% | 205208 | 24: 0.53 | |2.42-238 (4, 2H. 7.29
Hac/@ 25: 0.58 | | Hz)

2.189 (s, 3H
CieHiINO; MW= s, 31)
271.32

B3P89 7.07-7.1 (m, 2H)
NH, 6.82-6.88 (m, 1H)

¢l OOH 52.7% | 237-240 | 24: 022 4.05-4.12 @1, 1H, 7.286
' 25: 0.46 Hz)
CHO

3.708 (s, 3H)

C; |f'115N03 MW= 2.39-2.46 (m, 2H)
209.31 2.064 (s, 3H)
BSPS1 7.31-6.57 (m, 7TH)
NHL! 4.03 (1, 1H, 6.38 Hz)
a o coory 42.6% | 164-165 | 24: 0.55 2.4-2.29 (m, 2H)
a@/ 25: 0.72
C 1 5H14C13N 03 MW=
364.14
B8P74 7.30-7.27 (m, 1H)
- 7.20-7.05 (m, 3H)
C ]
s NH, 190% | 219 124:0487 | | 4.144.0 (1, 1H, 7.35 Hz)
COOH 25:0.308 | |{2.44-2.39(dd, 2H, 6.56
Hz, 1.93 Hz)

2.26-224 (s, 3H)

C 1 oH; 3N02 MW=
17922

B8PS 729722 (m, }
NEL, 7.06-7.03 (d, } 8H

coord 332% | 202203 | 24:0.52 6.91-6.81 (m, }
“ /©/o 25:0.488 | | 4.08 (1. 1H, 7.29Hz)
2.42-2.38 (d, 1H, 7.25Hz2)

C]sHMCINO3 MW=
291.73
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B8P3 7.07 (s, 1H)
CH; NH, 6.71 (s, 1H)
COOH 4.38 (1, 1H, 6.89Hz)
22.6% 228 24: 0.58 3.69 (s, 3H)
25:0.62 2.39-2.36 (d, 2H, 7.24Hz)
220 (s, 3H)
v 2.03 (s, 3H)
C[gH (7NO3 Mw=
223.27
B8P101 7.34-7.30 (d, 2H, 8.71Hz2)
7.20-7.16 (d, 2H, 8.102
COOH HZ_)
46.2% 222223 24: 0.64 4.18-4.11 (t, 1H, 723 Hz)
25:0.268 2.46-2.41 (44, 2h, 7.426
Hz,2.914 Hz)
C [oH mF 3NO3 MW=
.1249.19
B3P6S 7.38-7.12 (m, 4H)
Cl NHZ 5.05 ('[, lH, 6.4 I‘IZ)
27.7% 219 24: 0.38 2.62-2.27 (m, 2H)
COQH 25:0.61
CgHmClNOz MW=
199 64 '
BSPS3 7.54-7.50 (m, 2H)
Foowm, 7.24-7.20 @, 1H, 7.912
15.5% 206 24: 0.486 Hz)
F.
£ COOH 25:0359 | |4.50-4.37 (1, 1H, 7.3 Hz)
2.53-2.49 (d, 2H, 7.38
C1oH,FNO, MW= | H2)
251.18
B8P13s8 742 (s, 1H)
NH, | 7.18-7.14 (d of d, 1H)
o coon 24:0256 | | 6.87-6.91 (d, 1H)
43.8% 213 25:0.275 4.0573.98 . 2H)
CHyf 3.71 (s, 3H)
= )
ClcHBING,  Mwe 2.47-2.30 (m, 2H)
274.11
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Ci6H14F3NOs
413.90

Mw=

WO 02/073208
R8P163 7.38-742 (m, 2H)
7.14-7.17 (n, 2H)
NH, 24:0.35 4.07-4.11 (1, 1H, 7.25 Hz)
K©)VCOOH 69.2% 234 25:0.32 2.36-2.48 (m, 2H)
B
CgH,oBl‘NOz Mw=
244.09
B8P159 7.19-7.46 (m, 9H)
NH, 4.134.18 (1, 1H, 6.7 Hz)
COoH 24: 027 2.392.43 (d, 2H, 7.2 Hz)
@ 40.2 234 | 25:047
C; 5H15N 02 MW=
241.29
B8P147 7.35-7.21 (m, 10R)
: NHC 7.07-6.92 (m, 3H)
coﬂrﬂ]@/’\,cm 362 | 198200 | 24:041 | |5.07(s, 4H)
25:0.43 4.41-4.37 (1, 1H, 8.86)
e’ © 2.89-2.83 (m, 2H)
C23H34C1N04 MW=
413.90
BSP155 | 7.53-7.37 (m, 3H)
] . Nrg 7.23-7.13 (m, 4H)
s\©/ @/\/ﬁw 7.02-6.97 (m. 1H)
397 | 192-194 | 24:0.49 4.49-4.45 (1, 1H, 7.1 Hz)
25:0.44 2.64-2.61 (m, 2H)

TLC Analysis

~&3-




WO 02/073208 PCT/CA02/00363

NC1-006CP

In the experimental procedures above, the solvents used for thin layer

chromatographic analysis are abbreviated as folfow:
Solvent 21: acetonitrile:acetic acid:water 8:1:1
Solvent 23: methanol:acetic acad 7:1
5 Solvent 24: n-butanol:acetic acid: warer 4:1:1
Solvent 25: methanol:chloroform:acetic acid 7:7:1:

Additional analytical and biological data for Saryl-B-alanines, Sphenethyl-fi-
alanines, a-cyclohexyl-B-alanines, and a~substituted-f-alanines (and certain esters and
amides thereof) as well as 4'-substituted N-aceryl~ a—piperidinyl-ﬁ-ala;ﬁnm are shown in

10 Tables 3-1 10 3-3.

Table 3-1. Analyrical and Biological Activity Data

A. B-Aryl-B-Alanines and Precursors

NHR?® O
R
I X O/
A
R3
15
Compound R! R? R Yield Biological
(%) Activity'
R5P63 " | CH3 Ac " |H 97.4 NA
B6P140 CH3 Ac p-F3C 87.1 NA
B3PIt H H H 61.1 Inactive ~ {
B6P141 H H-AC] p-F3C 93.0 Active - +!

a. EtQH, HyO or a mix ysed for recrystallization;
-84 -
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b. Using pilocarpine, compound is active in rat at 100 mg/kg, or inacrive.

B. Aryl Substituted B-Phenethyl-B-Alanine and Precursors

NHR? O
o :
AN
|
y
R3
Compound R R’ R® Yield Biological
(%)’ Activity’

BSP69 CH3 Ac 0-CH30 93.8 NA
B5P73 CH3 Ac H 98.6 NA
B6PR9 CHj Ac p-CHjz 99.1 NA
B6P10Y - CH3 Ac m-NEt -1 100 NA
B6P113 CH3 Ac m.p- 97.5 NA

OCH0-
BGP119 CH3 Ac p-OH 60.0 NA

m-CH30
BSPS1 H H p-CH30 31.0 , Inactive -
B5P95 H H H 39.6 Active - ¥
BSP111 H H p-CH3 66.9 Inactive -
B6P145 H H p-OH 984 Active -

m-CH30 L

a. EtOH, H»>O or a mix used for recrystallization, where possible;

b. Using pilocarpine, compound is active in rar ar 100 mg/kg, or inactive.
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Table 3-2. Analytica) and Biological Activity Data

C. 4'-Substinmed a-Cyclohexyl-B-alanine and Precursors

NHR' ©
R2
O/
RS
Compound | R’ IES R Yield Biclogical
(%) Activity

B6PTT Ac CHj3 H 93.5 Na
B6P31 Ac CH3 Ph 95.8 Na
B6P109 Ac CH3 C(CH3)3 98.3 NA
BsP1O7 H-HCl H Ph 33.5 Active - +3
B5P119 H H H 51.9 Weakly Act

-+1
B5P127 H-HCl H C(CH3)3 62.7 Inactive - 0

a. E1OH, H>O or a mix used for recrystallizations;

b. Using pilocarpine, compound is active in rat a1 100 mg/kg, or inactive.

D. 4'-Substituted N-Aceryl-a-piperidinyl-B-alanine methylester

-~ K6 -
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NHR' O
RZ
o
N
Rs
Compound R’ R? R Yield Biologica)
(%) Activity
B6P105 Ac CHj CO3Et 96.8 NA

Tahle 3-3. Analytical and Biolagical Activity Data

E. N-Acetyl-a~substitured-f~alanine methyl ester and a-Substitsted-f-alanine

NHR' O
R2
0/
R3
R4
Compound R R® R’ R Yield Biologie:
(%) Activity'
B6P8S Ac CHj3 -CHyCHpCHy- NA NA
B6P93 Ac CHj3 Et CHy 834 NAa
| B6P97 Ac CHj H Bu 99.6 NA
B6P117 Ac Er -CHy(CHy)3CHy- 79.7 NA
B6P133 Ac Et -CH3(CH)gCH>- 98.5 NA

- 87 -



10

19

20

25

WO 02/073208 PCT/CA02/00363

NCI-0ueL Y

BSP131 H-HC1 H -CHy(CH)gCH)- 36.7 Inactive

a. Yield of tast synrhetic step;

b. Using pilocarpine, compound is active in rat at 100 mg/kg, or inaciive

Example 5

The “spontaneous recurrent seizures” (SRS) model of epilepsy was used to evaluate
candidate compounds in a model for Phase 1 epilepiogenesis (see, ¢.2., Mello, E. e al.,
Epilepsia (1993) 34:985; Cavalheiro, J. er al., Epilepsia (1991)32:778). In the SRS model,
an adulr male Spragne-Dawley rar (c. 260 g) is given pilocarpine by injection (380 me/ke
i.p.). Within 25 minutes, the animal euters status epilepticus, which typically lasts for 15-20
hours (although abaut 10% of animals die ai this stage). The rat is allowed 10 spontaneously
recaver and is given food and water ad /ib. and maintained on 2 16 hour/8 hour lighv/dusk
cycle. Rats are ysually studied in groups of four. Beginning on abous day 13-13, the rats
develop spontaneous recurrent seizures, which occur at the rate of about 4-5 per week. The
rats are videotaped 16 hours per day, and the videotapes are reviewed for behavioral seizures
(including head nodding, forelimb clonus, and rearing), which are counted. The animals are
watched for three months, permiting evaluation of a sufficient number of seizures. An
experimental compound for evaluation can be administered at either of twa times: Time 1,
on Day 1, afier the cessation of siarus epilepricus but before the onset of SRS; or Time 2, an
Day 30, when the rats have been experiencing SRS for abour two weeks. Administration of
the candidate campound at Time 1 permits evaluation for anti-epileptogenic properties
(ability 10 prevent the onset of seizures); administration of compounds at Time 2 permits

evalugtion of drugs as anti-ictogenics with the ability to suppress established seizures.

As a reference, the standard anticonvujsant phenytoin was administered (20
mg/kg/day i.v. for 10 day) at either Time 1 or Time 2. As expecied, phenyiain was
ineffecrive in preventing the onset of seizures when administered ar Tisne 1, but was 75%

effective at decreasing seizure frequency by 50% or more when administered at Time 2.

In contrast, B-alanine and an analog (a-(4-tert-buryleyclohexyl)-alanine (see Example

3) were administered at a comparable dosage (20 mg/kg/day i.v. for 10 day) at either Time )

-88-



10

15

20

25

WO 02/073208 PCT/CA02/00363

NCI-0D6L Y

or Time 2 using the same protocal outlined above. At Time I, each of these compounds was
75% effective in decreasing seizures by at least 50%; at Time 2, each compound was 50%

effective in decreasing sejzures by at least 50%.

The compounds of the invention listed in Tables 2 and 3, suprg, were tested for
biological activity per Example 7. The following compounds were found 1o have at least
weak activity: B~p-methylphenyl-B-alanine hydrochloride, $-2-hydroxy-3-methoxyphenyl-fi-
alanine, f§-3-methyl-4-methoxyphenyl-B-alanine (slighs). f-3-(3.4-dichlorophenoxy yphenyl-R
-alanine hydrochloride (moderate), $-2,5-dimethyl-4-methoxyphenyl-B-alanine, B-p- .

(rrifluoromethoxy)phenyl-B-alanine, and B-2-fluoro~3-(trifluoromethy Dphenyl-f-alanine
(moderare).

Thus, R-aming acids show activity both as anti-epileptogenic compounds and as anti-

ictogenic compounds.

Example 6

Dioxapiperazine compounds were synthesized according to standard methods and and

characterized by NMR, FAR-MS, melsing pount, and HPLC. The crystal smuctures of several
compounds were determined.

An exemplary procedure is as follows:

Boc-L-alanine (1.5 g, 0.008 mol) was dissolved in 60 m] ethyl acerate, 10 which2.4 ¢
2-ethoxycarbonyl-1,2-dihydroquinoline (EEDQ) (0.010 mol. 1.2 equiv.) was added. The
solurion was stirred for 5 minqtes, aftey which D-phenylglycine methy} ester HCI (1.5¢,
0.003 mol) was added. Stirring was continued for 24 howrs, and then the solution was
washed with 3 x 25 mL 10% (w/w) KHS04 (2q), 25 mL saturated NaC} solution, 3 x 25
saturated sodium bicarbanate solution, and 25 mL samarated NaCl sol ution. The arganic
layer was dried over magnesium sulfate and evaporared 0 yield a cleawoil. The oil was
dissolved in 20 ml formic acid and stirred for two hours af room temperature. The acid was
removed by evaporation and the oil was suspended in a mixmye of 50 mL 2-butanol and 25

mL toluene. The mixwure was refluxed for 24 hours, cooled over two honrs with stirring, and

~89 .



10

18

20

b

WO 02/073208 PCT/CA02/00363

NCI-006C Y

the solvent reduced to abave one-fourth the original volume iz vacyo. The solid was allowed
1o crystallize. Cyclo-D-phenylglycine-L-alanine was abtained as 2 white solid (1.1 g, 0.005
mol, 68% yield) with a melting range of 260-265°C.

Example 7

Selected compounds were dissolved in 0.9% NaCl or suspended in a mixiure of 30%
polyethylene glycol 400 and 70% water, and tested in an animal model. Briefly, the
compounds were administered intraperitoneally or or orally 10 carsworth Farms #1 mice (ina
volume of 0.01 ml/g of body weight) or Sprague-Dawley rats (in a volume of 0.004 mi/g
body weight). Times on peak effect and peak neurologic deficit were determined defore the

anticonvulsans tests were administered.

The maximal electroshock seizure test (MES), comeal electrodes primed with a drop
of electralyte solution (0.9% NaCl) were applied to the eyes of the animal and an elecirical
stimulus (50 mA for mice, 150 mA for rars; 60 Hz) was delivered for 0.2 second at the 1ime
of the peak effect of the 1est compound. The anima)s were restrained by hand and released ar
the moment of stimulation in order 1o permis observation of the seizure. Abolition of hind-
leg tonic-extensor camponent (hind-leg tonic exiension does noi exceed a 90° angle to the

plane of the body) indicated that the compound prevented MES-inducad sejzure spread.

In the sybeytaneous pentyleneteryazol threshold test (seMet), the convalsant dose
(CD97) of pentyleneterrazol (85 mg/kg in rats) was injected at the time of peak effect of the
test compound. The animals were isolated and observed for 30 minutes 10 see whether
seizures occurred. Absence of clonic spasms persisting for at elast five seconds indicared that

the compound could elevate the pentylenetetrazol induced seizure threshold.

Acute ax}ti-convulsant drug-induced 1oxicity in lab animals is usually characierized by
some type of neurologic abnormality. In mice, these abnarmalities can be detected hy the
rotorod araxia test, which is somewhat less yseful in vats. In the ratorod ataxia test,
neurclogic deficir is indicated by the inability of the animal to maintain equilibrium for at
least one minute on a knurled rod rotating ar 6 ypm. Rats were examined by the positional

sease test: one hind leg is gemtly lowered over the edge of a 1able, whereupon the normal
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animal will lift fhe leg back to a normal position. Inability 1o repumn the leg to normal

posirion indicates a neuralogic deficit.

Example 8

Testing of the dioxapiperazine compounds was performed in 12 mice at doses of 30,
100, 300 mg/kg (4 mice each) 30 minutes and four hours afier the test compounds was

administered. The resulis are shown in Table 4.

Table 4. Selected Dioxapiperazine Compounds and Testing data.

Compound Activity: Activity: Activity:
300 mg/kg 100 mg/kg 30 myks
¢/D-Peg-L-Ala 4 3 2
c/L-Peg-L-Ala 0 0 NA
c/D-Peg-Gly 2 1 0
c/D-Peg-L-Lys ) 0 NA
c/D-Peg-D-Lys 0 0 NA
c/D-Peg-L- 0 0 NA
Ornithine (Ormn)
¢/D-Pep-D-Orn 0 NA
c/D-Peg-L- 0 0 NA
diaminobutyric acid
c/D-Peg-L- 0 0 NA
diaminopropionic
acid
c/D-Peg-L-Me1 1 0 NA
c/D-Peg-D-Met 0 0 NA
c/D-Pep-L~(S- 4 3 2
methyl)-L-cysieine 5
c/D-Peg-L-(8- 0 0 NA
benzyl)-L-cysteine
c/D-Peg-L-Arg 0 0 NAa

-0} -
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¢/D-Peg-l.- 0 0 Na
HomoaArg

c/D-Peg-N- 0 0 NA
guamdine-L-
homoArg

¢/D-(p-OH)-Peg-1- 0 0 NA
Ala

¢/D-(p-OH)-Peg-1 - 0 0 NA
Lys

¢ = ¢yelo

Peg = phenylglycine

Activity on scale of 0 (inactive) 1o 4.

As seen in Table 4, ¢/D-phenylglycine-L-alanine and ¢/D-phenylglycine~(S-Me)-L-

§  cysieine exhibited strong anti-convulsive activity in this animal model system, while several
other dioxapiperazines showed weaker anti-convulsive activity.

Cenain other diozapiperazines were also synthesized and tested. Of these
compounds, ¢/.~alanine-D-leucine was found 1o be active.

10 Example 9:  Biaryl Ether Anti-Epileptogenic Apenis

In still another embodiment, a method for inhibiting epileptogenesis and/or
Jctogenesis in a subject involves administering to a subject an effective amount of a

compound such thar epileptogenesis is inhibited, where the compound is

NH2

B—C C—aA
H Ha
15 Formula B, vide supra

More particularly, preferred compounds are of the formuyla: = =
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=
wherein each X is independently selecied from 1he group consisting of halogen
(chloro preferred), nitro, cyano, and substitured or unsubstitured alkyl and alkoxy groups
(ifluoramethyl and methyl preferred); n is an jnteger from 0 10 S (n = 1 preferved); and one
of Y*and ¥oisa hydrogen, and the other i a substisuted or unsubstituted amine, ncluding

pharmaceutically acceprable salts thereof

‘Table § — Example Biaryl Ether Compounds

Compound | X u Y® ' Biological
Activity”
C1 m-CF_ I | NH, HC] H Inactive - 0
c2 m-CF3 I IH NHZ-HCI Active - +1
m-CF 5 1 NHz-HCl, H (racemate) Active - +3
C3 p-CH, 1 | NH, HCI H Active - +1]
C4 p-CH, ! |H NH,-HCl Active - +2
p-CH3 1 | NH Z-HCI, H (racemate) Inactive « 0
CSs - 0 | NH,-HCI H Active - 11
Co - 0 NHz'HCI, H (racemate) Active - +1
1C7 - 0 {H NH, -HC] Active - +1
C8 p-Cl 1 |H NH_-HCl Acrive - +]
C9 QG 1 | NH HCl H Active - +2
1o m-Cl,p-Cl |2 NH2~HC1 H NA
Cc1} mClL,p-Cl |2 |H NHHCl ™A

a. Using pilocarpine, compound is active in rat at 100 mg/kg,

Alternatively, the biarylether may be para-substitured:

-93 .
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For example, se¢ compound B8P79 in Table 2, supra.

As the biological data indicate, the enantiomer of either R or S absolute
stereochemistry may be more biologically active than the racemate or the other stereolSamer.
When this is the case, that single sieTeniSomey is preterred, and pharmaceuﬁcal compositions
according 1o the invention preferrably comprise substansially only that STEr€0iSOMET. Such
stereochemical isomer may be prepared either by asymmetric synrhesis from chiral starting
materials (e.g , by Michael addition of a chiral amine 10 2 cinnamare esier followed by

hydrolysis), or by resolution of a racemic syathesis, as exemplified below.

Methyl 3-(3-1riﬂuoromethylphenoxy y-rrans-cinnamate. A solution of 3-[3~-
(triﬂuoromethyl)phenoxy}benzaldehyde (8.05 g, 30 mmol) and |
methyltriphenylphosphoranylidene acerate (15.13 g, 45 mmol) in THF (200 mL.) was strred
at reflux for 24 b, then cooled 10 room temperarure, concentrated. Purification of the residue
by chromatography on silica gel with‘ an eluans of 0-10% EtQAc In hexane provided 9.3 g
(96%).

Methxl_?:—(4~methylglgenoxy)-rran.s—cinnamate. A solution of 3-(4~
methy)phenoxy)benzaldehyde (8.04 g, 37.9 mmol) and methyltriphenylphosphoranylidene

acetate (19 g, 57 mmol) in THF (200 mL) was stiyred ar reflux for 24 b, then cooled 10 room

temperature, concentrated. Purification of the residue by chromatography on silica gel with
an eluant of 0-10% E1QAc in hexane provided 5.6 g (94.5%).

Methyl_3—phenoxy-rrans—cinnamate. A solution of 3-phenoxybenzaldchydc (8.03 g,

40.5 mmol) and methyltﬁphcnylphosphoranylidene acetare (20 g, 60 mmol) in THF (200
ml.) was stirred at reflux for 24 h, then cooled 1a room Iemperature, concenraeed.

Purification of the residue by chromatography on silica gel with an eluant of 0-10% E10Ac 11

. hexane provided 10.2 ¢ (99%).
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wifluoromethylphenoxy)phenyl]propanoate. Buty! lithium (2.5 M in hexane, 9.9 mL, 24.75
mmol) was added 10 (S’)-(-)~N~benzyl~a-me1hy1benzylamine (5.3 ml,, 25 mmol) in THF (200
mL) at 0 °C. The red solution was stirred at 0 °C for 20 min and cooled 10 ~78 °C. Meshyl 3~
(3-rifluoromethylphenoxy)-rrans-cinnamate (4 g, 12.4 mmol) in THF (20 mL) was added
dropwise. The mixture was stirred for 2 h a1 ~78 °C before quenching with satyrated
ammonium chloride (100 mL), then allowed to warm and poured into saturated aqueous
sodium chlaride solmion (100 mL). Extraction of the agueous layer with EtQAc (2 x 100
mL), drying (N8,SO,), filtration and evaporation gave a residue that was purified by
chromatagraphy on silica gel with an eluant of 0-8% E1OAc in Bexana Evaporartion of the
collected fractions provided 3.2 g (47%). '

Methyl (38)-[(R)~(+)-N-benzyl-a-methylbenzyllamino-3-[3-(3-
mifluoromethylphenoxy Jphenyl]propanoate (4.1 g) was prepared by the same procedure from
(R)-(+)-N-benzy}-a-methylbenzylamine in 62% yield.

Methyl (3R)-{(S)-(-)-N-benzyl-a-methylbenzyl jamino-3-{3-(3-
riflyoromethylphenoxy)phenyljpropanoate. Butyl lithium (2.5 M in hexane, 12 mL, 30

mmol} was added 10 (§)-(-)-N-benzyl-a-methylbenzylamine (6.3 mL, 30 mmol) in THF (200
mlL) ar 0 °C. The red solution was stirred at 0 °C for 20 min and cooled 10 —78 °C. Merhyl 3-
(3-trifluoromethylphenoxy)-rrans-cipnamate (4 g, 14.9 mmol) in THF (20 mL) was added
dropwise. The mixmre was stirred for 2 h at~78 °C before quenching with satyrated
ammonium chloride (100 ml.), then allowed 1o warm and poured injo saturated aqueous
sodium chloride solution (100 mL.). Exwraction of the aqueous layer with E10Ac (2 x 100
mlL), drying (Na,SQ,), filiration and evaporation gave a residue that was purified by

chromarography on silica gel with an eluant of 0-8% E1OAc in hexane. Evaporation af the
collected fracyons provided 3.3 g (46%).

rifluoromethylphenoxy)phenyl]propanoate (4.4 ¢) was prepared by the same procedure from

(R)(+)-N-benzyl-a-methylbenzylamine in 62% yield.
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Methyl (3R)-[{S)~(-)}-N-benzyl-a-methylbenzyllamino~(3-phenoxyphenyl)propanoate.

Buty! lithium (2.5 M in hexane, 13 mL, 32.5 mmol) was added 1o (S)~(-)-N-benzyl-a-
methylbenzylamine (6.6 mL, 31.6 mmol) in THF (200 mL) 21 0 °C. The red solution was
stirred at 0 °C for 20 min and cooled 10 ~78 °C. Methyl 3-(4-methylphenaxy)-irans-
cinnamate (4 g, 15.7 mmo}) in THF (20 ml.) was added dropwise. The mixture was stirred
for 2 h at —78 °C before guenching with saturated ammonium chloride (100 mL), then
allowed 10 wann and poured info saturated agueous sodium chloride solution (100 ml.).
Extraction of the aqueous layer with EtQAc (2 x 100 mL), drying (N2,S0,), filuration and

evaporalion gave a residue that was purified by chromarography on silica gel with an eluant
of 0-8% EtOAc in hexane. Evaporation of the collected fractions provided 4.8 g (66%).

mifluoromethylphenoxy)phenyllpropanoate was prepared by the same procedure from (R)-
(+)-N-benzyl-a-methylbenzylamine in 51% yield. '

Methyl (3@)-Amino~3—[3-(3~triﬂuorometbzlphenoxy)phegyl]propanoate. The solution
of Methyl (3R)-[(S)-(-)-N-benzyl-a-methylbenzyl]amino-3-[3-(3-
Trifluoromethylphenoxy)phenyl]propanoate (3.2 g, 5.8 mmol) in MeOH (60 mL), H,O (6 ml.)

and acetic acid (1.5 mL) in the presence of palladium hydroxide on charcoal (700 mg) under

hydrogen (1 atm) was stirred a1 room temperature for 36 h. Filtrarion and evaporatian 10 give
product. The product was used withour purification in the next reaction.

Methy! (3S)-Amino-3-[3-(3-mrifluoromethyiphenoxy)phenyllpropanoate was prepared
by the same procedure from (3R)-[(R)-(+)-N-benzyl-a-methylbenzyljamino-3-[3-(3~
mifluoromethylphenoxy)phenyljpropancate (3.9 g, 7.1 mmol).

Methyl (3R)-Amino-3 _—[3~(4-meﬂylphenoq)?henylbrop_amace. The solution of
Methyl (3R)-[(S)-(-)-N-benzyl-a-methylbenzyl)amino-3-[3-(4-
methylphenoxy)phenyl]propanoate (3.3 g, 6.7 mmol) in MeQH (60 mL), H,0 (6 mL) and

acetic acid (1.5 mL) in the presence of palladinm hydroxide on charcoal (530 mg) under

hydsogen (1 atm) was stirred ar room temperature for 36 h. F fltration and evaporation 1o give

product. The product was used without purification in the next reaction.

~96-



10

16

20

25

30

WO 02/073208 PCT/CA02/00363

NC)-vvoL i

Methyl (35)-Amino-3-{3-(3-wiflyoromerhylphenoxy)phenyl]propanocate was prepared

by the same procedwre from (3 R)-[(R)-(+)-N-benzyl-a-methybenzyllamino~3-{3-(4-
methylphenoxy)phenylpropanoate (4.2 g, 8.5 mmol).
Methy} (3R)-Amino-3-(3-phenoxyphenylhpropanoate. The solution of Methyl (3R)-

[($)~(-)-N-benzyl-a-methylbenzyl]lamino-3-(3-phenoxyphenyl )propanoate (4.4 g, 9.1 mmal)
in MeOH (60 mL), H,O (6 mL) and acetic acid (1.5 mL) in the presence of palladium
hydroxide on charcoal (700 mg) under hydrogen (1 aun) was stirred at room temperature for
36 h. Filavion and evaporarion to give praduct. The product was used without purification in
the next reaction.

Methyl (35)-Amino-3-(3-phenoxyphenylipropanoate was prepared by the same
procedure from (35)-{(R)-(+)-N-benzyl-a~methylbenzyi]Jamino-3-(3-
phenoxyphenyl)propanoate (3.7 g, 7.7 mmaol).

(3R)-Amina-3-{3-(3-mifluoromerhylphenoxy Jpheny{propionic acid hydrochloride
(C1). Methyl (3R)-Amino-3-[3-(3-witlucromethylphenoxy)phenyljpropanoate was dissolved

in 2N HC1 (40 mL), reflux for overnight, cooled to roam temperature and concenirated. The
residue was dissolved in 2N HC1 (100 mL.) and diethyl ether (30 ml). The ail layer formed
between aqueoué and organic layer and was separared, evaporated and dried on pump
overnight to give white powder 1.8 g: [, ~0.49° (¢ 2.26, CH,0H), 'H NMR. (CD,0D) $
2.99(dd, 1 H,J=6.6,17.4),3.09(dd, 1 H, J=7.5,17.4),4.72 (dd, 1 H, J= 6.6, 7.5), 7.08-
7.60 (m, 8 H). "C NMR (CD,0OD) 3 39.1, 52.8, 116.3, 119.7, 121.3, 1235, 123.4, 124.2,
127.0,132.2,132.3, 133.4, 140.0, 158.2, 159.0, 172.8. MS: nve 326.0 (m~ HCI).

(}S)—Amino-B—[3—(}uiﬂuoromethglp_hcnoxy)phenyl]pmpionic acid hydrochloride
(€2) was prepared by the same procedure from Methyl (35)-Amino-3-[3-(3-

uifluoromethylphenoxy)phenyl)propanoae in 74% vield. [o]*p +0.63° (¢ 2.38, CH,OH), 'H
NMR (CD,0D)82.99(dd, 1 H, J= 6.6, 17.4),3.09 (dd, 1 H,J=7.5,174),4.72(dd, 1 H, J
=6.6,7.5), 7.08-7.60 (m, 8 H). °C NMR (CD,0D) 5 39.1, 52.8, 116.3, 119.7, 121.3, 123.3,
123.4,124.2, 127.0, 132.2, 132.3, 133.4, 140.0, 158.2, 159.0, 172.8. MS: m/e 3263 {m-
HCL).

@R)~Amino~3-[3-(4~methyIphenogy)phenyl]pmpinnic acid hydrochloride (C3).

Methyl (SR)-Amino-B-[3-(4—methylphcnoxy)phenyl}pmpanoate was dissalved in 2N HCI (40
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mL), reflux for overnight, cooled 1o room temperature and concengrated. The residue was
dissolved in 2N HCI (100 mL), concentrated. The white precipitate was filirated and washed
with dierhyl ether (10 mL) and dried on pump ovemnight 1o give 1.6 g: [a)*5 —1.36° (¢ 2.06,
CH;OH), 'HNMR (CD,0D) 8 2.88 (s, 1H),2.96 (dd, t H, J=6.6, 17.1),3.09(dd, 1 H,J=
7.8, 17.1), 4.67 (dd, 1 H,J= 6.6, 7.8), 6.29-7.43 (m, 8 H). "C NMR (CD,0D) § 20.8, 39.1,
52.9,118.1,119.8, 1204, 122.6, 131.5, 131.8, 134.8, 139.4, 155.5, 160.0, 172.8. MS: m/e
272.0 (m- HC1).

(35)-Amino-3-[3-(4-methylphenoxy)phenyllpropionic acid hydrochloride (C4) was
prepared by the same procedure from Methy! (35)-Amino-3-[3-(4-

methylphenoxy)phenyljpropanoate in 65% yisld: (], +1.46° (¢ 2.26, CH.OH), ‘H NMR
(CD;OD) 52.88 (s, 1H), 2.96 (dd, 1 H,/=6.6,17.1),3.09 (dd, 1 H, /= 7.8, 17.1), 4.67 (dd,
1H,J=6.6,7.8), 6.89-7.43 (m, 8 H). "C NMR (CD,0D) 5 20.8, 39.1,525,118.1, 119.8,
1204, 122.6,151.5, 131.8, 134.8, 139.4, 155.5, 160.0, 172.8. MS: m/e 272.1 (m- HCI).
(3R)-Amino-3-(3-phenoxyphenyl)propionic acid hydrachloride (Cs). Methyl (3R)-
Amino-3-(3-phenoxy)phenylpropanoate was dissolved in 2N HCI (40 mL), reflux for
overmght, cooled 1o room remperarure and concemrated. The residne was dissolved in 2N

HC1 (100 mL). waéhed with diethy! ether (2 x 30 mL). The agueous was evaporated and

dried on pump overnight 1o give white powder ?.;4 g: [}’ —1.40° (¢ 2.79, CH,OH), 'H
NMR (CD,0D) 82,98 (dd, 1 H,J=6.6,17.1),3.11 (dd, 1 H, /= 1.5, 17.1), 469 (dd, 1 H, J
=6.6,7.5), 6.98-7.46 (m, 9 H). *C NMR (CD,0D) 5 39.1, 52.8, 118.7, 1202, 120.3, 123.0,
125.0,131.1,131.9,139.5, 158.0, 155.4, 172.8. MS: m/e 258.1 (m-~ HCI).
(35)-Amino-3-(3-phenoxyphenyl)propionic acid hydrochleoride (C7) (1.96 g) was
prepared by the same procedure from Methyl (35)-Amino-3-3 -phenoxyphenyl)propanoate in
87% yield: [a]¥, +1.43° (¢ 2.25, CH;OH), '"H NMR (CD,0D) §2.98 (dd, 1 H, /= 6.6, 17.1),
3.11(dd, 1 H, J=17.5,17.1),4.69 (dd, 1 H, J=6.6, 7.5), 6.98-7.46 (m, 9 H). “C NMR

(CD;0D) 8 39.1, 52.8, 118.7, 1202, 120.3, 123.0, 125.0, 151.1, 131.9, 139.5, 158.0, 159.4,
172.8. MS: m/e 257.9 (m- HC)). T

(D)( +)-3-amino-3-]3-(4~chlorophenoxy)phenyl}propionic acid, hydrochloride (C8)
and (LL(~)-3-a1nino—3ﬁ-@»ch!orophenoxj)phexyl]pmpionic acid, hydrochloride (€9) were

produced from diastereomeric selective recrystalization of BOC-protecied racemic 3-amino-

.98 -



10

15

20

]

WO 02/073208 PCT/CA02/00363

NCl-uuoL s

.3-[3-(4—chlorophenoxy)phenyl]propionic acid with (1R,28)-(-)-ephedrine in E10ACc, followed

by acidic removal of the BOC group using art-recognized techniques. The specific rotations
of these compounds were +1.07° and -1.04° (¢=0.0118 in MeOH). The 'H and "C NMR
were consistent with the structures.

(L)-(-)-3-amino-3-{3-(3,4-dichlorophenoxy)phenvlpropionic acid, hydrochloride
(C10) and (D)-(+)-3-amino-3-[3-(3,4-dichlorophenoxy)phenyllpropionic acid, hydrochloride
(C11) were prepared by enzymatic resolutiog. Racemic 3-[3-(3,4-dichloro-phenoxy)-

pheny1]43-phenylacetylamino-propionic acid (2.01g, 4.5mmol), prepared from the reaction of
phenylacetyl chloride and 3-amino-3-{3-(3.4-dichloro-phenoxy)-phenyl}-propionic acid, was
dissolved in 30 ml. of E1OAe. To this solution was added 30 mL of a IM phosphate buffer
{(pH=7.6) and 200mg (10% w/w) of penicillin G amidase (PGA) immobilized on Eupergit.
The reaction was stopped after 24h, and the enzyme was removeq by filtration. Amine and
acefimamide products were separated by partitioning between EtOAc and aqueous acid, and
solvent was removed under reduced pressure and with the freeze drierproducing 198 myg
(24%) of enriched (L.)-(-)-compound (fo),= -0.39°, ¢=0.0058 in MeOH). . The ‘H and *C
NMR were copsistent with the structure. jon was stopped afier 24h. Further hydrolysis of the

acetamide with 6M HCI produced 970 mg (79%) of enriched (D)-(+)-componnd
(fa]=+0.13° (¢=0.0173 in MeOH). The 'H and *C NMR were consistent with the structure.

EQUIVALENTS

Those skilled in the art will recognize, or he able to ascerrain using no more than
routine experimentation, numerous equivalents 1o the specific procedures described herein.
Such equivalemts are considered 1o be within the scope of the present invention and are
covered by the following claims. The contents of all references, issued patents, and
published patent applications cited throughour this application are hereby incorporated by
reference. The appropriate components, processes, and methods of those patents,

applications and other documents may be selected for the present invention and embodiments
thereof.
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CLAIMS
What is claimed is:

I. A method for identifying a compound which inhibits epileprogenesisina |

subject, comprising the steps of:
i) obtaining the smructures of two or more compounds each having

a) the ability 1o cause a direct or an indirect pharmacological effect on a

polypeptide which is involved in epilepiogenesis, and

b) a pharmacophore which has been derermined 1o exert at least some of

said pharmacological effect,

i) determining an average pharmacophore structure based on the structures of the

pharmacophores of said 1wo or more compounds, and

ni)  choosing 2 new compound which comprises the average pharmacophore.

2. Amethod for identifying a compound which inhibits epileprogenesis in a
subject, comprising:

i) obtaining the structures of two or more compounds each having

a) the ability To cause a direct or an indirect pharmacological effect on a

polypepride which is involved in epileptogenesis, and

b) a pharmacophore which has been defermuned to exert ar least some of
said pharmacological effect,

it) determining an average pharmacophore smucnure based on the sucnures of the

pharmacophores ot said two or more compounds,

i) repeating af least once steps (i) and (ii) for a different polypeptide which is

involved in epileprogenesis, and

iv)  choosing a new compound which comprises one or méfe average

pharmacophore determined in the previous steps.
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3. The method of claim 1, whersin said pharmacological activity on a
polypepiide which is involved in epileptogenesis is chosen from the group consisting of

inhibition, agonism, anfagonism, chelarion, and binding.
4. The method of claim 1, wherein said structure is a carbon backbone structure.

.5 5. ‘The method of claim 1, wherein s2id structure is a three dimensional space-

filling structuze.

6. The method of claim 1, wherein said polypepude which is involved in

epileprogenesis is a cell-surface recepror.

7. The method of claim 6, wherein said polypeptide which is involved in
10 epileptogenesis is an NMDA receptor.

3. The method of claim 1, wherein said polypeptide which is involved in

epileptogenesis is involved in transport of a neurotransminer.

9. The method of claim 8, wherein said polypeptide which is involved in
epilepiogenesis is a GABA wansponer.

15 10. A methed for inhibiting epileptogenesis in a subject, comprising administering
10 2 subject an effective amount of a compound which inhibits epileprogenesis and which has
been identified with the method of claim 1.

11. A method for inhibiting epileptogenesis in a subject, comprising administering
10 a subject an effective amount of a compound such thart epileptogenesis js inhibited,
20  wherein the cor!hpound is of Formula A
R?‘\
N—CH,CH,—-A
R’ .
1) where R’ is hydrogen, alkyl, aIkeny} alkynyl, aryl, alk\yylcarbonyl
arylcarbonyl, alkoxycarbonyl, or aryloxycarbonyl;

i1) R?is alkyl, alkenyl, alkynyl, aryl, alkylcarbonyl, arylcarbonyl
25 alkoxycarbonyl, or aryloxycarbonyl;
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ili) A isan anionic group at physiological pH;

and pharmaceutically acceptable salts or esters thereof.
12 The method of claim 11, where A is carboxyl.
13.  The method of claim 12, where R' is hydrogen.
14.  The method of claim 13, where R* is alkyl.

15.  The method of claim 14, where R® is arylalkyl.

16.  The method of claim 15, where R? is phenylalkyl.
17.

consisting of

The mathod of clatm 11, where said compound is selected from the gronp

and pharmaceurically acceprable salts or esters thereof,
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18. A method for inhibiling epileptogenesis in a subject, comprising administering
10 a subject an effective amount of a compound such that epileptogenesis is inhibited, where

said compound is of Formula B

NH2
B é C—A
H  H, :
5 1) wherein A is an anionic group ar physiological pH;

i1) wherein B is a phenoxy substinited phenyl group;
and pharmaceutically acceprable salts or esters thercaf.
19.  The method of claim 18, where A is a carboxyl group.

20.  The method of claim 19, where B is an alkylphenoxy substimsed phenyl
10 group.

21. The method of claim 20, where B is a methylphenoxy substituied phenyl
group.

22.  The method of claim 19, where B is a halophenoxy substiured phenyl group.

23.  The method of claim 22, where B is a chlorophenoxy substituted phenyl
15  group.

24.  The method of claim 18, where said compound is selected from the group

consisting of
, Aa13) (A19)
NH_ NH,
Q
(A16) -

NH,
/@o\©&cow
Cl '

and pharmaceurically acceprable salts or esters thereof.
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25 A method for inhibiting epileptogenesis in a subject, comprising administering
10 a subject an effective amount of a compound such that epileptogenesis is inhibited,

wherein the compound is of Formula C

NH2
D——C~—C—A
H H, :
5 i) wherein A is an anionic group at physiological pH;
i) wherein D is an aryl group substituied with 2 or more moieties selected from

the group consisting of alkoxy and aryloxy:
and pharmaceutically acceprable salts thereaf.
26.  The method of claim 25, where A is a carboxy] group.

10 27.  The method of claim 26, where D 1s a pheny! group substifuted with 2 or more

moieties selected from the group consisting of alkoxy gnd aryloxy.

28.  The method of claim 27, where D is a phenyl group substinyted with 2 or more
alkoxy groups.

29.  The method of claim 28, where the alkoxy groups are rmethoxy groups.

18 30.  The method of claim 25, where said compound is selected from the group

consisting of

(A29) : (A30) (A31)
N H2 : ‘ N H2 N H2
O COOH /@\,COOH COOH
o) o 0~
O, ! O

and pharmaceutically acceptable salis thereof.

31. A mcthod for inhibiting epileptogenesis in a subject, comprising administering
20 1 a subject an effective amount of a compound such that epileptogenesis is inhibited,
wherein the compound is of Formula D
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A

Em"‘(CHQ)n"CmCmNHZ
H H; :

i) wherein A is an anionic group a1 physiological pt;
i) m and n are independently 1,2 or 3;
iii)  Eisa substituted or unsubstitured phenyl;
5 and pharmaceutically acceptable salts thereof.
32. Themethod of claim 31, where A is a carboxyl group.
33.  The method of claim 32, where n is 2.
34. The method of claim 32, wherenis 1.
35.  The method of claim 34, where E is a diphenyl subsrituted methyl.

10 36.  The method of claim 31, where said compound is selecred from the group
consisting of ‘

7 : (8)
O OH O OH "
NH, @\/\I/N"b
a4) a3)

O O._0OH O
NH> CQLH
O O NH»

and pharmaceutically acceptable salis or esters thereof.

37. A method for inhibiting epileprogenesis in a subject, comprising administering

10 & subject an effecuve amount of a compound such that epileprogenesis is inhibited in the

1§ subject, where said compound is selecred from the group consisting of
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&) 6)
NHZ w
12) (42 Y)

‘ NH
® MO MQH
O OH

and pharmacentically acceprable salts thereof, such that epileptogenesis is inhibired in
the subject. '

38. A method for inhibiting epileptogenesis in a subjecs, comprising administering
1o a subject an effective amount of a compound such thar epileptogenesis is inhibited in the

§  subject, wherein said compound is selected fram the group consisting of

(Al) (Ad) (AS)

NHz OH NH,
/I::ri\,cooﬁ CgHs O j::jJ\,QOOHrhcoj:tTA\,COOH

CeHs™

(A6) (A9) a1y

NH» NH,O NH»
[f:rA\,COOH o ,[:j/LV)kOH COOH
| XA &

H . .
(Al15) (A21) (A24)
NH, NH,

iI::rJ\,COOH ' COOH COOH
Haco Bf ‘
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(A23) (A26) ' (A27)
NH NH2 NHZ
F3C | CF3 02N
(A28) (A32)
NH, NH,

g\,coors O/k/cooﬂ
NC 0!

]
and pharmaceutically acceprable salts or esters thereof.
39. A method for inhibiting epilepiogenesis in a subject, comprising administering
10 a subject an effective amount of a compound selected from the group consisting of a,a-
disubstituted B-alanines, a,B-disubstitured f-alanines, ,B-disubsritated B-alanines, d,ﬁ,a-

§  wisubstied B-alanines, o f.B-urisubstituied f-alanines, o, N-trisubstituted §-alanines, .,
N-trisubstituted B-alanines, B,B,N-risubstned B-alanines, o,c,N,N-terrasubstitured -
alanines, a,3,N,N-tetrasubstituted B-alanines, B,B,N,N-tetrasubstituted B-alanines, a,a,B,p-
tetrasubstituted B-alanines, a.a,B,N-tetrasubstituted B-alanines, a,B.f,N-terasubsiituted B-
alanines, o,a,B.N,N-pentasubsrituted B-alanines, a,B,8,N,N-penrasubstiruted B-alanines,

10 o,a,p.f.N-pentasubstituted B-alanines, @,a.B,8.N,N-hexasubstituted R-alanines, and
pharmaceutically acceprable salts or esters thereof, such that epilepiogenesis is inhibjted in

the subject.
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40. A method of diagnosing an epileptogenic candition in a subject comprising:

administering a compound selected from the group consisting of

M )
| ©\/\ i ,\/U\
NT~oH g\/\ N OH
L H Hei HCI
)
- Q (3H3N O
H H
HCy
)
O 0OH
Q\L O OH
NHACH
NHsCI
(10) (11)
O CiH;N O
O
O N’\)\OH
H
HCI
13) (14)
O CO,H O NH3C!
O NH2Cl
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&)

@\/\N/\/(‘)LNN)@
Moo Y

®

9

®
O

N~ 0H

H He

(6)

CH:N O
OH

O NH5Cl

(

(12)

0% 0H
(AD (Ad)
NH, NH, OH NHz
/@rk/coox-; CGHSVODJ\/COOH cho\g)\/coowz
| CeHs™ 0O
(a6) (AY) (All)
NHz NHQO NH2 '
é/l\,cocm o on \QA,COOH
. P
H
(Al3) (Al4) (A15)
NH, NHa NH,
@ /©'/K,COOH /@/O\@/K/COOH U‘\,COOH
0 HaCO
{A16) (A21) (A24)
NH,

’ NH>
/@,og)\/com
Cl

NH,
5 _;<©/l\/000ﬁ
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(A25) (A26) (A27)
NH2 . NH; NH>
QJ\,CQQH (:(\/COOH g\/COOH
F3C CF3 02N
(A28) (A29) (A30)
NH2 NH> _ NH2
,©/'\/COOH _0 COOH ,dVCOQH
NC | 0 ol
O x
(A31) (A32)
NH2 NH»
COOH @)\/COOH
o~ 0
- !

labeled with a detectable marker 10 said subject;

measuring iacreased bindiang of the compound 10 the NMPA receptors of the neurons

of said subject’s brain, thereby diagnosing an epileprogenic condition in said subject.
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41. A method of diagnosing an epileptogenic candition in a subject comprising:

administering a compound selected from the group consisting of

@) @) 1
©\/\ i /\/LL
A ©/\/‘ N OH
H Loy HCI
| I
(4)
@ CleN Q
@r\/\N/\/"\N’\/\Q @/\)\/j\
H H
HCI
(N
O _OH
Q. _OH
NH;C
NH,Cl
—
a0 1) ,
O CH:N O
0
9 N~ 0n
H
HC
as) (14)
[ Ny
COLH NH3Cl
O NH5Cl
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labeled with a detectable marker to said subjecr;

. measuring decreased binding of the compound 10 the GABA receptors of the neurons

of said subject’s brain, thereby

diagnosing an epileprogenic condition in said subject.

42. A method of diagnosing an epileprogenic condition in a subject comprising

administering a compound selected from the group consisting of

Y

R

4

2,
%,

or
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R S
Y%, Y

7,
%,

COLH
xn“©\ \
0

wherein each X is independenily selected from the group consisting of halogen, nitro,
cyano, and subsrituted ar unsubstituted alky!l and alkoxy groups; n is an integer from 0 to 5;
and one of Y® and Y® is a hydrogen, and the other is a substituted or unsubstitured amine: and
5 pharmaceutically acceprable salts thereof.

43. A method for inhibiting epileptogenesis in a subject, comprising administering 1o
a subject an effective amount of a compound such that epileprogenesis js inhibired in the

subject, wherein said compound is selected from the group consisting of

YR yS

R/
“,
7
Z,

. o) CO,H
10 /

or

YR \ A

% CO,H
x,,...@\ '
0

wherein each X is independently selected from the group consisting of halogen, niwo,
cyano, and substituted or unsubstituted alky) and alkoxy groups; n is an integer from 0 10 5;
15 andoneof Y®and Y3isa hydrogen, and the other is a substituzed or unsubstituted amine; and
pharmaceurically acceprable salts thereof.
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44. The method according to any one of claims 42 or 43 wherein said compound is
selected from the group consisting of (R)-3-amino-3-{3-(3-wifluoromethylphenoxy)phenyl}
propionic acid, (S)-3-amino-3-(3-(trifluoromethylphenoxy)phenyl] propionic acid, (R)-3-
amino-3-[3-(4-methylphenoxy)phenyl]propionic acid, (S)-3-amino-3-{3-(4-
methylphenoxy)phenyljpropionic acid, (R)-3-amino-3-{3-(phenoxy)phenyl]prapionic acid,
(S)-3 -aminn—S~[3-(phenoxy)ph,enyllpropionic acid, (D)-(+)-3-amino-3-[3-(4-
chlorophenoxy)phenyl) propionic acid, (L)-(-)-3-amino-3-[3-(4-
chlorophenoxy)phenylpropionic acid, (L)-(-)-3-amino-3-[3-(3,4-
dichlorophenoxy)phenyljpropionic acid, (D)-(+)-3~amino-3-{3-(3,4-
dichlorophenuxy)phenyl]propionic acid, 3-amino-3-(3-phenoxy)phenylpropionic acid, and
pharmaceutically acceptable salts or esters thereof.

45. A method of diagnosing an epileptogenic condition in a sybject comprising

administering a compound selected from the group consisting of

/' \

K

. (COR™,

NH;

wherein RP is g hydrogen, alkyl, aryl, or an organic or inorganic salt-forming cation;
nis 11 5;tis 110 2; each X is independently selected from the group consisting of halogen,
nitro, cyano, and substinyed or unsubstitured alkyl and alkoxy groups; and pharmaceytically
accepiable salis or esters thereof.

46. A method for inhibiting epileptogenesis in a sybject, comprising administering 1o
a subject an effective amount of a compound such that epileptogenesis is inhibited in the

subject, wherein said compound is selected from the group consjsting of

/7 N\_ /"

X N (COR™),

- >
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whereinRP is a hydrogen, alkyl, aryl, or an organic or inorganic salt-forming cation;
nis 110 5;1is 1 to2; each X is independently selected from the group consisting of halogen,
nitro, cyano, and substimied or unsubstinyred alkyl and alkoxy groups; and pharmaceurically

acceprable salts or esters thereof.

47. The method according 1o any one of claims 45 or 46 wherein said compound is
selected from the group consisting of 3-amino-3-(4-nirophenyl)propionic acid, 3-amino-3-
(¢-methylphenyl)-2-carboxypropionic acid acid, 3-amino-3-(4-methoxyphenyl)-2-
carboxypropionic acid, 3-amino-3~(4-nitrophenyl)-2-carboxypropionic acid, and

pharmaceutically accepiable salts or esters thereaf.

48. A method of diagnosing an epileptogenic condition in a subject comprising
administering anthralinic acid or a pharmaceutically acceprable salt thereof.

49. A method for inhibiting epileptogenesis in a subject, comprising administering to
a subject an effective amount of anthralinic acid such that epileptogenesis is inhibited in the
subject.
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