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The invention provides a pharmaceutical for treatment of neurclogical and newropsychiatric disorders comprising a compound of

formulas (I and IT) or a pharmaceutically acceptable salt thereof,
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PHARMACEUTICAL FOR TREATING OF NEUROLOGICAL AND
NEUROPSYCHIATRIC DISORDERS

The pressnt invention relates to a class of substituted cyclic amines, pharmaceutical
compositions and mathods of treating neurologicat and neurapsychiatric disordars,

Synaplic transmission is a complex form of intercellular communication that invoives a
considerable aray of specialized structures in both the pre- and post-synaptic neuron. High-
affinity neurotransmitter transporters are one such component, iocated on the pre-synaptic
terminal and surrounding gliai cells (Kanner and Schuldiner, CRC Critical Reviews in
Biochemistry, 22, 1032 (1987)). Transporlars sequester neurotransmitier from the synapse,
thereby regulating the concentration of neurotransmitter in lhé synapse, as well as its duration
therein, which together influence the magnitude of synaptic transmission. Further, by preventing
the spread of
fransitter to naighboring synapses, transporters maintain the fidelity of synaptic transmission.
Last, by sequestering reloased transmitter into the presynaptic terminal, transporters allow for
lranémitter reutilization.

Neuretransmitier transport is dependent on extracellular sodium and the voltage
difference across the membrane; under conditians of intense neuronal firing, as, for example,
during a seizure, fransparters can function in reverss, releasing neuratransmitter in a calcium-
independent non-exocytatic manner (Attwell et al, Neuron, 11, 401-407 (1993)). Pharmacologic
modulation of neurotransmitter ansporters thus provides a means for modifying synaptic activity,
which provides useful therapy for the freatment of neurological and psychiatric disturbancas.

The amino acid glysine is a major neurotransmitter in the mammalian central nervous
system, functioning at both inhibitory and excitatory synapses. By nervous system, both the
central and paripharal portions of the nervous system are intended. These distinct functions of
glycine are mediated by twa different types of receptor, each of which is associated with a
different class of glycine iransporter, The inhibilory actions of glycine are mediated by glycine
receptors that are sensitive to the convulsant alkaloid slrychinine, and are thus referred to as
"strychnine-sensitiva.” Such receptors contain an intrinsic chioride channe! that is opened upon
binding of glycine fo the receptor; by increasing chioride conductance, the hreshold for firing of
an action potential is increased. Strychnine-sansitive glycine receptors are faund predominantly in
the spinal cord and brainstem, and pharmacelegical agents that enhance the activation of such
receptors will thus increase inhibitory neurotransmission in these regions,

Glycins functions in excitatory transmission by modulating the actions of glutamats, the
major excitatory neurolransmitter in the ceniral nervous system. See Johnson and Ascher,
Nalure, 325, 529-631 (1987); Fletcher et al., Glycine Transmission, (Ottersen and Storm-Mathisen,
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eds., 1990), pp. 193-219. Specifically, glycine is an obligatory co-agonist at the class of
glulamate receptor lermed N-methyl-D-aspartate (NMDA) recepior. Activation of NMDA receptors
increases sodium and calcium conduotance, which depolarizes the neuran, thersby increasing the
fikelihood that it will fire an action potential. NMDA receptors are widely distributed throughout
the brain, with a particularly high density in the cerebral cortex and hippocampal formation,
Molecular cloning has revealed the existence in mammalian brains of two classes of
glycine transporters, termed GlyT-1 and GlyT-2. GlyT-1 is found predominantly in the forebrain,
and its distribution corrasponds to that of giutamatergic pathways and NMDA receptors (Smith, et
a, Neuron, 8, 927-835 (1892)). Molecular cloning has further revealed the existence of three

variants of GlyT-1, termed GlyT-1a, GlyT-1b and GlyT-1c {Kim, et al, Molecular Pharmacology,
45, 60B-617 (1994)), each of which displays a unique distribution in the brain and peripheral
tissues. These variants arise by differential splicing and exon usage, and differ in their N-terminai
regions. GlyT-2, in contrast, is found predominantyy in the brain stem and spinal cord, and ils
distribution corresponds closely to that of slrychnine-sensitive glycine raceplors (Liu et al., J.
Biclogical Chemistry, 268, 22802-22808 (1993); Jursky and Nelson, J. Neurochemisiry, 64, 1026-
1033 (1995)}. These data are consistent with the view that, by regulating the synaptic levels of
glycine, GlyT-1 and GlyT-2 sslectively influence the activity of NMDA receptors and strychnine-
sensitive glycine receplors, respectively.

Compounds that inhibit or activate glycine transporters would thus be expecled to alter
receptor function, and provide therapsutic benefits in a variefy of disease states. For example,
inhibiion of GlyT-2 can be used to diminish the activity of neurons having strychnine-sensitive
glycine receplors via increasing synaplic lavels of glycine, thus diminishing tha transmission of
pain-related (j.e., nociceptive) information in the spinal cord, which has been shown to be
madiated by these receplors. Yaksh, Pajn, 37, 111-123 (1989). Addifonally, enhancing inhibitory
glycinergic transmission through strychnine-sensitive glycine receptors in the spinal cord can be
used lo decrease muscle hyperactivity, which is useful in treating diseases or conditions
asseciated with increased muscle contraclion, such as spasticity, myaclonus, and epilepsy
{Truong et ai., Movement Disorders, 3, 77-87 (1988): Backer, FASER J., 4, 2767-2774 (1990)).
Spasticity that can be treated via modulation of glycine receptors is associaled with epilepsy,
stroke, head trauma, mulliple sclerasis, spinat cord injury, dystonia, and other conditions of liness
and injury of the nervous system.

NMDA receptors are critically involved in memory and leaming (Rison and Stanton,
Neurosci, Biobehav, Rev,, 19, 533-562 (1395); Danysz et al., Behavioral Pharmacol., 5, 455-474
{1995)); and, furthermore, decreased function of NMDA-mediated neurotransmission appsars to
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underlie, or contribute to, the symptoms of schizophrenia (Olney and Farber,
Archives General Psychiatry, 52, 988-1007 (1996). Thus, agents that inhibit GlyT-1
and thereby increase glycine activation of NMDA receptors can be used as novel

antipsychotics and anti-dementia agents, and to treat other diseases in which
cognitive processes are impaired, such as attention deficit disorders and organic
brain syndromes. Conversely, over-activation of NMDA receptors has been
implicated in a number of disease states, in particular the neuronal death associated
with stroke and possibly neurodegenerative diseases, such as Alzheimer's disease,
mutti-infarct dementia, AIDS dementia, Huntington's disease, Parkinson's disease,
amyotrophic lateral sclerosis or other conditions in which neuronal cell death oceurs,
such as stroke or head trauma. Coyle & Puttfarcken, Science, 262, 689-695 (1993);
Lipton and Rosenberg, New Engi. J. of Medicine, 330, 613622 (1993); Choi,
Neuron, 1

, 623-634 (1988). Thus, pharmacological agents that increase the activity
of GlyT-1 will result in decreased glycine-activation of NMDA receptors, which
activity can be used to treat these and related disease states. Similarly, drugs that
directly block the glycine site on the NMDA receptors can be used to ireat these and
related disease states.
SUMMARY OF THE INVENTION

By the present invention, a class of compounds has been identified that inhibit
glycine transport via the GlyT-1 or GlyT-2 transporters, are precursors, such as pro-
drugs, to compounds that inhibit such transport, or are synthetic intermediates for
preparing compounds that inhibit such transport. Thus, the present invention
provides a compound of one of the following formulas | and II;

R R* R

RY Y

16/06/01,cH10184.5peci,3
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wherein;

(1)  Xis nitrogen or carbon, and R? is not present when X is nitrogen;

(2) R (a) is hydrogen, (C1-C8) alkyl, (C1-C8) alkoxy, cyano, (C2-C7) alkanoyl,
aminocarbonyl, (C1-C6) alkylaminocarbony! or dialkylaminocarbonyl wherein each
alkyl is independently C1 to C8, (b) comprises (where R' is not -0-R%r -S-R*)
hydroxy, fluora, chloro, bromo or (C2-C7) alkanoyloxy, (c) forms a double bond with
an adjacent carbon or nitragen from one of either R', R® or R®, (d) is oxygen
forming an oxa linkage with R or (e} is R* linked by R o X:

(2‘) Ris a ring-containing structure K™ linked by R® to X;

(2'}  R'is a ring-containing structure R™ linked by R* to X:

(2") R™ R™and R are independently aryl, heteroaryl, adamantyl or a 5 to 7-
membered non-aromatic ring having from O to 2 heteroatoms selected from the
group censisting of oxygen, sulfur and nitrogen, wherein;

(a) aryl is phenyl or naphthyl,

(b) heteroaryl comprises a five-membered ring, a six-membered ring, a six-
membered ring fused to a five-membered ring, a five-membered ring
fused to a six-membered ring, or a six-membered ring fused to a six-
membered ring, wherein the heteroaryl is aromatic and contains
heteroatoms selected from the group consisting of oxygen, sulfur and
nitrogen, with the remaining ring atoms being carbon,

(c) each of R®, R™ and R” can be independently substituted with one of R®,
R'O- or R°S-, wherein R", R'and R" are independently aryl, heteroaryl,
adamantyl or a 5 to 7-membered non-aromatic ring as these structures
are defined for R®, and

(d) R® R™ R™ R R and R’ can be substituted or additionally substituted
with substituents selected from the group consisting of fluoro, chloro,
bromo, nitra, hydroxy, cyano, trifluoromethyl, amidosulfonyl which can
have up to two independent (CI-C6) N-alky| substitutions, adamantyl, (C1-
C12) alkyl, (C1-C12) alkenyl, amino, (C1-C8) alkylamino, dialkylamino
wherein each alkyl is independently C1 to C8, (C1-C6) alkoxy, (C2-C7)
alkanoyl, (C2-C7) alkanoyloxy, trifluoromathoxy, hydroxycarbonyl, (C2-
C7) alkyloxycarbonyl, aminocarbonyl that can be substituted for hydrogen

K A[,S/\ with up to two independent (C1-C6) alkyl, (C1-C6) alkylsutfonyl, amidino
&
3

18/06/01,6f1 0184 speci 4
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that can independently substituted with up to three (C1-C8) alkyl, or

methylenedioxy or ethylenedioxy with the two oxygens bonded to adjacent

positions on the aryl or heteroaryl ring structure, which methylenedioxy or
ethylenedioxy can be substituted with up to two independent (C1-C8)
alkyl, wherein:

(i) the substitutions of R® R™ and R* can be combined to form a
second bridge between two of R™, R™ and R™ comprising (1) (C1-C2)
alkyl or alkenyl, which can be independently substituted with one or
more (C1-C6) alkyl, (2) sulfur, {3) oxygen, (4) amino, which can be
substituted for hydrogen with one (C1-C8B) alkyl, {5} carbonyl, (6)
-CH2C{=0)-, which can be substituted for hydrogen with up to two
independent (C1-C6) alkyl, (7) -C(=0)-0-, {8) -CH2-O-, whichcanbe
substituted for hydrogen with up to two independent (C1-C6) alkyl, {9)
-C(=0)-N(R*")~, wherein R* is hydrogen or (C1-C6) alkyl, (10) -CHz-
NH-, which can be substituted for hydragen with up to three {(C1-C8)
alkyl, or (11) -CH=N-, which can be substituted for hydrogen with (C1-
C6) alkyl, or wherein two of R®, R™ and R* can be directly linked by
a single bond;

(2" R* and R® are independently a single bond or (C1-C2) alkylene;
(29 R"isa single bond, oxa, (C1-C2) alkylene, ethenylene or -CH= (where the
double bond is with X), thia, methyleneoxy or methylenethio, or either -N(Rs)- or
-CH>-N(R®)-, wherein R® and R are hydrogen or (C1-C8) alkyl, wherein when X is
nitrogen X is not bonded to another heteroatom;
(3) R' comprises: a single bond; a straight-chained (C1-C3) aliphatic group; or
(where X is carbon and R™ does not include a heteroatom attached to X) -O-R%or
-8-R*, wherein either R® or R is, (C1-C3) alkylene or {C2-C3) alkenylene and O or
S is bonded to X:
wherein R' can be substituted with up to one hydroxy, up to one (C1-C6)
alkoxy or up to one (C2-C7) alkanoyloxy, with up to two independent (C1-C6)
alkyl, with up to one oxo, up to one (C1-C6) alkylidene, with the proviso that
the hydroxy, alkoxy, alkanoyloxy, oxo substituents are not bonded to a carbon
that is bonded to a nitrogen or oxygen, or (where R’ is -O-R® and X is carbon)

S an oxa linkage to X forming a 1,3-dioxolane,

» b

r—v\ =

1/)\ o) (-Q, ./ , /06701 ¢f10184.5p0ci 5
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wherein the alkyl or alkylidene substituents of R' can be linked to forma3
to 7-membered non-aromatic ring, and
wherein if X is nitragen, X is linked to R' by a single bond and the terminal
carbon of R' that links R' to N is saturated:
(4) nisOor1, andwhereifnis 1, R is either (C1-C5) alkyl (with the attached
nitrogen having a positive charge) or oxygen (forming an N-oxide) and X is carbon;
{6)  wherein ring D is a 3 to 8-membered ring, a 3 to 8-membered ring substituted
with a 3 to 8-membered spiro ring, or a 3 to 8-membered ring fused with a 5 to
6-membered ring, wherein the fused ring lacking the illustrated tertiary nitrogen can
be aromatic, with the proviso that the ring atoms include no quaternary nitrogens:
wherein the carbon and nitrogen ring atoms of ring D can be substituted
with substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano,
nitro, trifluoromethyl, (C2-C7) alkyloxycarbonyl, (C1-C6) alkylidene, hydroxy!,
(C1-C8) alkoxy, oxo, hydroxycarbonyl, aryl wherein the aryl is as defined for
R or heteroaryl wherein the heteroaryl is as defined for R®, with the proviso
that ring atoms substituted with alkylidene, hydroxycarbonyl or oxo are
carbon, with the further proviso that ring atoms substituted with hydroxy! or
alkoxy are separated from other ring heteroatoms by at least two intervening
carban atoms; and
wherein R', R® and G are such that at least two atoms separate X and the
illustrated ring nitrogen;
(6) whereinring Eis a 3 to 8-membered ring, a 3 to 8-membered ring substituted
with a 3 to 6-membered spiro ring, or a 3 to 8-membered ring fused with a 5 to
6-membered ring, wherein the fused ring lacking the illustrated tertiary nitrogen can
be aromatic, with the proviso that the ring atoms include no quaternary nitrogens:
whergin the carbon and nitrogen ring atoms of ring E can be substituted
with substituents selected from (C1-C6) alkyl, (C2-C8) alkenylene, cyano,
nitro, triflucromethyi, (C2-C7) alkyloxycarbonyt, (C1-C6) alkylidene, hydroxyl,
(C1-C6) alkoxy, oxo, hydroxycarbonyl, (C1-C&) alkoxycarbonyl, aryl wherein
the aryl is as defined for R®, or heteroaryl wherein the heteroaryl is as defined
for R®, with the proviso that ring atems substituted with alkylidene,
nydroxycarbonyl or 0x0 are carbon, with the further proviso that ring atoms

12/08/01,c110184. spaci,8
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substituted with hydroxyl or alkoxy are separated from other ring heteroatoms
by at least two intervening carbon atoms; and )
wherein G"and R'® are such that at least two atoms separate the
illustrated ring nitrogen from the carbon linked to R* and R*; when G* is a six-
membered ring;
() R"(a)forms a double bond with R', R® or G, (b) i hydrogen (c) is (C1 - C3)
alkyl or alkylene, or (d) is incorporated into a fused ring;
{8) R*and R" are independently hydrogen or (C1-CB) alkyl, or one of R* and R®
can be (C1-C6) hydroxyalkyl: and
(9) R’is(CONR"R", (COJOR"™, (CO)SR™ (SO2NR'R™, (PO)ORZ)(OR™),
(CR®)OR®)XOR™), CN or tetrazol-5-yl, wherein R, R™, R R, R”, R®, R® and
R® are independently hydrogen, (C1-C8) alky! which can include a (C3-C8)
cycloalkyl, wherein the carbon linked to the oxygen of R'® or the sulfur of R™ has no
more than secondary branching and, (C2-C6) hydroxyalkyl, aminoalkyl where the
alkyl is C2 to C6 and the amino can be substituted with up to two independent
(C1-C6) alkyls, arylalkyl wherein the alkyl is C1-C6, heteroarylatkyl wherein the alkyl
is C1 1o C6, aryl or heteroaryl, R is hydrogen or OR® and R®, R* and R® are
(G1-C8) alkyl, phenyl, benzyl, acetyl or, where R%is hydrogen, the alkyls of R* and
R* can be combined to include 1,3-dioxylane or 1,3-dioxane:
wherein the aryl is phenyl or naphthyl and the heteroaryl is a five-
membered ring, a six-membered ring, a six-membered ring fused to a five-
membered ring, a five-membered ring fused to a'six-membered ring, or a six-
membered ring fused to a six-membered ring, wherein the heteroary! is
aromatic and contains heteroatoms selected from the group consisting of
oxygen, sulfur and nitregen, with the remaining ring atoms being carbon;
wherein the aryl, heteroaryl, aryl of arylalkyl or the heteroaryl of
heteroarylalkyl can be substituted with substituents selected from the group
consisting of fluoro, chlora, bromo, nitro, cyano, trifluoromethyl, amidosulfonyl
which can have up to two independent (C1-C6) N-alkyl substitutions, (C1-C6)
alkyl, (C2-C6) alkenyl, {C1-C6) alkylamine, dialkylamine wherein each atkyl is
independently C1 to C6, amino, (C1-C6) alkoxy, (C2-C7) alkanoyl, (C2-C7)
alkanoyloxy, trifluosromethoxy, hydroxycarbonyl, (C2-C7) alkyloxycarbonyl,
aminocarbonyl that can be N-substituted with up to two independent (C1-C6)

Ny

16/06/01,cH 0184 speci 7
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alkyl, (C1-C6) alkylsulfonyl, amidino that can substituted with up to three (C1-

C6) alkyl, or methylenedioxy or ethylenedioxy with the two oxygens bonded to

adjacent positions on the aryl or heteroaryl ring structure, which

methylenedioxy or ethylenedioxy can be substituted with up to two
independent {C1-C6) alkyl; and
wherein R' and R' together with the nitrogen can form a 5 to 7-
membered ring that can contain one additional heteroatom selected from oxygen
and sulfur.

In a preferred embadiment, (A) at least one of R®, R™ and R™ is substituted
with fluoro, chloro, brome, hydroxy, trifluoromethyl, triflucromethoxy, nitro, cyano,
(C3-C8) alkyl, R, R'0-, R"S-, or (B) the ring structures of R®, R™ and R®, including
substituents thereto, otherwise include at [east two aromatic ring structures that
together include from 15 to 20 ring atoms. Preferably, at least one of R®, R” and R®
is substituted with fluoro, trifluoromethyl, trifluoromethoxy, nitro, cyano, or (C3-C8)
alkyl. Preferably, at least one of R®, R™ and R™ is substituted with R, R'O-, or R°S-.

Preferably, an ary! or heteroaryl of at least one of R, R™ and R* is phenyl.
Preferably, R is oxa, methyleneoxy, thia, methylenethia. Preferably, R is oxa or
thia. Preferably, R® is (CO)NR'R™, (CO)OR™ or (CO)SR™. Preferably, R is (C2-
C6) alkyl, (C2-C4) hydroxyalky!|, phenyl, phenylalkyl wherein the alkyl is C1-C3, or
aminoalkyl where the alkyl is C2-C6 and the amino can be substituted with up to two
independent (C1-C3) alkyls, wherein the phenyl or the phenyl of phenylélkyl can be
substituted. Preferably, n is zero. Preferably, R"™ is hydrogen. Preferably, R* is

% 7 18/06/01,¢f10184.5peci, 8
o/
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hydrogen, methyl or hydroxymethyl and R* is hydrogen. Preferably, at least one of
R® R™and R”is a heteroaryl comprising diazelyl, triazolyl, tetrazolyl, thiazolyl,

isothiazolyl, oxazolyl, isoxazolyl, thiolyl, diazinyl, triazinyl, benzoazolyl,

benzodiazolyl, benzothiazolyl, benzoxazolyl, benzoxalyl, benzothiolyl, quinalyl,

isoquinolyl, benzodiazinyl, benzotriazinyl, pyridyl, thienyl, furanyi, pyrrolyl, indoly,

isoindoyl or pyrimidyl. Preferably, R' is -0-R® or -S-R*"

Preferably, the second bridge between two of R®, R™ and R®is L, and

satisfies the following formula:

W3

wherein A and B are aryl or heteroaryl groups of R™ and R”, respectively.
Preferably, R*-R™-, R™-R"- and X form:

wherein Y is a carbon bonded to R' by a single or double bond or a nitrogen that is

bonded to R' and wherein R*' either (i.) completes a single bond linking two aryl or

heteroaryl! rings of R*

19/06/101,cf10184.speci,a
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and R, {ii.) is (C1-C2) alkylane or alkenylens, (iii.} is sulfur or (iv.) is oxygen, and wherein R* and ,
R can be substituted as set forth above. Preferably, R?' is CH,CH, or CH=CH. Preferably, the

alkylenedioxy substituion of R, R or R® is as follows:

(OIS

wherein the alkylenedioxy can be substituted with up Y two independent (C1-C3) alkyl.
Preferably, ring D is according to ane of formulas A' and 8"

, wherein Z represents carbon or nitrogen, whersin for each of formulas A' and B' up to two of
the bonds indicated with the hashed lines can be double bonds provided no two double bonds
are adjacent, and wherein the ring of formulas A' and B' can be substituted as set forth above for

ring D. Preferably, the ring system comprising G is according tc ons of formulas C' and D'

Tar

Ar Zﬁ
2 o 2
Ar ; Ar A

==z ==
Cl Q'
, wherein Z represents carbon or nitrogen, wherein for formula C' up to one of the bonds
indicated with the hashad lines can be double bond and for farmula D' up to two of the bonds
indicated with the hashed lines can be double bonds, and wharein the ring can be substituted as
sel forth above for ring E. Prafarably, ring D or ring E is substituted with up to three
substituents, Preferably, R and R¥ together can be substituted with up to six substituents, R%,

R R’ and R® can each be substitutad with up lo 3 substituents, and wherain the presence of
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each of R% R' or R® is considered a substilution to the respective ring structure of R, R and
R Praferably, the aryl, hateroaryl, aryl of arylalkyi or the heteroaryi of hetaroarylalkyt of R'?,
R R™, R®RY R¥R™ o1 R is substituted with up lo three subsiuents. Preferably, the
compound is an oplically pure enantiomer. Preferably, the compound is an optically pure
enantiomer (ie., at laast about 80% ee, prafarably at least about 90% ee, more preferably at
Ieast about 95% ee).

Preferably, the invention provides a pharmaceutical composition comprising the
compound and a pharmaceutically acceptable excipient. Preferably, the cempound of the
invention is present in an effective amount for; {1) treating or preventing schizophrenia, (2)
enhancing treating or preventing dementia, (3) treating or preventing epilepsy, (4) treating or
preventing spasticity, (5) treating or preventing muscla spasm, (6) treating or preventing pain, (7}
preventing neural cell death after stroke, (8) preventing neural cell dsath in an animal suffering
from a neurcdegenerative diseass, (9) reating or preventing mood disorders such as deprassion
(10) enhancing memory or learning, or {11} treating or preventing learning disorders. The

invention further provides a method (1) of trsating or preventing schizophrenia comprising

'

administering a schizophrenia treating or preventing effective amount of a compound, (2) of
treating or preventing dementia comprising administering a dementia treating or preventing
effective amount of a compound, (3) of treating or preventing epilepsy camprising administering
an epilepsy Ireating or preventing effective amount of a compound, (4) of treating or preventing
spasticity comprising administering a spasticily treating or preventing effactive amount of a
compaund, (5) of trealing or preventing muscle spasm comprising administering a muscle spasm
treating or preventing effactive amount of a compound, (6) of Ireating or preventing pain
comprising administering a pain ireating or prevenling sffective amount of a compound, (7) of
preventing neurat cell dea(h after stroke comprising administering a neural cell death preventing
effactive amount of a compound, (8) of preventing neural celi death in an animal suffering from a
neurodegensralive disaase, {9} treating or preventing mood disorders such as deprassion, {10)
enhancing memary or learning, ar (11) treating or praventing fearning disorders, comprising
administering an amount effective for said treating, preventing or enhancing of the compaund.
Preferably, the spasticily treated or prevented is associaled with epilspsy, stroke, head Irauma,
multiple sclerosis, spinal cord injury or dystonia, Preferably, the neurcdegenerative disease
treated or prevented is Aizheimer's disaase, multi-infarct dementia, AIDS dementia, Parkinson's
disease, Huntington's disease, amyotrophic lateral sclerosis or stroka or head rauma such as
results in neuronal cell death,
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The invention also provides a method of synthesizing a compound of the invention
comprising:

A} reacting a compound of the formula

1)

R4
1. R
RS
, wherein 'L is a nuclsaphilic

substitution leaving group, with a compound of the formula

2) G
R RZ D NH
\/ o
X
R L
RY
ar B)  reacting a compound of the formula
1) *\
R
ﬁE P
R
18
RY

with a compound of the formula
2)

, wherein ?L_ is a nucleophilic substitution ieaving group.
The invention also provides a method of synthesizing a compound of the invention
comprising reductively alkylating Fl“NH2 with a compound of the formula

PCT/US97/09346
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, wherein R® and R? are independantly the same as defined for R*, and wherain R has the
same definition as R’ except that it does not include a nitrogen, oxygen or sulfur, and does not
include any double bonds conjugated with the above-ustrated carbonyl

The invention also provides a method of synthesizing a compound of the invention

comprising reacting RIOH or R™SH wilh a compound of the formula

L8 G
PN /F"“ :
/N R
R® R R 4°
1 R193 W<R
R4

to form an ether or a thioether, respectively, wherein R' and R™ are independenlly the same as
defined for R, and wherein R has the same definition as R! except that it does not include a
nitrogen, oxygen or sulfur, and does nol include any double bands at the atom banded to the
above-illustrated L5 substituted carbon, Preferably, the method further comprises synthesizing the
compound of formula

LS G
J A0 e
N R
R® R R 4
1 R‘93 W<R
R4

by replacing the hydroxyl of formula
oH G
[
N RE
-
TR \FR"

R |9R R"

with another nucleophilic substitution leaving group. Preferably, the method comprises reacting a
compound of formula
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OH
N RS

G
LA
)
‘R.lﬂ 5 \Fﬁd
R® R

r?

with an azodicarboxylale in the pressnce of a phosphine compound.
The invention also provides a method of synthesizing a compound of the invention
comprising reacting R*M with a compound of the formula

'Gw R
D R
o) /g /N‘%
R s
R aw R
RC

te form a compound of the formula
e OH G
S AL
R® R R .
vope? R
Rd

 wherein R° is independently the same as defined for R, wherein M is a metal-containing
substiluent such that R°M is a organometallic reagant.
The invention aiso provides a method of syrithesizing a compound of the inveniion

cornprising dshydraling a compound of the formula

OH G
R b ) .
N R
RE R R \|< 4
R

R4

to form a compound of the formula
G
R@X /FD \N RS
-~
I S0
R 4
R

wherein C (the tertiary carbon marked with an adjacent "*"} has a double bond with an adjacent
carbon, wherein RZ' and RZ" have the same definiton as R' except that RZ and RZ" do nol
include a nitrogen, oxygen or sulfur,
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The invention also provides a method of synthesizing a compound of the invention
_comprising reducing a compound of the formula

Re N )
c>“\ 2 _N R®  wherein C has a double bond with an adjacent carbon, to
R o
\FR form a compound of the formula

G
SO
N R
c>\ R~ ,
R SN \fR“
R En

The invention also provides a method of synthesizing a compound of ths invention
comprising reducing a compound of one of the following formulas

R R

| -

. 4q*

Rx\ R? /\;/%w R’\ /R2 lr'/\N%—R
/ i or # i 5

\R/f ¢ R /X\*;a/:' » R

/ 28 L

.
-

RY rY

o reduce a doubie bond in ring C' or ring C*, wherein R% s the same as R axcepl that the
bond lo the ring is not a double bond, whersin ring C*is mano of di-unsaturated at one or more
of the bonds indicated with the dased lines with the double bonds formed between ring carbons
and no two double bonds are adjacent, wherain ring C¥ or ring C* can include a fused phanyl
and can be substituted as follows
the Garbon and nirogen ring atoms of ring C'or ring C™ can be substiiuted with up to
two subslituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
trifluoromethyl, and (C2-C7) alkyloxycarbonyl, and wherein | is a nsgative counter-ion.
Preferably, the compound reduced is that containing ring C'
The invantion aiso provides a compound according to the following formula

R4
‘-

X 2 \+ R4.
N\ G“ 5
X | R
/! Lz

<~
28

RY
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that can be used o synthesize a compound of the invention. The invention aiso provides a

method of synthesizing this campound comprising reacting a compound of the formula

with a compound of the formula
R4
&
4, R
RS

wherein L' is a nucleophilic subslitution leaving group and wherein ring C' can be fused with

phenyl or substituted, the same as defined for ring C.

The invention aiso provides a compound of the invention according to the following

formula
R4
R RY
\/ v
~—
/ R
RY

wherein ring C* can be fused with phenyl or substituled, the same as defined for ring C", and is
mono or di-unsalurated at one or more of the bonds indicated with the dased finas with the
doubla bonds formed batwsen ring carbons and no two double bonds are adjacent.

The invention also provides a compound of the fallowing formula
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RA

Ny AR

that can be used to synthesize a compound of the invention, wherein | is a negative counter-ion,

RJ(

whereln R is a {C1-C3) aliphatic group that can be substituled as defined for R’ wherein ring
G can be fused with phenyl or substituted, the same as defined for ring C'. The invention also

provides a method of synthesizing this compound comprising reacting a compound of the formula

with a compound of the formula

Rx

R
5 RY

RS

, wharein L°is a nucleophilic substitution ieaving group, wherein ring C* can be fused with
phenyi or substituted, the same as defined for C".

The invention also provides a compound of the following formula

R4
R"
N _
O
)\ @ RS
R
RK
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thal can be used to synthesize a compound of the invention, wherein ring CY can be fused with
phenyl or subslituted, the same as defined for ring C'. The invention also provides a method of

synthesizing this compound, the method comprising reducing a compound of the following formula

R4

, 10 raduce the double bonds in ring C*, wherain ring C*" can be fused with phenyl or
substituted, the same as defined for ring C.

The invention alsc provides a method of synihesizing a compound that can be used to
synihesize the compound of the invention, the method comprising synthesizing a compound of
formula

Gw R
o D N+R4'

e

g 5
' R am R
RC

by reaciing a compound of the formula

G
0 ),
] o’
>\5. o
RC

with a compound of the formula

R4
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The invention also provides a method of synthesizing of a compeund of the invention,

the method comprising reacting & compaund of formula
OH G
/\ 1(1) N
N RS
-~
Rr R" R
5 e Z 9y \F
R4

with Ar-Q wherein Ar is aryl which is substituted with an electron-wilhdrawing group or hetaroary!
and is substiluted with an electron-withdrawing group, and wherein Q is hatide (preferably fluoro
or chioro), to form

10 AI’\O G \
D
/I\ /FR/N R®
R
R R R4
15 The invention also provides a method of synthesizing a compound that can be used to

synthesize the compound of the invention, the method comprising synthesizing a compound of

formula X;
Rd\ /SOzAl
N G\
D
20 /,\ /ﬁ ~N R®
R 5 R19§ ey
R4

X

by reacting a compound of formula;

OH G N
)\ /IC PN R®
17818 \|<R4.
R R Ré

with RdNHSOZAr. wherein Ar is aryl or heleroaryl, Preferably, the method further comprises
30 converting the compound of formula X to:

25
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Rd

SN G N
/ﬁn N R®
- -~
SN O
=y
5
The invention also provides a method of synthesizing a compound that can be used to
synthesize the compound of the invention, the method comprising reacting a compound of formula
G
D
o NH
10 H )\ R
2'37 R'e

RC

with a compound of formula
15 r?

4. R

R5
20 , wherein L4 is a nucleophilic substitution leaving group, to form a compound of formula
OH G SN
D N R5
gr R/ rY
RE 19R 3
R4

25 The invention also provides a method of synthasizing a compound that can be used to

synthesize the compound of the invention, the method comprising syrithesizing the compound of
formula:
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G R?
o ) [ .
HO N R
4C y —%
R s
>\$ R" R
RC

said synthesis comprising reducing the ketone of a compound of formula

G\ R4
D R
o)
/C A é
R s
R RS R
RC

The invention also provides a compound of the foliowing formula

PCT/US97/09346

that can be used to synthesize a compound of the invention, wherein i” is a negative counter-ion,

wherein R% is the same as R’ except that the bond to the ring is not a double bond, whergin

ring C* can be fused with phenyl or substituted, the same as defined for ring G'. The invention

also provides a method of synthesizing this compound, comprising reacting a compound of the

formuia

wilh a compound of the formula
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Rd
5. rY

RS

, wherein L° is a nucleaphilic substitulion leaving aroup, wherein ring C*' can be fused with
phenyl or substituled, the same as defined for G

The invention also provides a compound of the following formula

R4

/\ RY
N
H}\ R/ cxll RS
28*
R

that can be used to synihesize a compound of the invention, wherein R? is the same as R'
except that the bond to the ring is not a double bond, wherein fing C™ can be fusad with phanyl
or subslituted, the same as defined for ring C" The invention also provides a method of

synthesizing this compound, the method comprising reducing a compound of the following formula

R4

, to reduce the double bonds in ring C*, ring C* can ba fused with phenyl or substituted, the
same as defined for ring C'
BRIEF DESCRIPTION OF THE DRAWING

Figure depicts several reactions that can be employed in the synthasis of the compounds
af the invention.
DEFINITIONS

The following terms shall have the maaning set forth below:

+ accounting for ring heteroatoms

If two rings ars linked to form a bicyclic ring system, then a nitrogen located at one of the
junctions is considered a heleroatom of sach of the component rings.
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*  excipient
Excipiants are pharmaceutically acceptable organic or inorganic carrier substances suilable for
parenteral, enteral (8.g., oral or inhaation) or topical application that do not deletereiously
react with the active compositions. Suitable pharmaceutically accaptable camiers include but
are nat limited to water, salt solutions, alcohols, gum arabic, benzyl alcohols, gelating,
carbohydrates such as lactose, amylose or starch, magnesium stearate, taic, silicic acid,
hydroxymethylcelluioss, paiyvinylpyrrofidone, and the like.
+ effaclive amount
The meaning of "effective amount” will be recognized by clinigians but includes amount
effective to (1} reduce, ameliorate or eliminate one or more symptoms of the disease sought fo
be treated, (2) induce a pharmacelegical change relevant to treating the dissase sought to be
' treated, or (3) prevent or lessen the frequency of ocourrence of a disease.
+ neuronal cell death prevention
Neuronal cell death is "prevented” if thers is a reduction in the amount of celt death that
would have been expected to have occurrad but for the administration of a compound of the
invention.
* 0X0 subsfitution
References to oxo as a "substituent” refer to "=0" substilutions,
DETAILED DESCRIPTION
The compounds of the invention are generally prepared according to one of the following
synthetic schemes, althcugh alternative schemes will bs recognized by those of ordinary skill
Reaction 1

G w R4
R R? D NH 1 R
L
\x/-., ﬁ R ¥
/ B R R®
RV
GW R
Rx\ /RZ D /N——%R‘L
X, R 5
/R R
RY

3
R15
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Reaction 2
G* r? " R4
R* \ - R \
E 2, R E n RE
& + /
18 RS 1Rn RS
RY R\'

In Reaction 1 and Reaction 2, L* and L* are good nuclecphilc substitution leaving
groups such as a halide, especially a bromide, a tosylate, a brosylate (p-bromobenzenesulfonate),
and the like. The reaction is preferably conducted in the presence of a base such as polassium
carbonate or a tertiary amine such as diisopropylethylamine. Where the isaving group is a
halide, the reaclion ¢an be conducled in the presence of an iodide salt such as potassium iodide.
Suitable organic solvents include, for exampis, methanol, dioxane, acetonitrile or
dimethyformamide. The reaction is favorably conducted at a temperature range of about 15°C to
about 40°C. Avoiding more elevated temperatures helps avoid producing the quaternary
ammdnium salt resulting from bis-alkytation.

Reaction 3

. R4

Kt C *

SR N A R?

A \ W [
X 2 + RA.
"\/ ﬁ“%

/X-..?/| c/

R5

RY

Reactip
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4 R R
L ) .
Rx Rz '\ +%R4 R: R? N%R
~gr* L / \2Rs l 2
RY/ 28 / RY -
!i
+
R4
X 2 Rq.
N an
X e, / c R
o ) -

Cmpound {' can be reduced further, for instance in a Reaction 5 thal produces:

R4

Rx RZ R4.
N/ o)
5 /X"“‘R/' c R®
28

Ry
!III

A further Reaction 6 can be used to fully reduce ring C'. In the above-described Reactions 3 to
10 6, the bond betwesn R and the ring is sither at the 2, 3 or 4 position of the ring. In the
alkylation of Reaction 3, L* is a good nucieophilic substlution leaving group such as a halide,
especially a bromide. Although not indicated above, the ring C can be substituted. Suitable
organic solvents include, for example, those that effectively solubilize the starting materials and
are unreaclive to the alkylation reagent. Depending on the reactants, such solvents can include
15 benzene, acetonitrile, tatrahydrofuran or ethanol. The reaction is favorably conductsd at a
temperature range of about 20°C to about 100°C.
In Reactions 4 and 5, the ring C is reduced by one of a number of reduction procedures
known in the art, such as, for instance, raaction with a metal hydride such as sodium

borohydride. See RM. Achesen, G. Paglietti, J. Chem. Soc., Perkin |, p. 45, 1976. It will be
2 recognized that, whils the abovs reaction schemes describe the separata formation of various
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partially reduced compounds such as I, I and 1, the ratio of these products and the ease with
which they can be isolated will vary with each case, depending on such factors as the type of
metal hydride usad and the solvent used. In Reaction 6, the ring C" is further reduced by ane of
a number of reduction procedures known in tha art, such as, for instance, hydrogenation in the
presence of an approptiate hydrogenation catalyst. For example, in many cases the
hydrogenation can be conducted with a PdiC catalyst and in an alcohal solvent.

In Raaction 7, shown in the Figure, R and RY are independently the same as definad
for R*. The starting material Il can be synthesized, for instance, using the chemistry of Reaction
15 (similar to Reaction 1), as foliows:

Reaction 15
G R4
D é .
NH 3. R
Q R3/ '+
= 8

G w R4
D _%R'f
7\,
R 19 R

I}
whersin R has the same definition as R’ except thal it does not Include a nitrogen, does not
include an oxygen finked ‘o the above-illustrated carbonyl and does nat include any double bonds
conjugated with the above-illustrated carbonyl, and wherain tis a good nucleophilic substitution
leaving group such as a halide, especially a bromide, a tosylats, a brosylate (p-
bromobenzenesulfonale), and the like.

In Reaction 7, shown in the Figure, R™NH, is reacted with Ill to form IV under conditions
that effect a reductive alkylation, The reductive alkylalion can be effected by savaral known
methods (see, for example, *Reductive Akylation," W.S. Emerson in Qrganic Reactions, Vol. 4,
John Wiley & Sons, 1948, p. 174 et seq.) including reaction with hydrogen in the presence of a
catalyst such as palladium on carbon, reaction with scdium cyanabarohydride or reaction with
sodium Iriacatoxybarohydride when groups labile to catalytic hydrogenation are present. It will ba
recognized that an intermediate Schiff's base is formed in the reaction, which Schiffs base is

reduced to form the linkage. The intermediate Schiffs bass can be isolalad and then reduced in
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a separate ragclion. Solvent selection will vary with such factors as the solubility of the starting
materials, the dagree to which the solvent favors the dehydration reaction forming the Schiff's
base, and the suitabillly of the salvent in the reduction process. Suitable sclvents using catalylic
hydrogenation to reduce the Schiffs base include ethanal. Suilable solvents using a borohydride
5 to reduce the Schiffs base include alcohalic solvents such as methano! or ethanok. [n some
cases, a drying procass can bs employed during the reaction {o promots the dehydration reaction
that forms the Schiffs base that is reduced. Such drying processes include refiuxing under
conditions selscted to remcve waler as an azscirope or the use of molecular sieves or other
drying reagents. Suilable reaction temperatures include the range from about 20°C te the reflux
10 temparature of the solvent employed.
Alternatively, IV can be synthesized via Reaction 16, shown in the Figure, by reacting
Rc'-NH2 with X under the conditions described for Reaction 1 or Reaction 2. In ancther
alternative, starting material IlI' is prepared as follows:

Reagtion 17

R .
SL- )
+ R
S
R ¥ A
15

Reacfion 18

R R

51_'/% /%.

- e R
[H]

Rs K\

\ -
5\\ B@N 0% 1R/ c | Rr®
RG

RC
mi
These Reactions 17 and 18 use chemistry described abave for Reactions 3 and 6, respectively.

This compound I can be substituted far Il in Reactions 7, 8 and 12, shown in the Figurs.
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In Reaction 8, shown in the Figure, R® is independently the same as defined for R'. In
Reaction 8, IIl or {Il'is reacted with a organometaliic reagent such as an arylithium or an aryl or
arylalkyl Grignard reagent to form V, as deseribed, for instance, in Seclion 5.1.2 of Cary and
Sundberg, Advanced Organic Chemistry, Part 2, Plenum, New York, 1977, pp. 170-180, and
references cited therein. Thosa of ordinary skill will be aware thal in some cases where R°
includes an ester, the crganomstallic reagent may react with the ester group; in those such
cases where the yield of the desired product is too low, the solvent, tha organometallic reagent or
the ester substitution can be varied.

In Reaction 9, shown in the Figure, V is subjected to conditions suitable for denydration
to form a double band. Such conditions are, for instance, those described in H. Weiland, Ber.
45: 484 et seq. (1912), whersin V is refluxed with acetic anbydride. In the illustration, the double
bond forms with the adjacent carbon atom of R™. The double bond will typically form with this
arfentation where R° and R® are aryl or hstercary! and the adjacen! carbon of R' is salurated
and not fully substituted, but other orientations are possible depending on the composition of RS,
R® and RY. In reaction 10, shown in the Figure, VI is is reduced, for instance using any of a
number of known methods for reducing carbon-carbon double bonds, such as catalytic
hydrogenation in the presence of an appropriate catalyst.

In reaction 11, shown in the Figure, V is acylaled, for instance, with acetic anhydride in
the presence of an acylation catalyst such as 4-dimethylaminopyridine.

In reaction 12, shown in the Figure, the kstone maiety of Il or W' is reduced, for
instance by any of a number of known methods for sslectively raducing ketones, such as reaction
with lithium tri-tert-butoxyaluminohydrida. -For reaction 13, shown in the Figure, the hydroxyl of
IX is replaced by a leaving group L% wherain the leaving group is, for instance, chloro or bromo,
hy reacting IX with, for instance, thiony! chloride or thiony! bromide. For reaction 14, shown in
the Figurs, Rf indspandently satisfies the definition of R*. X is reacted with R'OH in the presence
of a base such as K,C0; or sodium hydride. Alternalively, the tio-containing analog of XI can
be synthesized by reacting X with R'SH.

In reaction 19, IX is reacted with RdNHSOQAr fo yield XIi, for instance for instance under
the conditons of Mitzunobu reaction, and further converted into IV by reacton 20, analogously lo
the procedure described in J.R. Henry et al, Tetrahadron Letters 30: 5709-5712, 1989,

A number of other well-known synthetic approaches can be applied. For instance, acids
can be formed by the hydrolysis of the corresponding esters. Amine derivatives can be formead
by the alkylation of primary, secondary or tertiary amines. A number of double bond conlaining
compounds can be hydrogenated to form the carresponding single bond.
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Compounds of the invention may also be prepared by adapting the classical solution
chemistries outlined above into solid-phase synihetc techniques. For example, R”, R, R R”
and R¥ can ba residuss cther than hydrogen reprasenting functionalized resin or suitably
selected. linker aftached 1o functionalized resin. The finker and the functicnal group represented
by R® should be stable under the conditions empioyed for the above-described reactions. The
compounds of the invention where R™, R* R'®, R is R is hydrogen, are then cleaved from the
resin of the linker leaving the remainder of the molec_ule intact. For example, sclid-phage
synthesis of peptoids [oligo(N-substituted glycines)] using robotic synthesizer was described by
Zuckermann el al,, J, Am, Chem. Sae,, 114, 0646-10647, (1992} and Spellmeyer et &,

WO 95/04072). Under analogous condifions, acylaion reaction of Rink amide polystyrene resin
with bromoacetic acid in the presence of N,N'-diisopropylcarbodiimide followed by displacement of
the bromine with the amine component of reaction 1 or reaction 2, and cleavage can provide
N-substituted glycinamides (R™ and R™ are hydragen).

In some cases, Ihe chemistries outlined above may have to be madified, for instance by
use of protective groups, to prevant side reactions due to reaclive groups, such as reactive
groups incorporated into heterccyclic rings or attached as substituents. Using the reactions
described herain, hydrolysis of esters, alkylation of amines, or hydroganation reactions, the

following compounds of the invention have been synthesized:
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c11 O N/\H,OH c1 O
O -:01 O N\)LO/\Q

c12 O N/\IJOH c18 O ° N\\(o
Y S
v "

c13 O
‘HCI
§ /) i
N,

ft will be recognized that numerous salt forms of the compounds herein described are
available and suitable for use in the invention or during the synthesis of compounds of the
invention. The invention contemplates that in certain instances where sterecisomers are available
that one such isomer can be more active than another; in such a cass, it will be desirable to
isolate the particular isomeric form. The invention, of course, encompasses bath the partictlar
sterecisomers and racemic mixtures. As described herein, chemical approaches, starting with for
examplé commercially available, optically pure starting materials (or mads using enantioselective
reactions), can also used to synthesize optically pure versions of the compounds of the invention.
It will be recognized that such optically pure compounds are within the invention. Enantiomeric
excess ("se") can be enhanced by purification techniques such as crystallization or
chromatography on chiral supports. Enantiomeric excess can be quantitated by a number of
analytic techniques including NMR, opticat rotation measurements and appropriate
chromatography.

Additional, related compounds are describad in U.S. Patenl Applications ware fied
concurrently with the parents hereof as U.S. Serial No. 08/656 063 {Docket No. 317743-103,
QOgnyanov et ak) U.S. Serial No. 08/655,912 (Docket No. 317743-108, Ognyanov et al), U.S.
Serial No. 08/807,764 (PHARMACEUTICAL FOR TREATMENT OF NEUROLOGICAL AND
NEUROPSYCHIATRIC DISORDERS, Dackst No. 317743-103A, Ognyanov et al.) and U.S. Serial
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No. 08/807,682 (PHARMACEUTICAL FOR TREATMENT OF NEUROPSYCHIATRIC AND
NEUROLOGICAL DISORDERS, Docket No. 317743-106A, Ognyanov et al.), which applications
are also incorporated herein by reference in their entirety. Further incorporated by reference in
their emiratyl are U.S. Application No. 08/655,847 {Dockst No. 317743-107, Ognyanov et al.) and
U.S. Application No. 08/807,681 {Dacket No. 317743-107A, Cgnyanov et al), the parents of the
presant application,

It will be recognized that some combinations of components of the compounds of the
invention will be less stabile than others. For exampie, when the ring D or the ring £ is fully
salurated any two ring heleroatoms should typically be separated by at laast two ring carbons to
maintain stability. The compounds having sufficient stability to be useful as pharmaceuticals are
of greater ugefulness.

In a preferred embaodiment, the D ring or the E ring is substituted with at most one of
aryl or heteroaryl.

' The giycine transporter genas and their respective gene products are responsible for the
reuptake of glycine from the synaptic cleft into presynaptic nerve endings or glial cells, thus
terminating the acu'on- of giycine. Neurological disorders or conditions associated with improperly

controlled giycine receptor activity, or which could be treated with therapeutic agents that

' medulate glycine receplor activity, include spasticity (Becker, FASER_Journal, 4, 2767-2774

(1990)) and pain realization (Yaksh, Pain, 37, 111-123 (1989)). Additionally, glycine interacts at
N-methyl-D-aspartate (NMDA) receptors, which have been implicated in leaming and memory
disorders and certain clinical conditions such as epilepsy, Alzheimer's and other cognifion-related
diseases, and schizophrenia. See Rison and Stanton, Neurosci. Biobehav. Rev,, 19, 533-552
{1995); Danysz et al., Behavioral Pharmacoi., 6, 455-474 (1995).

Compounds that inhibit GlyT-1 mediated glycine transport will increass glycine
concenirations at NMDA receptors, which receptors are Idcated in the forebrain, among other
locations. This concentration increase elevates the activity of NMDA receptors, thereby alleviating
schizophrenia and enhancing cognitive function. Alternatively, compounds that interact directly
with the giycine receptor component of the NMDA receptor can have the same or similar effects
as increasing or decrsasing the availability of extracellular glycine caused by inhibiting or
enhancing GlyT-1 acivity, respectively. See, for example, Pitkénen st &l., Eur. J. Pharmacol,,
263, 125-129 (1994); Thiels et al,, Neuroscience, 46, 501-509 (1992); and Kretschmer and
Schmidt, J. Neurosei,, 16, 1561-1569 (1996). Compounds that inhibit GlyT-2 mediated glycine
transport will increase glycine concentrations at receptors located primarily in the brain stem and

spinal cord, where glycine acls as an inhibitor of synaptic transmission. These compourds are
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effective against epitepsy, pain and spasticity, myospasm and other such conditions. See, for
example, Becker, EASEB J., 4, 2767-2774 (1990) and Yaksh, Pain, 37, 111-123 (1989).

The compounds of the invention are, for instance, administered orally, subiingually,
reclally, nasally, vaginally, topically (including the use of a patch or other Iransdermal delivery
device), by pulmonary route by use of an asrosol, or parenterally, including, for example,
intramuscutarly, subcutanecusly, intrapetitoneally, intraarterially, inravanously or intrathacally.
Administration can be by means of a pump for periodic or continuous delvery. The compounds
of the invention are administered alone, or are cembined with a pharmaceufically-acceplable
carrier or excipient according to standard pharmaceutical practics. For the oral mode of
administration, the compounds of the invention are used in the form of tablets, capsules,
lozenges, chewing gum, troches, powders, syrups, elixirs, aqueous solutions and suspensians,
and the like. In the case of tablets, carrlers that are used include laciose, sodium citrate and
salts of phosphoric acid. Various disintegrants such as starch, and lubricating agents such as
magnesium stearate and talc, are commonly used in tablets. For oral administralion in capsule
form, useful diluents are lactose and high molecular weight polyethylene glycols. !f desired,
certain swaatening andfor flavoring agents are added. For parenteral administration, sterile
solutions of the compounds of the invention are usually prepared, and the pHs of the solutions
are suilably adjusted and buffered. For intravenous use, the total concentration of solutes should
be controlied 1o render the preparation isotonic. For ocular administration, cintments or drappable
liquids may be delivered by acular delivery systems known to the art such as applicators or eye
droppers.  Such compositicns can include mucomimetics such as hyaluronic acid, chendroitin
sulfate, hydroxypropy! methyicellulose or polyvinyl aicohol, preservatives such as sorbic acid,
EDTA or benzylchromium chioride, and the usual quantities of diluents andior carriers. For
pulmonary administration, diluents andior carriers will be selecied to be appropriate to allow the
formation of an asrosol.

Suppository forms of the compounds of the invention are useful for vaginal, urethral and
rectal administraiions. Such suppositories will generally be constructed of a mixturs of
substances that is solid at room temperature but malts at body temperature. The substances
commonly used to create such vehicles include theobroma oil, glycerinated gelatin, hydrogenated
vegetable cils, mixiures of polyethylene glycols of various molecular weight and fatly acid esters
of polyethylene glycol. Sgs, Remington's Pharmaceutical Sciencas, 16th Ed., Mack Publishing,
Easton, PA, 1980, pp. 1530-1533 for further discussion of suppository dosage forms. Analagous

gels or cremes can ba used for vaginal, urethral and rectal administrations.
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Numerous administration vehicles will be apparent to those of ordinary skill in the art,
including without limitation slow release formulations, liposomal formulations and polymeric
malrices,

Examples of pharmaceutically acceptable acid addition salts for use in the present
invention include those derived from minaral acids, such as hydroshloric, hydrobromic, phosphoric,
metaphospharic, nitric and sulfuric acids, and organic acids, such as larlaric, aceti, cilric, malic,
lactic, fumaric, benzeic, glycolic, gluconic, succinic, p-toluenesulphonic and aryisulphonic acids, for
example. Examples cf pharmacsulically accepiable base addition salts for use in the presant
invention include those derived from non-toxic metals such as sodium or potassium, ammonium
salts and organoamina salts such as tristhylamine salts, Numerous appropriate such salts will be
known to those of ordinary skill,

The physician or other health care profesional can select the appropriate dose and
treatment regimen based on the subject's weight, age, and physical condiion. Dosages wil
generally be selected to maintain a serum level of compounds of the invention between about
0.01 pgfec and about 1000 pgfee, preferabiy betwesn about 0.1 uglcc and about 100 pglce. For
parenteral administration, an alternative measure cof preferred amount is from about 0.01 mgikg to
about 10 mgtkg, more preferably from about 0.1 mgkg to about 1 mg/kg, will be administerad.
For oral administralions, an alternative measure of preferred administration amount is from about
0.1 mgfkg to about 10 mgkg, mora preferably from about 0.1 mgikg to about 1 mglkg. For
administrations in suppository form, an alternative measure of preferred administration amount is
from about 0.1 mg/kg to about 10 mgtkg, mere preferably from about 0.1 mg/kg to about 1
mglkg.

For use in assaying for aclivity in inhibiting glycine transport, eukaryckic cells, preferably
QT-6 cells derived from quail fibrablasts, have been transfected to express one of the three
known variants of human GlyT-1, namely GlyT-1a, GlyT-1t or GlyT-1c or human GlyT-2. The
sequences of thase GlyT-1 transporlers are described in Kim et al., Molec. Pharm. 45: 608-617,
1994, excepling that the sequence enceding the sxtreme N-terminal of GlyT-1a was.merely
inferrad from the corresponding rat-derived sequence. This N-terminal protein-encoding sequence
has now been confirmed to correspend to that inferred by Kim et &, The sequence of the human
GiyT-2 is described by Albert el al,, U.S. Application No. 08/700,013, filed August 20, 1996, which
is incorporated herein by referance in its entirety. Suitable expression vectors include pRc/CMV
{Invitrogen), Zap Express Vector (Stratagene Claning Systems, Ladolla, CA; hereinafter
*Stratagens”), pBKICMV or pBk-RSV vectors (Stratagena), Bluescript Il SX +- Phagemid Vectors
(Stralagene), LacSwilch (Stratagene), pMAM and pMAM neo (Clontech), amang others. A
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suitable expression vector is capable of fostering expression of the included GyT DNA in a
suitable host cell, preferably a non-mammalian host cell, which ¢an be eukaryotic, fungal, or

prokaryotic. Such preferred host cells include amphibian, avian, fungal, insect, and septilian cails.

As discussed above, the compounds of the invenlion have a number of pharmacological

actions. The relative effectiveness of the compounds can be assessed in a number of ways,

including the following:

comparing the activity mediated through GlyT-1 and GiyT-2 transporters. This testing
identifies compaunds (g) that are more active against GlyT-1 fransporters and thus
mora useful in trealing or preventing schizophrenia, increasing cognition and
enhancing memory or (b) that are more active against GiyT-2 transporters and thus
more useful in trealing or preventing epilapsy, pain, spasticity or myospasm.

testing for NMDA receptor binding. This test establishes whether thers is sufficient
bindihg at this site, whether antagonist or agonist activity, to warrant further
examination of the pharmacological effect of such binding.

testing the activity of the compounds in enhancing or diminishing calcium fluxes in
primary neuronal tissua culture. A test compound thal increases calcium flux either
{a) has little or no antagonist activity at the NMDA receptor and should not affect the
potentiation of glycine activity through GlyT-1 transporter inhibilion or (b), if marked
increases are observed over GlyT-1 inhibitors used for comparison and that have fitle
direct interaction with NMDA receptors, then the compound is a receptor agonist, In
either of the above-described cases, the test confirms aclivity in Ireating or preventing
schizophrenia, increasing cognition, or anhancing memory. In contrast, a test
compound thal decreases calcium flux has a net effect wherein receptor antagonist
actvity predominates over any activity the compound has in increasing glycine activity
through inhibiting giycine transport. In this cass, the test confirms activity in limiting
or preventing the cel damage and cell death arising after stroke or other ischemia-
inducing condiions, or in limiting or preventing the cell damage associated with
nsurodegensrative diseases.

All animal methods of traatmsnt or prevention describad herein are prefarably applisd to
mammals, most preferably humeans.

The faliowing examples further illustrate the present invention, but of course, should not
be construed as in any way fimiting its scope.
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ample 1 - Synthesis of 3-bis{4-fluorophe ethoxypiperidin-1-v| acelic acid sthy) egte
(compound C5)

A mixture of 0.170 g (0.5 mmol) of 3-bis{4-fuorophany)methoxypiperiding [prepared in
three steps from 3-hydroxypiperidine hydrochicride {Aldrich) using the synthetic scheme described
by E. Falch, P. Krogsgaard-Larsen, Eur. /. Med Chem. 1991, 26, 69-78, for the synthesis of 3-
diphenyimethoxypiperidine], 0.092 g (0.55 mmol} ethyl bromoacetate (Aldrich) and 0.276 g
(2 mmol) potassium carbonate in 1 ml acetonitrile was stirred under argon for 20 hours. The
reaction mixture was filtered, the solvent evaporated and the residue purified by preparalive TLG
with 30% ethyl acetate in hexanes to give 0.150 g yield 77%) 3-bis(4-fluorophenyl)
methoxypiperidin-1-yl acetic acid ethyl ester (compound C5) as an oil. NMR spectra of the
product showed: 'H NMR (CDCl,, 300 MHz) 5 7.60 - 7.35 (m, 4 H), 7.35 - 7.00 {m, 4 H), 572
(s, 1H), 438 {g, 2 H), 390 - 385 (m, 1 H), 342 (br. s, 2 H), 3.25 (d, 1 H), 297 (d, 1 H), 242
{dt, 2 H), 217 (d, 1 H), 2.00 - 1.80 m, 1 H), 1.70 (dt, 1 H), 1.60 -1.50 (m, 1 H), 1.46 (t, 3 H),
BC NMR (CDCl,, 75 MHz) & 170.16, 163,52, 160.27, 138.14, 138.11, 128.50, 128.40, 115.13,
114.85, 78.30, 72.45, 60.27, 59.31, 57.83, 52.80, 30.06, 23.12, 14.01.

Example 2 - Additional Synthesss for Reaclions 1 and 2:

Compounds were synthesized using Reaction 1 or Reaction 2, as follows:

Compound Reaction Amine Reagent Solvent Yield
C3 1 2 A X 38%
e 2 1 A X 58%
Cé 2 3 A X 86%
C10 1 4 A A 85%
C14 2 5 B X 65%
G15 1 6 A X 87%

Amine: 1) 4,4-diphenyipiperidine (J.M. Wetzel et al., J. Med_Chem., 38; 1579-1581,
19895); 2) u,u-diphenyl-4-piperidinomethanal (Acros, Pittsburgh, PA); 3)
2,2-diphenyl-4A,5,5,7 B,BA-hexahydro-4H-1,3-dioxinaf5,4-bjpyridine (Sigma-Aldrich Library of Rare
Chemicals); 4) perhexiline maleate [2-{2.2-dicyciohexylethyl)piperidyne] (Sigma, St Louis);
5) 3,3-diphenyl-2-sthylpyrrolidine [prepared by sodium borohydride reduction of 3,3-diphenyl-2-
ethyl-1-pyrroline {Sigma-Aldrich Library of Rare Chemicals)]; 6) 2,2-diphenyl-1,3-dioxolan-¢-
ylpiperidine hydrochlorida (Sigma-Aldrich Library of Rare Chemicals)).

Reagent: A) ethyl bromoagstale {Aldrich); B) benzyl 2-bromoacetale (Addrich).
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Solvent: X} acetonitnite,

ample 3 - S is of 3-Diphenylmethyl-1,2,3,6 -etrahydropyridin-1-yl acetic acid elh ar
{Compound C1)

Step 11 A mixture of 0.480 g (2 mmal) 3-diphenyimethylpyridine (Sigma-Aldrich Library
of Rare Chemicals) and 0.334 g (4 mmol) ethyl bromoacetate (Aldrich) in 2 ml acetonitrile was
heated under reflux for 1 hour. The solvent was avaporated, the residus suspended in disthyl
ether and filterad to give 0.8 g 1-ethoxycarbonylmethyl-3-diphenylmethylpyridinium bromide as a
yellow powder. 'H NMR (CD,0D, 300 MHz) 5 8.87 (d, 1 H), 877 (s, 1 H), 8.42 (d, 1 H), 8.10
{dd, 1H), 7.50 - 7.90 (m, 10 H), 5.96 {s, 1 H), 5.55 (s, 2 H), 4.28 (g, 2 H), 1.29 {t, 3 H).

Step 2: To an ice cooled solution of 0.206 g (9.5 mmol) 1-ethoxycarbonyimethyl-3-
diphenyimethyipyridinium bromide (from step 1) was added 0.034 g (0.92 mmol) sodium
borohydride in small portions with sfirring over ona hour. The sclvent was evaparated, the
residue dissolved in diethyl sther, washed with water and dried with magnesium sulphate. After
evaporation of the solvent, the residue was chromatagraphed on silica gel column with 30% ethyl
acelate in hexanes to give 0.107 g (64%) 3-diphenyimethyl-1,2,3 6-tatranydropyridin-1-yl acetic
acid ethyl ester {compound C1) as a pale yellow ol NMR spectra showed: 'H NMR (CDCl,,
300 MKz} 5 7.40 - 740 (m, 10 H), 5.22 (br. s, 1 H), 4.61 (s, 1 H), 412 (g, 2 H), 3.25 (s, 2 H),
303 (s, 2 H), 268 (& 2 H), 222 (br. 5, 2 H), 1.18 { 3 H); °C NMR (CDCl, 75 MHz) 5 170.24,
141.86, 137.89, 128.11, 128.10, 126.19, 123.24, 60.31, 58.79, 56.24, 55.13, 49.51, 2584, 14.05.
EI-MS: 335 {10, M", C,,H,:NO,}, 262 (50).

Example 4 - Additional Syntheses:

Compound C8 was preparsd in 29% yield by sodium borohydride reduction of the
corresponding quaternary salt of 4-diphenylmethylpyridine (Aldrich} using the methodalogy of
Exampls 3,

le 5 - Hydrogenation of compound C1 to 3-diphenylmsthylpiperidin-1-y acefic acid

ethy! ester (compound C2)

0.041 g (0.122 mmol} or 3-diphenylmethyl-1.2,3,6 -tetrahydiopyridin-1-y} acetic acid athyl
aster {compound C1) was hydrogenated with 0.040 g 10% Pd/C in 4 ml ethanol at 40 psi for 6
hours at room temperalure. The mixture was filtered from the catalyst through celite and the
solvent evaporated to give 0.038 g (yield 93%) 3-diphenylmsthylpiparidin-1-yl acetic acid ethyl
ester (compound C2) as an cil. NMR spactra of the product showed: "H NMR (CDCl,, 300
MHz) 5 7.40 - 7.10 (m, 10 H), 411 (g, 2 H), 3.52(d, 1 H), 3.10 (s, 2 H), 287 {d, 1 H), 272 (d,
1 H), 265 - 240 (m, 1 H), 220 - 200 (m, 1 H), 187 (¢, 1 M), 1.70- 1.50 (m, 3 H), 117 (¢, 3 H),
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100 - 0.8 (m, 1 H); "C NMR (CDC, 75 MHz) 5 168.89, 142,11, 141.81, 12692, 126.90,
126,36, 126.28, 124.58, 124.50, 58.78, 58.47, 57.29, 55.34, 52,05, 37.97, 27.86, 23.58, 12.57.
E:-MS: 337 (5, M", C,,H,NO,), 264 (70).
Example 6A - Additional syntheses:

Compound C7 is prepared by hydrogenation of compound C8 using the methodology of
Example 5.

ample 6B - Additional Synthe ing the Procedure_of Example

Compound C13 was prepared by hydrogenation of compound C14 (using the

methodology of Example 6A), followed by acidification with HC,

e 6C - Synthesis of 2-{2 2-Di lethyl)piperidin-1-
Compound C9

To a solulion of 0.413 g (1.135 mmol) 2-(2 2-dicyclohaxylathylpiperidin-1-yl acetic acid

ethyl ester (Compound C10) in 4 ml methanol was added 8 ml 1N sodium hydroxide and the
mixture was heated under reflux for one hour. The reaction mixture was congentrated to half
volume, acidified with 4N hydrochloric acid, and extracted four times with methylene chiorids.
The combined extracls were dried and evaporated to give 0.400 g {yield 95%) 2-(2,2-
dicyclohexylethyl)piperidin-1-yl) acetic acid hydrochloride (Compound C9).
Example 6D - Additional Syntheses Using the Procedure of Example 6C

' Compound C11 was prepared by hydrolysis of Compound C2, followed by acidification
with HCI.

Compound C12 was prepared by hydralysis of Compound C1, followed by acidification
with HC!.

ample 7 - Praparalion of Cells essing GlyT-1 and GiyT-

This example sets forth methods and materials used for growing and transfecting QT-6
cells. .

QT-6 cells were oblained from American Type Culture Collection (Accession No. ATCC
CRL-1708). Complete QT-6 medium for growing QT-6 is Medium 199 (Sigma Chemical
Company, St Louis, MO; hereinafter *Sigma"} supplemented to be 10% tryptose phosphate; 5%
fetal bovine serum (Sigma), 1% panicillin-straptomycin (Sigma); and 1% sterile dimethylsulfexide
(DMSO; Sigma). Other solutions required for growing or transfecting QT-6 celis included;

DNADEAE Mix: 450 pl TBS, 450 pl DEAE Dextran (Sigma), and 100 pl of DNA (4 pg)
in TE, where the DNA includes GlyT-1a, GlyT-1b , GlyT-1c, or GiyT-2, in @ suilable expression
vactor . The DNA used was as defined below,
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PBS: Standard phosphate buffered saline, pH 7.4 including 1 mM CaCl, and 1 mM
MgCl, steriized through 0.2 p filter.

TBS: One ml of Solution B, 10 ml of Solution A; brought ta 100 mi wilh distiiled H,0;
filter-sterllized and stored at 4°C.

TE: 0.01 M Tris, 0.001 M EDTA, pH 8.0.

DEAE dextran: Sigma, #D-9885. A stock solution was prepared consisting of 0.1% (1
mgfmi) of the DEAE dextran in TBS. The stock soluon was filter steriized and frozen in 1 ml
aliquots.

Chloroquine: Sigma, #C-6628. A stock solution was prepared consisting of 100 m
chloroguine in H,0. The stock solution was filter-sterllized and stored in 0.5 ml aliquots, frozen.

Soluti 10X):
NaCl 800 ¢
KCl 038 g
Tris base 300 g

Na;HPO, 020g
The solution was adjusted ta pH 7.5 with HCI, brought to 100.0 mi with distiled H,0,

and filter-sterilized and stored at room temperature.

Solution B {100X):
CaCl,2H,0 15 ¢
MgCl,6H,0 i0q

The solution was brought to 100 ml with distiled H,0, and filer-sterilized; the solution
was then stored at room temperaturs.

HBES: 150 mM NaCl, 20 mM HEPES, 1 mM CaCl,, 10 mM glucose, 5 m KCl, 1 mM
MgCl,*H,0; adjusted with NaOH to pH 7.4.

Standarg growth and passaging procedures used were as foilows: Cells ware grown in
225 ml flasks. For passaging, cells were washed twice with warm HBSS (5 m! each wash). Two
mt of a 0.05% trypsin/EDTA solution was added, the culture was swiried, then the trypsin/EDTA
solutien was aspirated quickly. The culture was then incubated about 2 minutes {until cells fift
off), then 10 ml of QT-6 media was added and the cells were further dislodged by swirling the
flask and tapping its bottom. The cells were removed and fransfarred to a 15 ml conical tube,
centrifuged at 1000 xg for 10 minutes, and resuspended in 10 ml of QT-6 medium. A sample
was removed for counting, the cells were then diluted further to a concentration of 1 x 10°

celisiml using QT-6 medium, and 65 ml of the culture was added per 225 mi flask of passaged
cells.
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Transfection was accompfished using cDNA's prepared as follows:

Tha rat GlyT-2 {rGlyT-2) clone used contains the entire sequence of rGlyT-2 cloned into
pBluescript SK+(Slralagene) as an Eco RI - Hing il fragment, as described in Liu et al,, J. Bjol.
Chem. 268, 22802-22808 (1883). GlyT-2 was then subcloned into the pRe/RSV veclor as
follows: A PCR fragment corresponding to nucleotides 208 to 702 of the rGlyT-2 sequence was
amplified by PCR using the oligonuclactide: 5'GGGGGAAGCTTATGBATTGCAGTGCTCC 3 as
the 5' primer and the oligonucleotide;

5' GGGGGGGTACCCAACACCACTGTGCTCTG 3 as the 3' primer. This created a Hind Il site
immediately upstream of the transiation start site. This fragment, which contained a Kpn | site at
the 3' end, along with a Kpn 1 - Pvu [l fragment conizining the remainder of the coding sequencs
of rGlyT-2, were cloned into pBluescript SK+ previously digested with Hind Ili and Sma |, in a
three part ligation. A Hind Ill - Xba 1 fragment from this clone was than subcloned into the
pRe/RSV vector. The resulting construct containg nucleotides 208 to 2720 of the rGlyT-2 nucleic
acid in the pRe/RSV expressicn vector.

The human GlyT-1a (hGlyT-1a) clone used contains the sequence of hGlyT-1a from
nucleatide pasition 183 fo 2108 cloned into the pRe/CMV vector (Invirogen, San Diego, CA) as a
_H\'nd lI-Xba 1 fragment as described in Kim et al., Mol. Pharmacol, 45, 608-617, 1984. This
cDNA encoding GlyT-1a actually contained the first 17 nuclectides (corresponding to the first 6
amino acids) of the GlyT-1a sequence from rat. To determine whether the sequance of human
GlyT-1a was diffsrent in this region, the 5' ragion of hGlyT-1a from nuclectide 1 to 212 was
obtained by rapid amplification of cONA end using the 5' RACE system supplied by Gibco BRL
(Gaithersburg, MD). The gene specific primer: 5° CCACATTGTAGTAGATGCCG 3' corresponding
to nucleotides 558 to 539 of the hGlyT-1a sequence, was used to prime cDNA synthesis from
human brain mRNA, and the gene specific primer: 5 GCAAMCTGGCCGAAGGAGAGCTCE 3,
corresponding to nucleotides 454 to 431 of the hGlyT-1a sequence, was used for PCR
amplification. Sequsncing of this 5' region of GlyT-1a confirmed that the first 17 nucleatides of
coding sequence are identical in human and rat GlyT-1a.

Tha human GlyT-1b (hGlyT-1b) clone used contains the sequsnce of hGlyT-4b from
nucleotide position 213 to 2274 cloned into the pRC/CMV vector as a Hind Ill - Xba | fragment as
described in Kim et al, Mol. Pharmacol,, 45, 608-617, 1994.

The human GlyT-1¢ (hGlyT-1c) clone used contains the sequance of hGlyT-1¢ from
nucleotide position 213 to 2338 cloned into the pRACMV vector (Invitrogen) as a Hind 11 - Xba |
fragmant as describad in Kim et al., Mol. Pharmacol, 45, 508-617, 1994. The Hind Ili - Xba
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fragment of hGlyT-1c from this clone was then subcloned into the pRE/RSV vactor, Transfection
experiments were performed with GlyT-1c in both the pRE/RSY and pRe/CMV expression vectors.

The following four day procedure for the tranfactions was usad:

On day 1, QT-6 cells were plated at a density of 1 x 10° calls in 10 ml of complete QT-
& madium in 100 mm dishes.

On day 2, the media was aspiraled and the cells were washed with 10 mi of PBS
followed by 10 ml of TBS. The TBS was aspirated, and then 1 mi of the DFAE/DNA mix was
added to the plale. The plate was swirled in the hood every 5 minutes. After 30 minutes, & mi
of 80 yi4 chloroquine, in OT-6 medium was added and the culturs was incubated for 2.5 hours af
37°C and 5% CQ,. The medium was then aspirated and tha cells were washed two times with
compiete QT-6 media, then 100 mi complete QT-6 media was added and the cells were returned
to the incubator.

On day 3, the cells wers removed with trypsinfEDTA as described above, and plated into
the wells of 96-well assay plates at approximately 2x10° cellshwell

On day 4, glycine transport was assayed as described in Example 8
Example 8 - Assay of Transport Via GlyT-1 or GlyT-2 transporters

This example ilustrates & method for the measurement of gycina uptake by transfacted
cuitured cells.

Transient GlyT-transfected cells grown in accordance with Example 7 were washed three
times with HEPES buffered saline (HBS). The cells were then incubated 10 minutes at 37°C,
after which a sclution was added containing 50 nM [EH]g|ycine (17.5 Cifmmol) and either (a} no
patentiai competitor, (b) 10 mM nonradioactive glycine or (6} a concentration of a candidate drug.
A range of concentrations of the candidate drug was used tc generate data for calculating the
cancentration resulting in 50% of the sffect (g.g., the IC,,s, which are the concentrations of drug
inhibiting glycine uplake by 50%). The celis were then incubated another 10 minutas at 37°C,
after which the cells were aspirated and washed ihres times with ies-cold HBS. The cails were
harvested, scintillant was added to the calis, the cells wera shaken for 30 minutes, and the
radioactivity in the cells was counted using a scintiilalion counter. Dala were compared batwaen
the same cells contacted or not contacted by a candidate agent, and between cells having GlyT-1
activify versus cells having GlyT-2 activity, depending on the assay being conducted.

Example 9 - Assay of Binding to NMDA Recaptors

This example illusirates binding assays to measure interaction of compounds with the

glycine sita on the NMDA receplor.
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Direct binding of Higlycine to the NMDA-giycine site was performed according to the
methed of Grimwood et al., Molecular Pharmacology, 41, 923-930 (1992); Yoneda et al., J,
Meurochem, 62, 102-112 (1994).

Preparation of membranes for the binding test required application of a series of

standard methods. Unless otherwisa specified, tissues and homogenates wete kept on ice and

cenlrifugations were conducted at 4°C. Homogenizations were conducied with an effort fo

minimize resulling rise in tissusfhomogsenate temperature. The membrane preparation included

the following steps:
1.
2

Sacrifice and decapitate four rats; remove cortices and hippocampi.
Homogenize tissus in twenly volumes of 0.32 M sucrose/S mM Tris-
Acetate (pH 7.4) with 20 strokes of a glassitafion homogenizer.
Centrifuge tissue at 1000 x g, 10 minutes. Save supernatant.
Resuspend pellet in smali volume of buffer and homdgenize again.
Centrifuge the homogenized pellel and combine the supetnatant with
the previous supernatant.

Centrifuge the combined supernatants at 40,000 x g, for 30 minutes.
Discard the supernatant.

Resuspend the pellet in 20 volumes of 5 mM Tris-Acetala (pH 7.4).
Stir the suspension on ice for one hour. Centrifuge the suspension at
40,000 x g for 30 minutes. Discard the supematant and freeze the
pellet for at least 24 hours,

Resuspend the pellet from step 5 in Tris Acetate buffer (5 mM, pH 7.4)
containing 0.1% saponin (wiv, Sigma Chemical Co., St. Louis) to a
pratein concentration of 1 mg/ml, Leave on ice for 20 minutes.
Centrifuge the suspension at 40,000 x g for 30 minutes. Resuspend
the pellet in saponin-free buffer and centrifuge again. Resuspend the
pellet in Tris-Acetate buffer at a concentration of 10 mg/ml and freeze
in aliquots.

On day three, remove an aliquot of membranes and thaw cn ice.
Dilute the suspensian into 10 mi Tris-Acetale buffer and centrifuge at
40,000 x g for 30 minutes. Repeat the wash step twice mora for a
total of 3 washes. Resuspend the final pellet al a conceniration of 1

mgimi in glycine-free Tris-Acelate buffer.
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The binding test was performed in eppanderi lubes containing 150 g of membrane
protein and 50 nM [*Hjglycine in a volume of 0.5 mil. Non-specific binding was determined with 1
mM giycins, Drugs were dissolved in assay buffer (50 mM Tris-acetale, pH 7.4) or DMSO (final
concenlration of 0.1%). Membranes were incubated cn ice for 30 minutes and bound radioligand
was separaled from free radioligand by fiiration on Whatman GF/B glass fiber filters or by
centrifugalion (18,000 x g, 20 min). Filters or pellet was washed thres times quickly with ice-cold
5 mM Tris-acetate buffer. Filters were dried and placed in scintilation tubes and counted,

Pellets were dissolved in deoxycholate/NaCH (0.1 N) solution ovamight, neuisaiized and
radioactivity was determined by scintillation counting.

A second binding tast for the NMDA-glycine site used ["H]dichlorokynuranic acid (DCKA)
and membranes prepared as above. See, Yoneda et al., J. Neurgchem., 50,534-645 (1993).
The binding assay was performed as described for [H]glycine above axcept that PHJDCKA was
used to label tha glycine site. The final concentration of PHIDCKA was 10 AM, and the assay
was performed for 10 minutes on ics.

A third binding test used for the NMDA-glycine site used indiract assessment of affinity of
ligands for the site by measuring the binding of [H|MK-B1 (dizocipine). See, Palmer and Burns,
J. Neurochem,, 62, 187-196 (1994). Preparation of membranes for the test was the same as
above. The binding assay allowed separate detection of antagonists and agonists.

The third binding test was operated to idenliiy antagonists as follows: 100 g of
membranes were added to wells of a 96-well plate, along with glutamate (10 M} and glycine
(200 nM} and varicus concentrations of the ligand to be tested. The assay was slarted by the
addition of 5 nM PHIMK-801 {239 Cilmmoal), which binds to the ion channel associated with
NMDA racaptors. The final volume of the assay was 200 ul. The assay was performed for 1
hour al room temperature. Bound radioactivity was separated from free by filration, using a
TOMTEC harvester. Antagonist activity was indicated by decreasing radioactivity associated with
the NMDA receptor with increasing concentration of the lested ligand.

The third binding test was operated to idenlify agonists by performing the test as above,
except that the concentration of giycine was 200 nM. Agonist aclivity was indicated by increasing

radioaclivity associated with the NMOA receptor with increasing concentration of the tested ligand.

- Example 10 - Assay of Calcium Flux

This example illustrates a protecol for measuring calcium flux in primary neuronal cafls.

The caleium flux measurement is performed in primary neuronal call cultures, which are

' prepared from rat fetal cortices dissected from pregnant rats using standard procedures and

techniques that requirs sterile dissecting equipment, & microscops and defined medium. The
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protocal used was adapted fom Lu et al, Proc. Natl Acad. Sci. USA, 88, 6289-6292 (1991).
Defined medium is prapared in advance in accordance with the following recipe:

Components Source (calalogus #) Final Concentration
D-glucose Sigma (G-7021) 0.6%
transfarrin Sigma (T-2252) 100 pgfmi
ingulin Sigma (I-5500) 25 pgiml
progesterona Sigma (P-6149) 20 nM
putrescine Sigma (P-7505) 60 uM
salenium Sigma (5-5261) 30 ni
pen-strep* GIBCO (15070-014) 0.5 U-0.5 pg/ml
L-glutarnine* GIBCO {25030-016) 146 mgfl

MEM " GIBCO (11085 or 11090) 500 mif

F-12 GIBCO (11765) 500 miA

. pen-strep: 5,000 Wml peniciliin and 5,000 pg/mi steptomyein
add oniy when MEM without L-glutamine is used
e with L-glutamine or without L-glulamine, respectively

Before starling the dissection, tissue culture plates were treated with polylysine (100
Hofmi for at least 30 minutes at 37°C) and washed with distilled waler. Also, a metal tray
containing two sets of sterile crude dissecting equipment {scissors and tweezers) and several sets
of finer dissacting tools was autociaved. A pair of scissors and tweezars were placed into a
slerile beaker with 70% alcohol and brought te the dissecting table. A petri dish with cold
phosphale buffered saline (PBS) was placed on ice next to the place of dissection.

A pregnant rat (E15 or 16 on arrival from Hilltop Lab Animals {Scolidale, PA), E17 or 18
al dissection) was placed in a COJdry ice éhamber until it was unconscicus. The rat was
removed, pinned to a backing, the area of dissaction was swabbed with 70% alcohol, and skin
was cul and removed from \he area of inlerest. A second pair of scissors was used to cut
through and remave the prenatal pups in thair sacs. The string of sacs was placed into the cold
PBS and transparted lo a sterile hood.

The prenatal pups were removed from the sacs and decapitated. The skulls were then
remaved and the brains were carefully dislodged and placed into a ciean petri dish with cold
FBS. Al this point, it was necessary to proceed with a dissecting microscope. The brain was
turned so that the cortices were contacting the plate and the tissus between the dissector and the
cortex {striatum and other brain parts) was scooped out. The hippacampus and olfactory bulb
wara cut away from the corlex. Then the tissue was turned over and the maninges were
removed with tweezers, The remaining tissue (cortex) was placed in a small peti dish with
defined madia.
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The tissue was chopped with a scalpel and then triturated with a glass pipet that had
been fire poiished. The chopped, triturated tissue was then Iransferred 1o a slerile plastic tube
and continued fo be triturated with a glass pipet with a finer opening. Cells were counled in a
suitable counting chamber. Cells were plated at roughly 40,000 calistwell in 100 pl of defined
medium for 98-well plates, 200,000 cellsiwell in 500 pl in 24-well plates, 400,000 celisiwell in
1mlin 12-well plates, 1.5 x 10° cells/35 mm dish in 1.5 ml and 10 x 10° cells/100 mm dish in
10 ml. To inhibit glia growth, cultures were treated with 100 uM 5-flouro-2-deoxyuridine (FDUR,
Sigma (F-0503)) or 50/uM uridine (Sigma (U-3003)) and 50 pM FDUR.

The cortical cultures for the standard calcium flux assay were grown in 24-well plates in
the defined medium described above for 7 days and fed once with serum containing media {10%
heat inactivated fetal calf ssrum, 0.6% glucose in MEM) by exchanging half of the medium.
Cultures were used after 12 days of incubation i vitro. The cultures were rinsed three times with
HCSS (ie. HEPES-buffered control salt solution, containing 120 mM NaCl, 5.4 mM KCI, 1.8 mM
CaCl, 25 mM HEPES, and 15 mM glucose, in HPLC water and adjusted to pH 7.4 by NaOH,
which was also made in HPLC water). In the third wash, the cuiture was incubated at 37°C for
20 to 30 minutes.

Solulions containing *Ca™ (5000 dpmimi) and drugs for testing ar controls were {
prepared in HCSS. Immediately before the above “Ca™ solutions were added, cultures were
washed twice‘wilh HCSS, and 250 i of “Ca™ solution per well was added, one plate at a time.
The cuftures were incubated for 10 minutes at room temperature, rinsed three fimes with HCSS,
and 1 ml scintillation liquid per well was added, followed by shaxing for at least 15 minutes.
Retained radioactivity was counted in a scintillation counter.

While this invention has been described with an emphasis upon preferred embodiments,
it will be obvicus to those of ordinary skill in the art that variations in the preferred compositions
and matheds may be used and that it is intended that the invention may be practiced otherwise
than as specifically described hereih. Accordingly, this invention includes all modifications

encompassed within the spiril and scope of the invention as defined by the claims that follow.

"

Where the terms “comprise”, “comprises”, “comprised” or
“comprising” are used in this specification, they are to be interpreted as
specifying the presence of the stated features, integers, steps or
components referred to, but not to preclude the presence or addition of

one or more other feature, integer, step, component or group thereof.
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The elairs defining the invention are as follows:-

1. A compound of formula I or 1I:

‘R R"
ey
N - ‘R rR¥
D /[®
3
R n G*f—\ R5

RY R
5  ora pharmaceutically acceptable salt thereof,
wherein:
(1) X isnitrogen or carbon, and R? is not present when X is nitrogen;
@)  R?(a)is hydrogen, (C1-C6) alkyl, (C1-C6) alkoxy, cyano, (C2-C7) alkanoyl,
aminocarbonyl, (C1-C6) alkylaminocarbonyl or dialkylaminocarbonyl wherein each

10 alkyl is independently C1 to C6, (b) comprises (where R is not -0-Rr -S-Rst)

hydroxy, fluoro, chloro, bromo or (C2-C7) alkanoyloxy, (¢) forms a double bond with an
adjacent carbon or nitrogen from one of either R!, R™ or R*®, (d) is oxygen forming an
oxa linkage with R! or ring D or (¢) is R linked by R®* to X;

()  R*is aring-containing structure R** linked by R™ to X;

15 (2% RYisaring-containing structure R* linked by R to X;

(2") R* R™and R®, are independently aryl, heteroaryl, adamantyl or a 5 to 7-
membered non-aromatic ring having from 0 to 2 heteroatoms selected from the group
consisting of oxygen, sulfur and nitrogen, wherein:

(a)  arylis phenyl or naphthyl,

20 (b)  heteroary! comprises a five-membered ring, a sig(-membered ring, a six-
membered ring fused to a five-membered ring, a five-membered ring
fused to a six-membered ring, or a six-membered ring fused to a six-
membered ring, wherein the heteroaryl is aromatic and contains
heteroatoms selected from the group consisting of oxygen, sulfur and

nitrogen, with the remaining ring atomns being carbon,
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each of R, R™and R™ can be independently substituted with one of RY,

R'O- or R°S-, wherein RY, R" and R are independently aryl, heteroaryl,
adamantyl or a 5 to 7-membered non-aromatic ring as these structures are
defined for R, and '

R™ R*, R% RY R’ and R® can be substituted or additionally substituted

with substituents selected from the group consisting of fluoro, chloro,

bremo, nitro, hydroxy, cyano, trifluoromethyl, amidosulfonyl which can
have up to two independent (C1-C6) N-alkyl substitutions, adamantyl,

(C1-C12) alkyl, (C1-C12) alkenyl, amino, (C1-C6) alkylamino,

dialkylamino wherein each alkyl is independently C1 to C6, (C1-C6)

alkoxy, (C2-C7) alkanoyl, (C2-C7) alkanoyloxy, trifluoromethoxy,
hydroxycarbonyl, (C2-C7) alkyloxycarbonyl, aminocarbonyl that can be
substituted for hydrogen with up to two independent (C1-C6) alkyl, (C1-

C6) alkylsulfonyl, amidino that can independently substituted with up to

three (C1-C6) alkyl, or methylenedioxy or ethylenedioxy with the two

oxygens bonded to adjacent positions on the ary] or heteroaryl ring
structure, which methylenedioxy or ethylenedioxy can be substituted with
up to two independent (C1-C6) alkyl, wherein:

(i)  the substitutions of R**, R¥ and R™ can be combined to form a
second bridge between two of R™, R*™ and R* comprising (1)
(C1-C2) alkyl or alkenyl, which can be independently substituted
with one or more (C1-C6) alkyl, (2) sulfur, (3) oxygen, (4) amino,
which can be substituted for hydrogen with one (C1-C6) alkyl, (5)
carbonyl, {6) -CH,C(=0)-, which can be substituted for hydrogen
with up to two independent (C1-C6) alkyl, (7) -C(=0)-0-, (8) -
CH;-0-, which can be substituted for hydrogen with up to two
independent (C1-C6) alkyl, (9) -C(=0}-N(R*)-, wherein R* is
hydrogen or (C1-C6) alkyl, (10) -CH,-NH-, which can be
substituted for hydrogen with up to three (C1-C6) alkyl, or (11} -
CH=N-, which can be substituted for hydrogen with (C1-C6)
alkyl, or wherein two of R**, R¥ and R can be directly linked by

a single bond,

R® and R” are independently a single bond or (C1-C2) alkylene;
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(2 R™isasingle bond, oxa, (C1-C2) alkylene, ethenylene or -CH= (where the

double bond is with X), thia, methyleneoxy or methylenethio, or either -N(R%)- or -CH,-
NR®")., wherein R® and R®" are hydrogen or (C1-C6) atkyl, wherein when X is nitrogen
X is not bonded to another heteroatom;
3 R comprises: a single bond; a straight-chained {C1-C3) aliphatic group; or
(where X is carbon and RY® does not include a heteroatom attached to X) -O-R® or -8-
R¥, wherein either R® or R*" is (C1-C3) alkylene or (C2-C3) alkenylene and O or S is
bonded to X:
wherein R can be substituted with up to one hydroxy, up to one (C1-C6)
alkoxy or up to one (C2-C7) alkanoyloxy, with up to two independent (C1-C6)
alkyl, with up to one oxo, up to one {C1-C6) alkylidene, with the proviso that the
hydroxy, alkoxy, alkanoyloxy, ox¢ substituents are not bonded to a carbon that is
bonded to a nitrogen or oxygen, or (where R' is -O-R® and X is carbon) an oxa
linkage to X forming a 1,3-dioxolane,
wherein the alkyl or alkylidene substituents of R! can be linked to form a
3 to 7-membered non-aromatic ring, and
wherein if X is nitrogen, X is linked to R' by a single bond and the
terminal carbon of R' that links R to N is saturated;
(4)  nisOorl,and whereifnis 1, R* is either (C1-C6) alkyl (with the attached
nitrogen having a positive charge) or oxygen (forming an N-oxide) and X is carbon;
(5}  whereinring D is a 3 to 8-membered ring, a 3 to 8-membered ring substituted
with a 3 to 6-membered spiro ring, or a 3 to §-membered ring fused with a 5 to 6-
membered ring, wherein the fused ring lacking the illustrated tertiary nitrogen can be
arcmatic, with the provise that the ring atoms include no quaternary nitrogens:
wherein the carbon and nitrogen ring atoms of ring D can be substituted
with substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
triflucromethyl, (C2-C7) alkyloxycarbenyl, (C1-C6) atkylidene, hydroxyl, (C1-
C6) alkoxy, oxo, hydroxycarbonyl, aryl wherein the aryl is as defined for R* or
heteroaryl wherein the heteroaryl is as defined for R®, with the proviso that ring
atoms substituted with alkylidene, hydroxycarbonyl or oxo are carbon, with the
further proviso that ring atoms substituted with hydroxyl or alkoxy are separated

from other ring heteroatoms by at least two intervening carbon atoms; and
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wherein R', R? and G are such that at least two atoms separate X and the

illustrated ring nitrogen;
{6)  wherein ring E is a 3 to 8-membered ring, a 3 to 8-membered ring substituted
with a 3 to 6-membered spiro ring, or a 3 to §-membered ring fused with a 5 to 6-
membered ring, wherein the fused ring lacking the illustrated tertiary nitrogen can be
aromatic, with the proviso that the ring atoms include no quatemary nitrogens:
wherein the carbon and nitrogen ring atoms of ring E can be substituted
with substituents setected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
trifluoromethyl, (C2-C7) alkyloxycarbonyl, (C1-C6) alkylidene, hydroxyl, (C1-
C6) alkoxy, oxo, hydroxycarbonyl, (C1-C6) alkoxycarbonyl, aryl wherein the
aryl is as defined for R?, or heteroaryl wherein the heteroaryl is as defined for R®?,
with the proviso that ring atoms substituted with alkylidene, hydroxycarbonyl or
0x0 are carbon, with the further proviso that ring atoms substituted with hydroxyl
or alkoxy are separated from other ring heteroatoms by at least two intervening
carbon atoms; and
wherein G and R'® are such that at least two atoms separate the illustrated
ring nitrogen from the carbon linked to R* and RY when G* is a six-membered
ring;
(7 R"(a) forms a double bond with R, R? or G, (b) is hydrogen (c) is (C1 - C3)
alkyl or alkylene, or (d) is incorporated into a fused ring;
(8) R*and R" are independently hydrogen or (C1-C6) alkyl, or one of R*and R*
can be (C1-C6) hydroxyalkyl; and
® R’is (CONRPRY, (CO)ORP, (CO)SR (SONR'R?, (POYOR)(OR™,
(CR™Y(ORP)(ORM), CN or tetrazol-5-yl, wherein R, R™ R", R®, R R, R* and
Rm are independently hydrogen, (C1-C8) alkyl which can include a (C3-C8) cycloalkyl,
wherein the carbon linked to the oxygen of R'® or the sulfur of R'® has no more than
secondary branching and , (C2-C6) hydroxyalkyl, aminoalkyl where the alkyl is C2 to
C6 and the amino can be substituted with up to two independent (C1-C6) alkyls,
arylalkyl wherein the alkyl is C1-C6, heteroarylalky! wherein the alkyl is C1 to C6, aryl
or heteroaryl, R* is hydrogen or OR™ and R%, R and R” are (C1-C6) alkyl, phenyt,
benzyl, acetyl or, where R? is hydrogen, the alkyls of R and R?* can be combined to

include 1,3-dioxalane or 1,3-dioxane:
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wherein the aryl is phenyl or naphthyl and the heteroaryl is a five-

membered ring, a six-membered ring, a six-membered ring fused to a five-
membered ring, a five-membered ring fused 1o a six-membered ring, or a six-
membered ring fused to a six-membered ring, wherein the heteroary! is aromatic
and contains heteroatoms selected from the group consisting of oxygen, sulfur
and nitrogen, with the remaining ring atoms being carbon;

wherein the aryl, heteroaryl, aryl of arylalky! or the heteroaryl of
heteroarylalkyl can be substituted with substituents selected from the group
consisting of fluoro, chloro, bromo, nitro, cyano, trifluoromethyl, amidosulfonyl
which can have up to two independent (C1-C6) N-alkyl substitutions, (C1-C6)
alkyl, (C2-C6) alkenyl, (C1-C6) alkylamine, dialkylamine wherein each alkyl is
independently C1 to C6, amino, (C1-C6) alkoxy, (C2-C7) alkanoyl, (C2-C7)
alkanoyloxy, trifluoromethoxy, hydroxycarbonyl, (C2-C7) alkyloxycarbonyl,
aminocarbony] that can be N-substituted with up to two independent (C1-C6)
atkyl, {C1-C6) alkylsulfonyl, amidino that can substituted with up to three (C1-
C6) alkyl, or methylenedioxy or ethylenedioxy with the two oxygens bonded to
adjacent positions on the aryl or heteroaryl ring structure, which methylenedioxy
or ethylenedioxy can be substituted with up to two independent (C1-C6) alkyl;
and

wherein R'> and R' together with the nitrogen can form a 5 to 7-
membered ring that can contain one additional heteroatom selected from oxygen
and sulfur.

2. The compound of claim 1, wherein:

(a) when (i) D is a 3-8 member ring containing at least one N, (ii) R? is
OH, (iii) R" is R, and (iv) RY is R**, then R™ and R**are not phenyl, phenyi
substituted with fluoro, chloro, bromo, hydroxy, trifluoromethyl, C1-C8 alkyl,
C1-C6 alkoxy, or not pyridyl, and R is not (CO)NR R or (CO)OR’® when R",
RY, and R" are independently hydrogen, C1-C8 alkyl, phenyl, or phenyl
substituted with fluoro, chloro, bromo, C1-C6 alkyl or C1-C6 alkoxy;

(b) when (1) D is piperidine, (ii) X is carbon, (iii) R' is OR® or SR¥", (iv)
R’ is (CO)OR", (v) R* is R* and (vi) R” is R, then R* and R”* are not both
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pheny! or phenyl substituted with fluoro, chlore, bromo, C1-C4 alkyl or C1-C4

alkoxy and R"? is not hydrogen or C1-C4 alkoxy.
3. The compound of claim 1, wherein {A) at least one of R**, R** and R* is
substituted with fluore, chloro, bromo, hydroxy, triflucromethyl, trifluoromethoxy, nitro,
5 cyano, (C3-C8) alkyl, R%, R'O-, R*S-, or (B) the ring structures of R**, R¥ and R%",
including substituents thereto, otherwise include at least two aromatic ring structures that
together include from 15 to 20 ring atoms.
4, The compound of claim 2, wherein at least cne of R*, R** and R*is
substituted with fluoro, trifluoromethyl, trifluoromethoxy, nitro, cyano, or (C3-C8) alkyl.
10 | 5. The compound of claim 1, wherein at least one of R*%, RY® and R* is
substituted with RY, R'O-, or R°S-.
6.  The compound of claim 1, wherein an aryl or heteroaryl of at least one of
R* R and R* is phenyl.
7. The compound of claim 1, wherein R is oxa, methyleneoxy, thia,
15 methylenethia.
8. The compound of claim 6, wherein R*® is oxa or thia.
9. The compound of claim 1, wherein R’ is (COYNR"R"*, (CO)OR® or

Aids (CO)SR".
oy osed 10. The compound of claim 8, wherein R'® is (C2-C6) alkyl, (C2-C4)

s 20 hydroxyalkyl, phenyl, phenylalkyl wherein the alkyl is C1-C3, or aminoalkyl where the
: alkyl is C2-C6 and the amine can be substituted with up to two independent (C1-C3)
: alkyls, wherein the phenyl or the phenyl of phenylalkyl can be substituted.
11. The compound of claim 8, wherein R" is hydrogen.
12.  The compound of claim 1, wherein R* is hydrogen, methyl or
25 hydroxymethy] and R* is hydrogen.

alaat 13. The compound of claim 1, wherein at least one of R, R and R* is a

heteroaryl comprising diazolyl, triazolyl, tetrazolyl, thiazolyl, isothiazolyl, oxazolyl,

isoxazolyl, diazinyl, triazinyl, benzoazolyl, benzodiazolyl, benzothiazolyl, benzoxazolyl,
quinolyl, isoquinolyl, benzodiazinyl, benzotriazinyl, pyridyl, thienyl, furanyl, pyrrolyl,
30 indolyl, isoindoyl or pyrimidyl.
14. The compound of claim 1, wherein R! is -0-R® or -S-R%".

15. The compound of claim 1, wherein said second bridge between two of R™,
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a@o)
-

, wherein A and B are aryl or heteroaryl groups of R* and R*, respectively.
g P

16. The compound of claim 14, wherein R*®-R™-, R¥R*"- and X form:

’° o@r

wherein Y is a carbon bonded to R' by a single or double bond or a nitrogen that is
bonded to R! and wherein R?' either (i.) completes a single bond linking two aryl or
15  heteroaryl rings of R* and RY, (ii.) is (C1-C2) alkylene or alkenylene, (iii.) is suifur or
(iv.) is oxygen, and wherein R* and R can be substituted as set forth above.
17. The compound of claim 15, wherein R*' is CH,CH; or CH=CH.
18. The compound of claim 1, wherein the alkylenedioxy substitution of R™,
ey oud R* or R¥ is as follows:
- 20

e 0 g
e . j
o )

fatt wherein the alkylenedioxy can be substituted with up to two independent (C1-C3) alkyl.
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19.  The compound of claim 1, wherein ring D is according to one of formulas

A'and B":
Zo——=
?—$—< _\N-E
4

h,

A 8

3 wherein Z represents carbon, wherein for each of formulas A' and B' at least one and up
to two of the bonds indicated with the hashed lines can be double bonds provided no two
double bonds are adjacent, and wherein the ring of formulas A' and B’ can be substituted
as set forth above for ring D.

20.  The compound of claim 1, wherein the ring system comprising G’

10 is according to one of formulas C' and D'

.

"ar N ar z:\
o N—
A 7_22" zN><z____/ g
o o 15

wherein Z represents carbon, wherein for formula C' up to one of the bonds indicated
with the hashed lines can be double bond and for formula D' up to two of the bonds
indicated with the hashed lines can be double bonds, and wherein the ring can be

20 substituted as set forth above for ring E.
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21, The compound of ¢laim 1, wherein ring D or ring E is substituted with up to

three substituents.

22. The compound of claim 1, wherein R™ and R* together can be substituted

with up to six substituents, R%, RY, R’ and R® can each be substituted with up 0 3

substituents, and wherein the presence of each of R%, R' or R® is considered a substitution

to the respective ring structure of R**, R*® and R™.

23. The compound of claim 1, wherein the ary] of arylalkyl or the heteroaryl of

heteroarylalkyl of R", R, R', R, R'7, R%, R”, or R” is substituted with up to three

substituents.

24. The compound of claim 1, wherein the compound is an optically pure

enantiomer.

25. A pharmaceutical composition comprising the compound of claim 1 and a

pharmaceutically acceptable excipient.

26. The pharmaceutical composition of claim 25, wherein the compound of

claim 1 is present in an effective amount for:

(1) treating schizophrenia comprising administering a schizophrenia treating

effective amount of a compound, (2) of treating epilepsy comprising administering an

epilepsy treating effective amount of a compound, (3) treating spasticity comprising

administering a spasticity treating effective amount of a compound, (4) treating muscle

spasm comprising administering a muscle spasm treating effective amount of a

compound, (5) treating pain comprising administering a pain treating effective amount of

a compound, (6) treating mood disorders comprising administering a mood disorder

treating effective amount of a compound, (7) enhancing memory or leaming comprising

administering a memory or leaming enhancing effective amount of a compound, ot (8)

treating learning disorders.

27. A method (1) treating schizophrenia comprising administering a

schizophrenia treating effective amount of a compound, (2} of treating epilepsy

comprising administering an epilepsy treating effective amount of a compound, (3)

treating spasticity comprising administering a spasticity treating effective amount of a

compound, (4) treating muscle spasm comprising administering a muscle spasm treating

effective amount of a compound, (5) treating pain comprising administering a pain

treating effective amount of a compound, (6) treating mood disorders comprising

N administering a mood disorder treating effective amount of a compound, (7) enhancing



-54-
memory or learning comprising administering a memory or leaming ¢enhancing effective

amount of a compound, or (8) treating learning disorders, comprising administering an
amount effective for said treating, preventing or enhancing of a compound of ¢laim 1.
28. A method (1) treating schizophrenia comprising administering a

5  schizophrenia treating effective amount of a compound, (2) of treating epilepsy
comprising administering an epilepsy treating effective amount of a compound, (3)
treating spasticity comprising administering a spasticity treating effective amount of a
compound, (4} treating muscle spasm comprising administering a muscle spasm treating
effective amount of a compound, (5) treating pain comprising administering a pain

10 treating effective amount of a compound, (6) treating mood disorders comprising

administering a mood disorder treating effective amount of a compound, (7) enhancing
memory or learing comprising administering a memory or learning enhancing effective
amount of a compound, or (8) treating learning disorders, comprising administering an
amount effective for said treating, preventing or enhancing of a compound of formula [

15 orll:

- « R
g o
MR |
' \R' by ||
or a pharmaceutically acceptable salt thereof,
T wherein:

(1) X is nitrogen or carbon, and R? is not present when X is nitrogen;
20 (2)  R%(a)is hydrogen, (C1-C6) alkyl, (C1-C6) alkoxy, eyano, (C2-C7) alkanoyl,
aminocarbonyl, (C1-C6) alkylaminocarbonyl or dialkylaminocarbonyl wherein ¢ach

alkyl is independently C1 to C6, (b) comprises (where R is not -O-R%or -S-R*")

hydroxy, fluoro, chloro, bromo or (C2-C7) alkanoyloxy, (¢) forms a double bond with an
adjacent carbon or nitrogen from one of either R', R®® or R?, (d) is oxygen forming an

25 oxa linkage with R or ring D or (¢) is R linked by R® 10 X;

&
(&}
-1
B

7,
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(2%  R*isaring-containing structure R™ linked by R®® to X;

(2") R is a ring-containing structure R* linked by R* to X;

2 R*™ R*and R®, are independently aryl, heteroaryl, adamantyl ora § to 7-

membered non-aromatic ring having from 0 to 2 heteroatoms selected from the group

consisting of oxygen, sulfur and nitrogen, wherein:

(a)
(b)

©

(@)

aryl is phenyl or naphthyl,
heteroaryl comprises a five-membered ring, a six-membered ring, a six-
membered ring fused to a five-membered ring, a five-membered ring
fused to a six-membered ring, or a six-membered ring fused to a six-
membered ring, wherein the heteroaryl is aromatic and contains
heterocatoms selected from the group consisting of oxygen, sulfur and
nitrogen, with the remaining ring atoms being carbon,
each of R™, R and R*® can be independently substituted with one of RY,
R'O- or R°S-, wherein R%, R” and R are independently aryl, heteroaryl,
adamantyl or a 5 to 7-membered non-aromatic ring as these structures are
defined for R®, and
R*® R R¥ RY R'and R® can be substituted or additionally substituted
with substituents selected from the group consisting of fluoro, chloro,
bromo, nitro, hydroxy, cyano, trifluoromethyl, amidosulfonyl which can
have up to two independent (C1-C6) N-alkyl substitutions, adamantyl,
(C1-C12) alkyl, (C1-C12) alkenyl, amino, (C1-Cé) alkylamino,
dialkylamino wherein each alkyl is independently C1 ta C§, (C1-C6)
alkoxy, (C2-C7) alkanoyl, (C2-C7) alkanoyloxy, triflucromethoxy,
hydroxycarbonyl, (C2-C7} alkyloxycarbonyl, aminocarbonyl that can be
substituted for hydrogen with up to two independent (C1-C6) alkyl, {C1-
C6) alkylsulfonyl, amidino that can independently substituted with up to
three (C1-C6) alkyl, or methylenedioxy or ethylenedioxy with the two
oxygens bonded to adjacent positions on the aryl or heteroaryl ring
structure, which methylenedioxy or ethylenedioxy can be substituted with
up to two independent (C1-C6) alkyl, wherein:
(i)  the substitutions of R, R* and R* can be combined to form a
second bridge between two of R R”* and R® comprising (1)
(C1-C2) alkyl or alkenyl, which can be independently substituted
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with one or more (C1-C6) alkyl, (2) sulfur, (3) oxygén, (4) amino,

which can be substituted for hydrogen with one (C1-C6) alkyl, (5)
carbonyl, {6) -CH,C(=0)-, which can be substituted for hydrogen
with up to two independent (C1-C6) alkyl, (7) -C(=0)-0O-, (8) -

5 CH;-0-, which can be substituted for hydrogen with up to two
independent (C1-C6) aflyl, (9) -C(=0)-N(R**)-, wherein R* is
hydrogen or (C1-C6) alkyl, (10} -CH,-NH-, which can be
substituted for hydrogen with up to three (C1-C6) alkyl, or (11) -
CH=N-, which can be substituted for hydrogen with (C1-C6)

10 alkyl, or wherein two of R™, R¥* and R* can be directly linked by
asingle bbnd;
2™ R™®and R® are independently a single bond or {C1-C2) alkylene,
2" RP%isa single bond, oxa, (C1-C2) alkylene, ethenylene or -CH= (where the
double bond is with X), thia, methylencoxy or methylenethio, or either -N(R®)- or -CH,-
15 N(R®)-, wherein R® and R® are hydrogen or (C1-C6) alkyl, wherein when X is nitrogen
X is not bonded to another heteroatom;
(3)  R'comprises: a single bond or double bond; a straight-chained (C1-C3) aliphatic
group; or (where X is carbon and R”® does not include a heteroatom attached to X) -O-
Teeee R® or -S-R¥, wherein either R® or R¥" is a single bond, (C1-C3) alkylene or (C2-C3)
20  alkenylene and O or S is bonded to X:
wherein R* can be substituted with up to one hydroxy, up to one (C1-C6)

ey alkoxy or up to one (C2-C7) alkanoyloxy, with up to two independent (C1-C6)
- alkyl, with up to one oxo, up to one (C1-C6) alkylidene, with the proviso that the
ereead hydroxy, alkoxy, atkanoyloxy, oxo substituents are not bonded to a carbon that is
2T 5 bonded to a nitrogen or oxygen, or (where R'is -0-R® and X is carbon) an oxa
linkage to X forming a 1,3-dioxolane,

wherein the alkyl or alkylidene substituents of R' can be linked to form a

HIE 3 to 7-membered non-aromatic ring, and
peend wherein if X is nitrogen, X is linked to R'bya single bond and the
30 terminal carbon of R’ that links R' 1o N is saturated;

(4) nisOorl,and where ifnis I, R*" is either (C1-C6) alkyl (with the attached

nitrogen having a positive charge) or oxygen (forming an N-oxide) and X is carbon;
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(5)  whereinring Dis a 3 to 8-membered ring, a 3 to 8-membered ring substituted

with a 3 to 6-membered spiro ring, or a 3 to 8-membered ring fused with a 5 to 6-
membered ring, wherein the fused ring lacking the illustrated tertié.ry nitrogen can be
aromatic, with the proviso that the ring atoms include no quaternary nitrogens:

5 wherein the carbon and nitrogen ring atoms of ring D can be substituted
with substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
trifluoromethyl, (C2-C7) alkyloxycarbonyl, (C1-C6} alkylidene, hydroxyl, (C1-
C6) alkoxy, oxo0, hydroxycarbonyl, aryl wherein the aryl is as defined for R® or
heteroaryl wherein the heteroaryl is as defined for R?, with the proviso that ring

10 atoms substituted with alkylidene, hydroxycarbonyl or oxo are carbon, with the

further proviso that ring atoms substituted with hydroxyl or aikoxy are separated
from other ring heteroatoms by at least two intervening carbon atoms; and

wherein R', R? and G are such that at least two atoms separate X and the
illustrated ring nitrogen;

15 (6)  whereinring E is a 3 to 8-membered ring, a 3 to 8-membered ring substituted
with a 3 to 6-membered spiro ring, or a 3 to 8-membered ring fused with a 5 to 6-
membered ring, wherein the fused ring lacking the illustrated tertiary nitrogen can be

aromatic, with the proviso that the ring atoms include no quaternary nitrogens:

wherein the carbon and nitrogen ring atoms of ring E can be substituted

I 20 with substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
: trifluoromethyl, (C2-C7) alkyloxycarbonyl, (C1-C6) alkylidene, hydroxyl, (C-

N C6) alkoxy, oxo, hydroxycarbonyl, (C1-C6) alkoxycarbonyl, aryl wherein the

T aryl is as defined for R®, or heteroaryl wherein the heteroaryl is as defined for R?,

sgenay with the proviso that ring atoms substituted with alkylidene, hydroxycarbonyl or
"tte25 oxo are carbon, with the further proviso that ring atoms substituted with hydroxyl

::;‘3. or alkoxy are separated from other ring heteroatoms by at least two intervening
G carbon atoms; and

wherein G* and R"® are such that at least two atoms separate the illustrated
ring nitrogen from the carbon linked to R* and R* when G* is a six-membered
30 ring;
(1) R (a) forms a double bond with R, R? or G, (b} is hydrogen (¢) is (C1 - C3)

alkyl or alkylene, or (d) is incorporated into a fused ring;
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8)  R*and R*" arc independently hydrogen or (C1-C6) atkyl, or one of R*and R¥

can be (Cl C6) hydroxyalkyl; and
9 S is (COYNRPR", (COYORY, (CO)SR', (S(:)Z)NR”R26 (POYOR®YOR™),
(CR”)(OR”)(OR“), CN or tetrazol-5-yl, wherein R, R', R"*, R'6, R", R?, R% and
R are independently hydrogen, (C1-C8) alkyl which can include a (C3-C8) cycloalkyl,
wherein the carbon linked to the oxygen of R" or the sulfur of R'® has no more than
secondary branching and , (C2-C6) hydroxyalkyl, aminoalkyl where the alkyl is C2 to
C6 and the amino can be substituted with up te two independent (C1-C6) alkyls,
arylatky] wherein the alkyl is C1-C6, heteroarylalkyl wherein the alkyl is C1 to C6, aryl
or heteroaryl, R? is hydrogen or OR” and R”, R* and R?® are (C1-C6) alkyl, phenyl,
benzyl, acetyl or, where R? is hydrogen, the alkyls of R%and R* can be combined to
include 1,3-dioxalane or 1,3-dioxane;
wherein the aryi is phenyl or naphthyl and the heteroaryl is a five-
membered ring, a six-membered ring, a six-membered ring fiised to a five-
membered ring, a five-membered ring fused to a six-membered ring, or a six-
membered ring fused to a six-membered ring, wherein the heteroaryl is aromatic
and contains heteroatoms selected from the group consisting of oxygen, sulfur
and nitrogen, with the remaining ring atoms being carbon;
wherein the aryl, heteroaryl, aryl of arylalkyl or the heteroaryl of
heteroarylaikyl can be substituted with substituents selected from the group
consisting of fluoro, chioro, bromo, nitro, cyano, trifluoromethyl, amidosulfonyl
which can have up to two independent (C1-C6) N-alkyl substitutions, (C1-C6)
alkyl, (C2-C6) alkenyl, {C1-C6) alkylamine, dialkylamine wherein each alkyl is
independently C1 to C6, amino, {(C1-C6) alkoxy, (C2-C7) alkanoyl, (C2-C7)
alkanoyloxy, trifluoromethoxy, hydroxycarbonyl, (C2-C7) alkyloxycérbonyl,
aminocarbonyl that can be N-substituted with up to two independent (C1-C6)
alkyl, (C1-C6) alkylsulfonyl, amidino that can substituted with up to three (C1--
C6) alkyl, or methylenedioxy or ethylenedioxy with the two oxygens bonded to
adjacent positions on the aryl or heteroaryl ring structure, which methylenedioxy
or ethylenedioxy can be substituted with up to two independent (C1-C6) alkyl;

and
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wherein R'? and R" together with the nitrogen can form a St 7-

membered ring that can contain one additional heteroatom selected from oxygen
and sulfur.
29. The method of claim 28, wherein the spasticity is associated with epilepsy,
5  stroke, head trauma, multiple sclerosis, spinal cord injury or dystonia.
30. The method of claim 28, wherein the neurodegenerative disease is
Alzheimer's disease, multi-infarct dementia, AIDS dementia, Parkinson's disease,
Huntington's disease, amyotrophic lateral sclerosis or stroke or head trauma.

31. A method of synthesizing a compound of claim 1 comprising:

10 A) reacting a compound of the formula
1)
R
h—é—a"
RY
15 , wherein 'L is a nucleophilic substitution leaving group, with a compound
of the formula
2)
ot G
s aul R R? D \
S 20 \/ AH
Pe7: L SN ad
e o TR
ot or B) reacting a compound of the formula
1)
jmes, 25 G*
freedt R
I E N
::::Z: o R
. with a compound of the formula
30 2)
Rd
2. R“
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, wherein ’L is a nucleophilic substitution leaving group.
32, A method of synthesizing a compound of claim 1 comprising reductively
atkylating R*NH, with a compound of the formula
Jor:
>\ F an 4
, wherein R® and R? are independently the same as defined for R*, and wherein R'” has
the same definition as R' except that it does not include a nitrogen, exygen or sulfur, and
does not include any double bonds conjugated with the above-illustrated carbonyl.

33. A method of synthesizing a compound of claim 1 comprising reacting R'OH

or R¥SH with a compound of the formula

LG
G
PUPCH
5' R,N RS
r'e?
R*

to form an ether or a thioether, respectively, wherein R and R™ are independently the
same as defined for R¥, and wherein R'" has the same definition as R! except that it does
not include a nitrogen, oxygen or sulfur, and does not include any double bonds at the
atom bonded to the above-illustrated L°-substituted carbon.

34, The method of claim 31, further comprising synthesizing the compeund of

,F ,
R‘“’ \FR‘

formula

by replacing the hydroxyl of formula

”F? \[<R«

with another nucleophilic substitution leaving group.

35. The method of claim 33, comprising reacting a compound of formula
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with an azodicarboxylate in the presence of a phosphine compound.
36. A method of synthesizing a compound of claim 1 comprising reacting R°M

with a compound of the formula

) /g:) Rt .
R}\; o +

to form a compound of the formula

OH

R" M } ]
RC>L5 ng/ \f“:
R

, wherein R® and R® are independently the same as defined for R*, wherein M is a metal-I
containing substituent such that R°M is a organometallic reagent and wherein R'" has the
same definition as R' except that it does not include a nitrogen, oxygen or sulfur, and
does not include any double bonds conjugated with the above-illustrated carbonyl.

37. A method of synthesizing a compound of claim 1 comprising dehydrating a

R,’FR’ j< .

compound of the formula

to form a compound of the formula

%45‘ \an

RS
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wherein C" has a double bond with an adjacent carbon, wherein R® and R® are

independently the same as defined for R*, wherein R*’ and R?” have the same definition
as R except that R” and R?"* do not include a nitrogen, oxygen or sulfur.
38. A method of synthesizing a compound of claim 1 comprising reducing a

compound of the formula

G
R & ™
D 5
R‘>\R R’N Rd.
r R“'s R

R

wherein C has a double bond with an adjacent carbon, to form a compound of the

formula

G
R.>\ > ) J
R® R N R
“ gl \l<“r
R4

, wherein R® and R® are independently the same as defined for R¥, wherein RY and R2™
have the same definition as R' except that R?” and R?’ do not include a nitrogen, oxygen
or sulfur.

39. A method of synthesizing a compound of claim 1 comprising reducing a

compaound of one of the following formulas

1= R
- . 3%,_*.. o '<’R..
\)({_,_ /|:/C>N 3] or R\M/Fi ﬁ“ "
A YN of B &

to reduce a double bond in ring Clor ring C™, wherein R?® is the same as R’ except that
the bond to the ring is not a double bond, wherein ring C™ is mono or di-unsaturated at
one or more of the bonds indicated with the dashed lines with the double bonds formed
between ring carbons and no two double bonds are adjacent, wherein ring C" or ring C*
can include a fused phenyl and can be substituted as follows
the carbon and nitrogen ring atoms of ring C'' or ring C™ can be substituted with
up to two substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano,
nitro, trifluoromethyl, and (C2-C7) alkyloxycarbonyl, and wherein I is a negative
counter-ion,

40. The method of syrithesizing a compound of claim 37, wherein the
ompound reduced is that containing ring C',
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41. A precursor to the compound of claim 1 having the following formula

Rl

S /\JT "

x/-_ /: ¢ R
o AN

wherein I” is a negative counter-
ion, wherein R?® is the same as R! except that the bond to the ring is not a double bond,
wherein ring C" can include a fused phenyl and can be substituted as follows: - ‘
the carbon and nitrogen ring atoms of ring C' can be substituted with up to two
substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
trifluoromethyl, and (C2-C7) alkyloxycarbonyl.
42, A method of synthesizing a compound of claim 41, comprising reacting a

compound of the formula

wherein L* is a nucleophilic substitution leaving group and wherein ring C!can be fused
with phenyl or substituted, the same as defined for ring ¢l

43. A compound of claim 1 according to the following formula

wherein R?® is the same as R' except that the bond to the ring is not a double bond,
wherein ring C™ is mono or di-unsaturated at one or more of the bonds indicated with the

dashed lines with the double bonds formed between ring carbons and no two double

2
pid
ﬂ Z)
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bonds are adjacent, wherein ring C™ can include a fused phenyl and can be substituted as

follows
the carbon and nitrogen ring atoms of ring D can be substituted with up to 2
substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
5 trifluoromethyl, and (C2-C7) alkyloxycarbonyl.

44, A precursor to the compound of claim 1 having the following formula

Rl

|'* ,% <
[¢) (:\“\‘N "
10 R)\ 5«/‘\)

ion, wherein R®" is a (C1-C3) aliphatic group that can be substituted as defined for R',

wherein I is a negative counter-

wherein ring C'V can include a fused phenyl and can be substituted as follows
the carbon and nitrogen ring atoms of ring C*"' can be substituted with up to 2
15 substituents selected from (C1-C6) alkyl, (C2-C6) atkenylene, cyano, nitro,
trifluoromethyl, and (C2-C7) alkyloxycarbonyl.
45. A method of synthesizing a compound of claim 44 comprising reacting a

compound of the formula

o, 20 }\n/l ¢

R N A
0, with a compound of the formula
. R

HadH .
:--n-: 25 5L+R
e s

et , wherein L’ is a nucleophilic substitution leaving group, wherein ring C*! can be fused
a3 with phenyl or substituted, the same as defined for C*,
R : 46. A precursor to the compound of claim 1 having the following formula

30

rR*
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wherein R*" is a (C1-C3)

aliphatic group that can be substituted as defined for R', wherein ring C*" can include a
fused phenyl and can be substituted as follows
the carbon and nitrogen ring atoms of ring C*' can be substituted with up to 2
5 substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
trifluoromethy!, and (C2-C7) alkyloxycarbonyl.
47. A method of synthesizing the compound of claim 46, the method

comprising reducing a compound of the following formula

-
' td
10 (\ ; ,% R
Q / c
}\ B A
RK
, to reduce the double bonds in ring C*', wherein [ isa negative counter-ion, and
wherein ring C*" can be fused with phenyl or substituted, the same as defined for ring -
15 i

48. A method of synthesizing a precursor to the compound of claim 1, having
the following formula

.‘ GW R*
0 D R"
20 /gnf " ’(
5
R /Y 3 R
-

, wherein R is independently the same as R¥, wherein R1* has the same definition as R!
except that it does not include a nitrogen, oxygen or sulfur, and does not include any

double bonds at the atom bonded to the above-illustrated L°-substituted carbon,
25  which method comprises reacting & compound of the formula

G

o D NH
T
. R Le

30 with a compound of the formula
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wherein L? is a nucleophilic leaving group.
49. A method of synthesizing of a compound of claim 1, the method comprising

reacting a compound of formula

OH G.\
1] 5
N R
%R’/FR/ o
J £
R R R

» wherein R® is independently the same as R*, with Ar-Q wherein Ar is aryl which is
substituted with an electron-withdrawing group or heteroaryl and is substituted with an

electron-withdrawing group, and wherein Q is fluoro or chloro, to form

¥ e

wherein R? has the same definition as R’ except that R?’ does not include a nitrogen,

oxygen or sulfur. —

50._ A method of synthesizing a precursor to the compound of claim 1, having
the following formula X: ’

SOzAr

A e

Rlﬂ

X
which method comprises reacting a compound of formula.

OH G\
)\ /ﬁ D/N R?
[ g’ws 5 \FR#
R R

with R'NHSO,Ar, wherein R° and R® are independently the same as R*, and Ar is aryl or
heteroaryl, and wherein R* has the same definition as R’ except that R? does not

include a nitrogen, oxygen or sulfur.
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51. The method of claim 50, further comprising converting the compound of

formula X to:

Ra
\NH G

N
D S
5 . ¥ J\E/R,EE’NT:,.

52, A method of synthesizing a precursor to the compound of claim 1, the
method comprising reacting a compound of formula

G
10 HO D)"
R
RC)\Q R

with a compound of formula

15

, wherein L4 is a nucleophilic substitution leaving group and R° is independently the
same as R", and wherein R* has the same definition as R’ except that R* does not

20  include a nitrogen, oxygen or sulfur, to form a compound of formula

OH G

\
}\R/}( D/N R
R R j<R4-

Re 19R "

S0t 25 53. A method of synthesizing a precursor to the compound of claim 1, the
method comprising synthesizing the compound of formula:
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wherein R® is independently the same as R* and R'" has the same definition as R except
that R" does not include a nitrogen, oxygen or sulfur and R'" does not include any
double bonds at the atom bonded to the above-illustrated hydroxyl-substituted carbo,

said synthesis comprising reducing the ketone of a compound of formula

G j R
o
D/”*%*?"
R R}
Re ” R\D Rs

10 54, A precursor to the compound of claim 1 having the following formula

-
+ -
)\R/‘ ¢ r?
R 08¢ /
wherein [ is a negative counter-

ion, wherein R*® is the same as R! except that the bond to the ring is not a double bond,

wherein ring C* can include a fused phenyl and can be substituted as follows

15

the carbon and nitrogen ring atoms of ring C* can be substituted with up to 2

substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
20 trifluoromethyl, and (C2-C7) alkyloxycarbonyl

55. A method of synthesizing a compound of claim 54, comprising reacting a
compound of the formula

. HO C"
n:.u: 25 Rj)\R-/l

stus with a compound of the formula
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36.  A'precursor to the compound of claim 1 having the following formula

R

T

wherein R* is the same as R
except that the bond to the ting is not a double bond, wherein ring C* can include a
fused phenyl and can be substituted as follows

the carbon and nitrogen ring atoms of ring C** can be substituted with up to 2

substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
trifluoromethyl, and (C2-C7) alkyloxycarbonyl.

57. A method of synthesizing the compound of claim 56, the method

comprising reducing a compound of the following formula

R‘

in ring C* inli i r-ion, and wherein
, to reduce the double bonds in ring C*, wherein I is a negative counte:

ring C* can be fused with phenyl or substituted, the same as defined for ring c*,
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58.  The use of a compound of claim 1 in the preparation of a medicament to treat
schizophrenia, epilepsy, spasticity, muscle spasm, pain, mood disorders, enhance memory or

learning or treat learning disorders.

5
59.  The use of a compound of the formula I or IT:
R RY
G /\ XR 5
N
o | [&® *R R
H n
< 5
ZR N .
< E I f{’
R‘\E( /R' R* R n
\ i
RY R 1}
il or a pharmaceutically acceptable salt thereof,
,: . ,' wherein: ‘
Y (18] X is nitrogen or carbon, and R? is not present when X is nitrogen;
- 2 R? {a) is hydrogen, (C1-C6) alkyl, (C1-C6) alkoxy, cyano, (C2-C7) alkanoyl,
Ry aminocarbonyl, (C1-C6) alkylaminocarbonyl or dialkylaminocarbonyl wherein each
.':: ., alkyl is independently C1 to C6, (b) comprises (where R is not -0-R%or -8-R*¥)
R hydroxy, fluoro, chloro, bromo or (C2-C7) alkanoyloxy, (¢) forms a double bond with an
.::E:. adjacent carbon or nitrogen from one of either R!, R or R*®, (d) is oxygen forming an
oxa linkage with R' or ring D or (¢) is R® linked by R® to X;

16/08/01,610184 claime, 70
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(2)  R"isa ring-containing structurc R* linked by R* to X;

(2% R is a ring-containing structure R* linked by R* to X;

(2™ R* R"™and R®, are independently aryl, heteroaryl, adamantyl or a 5 to 7-

membered non-aromatic ring having from 0 to 2 heteroatoms selected from the group

consisting of oxygen, sulfur and nitrogen, wherein:

(@
()

@

aryl is phenyl or naphthyl,
heteroaryl comprises a five-membered ring, a six-membered ring, a six-
membered ring fused to a five-membered ring, a five-membered ring
fused to a six-membered ring, or a six-membered ring fused to a six-
membered ring, wherein the heteroaryl is aromatic and contains
heteroatoms selected from the group consisting of oxygen, sulfur and
nitrogen, with the remaining ring atoms being carbon,
each of R™, R' and R** can be independently substituted with one of RY,
R'O- or RS-, wherein RY, R” and R® are independently aryl, heteroaryl,
adamantyl or a 5 to 7-membered non-aromatic ring as these structures are
defined for R**, and '
R™ R R™ R Rfand R’ can be substituted or additionally substituted
with substituents selected from the group consisting of fluoro, chloro,
bromo, nitro, hydroxy, ¢yano, trifluoromethyl, amidosulfonyl which can
have up to two independent (C1-C6) N-alkyl substitutions, adamantyl,
(C1-C12) alkyl, (C1-C12) alkenyl, amino, (C1-C6) alkylamino,
dialkylamino wherein each alkyl is independently C1 to C6, (C1-C6)
alkoxy, (C2-C7) alkanoyl, {C2-C7) alkanoyloxy, trifluoromethoxy,
hydroxycarbonyl, (C2-C7) alkyloxycarbonyl, aminocarbonyl that can be
substituted for hydrogen with up to two independent (C1-C6) alkyl, (C1-
C6) alkylsulfonyl, amidino that can independently substituted with up to
three (C1-C6) alkyl, or methylenedioxy or ethylenedioxy with the two
oxygens bonded to adjacent positions on the aryl or heteroaryl ring
structure, which methylenedioxy or ethylenedioxy can be substituted with
up to two independent (C1-C6) alkyl, wherein:
()] the substitutions of R*, R*® and R can be combined to form a
second bridge between two of R*, R¥® and R* comprising (1)

(C1-C2) alkyl or alkenyl, which can be independently substituted
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with one or more (C1-C6) alkyl, (2) sulfur, (3) oxygen, (4) amino,
which can be substituted for hydrogen with one (C1-C6) alkyl, (5)
carbonyl, (6) -CH,C(=0)-, which can be substituted for hydrogen
with up to two independent (C1-C6) alkyl, (7) -C(=0)-O-, (8)-
CH,-0-, which can be substituted for hydrogen with up to two
independent (C1-C6) alkyl, (9) -C(=0)}-N(R>}-, wherein R is
hydrogen or (C1-C6) alkyl, (10) -CH,-NH-, which can be
substituted for hydrogen with up to three (C1-C6) alkyl, or (11) -
CH=N-, which can be substituted for hydrogen with (C1-C6)
alkyl, or wherein twa of R*, R”® and R can be directly linked by
a single bond;
2" R®andR®are independently a single bond or (C1-C2) alkylene;
2% R®isa single bond, oxa, (C1-C2) alkylene, ethenylene or -CH= (where the
double bond is with X)), thia, methyleneoxy or methylenethio, or either -N(R%- or -CH,-
N(R®")-, wherein RS and R®" are hydrogen or (C1-C6) alkyl, wherein when X is nitrogen
X is not bonded to another heteroatom;
3) R'comprises: a single bond or double bond, a straight-chained (C1-C3) aliphafic
group; or (where X is carbon and R*® does not include a heteroatom attached to X) -0O-
R® or -S-R¥, wherein either R® or R¥" s a single bond, (C1-C3) alkylene or (C2-C3)
alkenylene and O or S is bonded to X:
wherein R' can be substituted with up to one hydroxy, up to one (C1-C6)
alkoxy or up to one (C2-C7) alkanoyloxy, with up to two independent (C1-C6)
alkyl, with up to one oxo, up to one (C1-C6) alkylidene, with the proviso that the
hydroxy, alkoxy, alkanoyloxy, oxo substituents are not bonded to & carbon that is
bonded to a nitrogen or oxygen, or (where R is -O-R* and X is carbon) an oxa
linkage to X forming a 1,3-dioxolane,
wherein the alkyl or alkylidene substituents of R' can be linked to form a
3 to 7-membered non-aromatic ring, and
wherein if X is nitrogen, X is linked to R by a single bond and the
terminal carbon of R that links R' to N is saturated;
(4) nisOorl, and where ifn is I, R*" is either (C1-C6) alkyl (with the attached

nitrogen having a positive charge) or oxygen (forming an N-oxide) and X is carbon;
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(5)  whereinring D is a 3 to 8-membered ring, a 3 to 8-membered ring substituted
with a 3 to 6-membered spiro ring, ora 3 to 8-membered ring fused witha 5 to 6-
membered ring, wherein the fused ring lacking the illustrated tertiary nitrogen can be
aromatic, with the proviso that the ring atoms include no quaternary nitrogens:
wherein the carbon and nitrogen ring atoms of ring D can be substituted
with substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro
trifluoromethyl, (C2-C7) alkyloxycarbonyl, (C1-C6) alkylidene, hydroxyl, (C1-

»

C6) alkoxy, oxo, hydroxycarbonyl, aryl wherein the aryl is as defined for R* or
heteroaryl wherein the heteroaryl is as defined for R®, with the proviso that ring
atoms substituted with alkylidene, hydroxycarbonyl or oxe are carbon, with the
further proviso that ring atoms substituted with hydroxyl or alkoxy are separated

10

from other ring heteroatoms by at least two intervening carbon atoms; and

wherein R', R* and G are such that at least two atoms separate X and the
illustrated ring nitrogen;
13 (6)  whereinring E is a 3 to 8-membered ring, a 3 to 8-membered ring substituted
with a 3 to 6-membered spiro ring, or a 3 to 8-membered ring fused with a 5 to 6-
membered ring, wherein the fused ring lacking the illustrated tertiary nitrogen can be

aromatic, with the proviso that the ring atoms include no quaternary nitrogens:

oo, wherein the carbon and nitrogen ring atoms of ring E can be substituted
:. 20 with substituents selected from (C1-C6) alkyl, (C2-C6) alkenylene, cyano, nitro,
;. .. -: triflucromethyl, (C2-C7) alkyloxycarbonyl, (C1-C6) alkylidene, hydroxyl, (C-
,. C6) alkoxy, oxo, hydroxycarbonyl, (C1-C6) alkoxycarbonyl, aryl wherein the

: At aryl is as defined for R®, or heteroaryl wherein the heteroaryl is as defined for R?,

with the proviso that ring atoms substituted with alkylidene, hydroxycarbonyl or

cenees 25 oxo are carbon, with the further proviso that ring atoms substituted with hydroxyl
. or alkoxy are separated from other ring heteroatoms by at least two intervening

", carbon atoms; and

.:. wherein G' and R'® are such that at least two atoms separate the illustrated
. ring nitrogen from the carbon linked to R* and RY when G* is a six-membered
r1eei30 ring;

(" R"(a) forms a double bond with R*, R? or G, (b) is hydrogen (¢} is (C1 - C3)

alkyl or alkylene, or (d) is incorporated into a fused ring;
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(8  R*and R* are independently hydrogen or (C1-C6) alkyl, or one of R* and R**
can be (C1-C6) hydroxyalkyl; and ‘
©®  RPis(CONRPRY, (CO)ORY, (CO)SR', (SO )NR''RY, (POXOR®}OR™),
(CRZYORZ)(OR™), CN or tetrazol-5-yl, wherein R, R' R'S, R', R". R R? and
R* are independently hydrogen, (C1-C8) alkyl which can include a (C3-C8) cycloalkyl,
wherein the carbon linked to the oxygen of R'® or the sulfur of R'® has no more than
secondary branching and , (C2-C6) hydroxyalkyl, aminoalkyl where the alkyl is C2 to
C6 and the amino can be substituted with up to two independent (C1-C6) alkyls,
arylalkyl wherein the alkyl is C1-C6, heteroarylalkyl wherein the alkyl is C1 to C6, aryl
or heteroaryl, R¥ is hydrogen or OR? and R, R* and R® are (C1-Co) atkyl, phenyl,
benzyl, acetyl or, where R? is hydrogen, the alkyls of R* and R* can be combined to
include 1,3-dioxalane or 1,3-dioxane: '
wherein the aryl is phenyl or naphthyl and the heteroaryl is a five-
membered ring, a six-membered ring, a six-membered ring fused to a five-
membered ring, a five-membered ring fused to a six-membered ring, or a six-
membered ring fused to a six-membered ring, wherein the heteroaryl is aromatic
and contains heteroatoms selected from the group consisting of oxygen, sulfur
and nitrogen, with the remaining ring atoms being carbon;
wherein the aryl, heteroaryl, aryl of arylalkyl or the heteroaryl of
heteroarylalkyl can be substituted with substituents selected from the group
consisting of fluore, chloro, bromo, nitro, cylano, trifluoromethyl, amidosulfonyl
which can have up to two independent (C1-C6) N-alky! substitutions, (C1-C6)
alkyl, (C2-C6) alkenyl, (C1-C6) alkylamine, dialkylamine wherein each alkyl is
independently C1 to C6, amino, (C1-C6) alkoxy, (C2-C7) alkanoyl, (C2-C7)
alkanoyloxy, triflucromethoxy, hydroxycarbonyl, (C2-C7) alkyloxycarbonyl,
aminocarbonyl that can be N-substituted with up to two independent (C1-C6)
alkyl, (C1-C6) alkylsulfonyl, amidino that can substituted with up to three (C1-
C6) alkyl, or methylenedioxy or ethylenedioxy with the two oxygens bonded to
adjacent positions on the aryl or heteroaryl ring structure, which methylenedioxy

or ethylenedioxy can be substituted with up to two independent (C1-C6) alkyl,
and
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wherein R'* and R' together with the nitrogen can form a 5 to 7- membered ring that
can contain one additional hetercatom selected from oxygen and sulfur in the preparation of a
medicament to treat schizophrenia, epilepsy, spasticity, muscle spasm, pain, mood disorders,

to enhance memory or learning, or to treat learning disorders.

60.  The use of ctaim 59, wherein the spasticity is associated with epilepsy, stroke,

head trauma, multiple sclerosis, spinal cord injury or dystonia.
61.  The use of claim 59, wherein the neurodegenerative disease is Alzheimer’s
disease, multi-infarct dementia, ATDS dementia, Parkinson’s disease, Huntington’s disease,
amyotrophic lateral sclerosis or stroke or head trauma.
62. A compound of any one of claims 1 to 24 or claim 43, substantially as herein
described with reference to any one of the Examples.

63. A pharmaceutical composition of claim 25 or claim 26, substantially as herein
described with reference to any one of the Examples.

64. A method of any one of claims 27 to 30 which method is substantially as
herein described with reference to any one of the Examples.

65. A method of any one of claims 31 to 40, 42, 45, 47 to 53, 55, or 57 which
method is substantially as herein described with reference to any one of the Examples.

66. A precursor compound of claim 41, claim 44, claim 46, claim 54, or claim 56,
substantially as herein described with reference to any one of the Examples.

67.  Theuse of any one of claims 58 1o 61, substantially as herein described with
reference to any one of the Examples.

DATED this 19" day of June, 2001.

ALLELIX NEUROSCIENCE, INC,
By their Patent Attorneys:
CALLINAN LAWRIE
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