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NMDA RECEPTOR ANTAGONISTS FOR NEUROPROTECTION

This application claims priority to U.S. Provisional Application No. 60/947,276, filed
June 29, 2007, U.S. Provisional Application No. 60/949,120, filed July 11, 2007; U.S.
Provisional Application No. 60/985,082, filed November 2, 2007; and U.S. Provisional
Application No. 61/127,108, filed May 9, 2008.

FIELD OF THE INVENTION

The present invention is in the area of NMDA receptor blockers, including pH-
sensitive NMDA receptor blockers, as neuroprotective drugs, and includes methods and
compositions for the treatment of neurcdegeneration resulting from NMDA -receptor

activation.

BACKGROUND OF THE INVENTION

The NMDA subtype of glutamate-gated ion channels mediates excitatory synaptic
transmission between neurons in the central nervous system {Dingledine et al. (19993,
Pharmacological Reviews 51:7-61). Animal modeis of stroke and brain trauma confirm that
glutamate released from affected neurons can overstimulate N-methyl-D-aspartate (NMDA)
receptors, which in turn causes neuronal death. Therefore, compounds that block NMDA
receptors have been considered candidates for freatment of stroke and head injuries,

NMDA receptors are composed of NRI, NR2 (A, B, C, and D), and NR3 (A and B)
subunits, which determine the functional propertiss of native NMDA receptors. Expression
of the NR1 subunit alone does not produce a fimctional receptor. Co-expression of one or
nrore NR2 subunits is required to form functional channels. In addition fo glutamate, the
NMDA receptor requires the binding of a co-agenist, glycme, to allow the receptor 1o
function. A glycine binding site is found on the NR1 and NR3 subunits, whereas the
glutamate binding site is found on NR2 subunits. At resting membrane potentials, NMDA
receptors are fargely inactive due to a voltage-dependent block of the channel pore by
magnesium ions. Depclarization releases this channel block and permits passage of calcium
as well as other ions.

The NMDA receptor 1s modulated by a number of endogencus and exogenous
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compounds including, sodium, potassium and calcium ions that can not only pass through the
NMDA receptor channel but also modutate the activity of receptors. Zinc blocks the channel
through NR2 A- and NR2B-containing receptors noncompetitive and voltage-independent

manner, Polyamines can also either potentiate or inhibit glutamate-mediated responses,

Streke i3 the third leading cause of death in the United States and the most common
cause of adult disability, In an ischemic stroke, which is the cause of approximately 80% of
strokes, a blood vessel becomes occluded and the blood supply to part of the brain is blocked.
Ischemic stroke is commonly divided into thrombeotic stroke, embolic stroke, systemic
hypoperfusion (Watershed or Border Zone stroke}, or venous thrombosis. NMDA
antagonists have been studied as neuroprotective agents for acute stroke. However, these
agents, including Dextrorphan, Selfotel and aptiganel HCI {Cerestat) all showed certain
toxicity profiles that required halting trials of these agents. Early clinical studies suggest that
psychomimetic side effects occur less frequently with glycine site NMDA antagonists,
however clinical studies have not supported a protective role for these agents
{(http:/fwww.emedicine.com/neuro/topic4dR8.htm, Lutsep & Clark "Neuroprotective Agents in
Stroke", Apr. 30, 2004,

Epilepsy has also long been considered a potential therapeutic target for glutamate
receptor antagonists. NMDA receptor antagonists arc known {o be anti-convulisant in many
experimental models of epiiepsy (Bradford (1995} Progress in Neurobiology 47:477-511;
MecNamara, F. . (2001) Drugs effective in the therapy of the epilepsies. In Goodman &
(Gliman's: The pharmacological basis of therapeutics [Eds. J. G. Hardman and L. E. Limbird)
McGraw Hili, New York}.

NMDA receptor antagonists may also be beneficial in the treatinent of chronic pain.
Chronic pain, including neuropathic pain such as that due to injury of peripheral or central
nerves, has often proved very difficult to treat. Treatment of chronic pain with ketamine and
amantadine has proven beneficial, and it is believed that the analgesic effects of ketamine and
amantadine are mediated by block of NMDA receptors. Several case reports have indicated
that systemic administration of amantadine or ketamine substantially reduces the intensity of
trauma-induced neuropathic pain. Small-scale double blind, randomuzed ¢clinical irials
corroborated that amantadine could significantly reduce neuropathic pain in cancer patients
(Pud et al. (1998), Pain 75:349-354) and ketamine could reduce pain in patients with
peripheral nerve injury (Felsby et al. (1996), Pain 64:283-291), peripheral vascular discase
(Perrson et al. (1998), Acta Anaesthesiol Scand 42:750-758), or kidney donors (Stubhaug et



WO 2009/006437 PCT/US2008/068843

al, (1997}, Acta Anaesthesiol Scand 41:1124-1132), "Wind-up pain" produced by repeated
pinpricking wes also dramatically reduced. These findings suggest that central sensitization
caused by nociceptive inputs can be prevented by administration of NMDA receptor
anatagonists.

NMDA receptor antagonists can also be beneficial in the treatment of Parkinson's
Disease (Blandini and Greenamyre (1998), Fundam Clin Pharmacol 12:4-12), The anti-
Parkinsonian drug, amantadine, is an NMDA receptor channel blocker (Blanpied et al.
(1997), J Neuarophys 77:309-323). In a small clinical trial, Amamtadine reduced the severity
of dyskinesias by 60% without reducing the antiparkinsonian effect of L-DOPA (Verhagen
Metman et al. {1998}, Neurology 50:1323-1326). Likewise, another NMDA receptor
antagonist, CP-101,600, potentiated the relief of Parkinson's symptoms by L-DOPA ina
monkey model (Steece-Collier et al., (2000} Exper. Neurol., 163:239-243),

NMDA receptor antagonists may in addition be beneficial in the treatment of brain
cancers. Rapidly-growing brain gliomas can kill adjacent neurons by secreting glutamate and
overactivating NMDA receptors such that the dying neurons make room for the growing
tamor, and may release cellular components that stimulate tumor growth. Studies show
NMDA receptor antagonists can reduce the rate of tumor growth in vivo as well as in some in
vitro models (Takano, T., et al. (2001), Nature Medicine 7:1010-1013; Rothstein, J. D. and
Bren, H. (2001) Nature Medicine 7:994-995; Rzeski, W, et al, (2001), Proc. Nat'l Acad. Sci
98:6372).

While NMDA-receptor antagonists might be usefu! to trcat a number of very
challenging disorders, to date, dose-Iimiting side effects have prevented clinical use of
NMDA receptor antagonists for these conditions. Thus, despite the tremendous potential for
glutamate antagonists to treat many serious diseases, the severity of the side effects have
caused many to abandon hope that a well-olerated NMDA receptor antagonist could be
developed (Hovte L. et al (2004) "The Rise and Fall of NMDA Antagonsts for Ischemic
Stroke Current Molecular Medicine™ 4(2): 131-136; Muir, K. W. and Lees, K. R. (1985)
Stroke 26:503-513; Herrling, P. L., ed. (1997} "Excitatory amino acid clinical results with

antagonists” Academic Press; Parsons et al. (1998) Drug News Perspective I1: 523 569),
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pH Sensitive NMDBA Receptors

Two of the most prevalent subtypes of NMDA receptors (including the NR2A and
NR2B subunits or an alternatively spliced NR1 subunit) have the unusual property of being
normally inhibited by protons by about 50% at physiclogical pH {Traynelis, S. ¥. and Culi-
Candy, S. G. (1990) Nature 345:347; Traynelis et al. (1995) Science 268: 873-876; Traynelis
et al. (1998), T Neurosci 18:6163-6175).

The extracellular pH is highly dynamic in mammalian brain, and influences the
function of a multitude of biochemical processes and proteins, including glutamate receptor
function. The pH-sensitivity of the NMDA receptor has recetved increasing attention for at
least two reasons. First, the ICso value for proton inhibition of pH 7.4 places the receptor
under tonic inhibition at physiological pH. Second, pH changes are extensively documented
in the central nervous system during synaptic transmission, ghntamate receptor activation,
glutamate receptor uptake, and prominently during pathological siates such as ischemia and
seizures (Siesjo, BK (1985), Progr Brain Res 63:121-154; Chesler, M (1990), Prog Neurobiol
34:401-427; Chesler and Kaila (1992), Trends Neurosci 15:396-402; Amaio et al, (1994} T
Neurephysiol 72:1686-1696),

During stroke, transient ischemia leads to a dramatic drop of pH to 6.4-6.5 in the core
region of the infarct, with a modest drop in regions surrounding the core. The penumbral
region, which surrounds the core and extends cutward, suffers significant neuronal loss. The
pH in this region drops to around pH 6.9, The pH-induced drops are exaggerated in presence
of excess glutamate, and attenuated in hypoglycemic condition (see, for example, Mutch &
Hansen (1984) J Cereb Blood Flow Metab 4: 17-27, Smith et al. (1986) J Cereb Blood Flow
Metab 6: 574-583; Nedergaard et al. (1991} Am J Physiol 260(Pt3): R581-588; Katsura et al
(1992a) Euro J Neursci 4: 166-176; and Katsura & Siesjo (1998) "Acid base metabolism in
ischemia” in pH and Brain function (Eds Kaila & Ransom) Wiley-Liss, New York).

In addition to ischemia, there are various other exampies of conditions in which pH
changes can be associated with pathological processes, including neuropathic pain,
Parkinsons disease, epilepsy and traumatic brain injuries,

Neuropathic pain, which is due to hyperactivity of nerve fibers in the dorsal horn of
the spinal chord can be associated with pH changes in the spinal cord. Singie electrical
stimulation of isolated spinal cord from rat pups produces an alkaline shift of .05 pH units,
and a 0.1 pH unit shift following 10 Hz stimulation which is followed by acidification after
cessation of the stimuli. This acidification is greater in older animals (Jendelova & Svkova

{1991) Glia 4: 56-63), indicating an increased pH differential underlying the stimuli.
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Similarly, 30-40 Hz stimulation of the dorsal root in frog produced in vivo a transient
extracclivlar acidification reaching a maximum ceiling of 0.25 pH unit reduction in the lower
dorsal horn. Extracellular pH changes increagsed with stimulus intensity and frequency
(Chvatal et al. (1988) Physiol Bohemoslov 37: 203-212). Further, high frequency (10-100
Hz} nerve stimulation in adult rat spinal cord in vivo produced triphasic alkaline-acid-alkaline
shifts in extracellular pH (Sykova et al. (1992) Can J Physiol Pharmacol 70: Suppl S301-
309). Additionally, it has been shown that acute nociceptive stimuli (pinch, press, heat)
appiied to the rat hindpaw produced fransient acidification of G.01-0.05 pH units in the lower
dorsal horn in vivo (laminae TT-VIT). Chemical or thermal peripheral mjury produced
prolonged 2 hour decreases in interstitial pH of 0.05-0.1 pH units. High frequency nerve
stimulation produced an alkaline pH shift followed by a deminating 0.2 pH unit acid shaft
{Sykova & Sveboda (1990) Brain Res 512: 181-189). Thus, increased firing of pain fibers
can cause a decrease in pH (acidification) of the dorsal horn of the spinal cord,

Subthalamic neurons are overactive in Parkinson's disease, which may result in &
lower local pH. There is a correlation in brain regions between neuronal activity and
extracellular pH, with activity causing acidification. High frequency stimulation of brain
slices gives an initial acidification followed by an alkalinization, followed by a slow
acidification {See, for exampte, Chesler (1990) Prog Neurobiol 34: 401427, Chesler & Kaila
(1992) Tr Neurosci 15: 396-402, and Kaila & Chesler {1998} "Activity evoked changes in
extraceltular pH" in pH and Brain function (eds Kails and Ransom). Wiley-Liss, New York).

Acidification also occurs during seizures. Electrographic seizures in a wide range of
preparations have been shown to cause a change 1n extracellular pH. For examaple, up tca
0.2-0.36 drop in pH can occur in cat fascia dentata or rat hippocampal CAl or dentate during
an electrically or chemically evoked seizure. Deeper drops in pH approaching (.5 can occur
under hypoxic conditions (Siesjo et al (19853 J Cereb Blood Flow Metab 5: 47-37; Balestrino
& Somjen (1988) | Physiol 396: 247-266; and Xiong & Stringer (2000) J Neurophysiol 83:
3519-3524;.

In addition, other types of brain injury can result in acidification. "Spreading
depression” is a term used to describe a slowly moving wave of electrical inactivity that
occurs following a mumber of traumatic insults to brain tissue. Spreading depression can
occur during a concussion or migraine. Acidic pH changes occur with spreading depression.
Systemic alkkalosis can occur with reduciion in overall carbon dioxide content (hypocapnia)
through, for example, byperventilation. Conversely, systemic acidosis can occur with an

merease 1n biood carbon dioxide (hypercapnia) during respiratory distress or conditions that
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impalr gas exchange or lung function. Diabetic ketoacidosis and lactic acidosis represent
three of the most serlous acute complications of diabetes and can result in brain acidification.
Further, fetal asphyxiz durieg parturition occurs in 25 per 1000 births at term. [t involves

hypoxia and brain damage that s similar but not identical to ischemia.

The acidification associated with pathological situations can partially inhibit NMDA
receptors, which provides negative feedback that reduces their contribution to neurotoxicity
and seizure maintenance (Kaku et al, (1693), Science 260:1316-1518; Munir and McGonigle
(19935, I Neurosci 13:7847-7860; Vomov et al. (1996), T Neurochem 67:2379-2389; Gray et
al. (1997), I Neurosurg Anesthesiol 9:180-187; ODonnell and Bickler (19943, Stroke 25:171-
177, reviewed by Tombaugh and Sapolsky (1993}, F Neurochem 61:793-803; (Balestrino
and Somjen (19883, J Physiol (Lond) 396:247-266; Velisek et al. (1994), Exp Brain Res
101:44-52). However, the pH sensitivity of glutamate transporters increases the likelihood
that extracellular glutamate levels will be high during a period of acidification (Billups and
Attwell (1996), Nature {Lond) 379:171-173), which enhances the opportunity for post-insuit
treatment of, for example, stroke with NMDA receptor antagonists (Tombaugh and Sapoisky
(1993), I Neurochem 61:793~803).

Until 1993, 1t was not known whether the proton-sensitive property of the NMDA
receptor could be exploited as a target for small molecule modulation of the receptor to
develop therapeutics, Traynelis et al, {1995 Science 268:873 ) reported for the first time that
the small molecule spermine could modulate NMDA receptor function through relief of
proton inhibition. Spermine, a polyamine, shifts the pKa of the proton sensor 1o acidic vatues,
reducing the degree of tonic inhibition at physiological pH, which appears as a potentiation of
function (Traynelis et al. (1995), Science 268:873-876; Kumamoto, E (1996), Magnes Res
9(4):317-327).

In 199%, it was determmned that the mechamsm of action of the pheaylethanolamine
NMDA antagonists involved the proton sensor. Henprodii and CP-101,606 increased the
sensitivity of the receptor to protong, thereby enhancing the proton inhibition. By shifting the
pKa for proton block of NMDA receptors to more alkaline values, ifenpredil binding causes a
larger fraction of receptors to be protonated at physiological pH and, thus, inhibited. In
addition, ifenprodil was found to be more potent at lower pH (6.5) than higher pH (7.5) as
tested in an in vitro model of NMDA -induced excitotoxicity in primary cultures of rat
cerebral cortex (Mott et al. 1998 Nature Neuroscience 1:659). These compounds have

exhibited neuroprotective properties in preciinical models and lack the severe side-effect
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ilability of other types of NMDA antagonists (e.g. PCP-like psyehotic symptoms and
cardiovascular effects). Other NMDA receptor-selective derivatives of ifenprodil are being
considered for chnical deveiopment, including CP161,606 (Mennit et al, {1967 Eur
Pharmacol 331:117-126), Ro 25-6981 {Fischer et al. (1997}, J Pharmaco! Exp Ther
283:1285-1292) and Ro 8-4304 (Kew et al. (1998), Br T Pharmacol 123:463-472),
Unfortunately, ifenprodil and several of 11s analogs, inchuding eliprodil and haloperido!
{Lynch and Gallagher (19963, J Pharmaco! Exp Ther 279:154-161; Brimecombe e al. (19983,
J Pharmacol Exp Ther 286(2):627-634), block certain serotonin receptors and caicium
channels in addition to NMDA receptors, limiting their ¢linical usefulness (Fleicher et al.
(1995}, Br I Pharmaco! 116(7):2791-2800: McCool and Lovinger (1905,
Neuropharmacology 34:621-629; Barann et al. (1998), Naunyn Schmiedebergs Arch
Pharmacol 358:145-152).

WO 02/072542 to Emory University describes a clags of pH-dependent NMDA
receptor antagomsts that exhibit pH sensitivity tested in vitro using an oocyte assay and in an
experimental model of epilepsy.

WO 06/023957 to Emory University describes precesses for selection of a compound
which may be useful in the treatment of an ischemic mjury or a disorder that lowers the pH n
a manner that activates the NMDA receptor antagonist,

There remains a need for improved neuroprotective compounds and methods for the
treatment of neuropathologies that have recduced toxicity. In particular there is & need for
improved treatments for neuropathic pain, inflammatory pain, swoke, traumatic brain injury,
global ischemia. hypoxia, spinal cord trauma, epilepsy, and other neurodegenerative diseases
and disorders.

It 18 therefore an object of the present invention to provide new compounds,
pharmaceutical compositions and methods for the treatment of neuropathic and

neurcdegenerative diseases and disorders,

SUMMARY

NMDA receptor antagonists of Formula 1, T1, 111, IV and V are provided, as well as
compositions and methods of use of these compounds in the treatment or prophylaxis of
neuropathic pain, stroke, traumatic brain injury, epilepsy, and neurologic evems or
neurodegeneration resulting from NMDA receptor activation. In particular, the compounds

described herein are useful as neuroprotective agents. In one embodiment, the compounds,



WO 2009/006437 PCTIUS2008/068843

compositions and methods are usefu! in the treatment of neuropathic pain. Compounds
described herein are also useful in preventing neurodegeneration in patients with Parkinson's,
Alzheimer's, Huntington's chorea, ALS, and other neurodegenerative conditions known to the
art to be responsive to treatment using NMDA receptor antagonists,

In particular embodiments, certain NMD A recepter antagonists described herein have
enhanced activity in brain tissue havin g lower-than-normal pH due 1o pathological
conditions. Conditions that can alter the regional pH include hypoxia resulting from stroke,
traumanc brain injury, globa! ischemia that may occur during cardiac surgery, bypoxia that
may oceur following cessation of breathing, pre-eclampsia, spinal cord traume, epilepsy.
status epilepticus, neuropathic pain, mflammatory pain, chronic pain, vascular dementia or
glioma tumors.

In one embodiment, compounds, pharmaceutical compositions and methods of
treatment or prophylaxis of neuropathic pain, stroke, traumatic brain injury, epilepsy, and
other neurologic events or newrodegeneration resulting from NMDA receptor activation
comprising administering a compound 1¢ a host in need thereof are provided, wherein the

compounds is of Formula I, or a pharmaceutically acceptable salt, ester, prodrug or derivative

thereof:
/W\ /(CRSR‘*)n\ /(CRSRS)D / Ar? z
(L Ar' X NR? Y
Formula I
wherein:

cach L is independently C;-C alkyl, C,-Cq alkoxy, C(=03-(C-Cgi-alkyl, C-Cq haloalicyl,
hydroxy, fluore, chioro, brome, 10do, nitro, or cyano: or two [ groups may be taken together
with Ar' to form: a dioxolane ring or a cyclobutane ring;
k=0,1,2240r5;
each Ar' and At is independently ary] or heteroaryl;
W is a bond, C;-Cy alicyl, or C-C, alkenyl;
X is 2 bond, NR' or O
each R' and R? is independently H, Cr-Cy alkyl, Co-Ce alkenyl or Ce-Cy, aralkyl; or
R' and R* can be taken together to form a 5-8 membered ring:
each R and R” is independently FI, C,-Cq alleyl, Ci-Cs alkoxy, C(=0 HC-Ce-alkyl, C;-Cq

haloalkyl, iydroxy. fluore, chloro, bromo, iedo, nitro, or cvano; or CRR? i C=(,



n=1 2 3or4;

each R® and R%is independently H, C,-Cs alkyl, C)-Cq alkoxy, C(=0)-(C;-Cel-alkyl, C,-Cs

haloalkyl, hydroxy. fluore, chlore, bromo, iodo, nitro, or cyano; or CR*R®is C=0 or C=CH,;
O

o

—n -
NN CH,

or wherein -NR*- (CR’R®),- can be
Yisabond, O, §, SO, SO,, CH,, NH, N(C,-Cg aliyl), or NHC(=0};
7 is OH, NROR, NR®SO(C:-Cq alkyl), NR*C(OYNRTR', NREC(SINRR", NR*C(OYO(C-C
alky!), NR dihydrothiazole, or NR*-dihydroimidazole; wherein each RS, R and R® is
independentiv H, C;-Cg allevi or C-Cyp aralkyl; or

>=O Ar2 >=O Arz/X Arz:zN

Arf——7 . TSNRS TNRS o
R‘IU NR1O
/F >:.—__Q Ar2 S
TSRe NRQ ’
NR1O
“N ,fo /\ ’/;O
Ar? Ar? S&
/ \ S
TSNRS Snre ©. in R? o -
. 01 _ ; wherein R” and R'" are each independently H, C:-Cs

alkyl, aralkyi.



In a first aspect, there is provided a compound of Formula 1, or a pharmaceutically

acceptable salt, ester, prodrug, or derivative thereof:

(CRIRY) (CR“RS A2

N N

- Formula |

(L

whereln:
each L 1 independently C,-C, alicvl, C-Cp alkoxy, O “OC-Cyh-allyl, C-Cy, hal ioaikyl, alkaryl,
hydroxy, -O-atkyl, -O-aryl, -SH, =S-alkyl, -S-aryl, fluore, chioro, bromo, wdo, nitro,
or cyano; or two L groups may be taken together with Ar' (o lorm: 3 dioxolane ring or a cyclobutane
ring;
k=0,12,340r5;
each Ar' and Ar® is independently ary! or heteroaryl;
W is a bond, C;-Cy alkyl, or C1-C, alkenyi,
X isNR'
each R" and R” is independently H, C,-C, alkyl, C;-Cy alkenyl or C4-Cyz aratkyl; or

R' and R can be taken together to form a 5-8 membered rHg,
each R" and R is independently H, C,-Cq alky!, C,-C, alkoxy. C(=0(C,; -Coy-alkyl, C-Cy haloaikyl,
hydrexy, fluoro, chlore, bromo, iodo, nitre, or eyano; or CR'RY s C= ()
n=1,2 3ord
each R and R" is independently H, C,-C, alkyi, C,-C, atkoxy, C(=03(C,-Cy)-alkyl, C-Cy haloatkyl,
Irydroxy, fluore, chloro, _bromo, wdo, :}it.m, or cyano; or CR'R" is C=0 or C=CHy

O

-0

...__N -—
RS
or wherein -NR”- (CR'R®),- can be CHp :

pis 1,2, 3 or4;

Y isabond, O, S, SO, SO, CH,, NH - N(C-Cy alkyl), or NHC(=0);

Z is OH, NR'R7, NR*SO4(C,-C, alkyl), NR*C(OINR R, NR L(‘%)NR(’I{7 NRPC(O)(C,-Cy aliyl,
NR® ~dihvdrothiazole, or NR*-dilhydroimidazole: wherein each R", R” and R is mdependently H, C,-

Cy alkyl or Co-C 5 aralkyi; or

Qg



Arz\ C oA SO A Ar? N
Aré—3z NRY THRY TNRY \‘“NRQ
RN N
- ~.. - W 14 10
) ] . NR -NR
z/\w__ A Ar N -
Ar =0 - - Ar ﬁg Ar? =5
- . \3-\\\ ™ : "
SNRE NRELTO 0 TNRE TR T TR
-NR0 -
o } RN
2 \8////0 'J/ A -/////‘"‘J )
Are . Are S
S ST
~.NP9 O \NPQ Q . & Hi
- . or : Dowherein R and |2 “are each independent| ¥ HOC-0,

alfovl, aralkyl;
wherein when X is o bond, ¥ 15 O and A |5 phenyi, 7 is ot NRHSC)Q(Cg-CO alkyi) and

when X is O -NR-(CROR®),- is not -NH-(q =()}-,

In a second aspect, there is provided a pharmaceutical composition comprising a
compound of the first aspect in a pharmaceutically acceptable carrier.

In a third aspect, there is provided a compound of the first aspect, optionally in a
pharmaceutically acceptable carrier, for use in the treatment or prophylaxis of
neuropathic pain, stroke, traumatic brain injury, epilepsy, and other neurologic events or

neurodegeneration resulting from NMDA receptor activation.
1o certain embodiments, it has been found that certain aryl substititions enhance

actvity and safety of wi-cyclic substituted amie NMDA receptor amagomnist compounds by
decreasing secondary effects such as hERG binding and o} adrenergic receptor activation.
Thus, in certain embodiments, compounds, pharmaceutical compositions and methods of
treatment or prophylaxis of neuropathic pair, stroke, traumatic brain jury. epilepsy, and
other neurclogic events or neurodegeneration resulting from NMDA receptor activation are
provided comprising administering a compound o a host in need thereof are provided,
wherein the compound is of Formula V. or a pharmaceutically accepable salt. ester, prodrug

or dertvative thereof

Ar we B w Y Ar z
Formuia V

wherein B’ is selected from the group consisting of:

9b



O

O
0O
N / f /ik Y0
N N~ =N =N N- N [ - ~
./ AN N/ and TN
W is a bend or C;-Cy alicyl;
W 15 Cy-Cy alicyl, C-Cy hydroxyalkyl, Ci-Cy haloalkyl or C(=0)-C,-Cy alkyl;

Y 15 selected from a bond, O, 8, CH» and N;

1 ) ®

AT’ 18 an substituted or unsubstituted aromatic or nonaromatic cycloalkyl which optionaliy
may include G-3 heteroatoms;

Ar’ 18 an aromatic or nonaromatic cycloalicyl which optionally may include 0-3 heteroatoms;
£’ 18 NRC(ONR; wherein each R is independently setected from H, Cy-Ce alkyl or Ce-Cyz
aralkyl; or

Ar’*-Z’ are taken together and selected from the group consisting

R
O N
— -
Ar"/>=20 A O A =0 A"
r Ar /-—O
of R , R . R . [
\
Ar
\ N Q
and R

in one embodiment, Ar’ is substited by (L") wherein eachi L’ is independently C;-Cs
allkyl, Ci-Cg alkoxy, C(=O)-(C,-Cg)-alkyl, C1-Cs haloalkyl, alkaryl, hydroxy, -O-aikyl, -O-
aryl, -SH, -S-alkyl, -S-aryl, fluoro, chiore, bromo, iode, nitro, or cyang; or two L’ groups
may be taken together with Ar to form a dioxolane ring or a cyclobutane ring; and k’ =1, 2,
3,4 0135,
In a fourth aspect, there is provided a compound of Formula V or a

pharmaceutically acceptable salt, ester, prodrug or derivative thereof:

AF W B’ W Y’ Al z
Formula V
wherein B’ is selected from the group conststing ol
O Y

/N ~ N -
O
-N - N- —ND -N N- N N- e
AN N/

SS— ot
p— and ~ :

- k] k3

W" is a bond or C-C, alkyl;

W s C-Cy alkyl, C,-C, hydroxyalkyl, C-Cy haloalikyl or C(=0)-C,-Cy alkyl;

Y* is selected from a bond, O, 5, CiH, and N

Ar 15 a substituted or unsubstituted aromatic or nonaromatic cycloalikyl which optionally
may include (-3 heteroatoms:

Ar™ ts an aromatic or nonaromatic cycioalkyl wllbicia optionalty may inciude 0-3 heteroatoms;



2 s NRC{OWNR,: wherein each K s indepemlentiy selected from H, Ce-C allyt or CoCys
arallvl: or

LT e i 2ty o e il (e - L
ATT-Z0are taken Weether wnd select ed from the group consisting

,/””\\ L '}\,\ e N\\ - \'i
A /m O Ay /\;::": g Ar () Al l
\\\ ! . e N /’A‘\
N N ™ W Ty
of R R R 2
o Ty -
Ar' J
™ I
N
N T
and R

In a fifth aspect, there is provided a pharmaceutical composition comprising a
compbund of the fourth aspect, in a pharmaceutically acceptable carrier.
In a sixth aspect, there is provided a compound of the fourth aspect, optionally in
a pharmaceutically acceptable carrier, for use in the treatment or prophylaxis of
neuropathic pain, stroke, traumatic brain injury, epilepsy, and other neurologic events or
neurodegeneration resulting from NMDA receptor activation.
In certain embodiments, the compounds are used for the weatiment of neuropatiic
pain, stroke, traumatic brain injury. epilepsy, other neurologic events or neurodegeneration
resultting from NMDA receptor activation, Pariinson's disease, Alzheimer's disease,
Huntington's chorez, ALS. and other neurodegenerative conditions known to the art 10 be
responsive to freatment using NMDA receptor blockers. in particular embodiments, the
compounds are used for the prophylaxis of neuropathic pain, stroke, trawmatic brain injury,
epilepsy, other neurologic events or newrodegeneration resultin g from NMDA receptor

activation, Parkinson's disease, Alzhsimer's disease, Huntington's chorea, ALS, and other

10a



WO 2009/006437 PCT/US2008/068%43

neurodegenerative conditions known 1o the art 1o be responsive to treatment using NMDA
receptor blockers, The compounds can be administered on a prophylactic basis to a patient at
risk of a disorder associated with NMDA receptor overactivation, and in particular 2 disorder
associated with a reduced pH. In particutar embodiments, the compounds act as
neuroprotective agents.

in certain embodiments. the compounds are administered to a host in need thereaf In
certamn other embodiments, the compounds ere administered in combination or alternation
with other compounds that arc useful in the troament or prophylaxis of other neurologic
events or neurodegeneration resulting from NMDA receptor activation, Parkinson's disease,
Alzheimer's disease, Huntington's chorea, ALS, and other neurodegenerative conditions

=

known to the art to be responsive to treatment using NMDA receptor blockers.

DETAILED DESCRIPTION OF THE INVENTION

it has been discovered that certain NMDA receptor antagonists are useful in the
treatment or prophyiaxis of neuropathic pain, stroke, traumatic brain wjury, epilepsy, and
other newrologic events or neurodegeneration resulting from NMDA receptor activation as
well as Parkinson's disease, Alzheimer's disease, Huntington's chorea, ALS, and other
neurcdegenerative conditions known in the art to be responsive to treatment using NMDA
receptor blockers. In particular, compounds described below are useful as neuroprotective
agents. In one specific embodiment, the compounds, compositions and methods are useful in
the treatment of neuropathic pain. In certain ermbodiments, the compounds provided herein
are allosteric NMDA inhibitors.

In one embodiment, the ICs, value of the compound is 0.01 to 10 uM, (.01 10 0 uM,
00116 8 uM, 0.01 10 7 &M, 0.01 t0 6 uM, 0.01 0 5 kM. 0.01 to 4 uM, 0.01 10 3 UM, 0.01 to
2uM, 0.01 to 1 pM, 0.051t0 7 uM, 0.05 to 6 UM, 0.05t0 5 uM, 0.05 to 4 M, 0.05 to 3 LM,
0.0510 2 uM, 0.05t0 1 uM, 0.05 t0 0.5 MM, 0.1 107 M, 0.1 to 6 uM, 0.1 10 5 uM, 0.1 to 4
uM. 01103 uM, 0.1 102 uM, 0.1 10 UM 0.1 0 0.5 UM, 0.1 10 0.4 uM. 0.1 10 0.3 ull, or
0.1100.2 uM.

Certain NMDA receptor antagonists described herein have enhanced activity in tissue
having lower-than-normal pH. The acidic environment gencrated by ischemic tissue during
stroke or by other disorders is harnessed as a switch to activate the neuroprotective agens
described herein. In this way side effects are minimized in unaffected tissue since drug at

these sites are less active,
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In particular embodiments, the compound is pH sensitive. In specific embodiments,
the compound exhibits a potency boost of at least 2, at least 3, at least 4, at least 5, at least 6,
at least 7, at least §, at least 9, at least 10, at least 15 or at least 20 when comparing the 1Csp at
physiological pH versus the ICs, diseased pH (i.e., (ICsq at phys pH/ICs; at Dis pH)). In
certain embodiments, the compound exhibits at least a 30%, 35%, 40%, 45%, 50%, 55%, or
60% decrease in infarct volume when a patient is suffering from a stroke or related
condition,

In one embodiment, the compound has an ICs; value of less than 10 uM at a pH of
about 6 10 about 9. In one embodiment, the compound has an ICso value of less than 10 pM
at a pH of about 6.9, In another embodiment, the compound has an ICso value of less than 10
uM at a pH of about 7.6, In one embodiment, the compound has an ICsy value of less than 10
uM at physiclogical pE. In one embodiment, the compound has an 1Cs; value of tess than 10
uM at diseased pH.

In one embodiment, the ICs, value of the compound at pH 6.9 15 0.01 to 10 uM, 0.01
to 9 uM, 0.01 to 8 uM, 0.01 to 7 uM, 0.01 to 6 uM, .01 to 5 uM, 0.01 to 4 uM, 001 to 3
uM, 6.0l 102 uM, 0.01 to 1 uM, 0.05 to 7 uM, 0.05 10 6 uM, 0.05 to 5 uM, 0.05 10 4 uM,
0065t03 uM, 005102 uM, 0.05t0 1 UM, 0.05t0 0.5 uM, 0.1 to 7 uM, Gl to 6 uM, Gl to 5
uM, 0.1 t04 uM, 0.1 103 pM, 0.110 2 uM, 0.1 t0 1 uM, 0.110 0.5 uM, 0.1 10 0.4 pM, 0.1 to
0.3 pM, or 0.1 {0 0.2 uM, and the ratio of the ICsq values at pH 7.6 to pH 6.9 for the
compound is greater than 1,2, 3,4, 5, 6, 7, 8,9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 8G, 90, or
100.

In one embodiment, the 1Cs value of the compound at pH 6.9 18 0.01 to 10 uM, 0.01
10 9 uM, 0.01 to 8 uM, 0.01 to 7 pM, .61 to 6 uM, 0.01 to 5 uM, 0.01 to 4 udM, 0.0 t0 3
ubM, 0.01 to 2 uM, 0.01 to 1 uM, 0.05 to 7 uM, 0.65 tc 6 uM, 0.05 t0 5 uM, 0.05 to 4 uM,
005t03 uM, 0.05t02 uM, 0.0510 I pM, 0.05t0 0.5 uM, 0.1 to 7 uM, 0.l to 6 uM, 0.1 to §
pM, 0.1 t0d uM, 0.3 to3 pM, 0.1 0 2 pM, 0.1 t0 T uM, 0.1 t0 0.5 pM, 0.1 to 6.4 pM, 0.1 to
0.3 pM, or 0.1 to 0.2 uM, and the ratio of the ICs; values at pH 7.6 to pH 6.9 for the
compound is between 1 and 106, 2 and 100, 3 and 100, 4 and 100, 5 and 100, 6 and 100, 7
and 100, 8 and 100, ¢ and 100, 10 and 100, 15 and 100, 20 and 100, 25 and 100, 30 and 100,
40 and 100, 50 and 100, 60 and 100, 70 and 100, 80 and 100, or 90 and 100.

In other embodiments, the 1Csq value of the compound at pH about 7.6 is 0.01 to 10
uM, 0.01 to 9 uM, 0.01 1o 8 uM, 0.61 to 7 ud, 0.01 1o 6 uM, 0.01 to 5 uM, 0.01 to 4 uM,
0.01103 uM, 0.01 102 uM, 0.01 to 1 pM, 0.051t0 7 M, 0.05 to 6 uM, 0.05 to 5 uM, 0.05 to
4uM, 0.05t03 uM, 0.05t0 2 uM, 0.05 to 1 uM, 0.05t0 0.5 uM, 0.1 to 7 uM, (L1 10 6 M,

12
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0.ltospM, 0lto4uM 0.1to3 uM, 0.1 o2 uM, 0.1 10 1 M, 0.1 to 0.5 uM, 0.1 to 0.4
uM, 0.1 t0 0.3 uM, or 0.1 t0 0.2 uM, In certain of these embodiments, the compound
exhibits a ratio of the 1Cs, values at pH 7.6 to pH 6.9 between 1 and 100, 2 and 100, 3 and
100, 4 and 100, 5 and 100, 6 and 100, 7 and 100, 8 and 100, 9 and 100, 10 and 100, 15 and
100, 20 and 100, 25 and 100, 30 and 100, 40 and 100, 50 and 100, 60 and 100, 70 and 100, 80
and 100, or 90 and 100, In certain other embodiments, the compound exhibits a rafio below

10, orbelow 5, 0r4, 3,2 or L.

Compounds
¥ormula T

In one embodiment, compounds, pharmaceutical compositions and methods of
treatment or prophylaxis of neuropathic pain, stroke, traumatic brain injury, epilepsy, and
other neurologic events or neurodegencration resulting from NMDA receptor activation,
comprising administering to a host in need thereof a compound of Formula @, ora

pharmaceutically acceptable salt, ester, prodrug or derivative thereof are provided:

{CRPR%, CR°RY),

W ( Ar?
Ar / \ x/ \NRE/ \ Y/

(S
Formural

wherein:
each L is independently C;-Cy alkyl, C,-C alkoxy, C{(=0)-{C,-Cg)-allyl, C-Cg haloalkyl,
allkarvi, hydroxy, -O-alkyl, -O-ary], -SH, -S-alkyl, -S-aryl, fluoro, chloro, bromo, iodo, nitro,
or cyano; or two L groups may be taken together with Ar' to form: a dioxolane ring or a
cyciobutane ring;
k=0,12 3, 4o0r5;
each Ar' and A’ is independently aryl or heteroaryl;
W is a bond, C,-Cy alkyi, or C2-Cy alkenvl;
X is a bond, NR' or O:
each R' and R% is independently H, C,-Cs alkyl, C;-Cs alkenyl or Ce-Cy7 aralkyl; or
R' and R? can be taken together to form a 5-8 membered ring;
each R* and R* is independently H, C;-Cs alkyl, C-Cy alkoxy, C(=0}~(C,-Co)-alkyl, C;-Ce

halealky!, hydroxy, fluore, chloro, bromo, iode, nitro, or cyano; or CR'R* is C=0:

13
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n=1,2 3ord4,

cach R” and R® is independently H, C,~Cs alkyl, C1~Cg alkoxy, C(=0)-(C,-Cg)-alkyl, C;-Cs

haloalkyl, hydroxy, fluore, chlore, bromo, iodo, nitro, or cyano; or CRR® is C=0 or C=CH,;
8]

Mo

..............N -
. N~
or wherein -NR*- (CR°R®),- can be CHprme .

Y is a bond, O, S, SO, SO,, CHa, NH, N{C-Ce allyl), or NHC(=0);

Z is OH, NR°R”, NR*S0,(C;-C¢ alkyl), NR*C(OINRPR’, NR*C(S)NRR’, NR*C(0)YO(C;-Cs
alky]), NR®-dihydrothiazole, or NR®-dihydroimidazole; wherein each R®, R” and R® is
independently H, C;-Cq alky] or Cs-Cy» aralkyl; or

@] S
Ar? G A7 O A Ar? /N
AP——z . TSR ~~n TSNRE T NNRS
R‘IG R'm
/F >=O Ar2 >=
T~nRe
NR1
2 \S//O ) SJ/O
~ /9 \O | N /9 \O : o 10 :
NR ,or NR . wherein R” and R are each independently H, C,-Cs
alkyl, aralkyl.

In specific embodiments of the Formula I when X is a bond, Y is O and Ar® is pheny!,
7 is not NR*SO(C,-Cy alkyl); and when X is O, ~NR2—(CR5R6)I,~ 18 not -NH-C(=0}-.
In one embodiment, when Y is NHC(=0), Z is not OH or NR*SO»(C,-Ce alkyl). In
one subembodiment, when R and R? are taken together to form a 5-8 membered ring so that
(CR°R%),
/ \
_N N..
. N /
1 Ay 1. R lm—pR2 ' ‘ )
-NR -{CR'R"),-NR"- 18 ., Y-Ar" is not NH-heteroaryl. In another
subembodiment, when R' and R” are taken together to form a 5-8 membered ring so that -
(CRORY),
\
_N N-
. N ph
NRACRRH-NR%- s R=R v s not NHC(=0).
In one embodiment, X is NRY, In another embodiment, X is O. In another
embodiment, X is a bond, In a particular subembodiment, X is abond, nis 1, R and R* arc

both H, and W is Cs alkenyl. In certain embodiments, X is not a bond.

14
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In particular subembodiment, Ar’ is phenyl, pyridyl, pyrimidinyl, thiopheny,
mmidazolyl, furanyl, indolyl, benzothiopheny!, benzofuranyl, or benzoimidazolyl.

In another particular subembodiment, 1. is C,-C, alkyl, C,-C4 alkoxy, C=0)-(C;-Cy)-
alkyl, C,-C¢ haloalkyl, hrydroxy, fluore, chloro, bromo, iodo, nitro, or cyano. In a further
subembodiment, L is methyl, trifinoromethyl, methoxy, nitro, fluoro, chloro or hydroxy. In
one further subembodiment, there are one, two or three L groups substituting Ar'. In one
subembodiment, Ar’ is substituted with one fluorc group. In one subembodiment, Ar' is
substituted with two fluoro groups. In one subemboediment, Arl is substituted with one fluoro
group and one chloro group. In one subembodiment, At is substituted with one chloro
group. n one subembodiment, Ar' is substituted with two chloro groups. In one
subembodiment, Ar’ is substituted with one methyl group. In one subembodiment, Ar' is
substituted with one trifluoromethyl! group.

In one subembodiment, Ar' is phenyl. In one subembodiment, Ar' is phenyl and is
substituted with an L group at the 2, 3, or 4 position. In another subembodiment, Ar' is
pheny! and is substituted with L groups at the 2 and 4 positions. In another subembodiment,
Ar' is phenyl and is substituted with L groups at the 3 and 4 positions.

In one subembodiment, Ar’ is pyridyl. In another subembodment, Ar' is 2-pyridyl, 3-
pyridyl, or 4-pyridyl.

In one embodiment, Ar’ is a bicyclic group wherein the W group is attached to the
heterocyehic ring.

In one embodiment, W is a bond. In another embodiment, W is CH. In another
embodiment, W is C-Cy alkenyl,

In one embodiment, each R' and R? is independently H or C;-C, alkyl, for exampie,
methyi, ethyl, n-propyl, isopropyl, n—.butyl, sec-butyl or rerr-butyl. In one embodiment, R
and R? are both H. In one embodiment, R' and R? are both C;-C, alkyl, for example r-butyl.

In another embodiment, R' and R? can be taken together to form a 5-8 membered ring so that

(CRPRY),
\
_N\ /N-
o 1 3 . =V .
NR-(CRPRM),-NR- is R—R"  one subembodiment, when R and R? are taken
(CR*RH),
\
-.-N N....

/
2

N\
together to form a 3-8 membered ring so that -NR'-(CR’R*),-NR*- is R™—R L Y-Artis

not NH-heteroaryl. In another subembodiment, when R' and R” are taken together to form a

15
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(CR"”R“*I
......N N_
: gt
5-& membered ring so that -NR'-(CR*R*),-NR- is R'—R® v is not NHC(=0). In one
embodiment, n is 2. In one embodiment, 11 is 3. In another embodiment, R! and R? are each
CH;. In a subembodiment, CR'R* is CH, and n is 2. In a subembodiment, CR'R? in CH, and

nis 3. Ina subembodiment, CR*R* is C=O and nis 1.

I(CR3R“)\U O O
=N N= / \ )k / ’i
N S -N N- "N N- =N N
In one embodiment, R—R s N / , N~ or
O
/<CR3R4)n
....N -
N *N\ /N- N/ \N
o . In one embodiment, RI—R* & N . Inanother
(CR3R%), Q
O
/ -N M-

AY
. e .
embodiment, Ri—R is o/

In-one embodiment, each R’ and R® is independently H, Ci-Cy alkyl, C,-Cy alkoxy,
C(=0)-{Cy-Cyr-alkyl, C-Cy haloalkyl, hydroxy, fluare, chloro, brome, 10do, nitro, or cvano,
In one embodiment, CR’R® 1s C=0 or C=CH,. In one embodiment, p is 2, 3, or 4. Inanother
embodiment, p is 3. In one embodiment, R and R® are H. In another embodiment, one of R’
and R® is hydroxy. In another embodiment, CR°R® is C=CH,. In another embodiment,

CR’R®1s C=0. In one embodiment, ( CRSR(’}p 1s selected from the group consisting of

CH, CfH o
cH |
CHy HC” He” e,

E H H

OH oH OH OH

oK
/l\ : * CH )\/CH2
H,C CH, H?(:’/\CH2 HaC CH, H(l;/\/ 2 H,C
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o
CH,
H?CJ\/

greater than 1, each (CR°R®) can be independently selected, for example, in one embodiment
pis 2 and one (CR°R®) is C=0 and the other (CR’R®)is CH,. In one embodiment, R’ is not

. Compounds of Formuia I car include compounds wherein when p is

fluoro. In another embodiment, R® is not fluoro.
O>§
HN\/\
in one embodiment, -NR*- (CR® Rs)p- is CHz— fna particular
Cl
0O 5

N"N-N

H

11O

}\ v

At
subembodiment, the compound 1s OH | In another

particular subembodiment, the compound is

Ct
Q
m/@ o
ﬁ/\/N\/\/o\Ej
NJSOQMS

In one embodiment, Y 15 a bond, O or CH;. In one embodiment, Y is O, In another
embodiment, Y 18 CHz. In one embodiment, Y 18 not NH. In another embodiment, Y is not
NHC(=0).

In one embodiment, Ar” is arvl. In one embodiment, Ar is aryl, but not phenyl or
heteroaryl. In one embodiment Ar” i phenyl. In one subembodiment, Ar’ is phenyl and is
substituted with a Z group at the 4 position. In one embodiment, Ar’ is not heteroaryl. In one
embodiment, Ar’ is aryl, but not pheny! or heteroaryl.

In one embodment, Z is OH, NR°R’, NR*S0O,(C,-Cs alkyl), NR*C{ONRR’,
NRICSINR®R', NR*C(0)O(C;-Cg alkyl), NRE-dihydrothiazole, or NR*-dihydroimidazole.

9] S

— — /\
Ar? >==O Ar? >==O a? N
— S~ ~ —
In one embodiment, Ar? Z i NR® \ NR® ) NR® .
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NR1O NR‘IO
/ / O
N\
A2 >=o Ar2/>:o Ar? /s’< A2 /s%’
TNRE . TNRS . SnReE O , or \NRQ O. In one
/O
Ar? 0
—_— \ 2 e
subembodiment, Ar? Z; . In one subembodiment, Ar z
NR1D

2 Ar2 %s

is NRS Rg . In one

subembodiment, R’ and R" arc each 1.
In one embodiment, Z is NRSC(O)NRERT_b for example NHC(OIYNEH; or
NHC(OYN(CH3 ).

In another embodiment, Z and Ar’ are taken together and selected from the group

NR1G
/FO o %0 A >=O Ar?

consisting of: TNRS ,
AN
A

and \NRQ 0,

In one embodiment, the compound is a cempound of Formula 1, or a pharmaceutically
acceptable salt, ester, prodrug or derivative thereof, wherein:
L is Ci-Cs alloyl, Ci-Cy allkkoxy, C{(=03-(Ci-Cg)-alkyl, C1-Cs halealkyl, alikaryl, hydroxy, -O-
allkyi, -O-aryi, -8H, -S-alkyl, -S-arvi, fluoro, chiore, bromo, iode, nitro, or cyano; or two L
groups may be taken together with Ar' to form a dioxolane ring or a cyciobutane ring;
k=0,1,2,3 4o0r5;
Ar' is phenyl, pyridyl, pyrimidiny}, thiophenyl, imidazolyl, furanyl, indolyl, benzothiophenyl,
benzofuranyl, benzoimidazolyl;
Ar” is phenyi;
W is a bond, C-C4 alkyl, or Co-Cy alkenyl;
cach R and R? is independently H, C;-C, allkeyl; or

R'and R” can be taken together to form a 5-8 membered ring;
each R and R* is mdependently H, C;-Csq alkyl, C-Cq alkoxy, C(=0)-(C1-Cei-alicyl, C,-Cs

haloalkyl, hydroxy, fluore, chloro, brome, iodo, nitro, or cyano; or CRR* s C=0,

18
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n=1,23ord;

cach R” and R® is mdependently H, C,-Cg alkyl, C;-Cs alkoxy, C{=0)-(C1-Cgr-alkyl, T1-Cs
haloalkyl, hydroxy, fluore, chloroe, brome, 1odo, nitro, or cyano; or CRRE 18 C=0, C=CHa;
Y isabond, O, §, SO, SO,, CH,, NH, N(C;-Cq alkyl), NHC{(=0);

Z is OH, NH,, NHSOx(C,-C4 alkyl), NHC(ONRR', NR*C(SINRR’, NHC(O)O(C1-Cy
aliyl), NH-dihydrothiazole, or NH-dihydroimidazole; wherein cach R and R is
independently H, C;-Ce alkyl; or

10
—0 - S /\ - NR
Ar? >=O Ar? >=O Ar? /N Ar? === 0)
Af—z oo TSNRG S TSWNRY | TNMWRSL NWNRE
NR'IO
AT’Z O A;’Q S Arz S
~ ~.7 \\\:O ~.7 \\'O
NR® ’ NRY ,or NR? - wherein R’ and R'” are cach

mdependentty H or C;-Cy alkyl.

It one embodiment, the compound is a compound of Formula 1, or a pharmaceutically
acceptable salt, ester, prodrag or derivative thereof, wherein:
L is Cy-Cg alkyl, Cy-Cy alkoxy, C(=0)-(C:-Cg)-alkyl, C1-Cg haloalkyl, alkaryl, hydroxy, -O-
allkyl, -G-aryl, -SH, -S-alkyl, -S-aryl, fluore, chioro, brome, iodo, nitro, or cyang; or two L
groups may be taken together with Ar' to form a dioxolane ring or a cyclobutane ring;
k=0,1,2,3,40r5;
Ar' is phenyl, pyridyl, pyrimidinyl, thiophenyl, imidazolyl, furanyl, indoly!, benzothiophenyl,
benzofuranyl, benzoimidazolvl;
Ar” is phenyl,;
W is a bond, Ci-Cy alkyl, or C5-Cq alkenyi;
each R' and R” is independently H, C;-C, alkyl; or

R' and R” can be iaken together to form a 5-8 membered ring;
cach R” and R*is independently H, C,-Cs alkyl, C;-Cs alkoxy, C(=0)-(C;-Ce)alkyl, T)-Cq
haloalkyl, hydroxy, fluorc, chloro, bromao, iode, nitro, or cvano; or CRR*is C=0;
n=1,2 3ord;
each R’ and R® is independently H, C,-Cs alkyl, C,-Cs alkoxy, C(=0)-(C1-Cs)-alkyl, C1-Cs
haloalkyl, hydroxy, fluoro, chiore, bromo, iodo, nitro, or cyaneo; or CRR® ig C=0, C=CHgy;
Y is a bond, O, S, 30, 8O,, CH,, NH, N(C:-Ce alkvl), NHC(=(h;
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7 is OH, NH;, NHSO(Cy-Cy alkyl), NHC(OINRR', NRP*C(SINRR', NHC{O)YO(C-Cy
alky]), NH-dihydrothiazole, or NH-dihydroimidazole; wherein each R® and R is
mdependently H, C-Ce alkyl; or

0 NR10

- -
ArZ /\—-_ >= Ar2 >__—..O
Aré — zZ i \NRQ . ~ NR® ,
NR10
- 0 0
Ar2/>=o At \S// /\S"/ﬁ
A ™~ /9 \\O ™~y / %O
NR NR , or NR® - wherein R’ and R*® are cach

independently H or C-Cy alkyl.

Tn one embodiment, the compound 1s a compound of Formula [, or a pharmaceutically
acceptable salt, ester, prodrug or derivative thereof, wherein;
L is C;-Cy alkyl, C;-Cy alkoxy, C(=0)-(C,-Cy)-alkyl, C;-Cy haloalkyl, alkaryl, hydroxy, -O-
alkyl, -O-aryl, -SH, -S-alkyl, -S-aryl, flucro, chioro, bromo, 10do, o nitro; or
two L groups may be taken together to form a dioxolane ring with Ar';
k=0,1,2 3, 4or5;
Ar' is phenyl or pyridyl;
Ar” is phenyl;
W is a bond or C;-Cy alkyl;
X is NR';
each R’ and R” ts independently H or C,-Cy alkyi; or

R' and R’ can be taken together to form a 5-§ membered ring;

each R* and R* is independently H or C;-Cy alkyl; or CR'R? is C=0:
n=2or3;
each R® and R% s independently H, C;-Cy alkyl or OH; or CR*R is C=0 or C=CH;
Y is O or CHy;
Z is OH, NH;, NHSO,(C1-Cy alkyl), NHC(OWNR R, NR*C(SINRR, NHC(O)YO(C1-Ca
alkyl), NH-dihydrothiazole, or NH-dihydroimidazele; wherein gach RS and R’ is
independently H or Cy-C; alkyl; or

2o —
Ar Z lS

R’ is H or C-Cy alkyl.
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In one embodiment, the compound is a compound of Formulea I, or a pharmaceutically
acceptable salt, ester, prodrug or derivative thereof, wherein:
L is Cy-Cy alkyl, Ci-Cy alkoxy, C(=0)-{C1-Cy)-alkyl, C,-Cy4 haloallcyl, alkaryl, hydroxy, -O-
alkyl, -O-aryl, -SH, -5-alkyl, -S-aryl, fluoro, chlore, bromo, iodo, or nitre; or
two L groups may be taken together to form a dioxolane ring with Ar';
k=0,1,2,3,40r5;
Ar' is phenyl or pyridyl;
Ar” is phenyl,
W is a bond or C-Cy alkyl;
Xis O
R*is H or C1-Ca alkyl;
cach R* and R” is independently H or C;-Cy alkyl; or CR*R* is C=0;
n=2or3;
cach R” and R® 1s independently H, C;-Cy alkyl or OH; or CR*R® is C=0 or C=CHj;
Y is O or CHa;
Z is OH, NH,, NHSOZ(C; -C. alkyD), NHC(ONRR', NHC(O)YD(C;-Cy alkyl), NH-
dihydrothiazole, or NH-dihydroimidazole; wherein each R® and R” is independently H or Cy-
Cy aliyl; or

/O
Ar? 0
Ar? —— 7 i \NRQ

R ig H or C,-Cy alkyl.

In one embodiment, the compound is a compound of Formula I, or a pharmaceutically
acceptable salt, ester, prodrug or derivative thereof, wherein:
L is C-Cy alkyl, Ci-Cy alkoxy, C(=0)~(C1-Cyy-alkyl, Ci-Cy haloalkyl, hydroxy, fluoro,
chioro, bromo, 1odo, or nitro; or
two L groups may be taken together to form a dioxolane ring with Ar';
k=0,1,2,3,40r5;
Ar' is phenyl or pyridyl;
Ar? is phenyl;
W is Cp-C alkenyl;
X 15 a bond;
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R” is H or C-Cy alkyl;
each R’ and R* is independently H or C-Cy alkyl; or CR'R 1s C=0;
n=12or3;
each R” and R? is independently H, C,-C. alkyi or OH; or CR'R’ is C=0 or C=CH;
Y is O or CHy;
Z is OH, NHy, NHSO(Cr-Cy alkyl), NHC(OINRR, NR*C(SINRR’, NHC{0)O(Cy-Cy
alkyl), NH-dihydrothiazole, or NH-dihydroimidazole; wherein each R® and R’ is
independently H or C-Cy alkyl; or
/O
Ar? 0
Af——7 . TNRS

R” is H or C-C, alkyl.

In one embodiment, the compound is selected from the compounds in Table 1.

Table 1.

Compound
NAME

o ,QN

/©/O\/“\/
MeQ,SHN =

= G | N-(4-{3-{4-(3,4-Dichloro-phenyli-piperazin-1-yl]-2-
!
/@: (S)-hydroxy-propoxy } -phenyl)-methanesid fonamide
it
]

K\‘/ N-(4-{3-f4-(4-Chioro-phenyl}-piperazin-1-v1]-2-(5)-

?H (\N /\\\/} hydroxy-propoxy ;-phenyl)-methanesulfonamide
‘(\\/O\/\/ N
MeO SHN /\/
= N-(4-{3-f4-phenyl-piperazin-| -y} ]-2-(8)-hvdroxy-
o I/.\ N \ I propoxy | -phenyh)-methanesul fonamide
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OH N {3-14-( d-Hydroxy-phenyl-piperazin-1-yi}-2-
oH N /@ {S)-hydroxy-propoxy}-phenyl}-methanesutfonamide
i \5 O\)\/N\)
i i
MeO,SHN =
T N-(4- {3-[4-(2-Pyridyl)-piperazin-1-vi-2-(5)-

Y AN J hydroxy-propoxy }-phenyl-methanesul fonamide

=
o)
O
hv]
%}
T
Z
O
:
é:l:
e

P N-(4-{3-[4-(4-PyridyD-piperazin-1-y1]-2-(S5)-
on N . | hvdroxy-propoxy }-phenyl)-methanesuifonamide
©/ O\/\/ N \)
MeC,SHN
/\ N-{4-[2-(85)-Iydroxy-3-{ Z-phenylamino-
oH N /\\Q/‘ ethylamino)-propoxy]-phenyl} -methanesut fonamide
7 H
‘ X O\/\/ N \)
)
MaO-SHN &
/Y F N-{4-{2-(85)-Hydroxy-3-{2-(3 4-difluoro-
)\/5-\ phenyDamino-cthylamino}-propoxy}-phenyl} -
OH HN F
H methanesulfonamide
H/\\\Ir/ O\)\/ N ~
|
MeO,SHN ANF
o Gl No(4-{3-[53-(3,4-Dichioro-phenyl}-allylamino]-2 -
H
o M {(8)-hydroxy-propoxy }-phenyl-methanesud fonamide
OH Ci
: g [
K\/O\)VN
MeO,SHN" 5

= Cl N-[4~3-{Buiyl-[3-{3 4-dichloro-phenyl}-allyl]-
) N amino}-2-(Sy-hvdroxy-propoxy phenyl]-
Cl

\/l\/ | : methanesulfonamide
MeO,SHN™ ™

OH
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MeO,SHN

N+{4-{3-[3-(3,4-Difluoro-phenyl)-allylamino]-2-(5)-

hydroxy-propoxy ! -phenyl-methanesutfonamide

In one embodiment, the compound is selected from the compounds in Table 2.

Table 2.
NAME
Compound
P 6-{3-[4-(3.4-Difiuoro-phenyl)-piperazineL-ylj-2.{5)-

hydroxy-propoxy }-3H-benzooxazol-2-one

N
H
= Cl 6-{3-{4.(3 4-Dichloro-phenyiy-piperazin-1-y1]-2-
I : ”
: (SY-hydroxy-propoxy }-3H-benzooxazol-2-one
OH TN D!
{ H
C Sy O\)\/N\/
o]
:<N | P
H
//\‘/ 6-{3-J4-(4-Methyi-phenyl)-piperazin-1-yi}-2-(5}-
) A oo Ayl
oH N Ay hydroxv-propoxy -3 H-benzooxazol-2-one
G O\/\/N\/
~
N
H
N Gl | 6~ {32 {4-Cnloro-phenylamino -ethylaming-2-(5)-
on o~ S 1 hydroxy-propoxy | -3H-benzooxazol-2-one
B
O O\/JVN\/

In one embodiment, the compound is selected from the compounds in Table 3.
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Table 3.

Compound

NAME

Cl

OH (\_N S
| 2 O\A/N\)

4-{3-[4-(3 4-Dichloro-phenyl-piperazin-1-y1}-2-
(S)-hydroxy-propoxy}-phenol

HC =
A F | 4-{3-4-(3,4-Difluoro-phenyl}-piperazin-1-yl]-2-(5)-
i fydroxy-propoxy | -phenol
o /\ N Ry F
-y O\/\/N \)
| |
HO =

4-13.14-(3 4-Difluoro-phenyl)-piperazin-1-yi}-2-
{(R)y-hvdroxy-propoxy }-phenol

o F 4-{3-[4-(4-Flaoro-phenyl)-piperazin- i-y1]-2-{S)-
z | hydroxy-propoxy -phenol
on /\N S ¥ Y-PIOPOXY ;P
(\\/o\)\/N\)
o
HOM
= [ 4~ {3-[4-(3,4-Dimethyl-phenyi}-piperazin-1-vi]-2-
j {(S-hydroxy-propoxy}-phenol
oH ? S Sy-hydroxy-propoxys-p
(WO\)\/N\/
HO/,\%F
= | 4= {3 4(d=Methy]l-phenyl)-piperazin. 1 -vi]-2-(5)-
on /\N 2 hvdroxy-propoxy }phenol
(\/O N\/
Ho)\/
P CN 4-{3-f4-(4-Cyano-phenyl)-piperazin-1-y1}-2-{5)-
-
hydroxy-propoxy  -phenol
oH /\N S ) PIOPORY | -p
S O\/\/N\)
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/\/BT 4-13-]4-(4-Bromo-phenyl)-piperazin-1 -y1]-2-(5)-
o y /\) hydroxy-propoxy F-phenol
~ oA
HO =
‘/\(OH 4-{3.[4(4-Hydroxy-phenyl)-piperazin-1-yi]-2-(8)-
on (\N /\)! hydroxy-propoxy t-phenol
S O

4. §3-f4-(4-Methoxy-phenyl)-piperazin-1-yi]-2-(5)-

hydroxy-propoxy § -phenol

4 {3 [4n(4-Triffuoromethyl-phenyl-piperazin-1-yli-
2-(8)-hydroxy-propoxy} -phenol

4-{3-[4-(4-Biphenyl-piperazin-1-y11-2-(5)-
hydroxy-propoxy -phenol

4-13-14{2,4-Difluoro-pheny-piperazin-1 -y1]-2-(5)-

hvdroxy-propoxy }-phenol

4-{3-[4-(2-Fluoro-phenyl)-piperazin-1 -y1]-2-(5)-

hydroxy-propoxy }-phenol
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4-{3-14-(2-Chloro-phenyly-piperazin-1-y11-2.(5)-
hydroxy-propoxy | -phenol

o
P
HO
o i 4-{3-[4-(2-Chloro-phenyl-piperazin-1 -y13-2-{§)-
i i S
N hydroxy-propoxy }-phenol
o TN
| 2 O\/\JN\/
HO =
/\. 4-{3-[4-2-Cyano-phenyl)-piperazin-1-y1]-2-(5)-
; ! | hydroxy-propoxy}-phenol
/@/O\)\/N\/ CN
HO
4-{3-[4-Phenyi-piperazin-1-yl]-2-(8)-hydroxy-

propoxy }-phenoi

4- {3-f{4-(3-Fluoro-phenyiy-piperarin- | -y1}-248)-
hydroxy-propoxy }-phienol

4-{3-[4-(3-Chioro-phenyly-piperazin- 1 -y1]-2-{5)-
hydroxy-propoxy } -phenol

P
HO
PN 4-{3-[4-3-Methyi-phenyl)-piperazin-1-y11-2 {5}
i
‘ hvdroxy-propoxy | -phenol
CI}H (\N N
] = O\/\/N\)
HO Z
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4- {3-04-(3-Trifluoromethyi-phenv]-piperazin-1 -yi}-

24 8)-hydroxy-propoxy} -phenot

In one embodiment, the compound is selected from the compounds in Table 4.

Tabie 4,
Compound
NAME
s F {4-{2-[4-(3 4-Difluoro-phenyl)-piperazin-1-
‘/\ “ . vimethyli-allyloxy}-phenvl)-urea
! i b

e} Q/O\_/ N~
HQN/LKN
H
K\'/ F (4-{3-T4-(4-Fluoro-phenyli-piperazin-1-vil-
(\N /\) propoxy F-phenyliuea
-
HZN/L\N P
H

(4-{3-f4-(4-Chlere-phenyD-piperazin- 1 -yi}-2-
hydroxy-propoxy}-phenyl-urea

HoNT N
H
A~ F
S
] T‘ 1-Ethyl-3-(4-{3-[4+{4-fluore-phenyl)-piperazin-1 -
o, N
L o /@’ ST vi]-propoxy}-phenyl)-urea
A
H H
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(4-{3-[4-{4-Fluoro-phenyl}-piperazin-1-yl]-

propoxy t-phenyl-carbamic acid methyl ester

T=

{831 -(4-(3-(4-(3 4-dichlorophenviipiperazin-1-y1)-

2-hvdroxypropoxyiphenyburea

(8)-1-(4-(3-{4-(3 4-difluorophenyDpiperazin-1-yi}-

2-hydroxypropoxy)phenyliurea

{R-1-(4-(3-(4-(3 4-difinorephenylipiperazin-1-y1)-

2-hydroxypropoxy)phenylnres

(53-1-(4-(3-(4-(4-luorophenylpiperazin-1-y1)-2-

bydroxypropoxy)phenyhurea

(-1 -(4-(3-(4-(3 4-dimethylphenylpiperazin~1 -yl }-

2-hydroxyprepoxy )phenyljurea

(8% 1 -(4-(2-hydroxy-3-{4-p-tolyipiperazin-1 -

vipropoxyphenylurea
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T
{(&)-1-{4-(3-(4-(4-cyanophenylpiperazin-1-yl}-2-
N/\ on hyds yohenyl)
z hydroxypropox enyljurea
K/N\/\/O ) ydroxypropoxy)phenyl)
: 'NJLNHE
H
BT\©\
(&)-1-{4(3-{d-(d-bromophenylpiperazin- -yl}-2-
N/\ o {Sy-hvdr oy iphenyl
N A0z l . Si-hydroxypropoxyphenyllurea
x N'ﬁ\NHg
H
HO .
| \© {8)-1 (44 2-hydroxy-3-(4-{4-
N
/ﬁ OH hydroxyphenylpiperazin-1-ylpropoxy)phenyiurea
N\/\/O\Q 0
NJ\NHZ
H
{5)-1-(4-(2-hvdroxy-3-(4-{4-
N/\ 2n thoxyphenylipiperazin-1 -yl jpr Iphenylur
K/N\/”\_/O - F . methoxyphenylipiperazin-1-ylpropoxyiphenylureca
= NkNHZ
H
FaCu Xy
[ P /\1 o '(,S)—l-{4-(2»hyd.roxy~3‘~(4_(4v’«
N _A_O - i . (triflucromethvlphenyl)piperazin-1-
yhpropoxy phenylyarea
S NANHE
H
(S 1w{d-(3-(4-(biphenyl-4-yl)piperazin-i-y1)-2-
N /ﬁ OH hydroxypropoxy)phenylyurea
K/N\/*\/O@ 0
N/KNHg
H
F
\Q (S3-1-(4-(3-(4-(2, 4-diflnorophenyl)piperazin-1-y1)-
i D OH 2-bydroxypropoxyphenyl hrea
. N\/“\/O\@ o
N)LNH;;
H
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{(§)-1-(4-(3-(4-2-fluorophenyl piperazin-1 -y1)-2-

O hydroxypropoxy iphenyvlurea
O
( l A

NH,

||=O

(531 -(4-(3~(4-{2-chiorophenylpiperazin.1-yl}-2

O o i hvdroxypropoxyiphenyljurea
( l A

mo

(5)-1-(4-2-hydroxy-3-(4-o-tolylpiperazin-1 -
vhpropoxy iphenylurea

N\,/\/O 0
N/LLNHE

H

s..o

AO hydroxypropoxyphenyijures
Q Ji§
N7 TNH;

(8)-1-(4-(2-hydroxy-3<4-phenylpiperazin-| -
yhpropoxy yphenylurea

N\/\/O\@\ o
NJLNHZ

{53-1-(4-(3-(4-(3-fluorophenypiperazin-1-yl)-2-

\/\/ o . ; hydroxypropoxy)phenylurea
: "N A NH5

©\ (5)-1-(4-(3-(4-2-cyanophenyhpiperazin-1-yl)-2-

{53-1-(4-(3-(4-(3-chiorophenyl)piperazin-1-y1)-2-
(S-hydroxypropoxy)phenylurea

}lllo
; :
Tz
o
Z
T
3
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{S)-1-(4-{2-hydroxy-3-{4-m-iolypiperazin-1-

ylpropoxy jphenyliurea

N NH
N 2
{2 hrydroxy-3-(4-(2-
FQCD\N/\' ] (S -4442 hydroxy-3(4-(3
K/ N A0 (trifluoromethylphenyDpiperazin-1-
@\ ji yhpropoxy iphenylures
N7 NH,
H
s
/\O\ N/ﬁ (8)-1-(4-(3-(4-(4-ethylphenyl)piperazin-1 -vI}-2-
CH
K/ N \/\/ o . hydroxypropoxy)phenylurea
[ 1 Ko,
/LQ (8)-1-{4-(3-{d{d-isopropyiphenyl)piperazin-1 -yi)}-2-
N/\{ OH hydroxypropoxyiphenyljurea
]\/N\/;\/O s |
RN N,
H
A\Q (8% 1-(4-(3-(4-(4-cyclopropylphenylpiperazin-1 -
N/W o D2 hydrox henylures
]\/N\/'\/o X yi2-hydroxypropoxy phenylures
e
H
L 43 G- (41T i in-1-yi)-2-
(\QN /\ on (S¥-E-(4 (:1 {(4-(4-propylphenyl)piperazin-1-y1)-2
k/N O . hydroxypropoxy)phenylurea
: N)LNH»,'
b 2
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]
x

(SF1-(4-(3-{4-£4-butylphenylpiperazin- i -y1)-2 -
hydroxypropoxy)phenyiurea
O

NH2

(531 -(4-(3~(4-{4-isobutviphenylypiperazin-1-y1)-2-

1{4-(($)-3-4-(4-chiorophenyl)-cis-2,6-

dimethylpiperazin-1-y1)-2-

0@\ hydroxypropoxyjphenyliurea
@]
NJ\NHE
H
=
J = (81 €42 hrydroxy-3-{(4-{4-(prop-1 -
o N/\| o yiryliphenylipiperazin- 1 -ylypropoxy)phenyires
\/N\/‘:\/O\Q\ o)
!
N)\Ns—sz
H
N ()L (4-(3-(4- Zenzaphthypiperazin-1 -y -2 -
OH
N \/=\/O = I 5 hydroxypropoxy)phenylyures
NP N .
B
Ci
\@ [ (44 (533-((R)~4-{4-chlorophenyl)-2-
N
| M methylpiperazin-1-v1)-2-
~ o]
T ~ @\ j.L hydroxypropoxy yphenyl Jurea
) N NH
. H 2
Cl
\©\ (483 -((5)-4-(d-chlorophenyl)-2-
N
/j\z o . methylpiperazin-i-y1)-2-
k( e @ j\ hydroxypropoxy)phenylurea
N MNH
b 2
S
H/NWO\@

hydroxypropoxy)phenyl jrea
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L-(4-{(8)-3-{cis-2.6-dimethyl-4-p-tolylpiperazin-1 -
yvhi-2-hydroxypropaxyphenylurea

X
NH
N 2
{R)-1-(4-(3-(4-{4-chlorophenyDpiperazin~ -yl }.2-
N,\ on R)-E-(4-(3-(4-( phenybpip ¥h
K/ N \)\/O 5 hydroxypropexy)phenyllurea
: ‘N’U\NH2
H
Ci\]/\
i g -
o /\/)\N/‘\i oH (R)-1-(4-£3-(4-(3 4-dichlorephenylpiperazin-1-y1)-
K/N\)\/O\@\ o 2-hyvdroxypropoxyphenylures
NJ\NHE
H
/\©\ N/\ (Ry-1-(4-3(4-{4-ethylphenylpiperazin-1-y1)-2-
OH
hyd henyl
3\/N \/k/o Z ! . hydroxypropoxyphenylurea
= N/U\NHQ
+
)\Q {(R1-1-{4-(3-(4-(4-isopropylphenylIpiperazin-1-y1)-
N OH 2-hydroxypropoxy)phenyl)urea
N 0]
/\ O
N/U\NHZ
M
l =
P (R)-1-€4-(3-(4-{3-cyclopropyiphenvl)piperazin-1 -
{\Ei/\\i ' 1)-2-iydr phenyly
y1)-2-hydrox vipk
\/N\/l\/o 5 3 M ypropoxy jphenylurea
: NJLNHZ
H
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=
:
| = N/ﬁ - (R3-1-(4-(3{4-(d-propyiphenylpiperazin-1-y1)-2-
J\/N o - hydroxypropoxyphenyljurea
l o
S N)LNHZ
H
t RS
= N/\; o (£)-1-(4-(3«4-(4-butylphenyDpiverazin-1 -y1}-2-
K/N\)\/O Z [ . hydroxypropoxy)phenylurea
O -

(R)-1-(4-(3-(4-(4-isobutylpheny])piperazin-1 -yi)-2-
hydroxypropoxyiphenyljurea

= l o
S N/”\NHQ
H
=
\CL (R)-1-(4-(2 A0 yGroxy-3-(4-(4-(prop-1-
N /\i OH ynyliphenyDpiperazin-1-yhpropoxy)phenyDurea
k/N \)\/0 — ! o
i
e /U\NHZ

OH

(R)-144-(3-(4-2-naphthyDpiperazin-1-yi)-2-
hydroxypropoxy)phenylurea

N° NH
H 2

(R)-1-(4-(3{4-(4d-methylphenyDpiperazin-1-yl}-2-

hydroxypropoxy)phenyijrea

(R)-1-(4-(3-(4-phenyl-piperazin-i-yi)-2-
hydroxypropoxyiphenyinmrea
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(R)-1-{4-(3-(4-(4-Thuorophenyl piperazin-1 -y1)-2-
hydroxypropoxy)phenylyrea

In one embodiment, the compound is selected from the compounds in Table 5.

Table 5.

Compound

Name

O
i H
NO\)\\N/\/N e ] cl
< I

N-[2-(3 4-Dichloro-phenylamine )-ethyl]-2-(4-

methanesulfonylamine-phenoxy -acetamide

it H
MaOzst/\/ o
H
H ) N-(4-{2-{2-(3 4-Dichloro-phenylamino}-
/%/O\/’\N/\\/“ o Ci )
i I H | ethytamino]-ethoxy } -phenyl)-
MeO,5. /\,/// R
E cl methanesul fonamide
e N-(4-{3-[4~(3,4-Dichloro-phenyi}-piperazin. 1 -
f = N/\, vi]-3-oxo-propyl} -phenyl}-methanesul fonamide
: =
MeOs8. | A 7 K/N o~ O
H . j
Gl |
o IN ~(4- {3-[4-(3 4-DiFluoro-phenvi}-piperazin-1-

vli-3-oxo-propyl} -phenyli-methanesul fonamide

o0
i z
MeOzS.,, A\ 7 SR
P I
Sy

N-(4-{3-[4-(3 4-Dichloro-phenyl)-piperazin-1-

yi-propvii-phenvl)-methanesulfonamide

0
|
MeO,8. A= LN

N N e
H ?\
Cl

N-{4-12-[4-(3 4-Dichloro-phenyl }-piperazin-1 -
vi]-2-ox0-ethoxy}-phenyl}-

methanesulfonamide

Ci) 6-{2-[4-(3 4-Dichloro-phenyly-piperazin- -yl]-
O .
0:\/6 L s r;a/\ 2-ax0-ehoxy -3 H-benzooxazol-2-one
NP NN
) S | cl
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6-{2-[4-(3,4-DiFluoro-phenvl)-piperazin-1 -vl}-

O
O%O\TE/\/ \AN /\ 2-oxo0-ethoxy }-3H-benzooxazel-2-one
i
N/\) K/N o F
H
N { F
O

&-13-[4-{4-Chioro-phenyl)-piperazin-1-yi]-2-

oxo-cthoxy }-3H-benzooxazol-2-one

N-[2-(3 4-Dichloro-phenylamino pethvl]-2-(2-

0x0-2,3-dihydro-benzoozazal-6-yloxy)-

ﬂ 7 acetamide
= { Ci
0 H N-[2-(3,4-Dichloro-phenylamino j-ethyl]-2-(4-
/@/O\)\E/\/N\@:CE hydroxy-phenoxy)-acetamide
HO ~F S cl

N-2-(3 4-Dichloro-phenylamine)-sthyi]-3-(4-
hydroxy-phenyl}-propionamide

N-[2-(3.,4-Dichloro-phenylamino )-ethyi]-2-(3-

fluorg-4-lydroxyv-phenoxy)-acetamide

\ji\ N-[3-(3,4-Dichloro-phenvii-allyl]-2-(4-
G Ct , .
/‘\\i/ N N i methanesulfonyiamino-phenoxy)-acetamide
MeOS, : Soig,
H
@]
/’\\“5/0\/1E\N/\/D\I//’\\E/CE N-[2-(3,4-Dichloro-phenoxy)i-ethvl]-2-(4-

methasesulfonylamino-phenoxy)-acetamide

N-[2-(3,4-Dichloro-phenoxy)-ethyl}-2-(4-

hydroxy-phenoxy)-acetamide

&
o 2I/%/O\)'k,\,/‘\/o P = N-[2-(3 4-Dichlore-phenoxy)-ethyl}-2-(4-
.y H , :
H z?\‘AﬁM Ry o vreido-phenoxy)-acetamide
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}r N \/\/O (8)-1-(4-chlorophenyl)-3-2-hydroxy-3-{4-
O \©\
OH

hydroxyphenoxy)propyliimidazolidin-2-one

g (S)-N-(4-(3-(3-{3 4-dichl henyiy2
Foa = “N-(4-(3-(3-(3,4-dichlorophenyi)-2-
CI'QNYNWO pLRCTY
)

oxoimidazolidin-1-y1)-2-
- 50 I Me .
}Tjii hydroxypropoxyphenylimethanesulfonamide
Ci
O
>\‘ 0 {5)-3-(2-(4-chlorophenylaminoiethyl}-3-({4-
ﬁ /\/ N NP ™ O\O\ hydroxyphenoxyimethyDoxrazolidin-2-one
OH
0]
o Yo (SN2 4-
E /\\/ N -

\/’\/O dichlorophenylamino yethyi)-2-oxooxazolidin-5-

yDmethoxy)phenylimethanesulfonamide

In one embodiment, the compound is selected from Table 6.

Table 6.
Compound
NAME
D\ C o (5)-5-(3+4-(3 4-dichlerophenyhpiperazin-1 -yi}-2-
N

AL_O hydroxypropoxyiindolin-2-one
1g0s
N
H

{(S)-5-(3(4-(3 ,4-difluorophenylpiperazin-1 -y[)-2-
k/ bydroxypropoxy Yindolin-2-one
N O )
\ H
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F
j@\ {(R}-5-(3~(4-(3 4-difluorophenylipiperazin-1-v1)-2-
F N/\1 OH v Jindolin.2
oxyindolin-2-
¢\/N \)\/O Tydroxypropoxy indeiin-Z-one
T
N
H
F
\©\ (5)-5-(3-(4-(4-fimorophenylpiperazin-1 -ylj-2~
N
C;)H hydroxypropoxyindolin-2Z-one
N~ A o
oo o}
XN
H
D\N (S3-5-(3+(4-(3 4-dimethyiphenylpiperazin-1 -y }-2 -
?H hydroxypropoxydindolin-2-one
No A0 ;
[ =0
XN
H
\© {5)-5-2-hiydroxy-3-(4-p-tolvipiperazin- | -
N oH . o
z yhpropoxy)indohn-2-one
Noo O~ .
| =0
[y
H
NC
@N (S)-4-(4-{2-hydroxy-3-(2-0x0indolin-3-
OH ] o .
I\\/ N \//:\/ o yioxyypropylpiperazin-1-yibenzonitrile
=
N
H
Bir-
O N (S)-5-(3-{4-{ 4-bromophenylpiperazin-1-v1)-2-
OH . .
> OPOXY 2-one
L N_A_O hydroxypropoxyiindolin-2-one
-
N
H
HG
O {8)-5-(2-hydroxy-3-(4-{4-hydroxyphenyDpiperazin-1-
r?l o vlpropoxyjindolin-2-one
SN A | - T
O
N
H
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MeQ
N /\ (§3-5-(2-hiydroxy-3-{4-(4-methoxyphenylpiperazin-1 -
K/N\_/\/O vhpropoxyjindolin-2-one
T
N
H

et
N/\ {8)-3-(2-hydroxy-3-{4-(4-

(trifluoromethyDphenylpiperazin-1 -

N \/\/o
wo yipropoxyindolin-2-one
N
H

W

(8)-5-{53-(4-(biphenyl-4-yl}piperazin-1-yI}-2-
NN OH hydroxypropexyiindolin-2-one

hydroxypropoxy )indolin-2-one

F
\©\ _ ‘ {$)-5-(3-(4~2 4-diftuorophenylipiperazin-1-yi)-2.
I NN oK

$¥-3-(3-(4-2-fluorophenylmiperazin-i-yl)-2 -
Q\N/\ OH (Sh5-(3-(4 phenylipip 1)

c K/ N \/E\/ o - hydroxypropoxy indolin-2-one

©\ N /\ OH ($)-5-(3+4-(2-chlorophenyl)piperazin-| -yi}-2-

hydroxypropoxy)indolin-2-one

{(§)-3-(2-hydroxy-3-(4-o-tolylpiperazin-1-
D OH yhpropoxylindelin-2-one

=
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'
2

{8)-2-(4-(2-hydroxy-3-(2-oxoindolin-5-

vioxyipropylpiperazin- | -vDbenzonitrile

(8)-3-(2-hydroxy-3-{4-phenvipiperazin-1-
N /\ QH vlpropoxy)indolin-2-one
K/N\,/-\\/O "
o]
TN
H
- N /\ o (8)-3-(3-{4-(3-fluorophenylpiperazin-L-y1)-2 -
3 : hydroxypropoxy)indolin-2-one
K/Nx/‘\/o
]
N
H
/©\ (§3-5-(3-(4-(3-chlorophenyl)piperazin-1-yi)-2-
c i\‘/\ OH
K/N\/E\/O hydroxypropoxy)indolin-2-one
@]
N
H
-
i
s NN {$3-5-42-hvdroxy-3-(4-m-tolypiperazin-1 -
| or idolin-2
: yhpropoxy)indolin-2-one
N A7
! [ o
SN
H
B2 roNy~3 (43
F3C©\N‘/\\l oH (S5-(2-hydroxy-3-(4-(3
\/N \/:\JO N (triffuoromethylphenylpiperazin-1-
i i« yhpropoxyindolin-2-one
SN
H
| =

e)
X

{8)-3-(3-{4-{4-ethylphenyl)piperazin-L-y1}-2~

hydroxypropoxy Yindolin-2-one
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{5)-5-(2-hydroxy-3-(4-(4--isopropyiphenyl)piperazin-

= | 1 -yhpropogyindolin-2 -one
6]
RN
H
N/\ OH {S)-5-(3-(4~(4-cyclopropylphenyDpiperazin- L -y1)-2-
l\/N\/'\/O = hydroxypropoxy)indolin-2-one
| O
< .
H
r\©\N /ﬁ on ($)-5-(2-hrydroxy-3-(4-(4-propylphenyiipiperazin-} -
k/N\/E‘\/ Our yhpropoxy)indokin-Z-one
P o
SN
H

(8)-3-(3-(4-{4-butylphenyl)piperazin-1 ~yl)-2-

hydroxypropoxy)indolin-Z-one

N
H
E =
!
[ P NS oH {8)-5-(2-hydroxy-(3-(4<{4-isobutylphenylipiperazin-1-
‘\\/N\/\/o = l yipropoxy)indoin-2-one
O
SN
H
T
{3)-5-(2-hydroxy-3-(4<4-{prop-1 -
N/\T Ok yryhphenylpiperazin-1-yhpropoxydindolin-2-one
NN AO
-
M
H
S)-5-2-hydroxy-3-(4-(naphthalen-2-ylpiperazin. 1 -
’?‘/ﬁ o {85+ y-3-(4-(nap yhpip

vlpropoxyiindolin-2-one
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Ci SN
l s N o S-((5¥-3-{{(R)y-4-(4-chlorophenyl)-2-methylpiperazin-1-
| E v1}-2-hydroxypropoxyiindolin-Z-one
N0
: o)
ot}

Q

y

5
)

<
s

¢

5-((51-3-(5)-4+(4-chlorophenyl)-2-methylpiperazin-1-

yI}-2-hydroxypropoxy)indolin-2-one

‘?
e}
T

<
é

2

716 Is

O

S-((83-3-({28,6R)-4-(4-chlorophenyl)-2,6-
dimethylpiperazin-1 -v1)-2-hydroxypropoxy)indolin-2-

one

3

o

<
:
7 N

5-(05)-3-4(25,6R)-2, 6-dimethyl-4-p-tolyipiperazin- 1 -

yh-2-hydroxypropoxyiindolin-2-one

5o

b

(R)-5-(3-(4-(4-chlorophenyvlipiperazin-i-y1}-2-

hydrexypropoxyindolin-2-ocne

¢
%g

@
O

{R)-5-{3~4-(3 4-dichlorophenyhpiperazin.l.y1}-2~

hydroxypropoxyiindolin-2-one

@

Iz

(R)-5-(3-(4~{4-cthylphenylipiperazin-1-y1)-2-

hydroxypropoxyjindolin-2-one
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{R)-5-2-hydroxy-3-(4-(4-isopropylphenyl)piperazin-
K/ N \)\/O = i -yDpropoxylindolin-2-one

&
)

=

A\Q\N /\ o (R)-5-(3-(4-(4-cyclopropylphenylpiperazin- 1 -y1)-2-

K/ri\l\/k/o bydroxypropoxy)indolin-2-one
mo
N
H

{RYy-5-(2-hydroxy-3-(4-(4-propviphenyl)piperazin-1-

\/jq \)\/O . yhpropoxyindolin-2-one
=0

N/\\z om (R)-5-(3-(4-(4-butylphenylipiperazin-1 -y1)-2-
k/r‘q Ao hydroxypropoxy)indolin-2-one
-
N
H
oH (R)-5-(2-hydroxy-3-(4-{4-isobutylphenylpiperazin-1-

(.

yhpropoxyindolin-2-one

(Ry-5-2-hydroxy-3-(4-{4-{prop-1-
yaylphenylpiperazin-1-yl)propoxy)indolin-2-one

A 3

)

Z
o]
T

oH (R)-5-(2-hydroxy-3-{4-(naphthalen-2-ylpiperazin-1 -

g

o]
A

yDpropoxy)indohin-2-one
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: N/\ OH
! 52 el 3ol Dntr iperazin-i-
i\/ N \)\/ a - (R3-5-(2-hydroxy~(3-(4-p-tolylpiperazin.}
| o yhipropaxyindolin-2-one
XN
H
: N/\ OH
L~

(R)-5-(2-hydroxy-3-(4-phenyipiperazin-1 -

\)\/O yhpropoxy)indolin-2-one
o
N
H

P

OH

(R)-5-(3-(4-(4-fluorophenylpiperazin-f-y1)-2-
N
LN

hydroxypropoxyimdolin-Z-one
\)\/0 =
| o)
SN

H

In one embodiment, the compound 1s selected from Table 7.

Table 7.
Compeund

Ci

NAME
S
|

{5)-6-(3-(4-(3,4-dichlorophenyl)piperazin-1-y1)-2-

NTY o e
K/ N \/-\/ o hydroxypropoxy }-3,4-dilyydroguinolin-2{ | I/}-one
(IN/%O
H

e
[

12,
g

H

D

Rl NP

(5)-6-(3-(4-(3 4-difluorophenvipiperazin-1 -vi}-2-

o hydroxypropoxy)-3,4-dihydroquinelin-2{ L }-one
T,

H
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P ™
- ] p N /\ o (R)-6-{3-(4-(3 4-diflucrophenyDpiperazin-1 -y1)}-2-
K/ : hydroxypropoxy)-3,4-dibvdroguinolin-2( LH -one
N\)\/O\@\
o
H
T
N/\ oM
K,N -

{$)-6-{3-(4-{4-fluorophenyDpiperazin-1 -y1)-2-

hydroxypropoxy)-3,4-dihydroguinelin-2( 1./ }-one
g
T NAO
H
D\N /\ (5)-6-(3-(4-(3,4-dimethyiphenyl)piperazin-1 -y1)-2-
O
. H hydroxypropoxy)-3,4-dihydroguinolin-2{ 1 H)-one
N O
XS0
H
\/\\
UN /\ o {8)-6-(2-hydroxy-3-(4-p-tolyipiperazin- 1 -yDpropoxy)-
k/ E 3 4-dinydroguinelin-2( 1 /}-one
NG =
= N O
H

($)-4-(4-(2-hydroxyv-3-(2-0x0-1,2,3 4-

tetrahydroquinelin-6-yloxy)propylniperazin-1-

yDbenzonitrile
H
Br
\© N /w (53-6-(3-(4-(4-bromophenyDpiperazin-1-y1)-2-
OH o a e
K/ N \,/:\\/ oz hydroxypropoxy)-3,4-dihydroguinolin-2 (| A)-one
. N o
H
HO
\©\ N /\ (&6~ 2-hydroxy-3-4-{4-hvdroxyphenyi)piperazin-1-
OH . L L
K/N\/z\\/o PN vhpropoxy)-3,4-dihydroquinolin-2(LA)-one
2 N o
H
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MeO
ON /\ {83-6-(2-hydroxy-3-{4-{4-methoxyphenyl)piperazin-1-

O
K/ M \/{vo m yhpropoxy)-3,4-dilydroguinolin-2{ L /)-one
N &
H
FaC N
| P (S)-6-(2hydroxy-3«(4-(4-
N OH )
N\/i\/o > (rifluoromethylphenylpiperazin--yDpropoxy-3,4-
I dihydroguinolin-2(1#)-one
= NT OO
H
; =
= (8)-6-(3~{4-(biphenyl-4-yl)piperazin-1 -y1)-2-
N /\ OH hydroxypropoxy)-3,4-diliydroguinolin-2(1 Hy-one
L\/N\/-\\/Om
H
F’
\Q {(S$)-6-(3-{4-(2 d-difluorophenylipiperazin-1 -v1)-2-
f;l/\; ?H hydroxypropoxy-3,4-dihydroguinolin-2{ | H)-one
F \/N\/\\/G\Q\/\
o
H
S§1-6-(3-{4-2-fluorophenylpiperazin-1 -y1)-2-
N/ﬁ Ot {8)-6-(3-(4~( phenylipinerazin-1-y1)
= K/N \/\/ 0 p hydroxypropoxy)-3 . 4-dihydroquinodin-2{ LH)-one

{5)-6-(3-(4-2-chlorophenyl)piperarin-1 -y1}-2-
hydroxypropoxy)-3,4-dihvdroguinolin-2( L H)-one

(8)-6-{2-hydroxy-3-{4-c-tolylpiperazin- 1 -yl ipropoxy)-
3 4-dihydroguinolin-2(1 H)-one
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e
T

(8324~ 2-hydroxy-3-{2-0%0-1,2,3 4~

vhbenzonitrile

(8)-6-(3-(4-(3-fluorophenyDpiperazin-1 ¥1)-2-

hydroxypropoxy}-3,4-dihydroquinolin-2(1/)-one

{5)-6-{3«(4-(3-chlorophenyDpiperazin-1 -v1)-2-

hydroxypropoxy -3, 4-dibydroquinodin-2¢ L H y-one

{(5)-6-(2-hydroxy-3-{4-m-tolypiperazin-1 -yDproposy -
3, 4-divydroguinolin-2( L F)-one

(rifluoromethylphenyDpiperazin-1-ylpropoxy}-3,4-

{S5)-6-(2-nhydroxy-3-(4-(3-

dihydroquinolin-2( 1 H)-one

(8)-6-(3-(4-{4-cthyiphenylpiperazin-1-yl}-2-

N \/\/om hydroxypropoxy)-3,4-dihydroguinolin-2{ L F)-one
N 8}

48

tetrabydroquinolin-6-yloxyypropylpiperazin-1-

{8)-6-(2-hydroxy-3-{4-phenylpiperazin-{ -yl)propoxy)-

o 3 4-dihydroquinolin-2¢ [ H)-one
T,
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(83-6-(2-hydroxy-3-{4-(4-isopropyiphenyiipiperazin-
I-yDpropoxy}-3.4-dihydroguinolin-2(17)-one

= N a
H
A@\N oH (8)-6-(3-(4-(4-cyclopropylphenyl)piperazin- 1 -yl)-2-
K/ N \/':\VO Z hydroxypropexy)-3,4-dibydroguinolin-2( L F-one
= N 8]
M
K\QN/\ o {(§)-6-(2-hydroxy-3-(4-(4-propyiphenylipiperazin-1 -
N\/E\/o = yvhpropoxy)-3.4-dihydrequinolin-2(1 H)-one
2 N o)
H
/K\QN/\ oH {S-6-03-(4-(4-butylphenyl)piperazin- | -y1)-2-
Ne_ A0 - hydroxypropoxy)-3 4-dihydroguinolin-2¢ L H)-one
L
2 NAO
H
Y\©\N /\‘ on (5)-6-(2-hiydroxy-3 -(4-(4-1sobutylphenyDpiperazin-1 -
N \//E\/O m yhproposy)-3,4-dibvdroquinolin-2¢ 1./}-one
N O
H
\\\ =
f ! {(5)-6-(2-hydroxy-3-(4-{4-(prop-1-
S~
\/\N yoyhphenyl)piperazin-1-ylpropoxyvi-3,4-

diliydroguinolin-2( L -one

($1-6-2-hydroxy-3-{4-{naphthalen-2-yl}-piperazin-1-
vhpropoxy)-3 4-dibydroquinelin-2(1 H}-one
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./
e
I
O
O

vi3-2-hydroxypropoxy)-3.4-dihydroguinolin-2¢ 1 Ff)-

one

6-((8)-3-((5)-4-{4-chlorophenyl}-2-methylpiperazin-1 -

vh)-2-hydroxypropoxy)-3,4-dihydroquinolin-2(1 H}-
"
i | | one
N T
H
Ci
O\ E{{S03(( 25,68 )4 -{ d-chiorophenyi}-2, 6-
N/Y -
= . . N ER -9- -” i
No A Oz dimethylpiperazin-1-yl)-2-hydroxypropoxy)-3.4
: | /L dibydroquinolin-2{ 1 H}-one
= N &
H
\I/\
N on

o \@[l vi}-2-hydroxypropoxy 33 4-dilivdroquinolin-2( L H)-

6-(5)-3-((28,6R)-2 6-dimethyl-4-p-olylpiperazin-1-

one
N7 O
H
RS
{(R}-6-(3-(4-(4-chlorephenyi)piperazin-1-yi)-2-
N/\ oH (3-( D Jpip yh
K/N o = hydroxypropoxy -3, 4~dihydroguinolin-2({ L -one
]
A NS0
H
i
K)6-(3(4-(3 d-dichlorophenylpiperazin- L »y 2w
CID\N/\ oK (R)-6-(3(-(3 phenylipip ¥}
K/ ;\!\/l\/o - hydroxypropoxy -3, 4-dibyydroguinolin-2( L -one
I
Y N o
H
PN
Q\N /\ o (K6~ 3-{4-(4~cthyiphenylpiperazin. 1 -yl)-2
k/N Oz hydroxypropoxy -3 .4-dibydroquinolin-2(1 A )-one
T gx’\\‘o

6-{{5)-3-((R)-4-(4-chlorophenv])-2-methylpiperazin-i -
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{R)-6-(2-hydroxy-3-(4-(4-isopropylphenyl)piperazin-
1-yDpropoxy)-3 4-dihvdrogquinoelin-2( | H)-one

H
A@‘N OH (R)-6-(3-(4-(4-cyciopropylphenylipiperazin-1-y1)-2-
5\\/3\1\_)\/0 AN hydroxypropoxy)-3,4-dibvdroquinolin-2( LH)-gne
H
li ~
P N o (R)-6-(2-hydroxy-3-{4-(4-propylphenypiperazin-| -

yhipropoxy-3,4-dikydroquinelin-2{ 1 H)-one

{R}y-6-(3-(4-(4-butylphenylpiperazin- | -y1)}-2-
hydroxypropoxy)-3,4-dihydroguinolin-2{ t )-one

(R)-6-(2-hydroxy-3-(4-(4-isobutyiphenyl)piperazin-1-
ylpropoxy}-3,4-dibvdrogquinetin-2(1LH)-one

=
I o - {(R)-6<{2-hydroxy-3{4-(4{prop-1-
o
N/\t OH yoylphenvhpiperazin-1-ylipropoxy)-3,4-
1\/N\)\/O = E\ dihydroquinoiin-2( L H)-one
S N O
H

= ] s
L i - (R3-6-(2-hydroxy-3-(4-{naphthalen-Z-yi)piperazin-1-

yhpropoxy)-3,4-dinydroquinolin-2(1 Hy-one
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(R)-6-2-hydroxy-3-{4-p-tolyipiperazin-1 -yDpropoxy)-

3. 4-dihydroguinolin-2(1H)-one

(R)-6-(2-hydroxy-3-(4-phenylpiperazin-[ -
yhpropoxy)-3,4-dihydroguinelin-2{ 1 f)-one

(R)-6-(3-(4-(4-fluorophenyDpiperazin-1-yi)-2-
hydroxypropoxy)-3,4-dihydroguinolin-2( LI }-one

in another embodiment, the compound 1s selected from Table 8.

Table 8.
Compound
NAME
Cl SN
o l| - N (3)-6-(3-4{4-(3 4-dichlorophenylpiperazin-i-yl}-2-
OH :
z i cOquinoelin-2 -
N A Om hydroxypropoxy)quinolin-2( L/)-one
N &
H
F
: \i {(5)-6-{3-(4-(3 4-difl henyl) l-yh)-2
§)-6-(3-(4-(3 4-difluorophenyDpiperazin-1-y1}-2-
F = N/\ OH

hydrogypropoxyiquinolin-2(LA)-one
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o™
[ = (R)-0-{3-{4-(3 4-diflvorophenylpiperazin-1-yi)-2-
N
i hydroxyprepoxy Jquinelin-2(1/7}-one
R RGOS
NT O
i
F ‘ x
L

)
T

($)-6~(3-(4-(4-fluorophenyl)piperazin-i-yi}-2-

hydroxypropoxy)cuinolin-2( L F)-one

(8§)-6-(3-(4-(3 4-dimethyiphenylpiperazin-1 -y1)-2-

in-1
Bydroxypropoxyiguinolin-2( L Hy-one

(5)-6-(2-hydroxy-3-(4-p-talylpiperazin-1 -

ylpropoxy)quinolin-2(1 A)-one

(8)-4-(4-(2-hrydroxy-3-(Z-0x0-1

dibydroguinolin-6
vioxy)propylipiperazin-1 -yDbenzonitrile
H
Br
\©\ (S)-6-(3-(4-(4-bromophenylipiperazin-1 -y1}-2-
N/\
OH hydroxypropoxy iquinolin-2{ L H)-one
\/N\/\./O 4 | N
\ N C
H
HO N
o /\ o (§)-6-(2-hydroxy-3-(4-(4-hydroxyphenyl)piperazin-1 -
K/ : vhipropoxy)quinolin-2( LH)-one
NN !/ ! R
2 N O
H

53



WO 2009/006437

PCT/US2088/068843

MeQ

(5)}-6-2-hydroxy-3-(4-(4-methoxyphenylpiperazin-i -
yhpropoxy)quinolin-2(1H}-one

(S)-6-(2-hydroxy -3 «(4-{ 4~
(trifluoromethyliphenylypiperazin-1-
yhpropoxy)quinolin-2(1 H)-one

(5)-6-(3-{4-(biphenyl-d-yDpiperazin-l-yl}2-
hydrexypropoxy)guinolin-2¢ 1 Fj-one

(S)-6-(3+(4-(2 4-difluorophenyl)piperazin-1-yi}-2-
hydroxypropoxyiguinolin-2( 1 H}-one

(S)-6-(3-(4-(2-thaorophenyl piperazin-1-yl)-2-
hydroxypropoxyJquinolin-2(1 H)-one

($)-6-(3-(4-(2-chlorophenylpiperazin-1-y1)-2-

hydroxypropoxy)quinohin-2{ L Ff)-one

(5)-6-(2-hydroxy-3-(4-o-tolylpiperazin- 1 -
yhpropoxyyuinolin-2( 1 7)-one
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.
e
e

CN N ~O = 2
N

(53-2-(4-(2-hydroxy-3-{2-0x0-1,2-dihydroguinolin-6-

yloxypropyl)piperazin-} -ylibenzonitrile

{S)-6-(2-hydroxy-3-(4-phenylpiperazin-| -
yhpropoxy)guinolin-2( i Hy-one

4

N\
)
2

(5)-6-(3-(4-(3-fluorophenyl)piperazin-1-yl)-2-

hydroxypropoxy jquinolin-2{ L-}-one

=
!
| P (S)-6-(3-(4-(3-chloronbenylpiperazin- i -v13-2-
Cl N OH
z hydroxypropoxyicunolin-2{ Li)-one
Ne A Oz E N ydroxypropoxy g RED)
H
g
H
QN (§)-6-2-hydroxy-3-(4-n-tolypiperazin-1 -
/\ OH yipropoxy)auinolin-2( 1L }-one
N _~0 b3 1 2
= N Q

{(8§)-6-(2-hydroxy-3-(4-{3-
(rifluoromethylphenylpiperazin-1 -

yhpropoxyjguinelin-2(1 ff)-one

{3)-6-(3-(4-(4-ethylphenvl)piperazin-i-yl)-2-
hydroxypropoxy quinolin-2( LA )-one
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{8)-6-(2-hydroxy-3-(4-(4-isopropyiphenylipiperazin.
{-vhpropoxy)quinolin-2( 1 H)-one

(§)-6-{3-(4-(4-cvclopropylphenylpiperazin- L -vl)-2-
hydroxyprepoxy)quinolin-2( L H)-one

{(5)-6-(2-hvdroxy-34-{4-propylphenvlipiperazin-1-
yhpropoxyxuinolin-2( 1 F-one

{S)-6-(3-(4-(4-butylphenvlpiperazin-{ ~y1)-2-
hydrexypropoxy)iguinolin-2{1 H}-one

\/‘\N T
H
7
' N oH {S)-6-(2-hydroxy-3-(4-(4-isobutylphenyl)piperazin-1 -
N \/E\/Q m ylipropoxy)quinolin-2¢ L H}-one
NT O
H

e}
X

{8536 2hydroxy-3-(4-£4-(prop-1-
voyDphenvlpiperazin- 1 -ypropoxy)guinolin-2 (1 H)-

one

e
W)
T

{8)-6-(2-nydroxy-3-(4-(naphthalen-2-yDpiperazin-1 -
yhpropoxyquinolin.2{ L -one
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Cl N
‘ e 6-{{5}-3-((R)-4-(4-chiorophenyl)-2-methylpiperazin-1 -
N
?H y}-2-hydroxypropoxyiguinolin-2(1/h-one
N ~~_-0 e | R
: -
S
Ct

6-({5)-3-({5)-4-(4-chlorophenyl)-2-methylpiperazin-1 -

o yIF2-hydrexypropoxy)guinolin-2( LA -one
T

N7 O
H
Ci
O 6-((5)-3-{{28,6R)-4-(4-chlorophenyl)-2,6-
N/\(
N ?H o dimethylpiperazin-1-v1)-2-hydroxypropoxy jquinolin-
N
\‘§ 2(1H)-one
NS0
H

ZE
e
T

6-((53-3-((25,6R)-2.6-dimethyl-4-p-tolylpiperazin-1-

vl)-2-hydroxypropoxyiquinolin-2(1/}-one
R §!
N™ TO
H

{(R)-6-(3-(4-(4-chiorophenyl)piperazin-i-vi)-2-

o hydroxypropoxyquinolin-2(1 H)-one
L
NT O
H

k/ N \)\/Om hydroxyprepoxyauinolin-2( LA -one
N ~O
H

(R)-6-(3-(4-(3 4-dichlorophenylipiperazin-1-yi)-2-

\/!\/O hydroxypropoxy)quinolin-2(LiN-one
T
N™ ~0
H

(R34 4-(4-ethylphenylypiperazin-1-y1)32-
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(R)-6-(2-hydroxy-3-(4-(4-isopropylphenylipiperazin-
L-vDpropoxy)quinolin-2( L H)-one

{R)-6-(3-(4-(4-cyclopropyiphenylpiperazin-{ -y1).2-
hydroxypropoxy Jguinolin-2( LA -one

NT TC
H
@\ N /\ (R}-6-(2-hydroxy-3-(4-{4-propylphenylipiperazin-1i-
‘ CH
yDpropoxy)quinelin-2(1 H)-one
SN © ~ [ %
XN
H
)/\©\N /\ oH (#)-6-(3-{(4-{4-butylphenylpiperazin- | -y1)-2-

NPT NPAPN

hydroxypropoxy kuinoelin-2( LA }-one

NT O
H
I S
= N/ﬁ o (R)-6-(2-hydroxy-3-{4-(4-isobutylphenyl)piperazin-1-
k/N SN \ ylpropoxy)quinelin-2{1 H)-one
J

SN

H

(R)-6-(2-hydroxy-3-(4-(4-{prop-1-
yoylphenylypiperazin-1 -yDpropoxry quinolin-2( 1 H}-

one

(R)-6-(2-hvdroxy-3-{4-(naphthalen-2-v)piperazin-1-
yhpropexylquinolin-2{1L.f/}-one
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OH

Ao N
CLL

H

Tn

(R)-6-(2-hydroxy-3-{4-p-iolyipiperazin- 1 -v1)

propoxy)quinolin-2(1 H)-one

(R}-6-(2-hydroxy-3-{4-phenyipiperazin-1-
yl)propoxyyguinolin-2 (1 H}-one

(R)y-6-3-(4-(luorephenyl)piperazin-1-v1)-2-
hydroxypropoxyiguinelin-2(1 Hy-one

N
H
OH
OH (5)-6-(3-(4-benzyl-4-hydroxypiperidin--y1)-2-
N\/?\/om hydraxypropoxy)quinelin-2{ 1 F)-one
N™ ~OC
H
OHM
OH {R)-6-(3-(4-benzy!l-4-hydroxypiperidin-1-y1)-2-
N \/l\/ Om hydroxypropexyguinolin-2{1H)-one
N~ 0
H
CH
(5)-6-(2-hydrony-3-{4-hydroxy-4-phenylpiperidin-1 -

e
X

N._~0 — N

yhpropoxyiqunotin-2(1H}-one

In another embodiment, the compound is selected from Table 6.

Table 9,

Compound

Name
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Ci a
Cl‘@‘t\i/\!\“/\\‘/c o MN-{(4-(2-(3-(3 ,4-dichlorephenyl}-2-oxoimidazolidin-
- )

N,SogMe L-yDethoxy)phenylimethanesulfonamide
H
&) o
N )LN o l N-(4-(3-(3-(3 4-dichlorophenyl)-2-oxoimidazolidin-
(- /\/\QKN/SOzMe L-vhpropyDphenyhmethanesulfonamide
H
H {S)-N-(4-(3-(3-(3,4-dichlorophenyl)-2-
Cl N . e
i /©/ S0;Me oxoimidazolidin-1-yD-2-
Ci N N/Y\O hydroxypropoxyphenylymethanesulfonamide
H {8)-N-{4-{3-(3-(4-chlorophenyl}-Z-oxoimidazolidin-

Toyl)2-

o
CE‘@\N \’JN/Y\O hydroxypropoxy)phenyDmethanesulfonamide
OH

OH
°‘ Ly
- S (8)-1-(4-chiorophenyl}-3-(2-hydroxy-3-{4-
c,\@N)kN/\!/\O
\UID

hydroxyphenoxypropyljimidazolidin-2-one

o /©/OH
1-(4-chlorophenvl)-3-(3-(4-
O —
(-

hydrexyphenoxy ypropyl midazolidin-2-one

H
N _NH,

0 " \[f - .
)k : | {5)-1-(4-(3-(3-(4-chloropheny!)-2-oxoimidazolidin-
CEON N/\I/\O [ O

1-yl3-2-bydroxypropoxy)phenylurea

In another embodiment, the compound is selected from Table 10.

Table 10,
Compound Name
i H
/@ o\)l\N/\/N N-(2-(3 4-difluorophenylaminodethyl)-2-(4-
MGOZS\N " \Q\F (methylsulfonamidojphenoxy)acetamide
H F
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O
H
o
ey N

uad

N-(2-(3,4-dichiorophenylamino)ethyi}-2-(4-

(methyisulfonamidoe)phenoxy)acetamide

i
o NA(2-03 A-dichlorophenylthioyethy D2 -4
/ij/o\)J\ NN (methyisulfonamido)phenoxy)aceiamide
H | ;
MeO:8. N =5 \(/\CI
H Cl
e} N-(2-(3,4-dichlorophenoxyethyl}-2-(4-
| S O\/u\ N/\/O\@\ (methylsulfonamido)phenoxyjacetamide
i 4 3
Me(,S._ ‘
o0z N = \ Ch
H C
i
/©/ O\)\ﬁ = (E)-N-(3-(3 4-dichlorophenyDallyl)}-2-(4-
MeO,S.. N e (metiylsulfonamido)phenoxyyacetamide
H Cl
i
6] ! )
/©/ \)\ﬁ N-{3-(3 4-dichiorophenybipropyly-2-(4-
MeOS N Cl {methylsulfonamidophenoxyjacetamide
Gl
O
?/\/ N-(2-(3,4-dichlorophenylamino jethy])-3-(4-
M@S‘ﬁ Ci {methyisulfonamido phenylpropanamide
Cl
O
I/\Y\)j\ Ej/\/s\(/’\i N-(2-(3,4-dichlorophenylthioyethyl}-3-(4-
| i
MEOS \I ol (methylsulfonzmido)phenyl)propanarmide
H Gl
o]
/\/\/K g/\/o = | N-(2-(3 4-dichlorophenoxy)etiyl)-3-(4-
| 1 5 |
Meo?s\N/\/ \] o (methylsuifonamide)phenyl)propanamide
H Ci
O
= ﬁm (E}-N-(3-(3 4-dichlorophenyDallyl}-3-(4-
Meo?s\ﬁ & \/\Ci (methylsutfonamido ypheny!)propanamide
Cl
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TZ

N-(3-{3 4-dichlorophenyDpropyl -3-(4-

{methylsulfonamido phenylpropanamide

N-{4-(3-(4-(3 4-dichlorophenyl)piperazin-1-yi}-3-
oxopropyDphenyDmethanesuifonamide

N-{4-(2-4-(3 4-dichlorophenyl)piperazin-1-y)-2-

oxoethoxy)phenylimethanesuifonamide

N-{4-(3-(4-(3 4-dichiorophenyl)-2-oxopiperazin-1-

vlpropylphenyhimethanesul fonamide

H

NAd-(2-(4-(3 4-dichlorophenyl)-2 -oxopiperazin-1-
viythoxy)phenylimethanesulfonamide

{5)-N-(4-(3.{4~(4-chlorophenyi)-2-oxopiperazin-i -

yh)-Z-hydroxypropoxyphenylmethanesulfonamide

(5)-N-(4-(3-(4-(3 4-difluoropheny)-2-oxopiperazin-
Poyl)-2-

N CH
F ~ hydroxypropoxy)phenylimethanesudfonamide
F
H
Nesom
Q /©/ 2Ve N-{4-{3-(4-(3,4-difluorophenyl)-2-oxopiperazin-| -
5?5/\/\0 yhpropoxy)phenymethanesulfonamide
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o]
I = N/\E | N(4-(3-(4-(3 4-diftucrophenyl)piperazin-1-y1)-3-
Meo?s\ﬁ 7 k/“ =z | oxopropylphenyl imethanesul fonamide
R
F
o)
0
o f : \A‘\H | N-(4-(2-(4-(3 4-difluorophenyl)piperazin-1-y1)-2-
: N ot i oxoethoxyphenyl)methanesutfonamide
e
F
O O\/E {20403 4-dif] 3 i -1 -vl 2.
O=< | \i @ 6-(2-(4-(3,4-difluorophenyljpiperazin-1 -y1}-2
E = M 1 oxoethoxy)benzo{djoxazol-2{3 H}-one
2
F
F
O

6-(2-(4-(3 4-dichiorophenyDpiperazin-1-yl)-2-

?{I " I\/N oxoethoxyybenzof dloxazol-2(3H)-one
¢

O O\/U\ N/\ 6-(2-{4~{4-Chlorophenyl)piperazin-F-yl)-2-
O=<N K/ N oxocthoxyibenzoldjoxazol-2(3 H}-one
H T
Cl

O
o :<t©/ \)\ N/\E 5+ 2u{ 43, 4-diftuorophenyl)piperazin-1 -y1)-2-
N
H

oxoethoxydindolin-2-one

9]
Q.
o f = \)L'N/\i 3-(2-(4-{4-chlorophenvl)piperazin-1-y1)-2-
N = \\/N\@\ oxocthoxy)indolin-2-one
Cf
i
o |
o l = \/\N/\\i 5-(2-(4+(3 4-dichlorophenylpiperazin- L -yl 2~
N == N \@ oxoethoxy indolin-2-one
' Cl
Ci
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Ci

6-(2-{4-(3,4-dichlorophenyl)piperazin-1-y1)-2-

oxoethoxy)-3,4-diliydroquinolin-2( 1 H)-one

6-(2-(4~(4-chlorophenyl)piperazin-1 -y)-2-

oxoethoxy}-3,4-dihydroquinolin-2(1 Hy-one

M
Tt

Gn( 20(4-€ 3 4-diftuorophenylpiperazin-1-yl)-2-
oxoethoxy)-3,4-dihvdroquinolin-2¢(1 H)-one

$

Q

6-{2-(4-(3 4-dichlorophenyl piperazin-1-yl)-2-

oxoethoxy)quinolin-2(1 Hj-one

O
-
C

6-(2-{4-(4-chlorophenyipiperazin-1-y1)-2-

axoethoxy)guinolin-2( 1 H)-one

O,
:.!:zE
\

4

6-(2-(4-(3 4~diflnorophenyl)piperazin-i -yl)-2-

oxoethoxy)quinelin-2( L Hj-one

=%

(&
o)
.
L.
}

¢
pe

6-(3-(4-(3 4-difluorophenylpiperazin-1 -yi)-3-

oxopropoxy)benzofdjoxazol-2(3H)-one

2L

(.
%
/A

8] S

a

6-(3-(4-(3 4-dichlorophenylpiperazin-L.yl)-3-

oxopropoxy jbenzo{djoxazol-2(3H)-one
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. ‘
~ T
" . /\AN ~ 6-(3-(4-{(4-chlorophenyl)piperazin-1-y1}-3-
iij oxopropoxyibenzo|dioxazol-2(3H)-one

T

=
= Ci

N
S o
Om 5(3(4-(3 A-difitorophenylpiperazin- 1 -yi)-3-
/o/\)J\N/\ -(3-(4-G3, phenylpip ¥

J\/N _ oxopropoxy)indolin-2-one

I

F‘

.

H
N
o}
O:Oij\ 3-(3-(4-(3,4-dichlorophenyl)piperazin- 1 -y}-3-
O/\)LN

/\ oxonropoxy)indolin-2-one
N

(.
\

H 5-(3-(4-(4-chiorophenyl)piperazin-1 -yi}-3-
o " ! = o oxopropoxy indolin-2-one
/; O/\)']\N/w
K/\K@\
Cl

H
OVN s Q
i | = o/\)LN/\[ 6-(3-(4-(3 4-difluorophenyl piperazin-1-yl)-3-
A

oxopropoxy)-3,4-dihydroguinolin-2(1H}-one
\Q\F

F
H
LN o
! ! 6-(3-{4-(4-chlorophenyl jpiperazin- | -y1)-3-
P o/\)\w/\! {3-{A-{4-chlorophenyi)piperazin-1 -v1}-3
AN oxopropoxy -3, 4-dihvdroquinolin-2( 1H-one
o8
i
OVN o
/\A 6-(3-(4-(3, 4-dichlorophenyDpiperazin- -y])-3-
o N/\]
k/ N oxopropoxy 3-3,4-dihydrequinolin-2( 1 H}-one
ol
Cl
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H
SN NN o
. | P O/\)j\N/\ 6+(3-(4-(3 4-difiuorophenylpiperazin- 1 -vl}-3-
K/N - 0xopropoxy}quinehn-;{H{)—one
g%
H
O, N l S O 603 " o ) .
« P o/\/LLN/\\ ~(3-(4-(4-chlorophenylpiperazin-1 -y1}-3-
i oxopropoxy)quinolin-2( LF)-one
N
E H
= cl
H
Oyt [ = o 6 o s . . -
~ i O/\)LN/\ -{3-{4-(3 4-dichlorophenyl ypiperazin-1-y1)-3-
' oxopropoxyguinolin-2(1 Hi-one
K/N\\?///‘\I‘
&\r/J\CE
Ci

5-{244-(3,4-dichiorophenyl)-2-oxopiperazin-| -

vhethoxyndolin-2-one

5{2-{4<{d-chloropheny!)-2 -oxopiperazin-1-

vhethoxy)indolin-2-onc

5-(2(4(3 4-difluorophenyl}-2-oxopiperazin-1-

yhethoxy)indolin-2 -one

5-(3-(4-(3 4-difluorophenyl}-2-oxopiperazin-1 -

vipropoxy)indoelin-2-one

5-(34(4-(3 4-dichlorophenyl}-2-oxopiperazin-1-

vlpropexydadolin-2 -one
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NN N/ﬁ 5-{3-(4-(4-chloropheny!}-2-oxopiperazin-1 -

vhpropoxy jindolin-2-one

-/D/ O\AN)H 6-(2-4-(3 4-dichloropheny!)-2-oxopiperazin-1 -
OA\E K/ N yljethoxy)-3,4-dihydroquinolin-2( 1 H)-one
Ci

ci
8]
: o\/\NJ\W 6-(2-(4-(4-chiorophenyl)-2-oxopiperazin- -
O N 7 E yhethoxy)-3,4-dihydroquinolin-2( | H}-one
= Ci
o]
i R O\/\N 6-(2-{4-(3 A-difluorophenyl)-2-oxopiperazin-1 -
o N/*\,ﬁ K/N - yikethoxy)-3,4-dinydroquinolin-2( 1 E)-one
H =\ | .
F

6-{2-(4-(3 4-dichlorophenyl)piperazin-1-y13-2-

oxoethoxy)guinelin-Z({ | H)-one

6-(2-{4-(4-chloropheny)piperazin-1-y1)-2-

oxoethoxy)guinelin-2(1 H)-one

6-(2-(4-(3 4-difluorophenyi)piperazin-| -y1)-2-

oxoethoxy yquinobin-2( 1 H)-one

F
o}
0

O:<° Yy \}\g/ﬁ N-(2-(3,4-dichlorophenylamino Jethyl)-2-(2-0%0-
b # AN = | 2, 3-dikydrobenzof djoxazol-6-vioxy)acetamide

S

Cl
ci
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| N-{2-(3,4-difluorophenylaming yethyl -2 2-oxo-2,3-

o\i . _ .
=<: hydrobenzo[djoxazol-6-y} ramide
- D/ E{/\ dihvdrobenzo[djoxazol-6-yloxy)acetamide
N HN
H

pos

F

N-(2-(3 4-difluorophenylamino)ethyl-2{4-

0
H
/@O\)\ N N\Q\ hydroxyphenogylacetamide
H
=
HO F

N-(2-(3 4-difinorophenylaminoethyl}-3-(4-

F
o
H
WNNN \@\ hydroxyphenylpropanamide
H
e
HCY F
F

N-2-(3,4-difluorophenylamino)ethy!}-2-(3-fluero-

H
‘:UO \/ﬁ\ Ei oSN 4-hydroxyphenoxyJacetamide
HO F

F‘

In one embodiment, the compound is not HO . In

OH S

/\\YO\/\/N\/J

f ;
another embodiment, the compound is not MeO2SHN/\/
in one embodiment, the compound has an ICsp value of 600 nM or less. In one
embodiment, the compound has an ICsq value of 600 M or iess at pH 6.9 or an ischemic pH.

In one embodiment, the compound is selected from Table 11.
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Table 11.
1/\‘/F - ‘ Cl
|
R 2
oH (\ N F OH HN i
. H
ﬁ/e\)\/“‘\) . O\/J\/N
MeOESHN/\’/) eOLSHN | =
2
- : i = E Ci
oH NN R Ny OH /\2\! =
[ SRy O\/\/N\/ /©/O\)\/N\/
MeOSHN" MeCySHN
¢ 0
. o
P N oy HES)\\\/
i s} ‘ N
O AN~ | NI \)
MeO,sHN T
MeCsSHN
= ‘ F /\TE/CI
OH AN =

e
-0
T
o

H
/@O\/J\/N\) O\}\/N
H
i i
/
MG, BHN MeO,SHN" :

oH i
i i ] r [5
No\)\/w\/’ A O AN~
o M
i =
MeOQSHN/\/ MeC,SHN™ 7
= & = : F
H
i
oH TN oH 7N S
1 ;
O% O% ‘}
N N
H H
é///\ll/m
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2 7
OWO\)}\N/\ N . N = P Ci
O:< /i\) K/ ‘ H ' }
- N\Q MeOZS\N = 2 -
A H
= Ol

In one embodiment, the compound has an ICs value of 600 nM or less at pH 7.6 or a2

phystological pH.  In one embodiment, the compound 18 selected from Tabie 12,

Table 12

MeC,SHN

OH " ;
./’N‘\, d
MeC,SHN ™ ™ MeO,8HN "
s T e, O
T Ty e
[
- 8 A
Ok N - F OH - o al
;o Ho
PN AN - G o N

MeC,SHN™ ™%

MeO,SHN " =

= E
b
oML T
e | N\)
- - R e
1MeQ,SHN " O P
F
=
o T S oH N
g N N~ { SN O\/\/N\)
o™ HO™
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N Br o CFy
i i
oK (N = OH N
/@/O\/\/N\) | ~ O\A/N\)
HO Ho
T :
- N o
: N i Ry M
‘ o ﬂ/\/ %\i}/ s /Q/\/\ﬁ \@
MeOS g N al
N H
o H H
| Oy N al
RS O\)\N/\/N ol /(‘j ﬁ \C[
MeO,S. = H . MO8 S
N | o
H
& =
e} e} {
ORe e T
i H i
MeOz.., A7 NP - LN al
g cl
Oi 1
Ny PN
o . o oo
y o NPLN” | F y \/N\f\‘.
SN K‘)\m
j T
H H i
Me0,8 J O
o ‘“m/\/ Cl HO g

in one embodiment, the compound has a pH boost of 5 or more. In one embodiment,

the compound is selected from Table 13.

Table 13,

MeQ,SHN™

e

MoOLSHN ™ 7
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e e /\IOH
oM ‘/ Tj e IOH g’ T‘\J o
53/:\\§{/O \_\/,N__\// ;(E/‘}\.\T/,O\\/.\\//N\\ -
! A
MeOZSHN’/i\"é WeOySHN
= | :7“\3 -4
< LI
O ;’/\T N oH “ ey
NO\)\/ N~ U/’ S C. RN
i | H
d v ,"/l
MeOstN)\/ MeO.SHN T ™
\J f"{;\ﬂ"/c‘ = ‘5 o
i
. A ;
OH [ I S OH (\ =
,!/'b_-:: ,,/O\ '\\.,/N\,/’ o O.\)\/N\)
B o=
MeGsSHN 7 N O
H .
v A
oM (\N/v\r-" oH TN =g
! ; y
0. O\)\/N\/ G R G\./\\/N\)
=1 ~
N N =
H H

PN
B
OH /\N -
A O A
HO ;E Z
~
OH (\N/\/[S\F
| R, O\\\\“'l\/N\/
Ho™
N
oH NS t
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P

/|‘F E
B (\/C

[
o /\\\\I/O\/\/N\) o O\/\\/N\)
pee el

A
. N
N cl /C/\/\ !/w
Q/\/\E E/ | MeO8 SN

MeOS. A
BN g H JoN o
H ——

Ci
i i N7
H ! }
Sy NMCI MeOQS\N o L\/N 5 Ci
| H | | ; i
- 3] | i
P MC[ go}

Me0,8.

in one embaodiment, the compound has an 1Csg of 600 M or less and & pH boost of 5

or more. In a particular embodiment, the compound is

o
WNWCI
H H
Me(G,S ’
TN g
H
) H
N Cl
e
H
MeO,S._
BRCRY S
H

. In ancther embodiment, the compound is

. In another embodiment, the compound is,
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. In another embodiment, the compound is,
v <L

LA T

. In a particutar embodiment, the compound 18
e A
o
JL\ /L
oH S v
O /)N
|
MeOzSHN" ™" . In another particular embodiment, the compound is
G
I i
Ny
oy
g O N

MeC sk

. In another embodiment, the compound is,

MeO,SHN

. In another embodiment, the compound is,

e SO e N
7Sy e -
i
A
MeC8HNT ™

=

In one embodiment, the compound 1s selected from the group consisting of:

il
X
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N™ 0
H .

In another embodiment, the compound is selected from the group consisting of,

Ci

Cl o

l

o

ﬁ 0
N
K/)\I\H/\O/Q:O\F © CEFQNéNrQQNHSOZCHg
e ,
N, 9
Cl NYN\/\/QQ—OH
©

Ci P L
JOPUPSIR
N o
ci N O
H Or

, and

Formula 11

in one embodiment, compounds, pharmaceutical compositions and methods of
treatment or prophylaxis of neuropathic pain, stroke, traumatic brain injury, epilepsy, and
other neurologic events or neurodegeneration resulting from NMDA receptor activation,
comprising administering to a host in need thereof & compound of Formula i, or 2

pharmaceutically acceptable salt, ester, procdrug or derivative thereof are provided:

Ar? B ArP
Gf/ \X/ \X/ \\M
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FOorRMBLA 11

wherein:

each G 1s independently F, CL, Br, [, C;-Cy aliyl, C1-Cy alkoxy, Ce-Cyp aralkyl, -O-aryl, —.S-
aryl, -NH-aryl; .

f=0,1,2,3,40r5;

Ar® and Ar” are each independently ary! or heieroaryl;

B is selected from the group consisting of:

— (CR#RP (CR°RY) {
l\'\[‘ - \{CReRf)y -

CRORM), —

=]
am@by - cend CRth) -
_AACRR (CRERY) { .
— CRK >N/ “\(CReRf)y/
RrR™ , and

(CROR™), —

~

CR? ——(CReRY);

— (CRaRb}\N /(CRCRG)\
\Rn P

wherein R®, R®, R, R®, R®, R', R®, R®, R and R” are each independently selected from H, ;-
Cs alkyl, C4-Cp alkoxy, OH or halo;

Rl is H, C1-Cg alkyl, OH or P(OYOC-Cs alkylly:

R™1s C;-Cy aliyl or C-Cy alkenyl;

R"is C;-Cy alkyl, C2-Cy alkenyl, C¢-Cyp aralkyl, -CH,0-, -CH(C,-C; alkyDO-, -CH(C,-Cy5
arallcyHO-;

t,w,yand zeach=0, 1, 2, or 3

X and X’ are independently selected from 2 bond, O, S, SO, SO, CHy, NH, N(Cy-Cs alkyl),
and NHC(=0};

M is OH, F, CL, Br, I, NH,, NRIR', NO», O(C(-Cs alicyl), OCF3, CN, C(O)OH, CO)O(C1-Co
alkyl), Ce-Cys aralkyl, NR*C{O)CR's, or NR*C(O)NR",. wherein each RY R', R, R* and R is

5

each independently H or C)-Cg alkyl; and each R' is independently H, C;-C; alky! or halo; or

two M groups may be taken together with A’ to form:
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/O - S /\ - NRW .
Ar® \FO Ar® >:O Ar? /N ArP >=O Ar® 0
N ~ ™~y ~~ : ~

NR? R NRE NRY
NRW
'//', ArP C b/\ ///O
Arb \ Ar S
. ~. 7 ) \
NR“ Oor NR : and wherein R®

and R” are mdependently H, Ci-Cs aiky or Cg-Cyz aralleyl; and
h=1,234o0r5;
wherein when B contains a piperidin-4-ol or a pyrrolidin-2-ol moiety, and Ar* and Ar’ are

each phenyl, M is not OH at the para position on Ar’.

In one embodiment, G 1s F or Cl. In another embodiment, 15 1 or 2,

In one embodiment, Ar* is phenyl. In another embodiment, Ar® is phenyl. [n another
embodiment, Ar® and Ar° are cach phenyl,
In one embodiment, Ar* is phenyl and 18 substituted with two G groups. I[na subembodimént,
both G groups are CL. In another subembodiment, both G groups are F. in another
subemebodiment, one G group 1s Cl and the other G group 1$ F. In one embodiment, G is
selected from the group consisting of Ce-Ci» aralkyl, -O-aryl, -S-aryl, and -NH-aryl,

In one embodiment, B i1s

— (CRER® (CReR)
N N

N

Rl . In a subembodiment, R*, R®, R
RY R®, REand R" are H: Rj is H, C1-Cg alkyl, OH or P{OYOC,-Cy alkyl); R is H, halo or
OH; tis G, 1, 2, or 3; and w, y and z are each 1.

(CRORM), —

e

§
(CReR};

In one embodiment, B is

(CReRD (CRERY) (CRER™M), —
- 1\ - “\(CRERf) P

—_— CRk

\ / ¥
. In a subembodiment, R?, R?,

R% RY R, RE and RF are H; RYis H, halo or OH; R* is H, halo or OH; R™ is C;-C4 atkyl; tis
i, 2,0r3;and w, v and z are each 1.

In one embodiment, B is
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(CRth)z_

~

CRP ——(CR°R'),

—_ (CRaRﬂ\ (CRORY)
/ N
. In g subembodiment,

R?, R, R, RY, R®, R and R” are H; R’ is H, halo or OH: RP is H, halo or OH; R™ is -CH,0-; £
180,1,2,0r3; andw, y and z are-cach 1. _

In one embodiment, the sum of w, v and z does not exceed 6. In one embodiment, the
sumofw,vandzis2, 3,4, 5o0r6.

In one embodiment, X is a bond, O, S or CH,. In another embodiment, X is Q. In
another embodiment, X is CH,,

In one embodiment, X’ is a bond, NH, § or CH,. In another embodiment, 3’ 1s a
bond. In another embodiment, X 18 S. In another embodiment, X’ 18 NH. in another
embodiment, X' 15 CHs. '

In one embodiment, M 1s OH. In another embodiment, M 18 F or Cl. In another
embodiment, M is O(C~Cs alkyl), for example OCH, OCH,CHs, O{CH;,),CHs, OCH(CHz),
or OC{CH3). In another embodiment, M is NH;. In another embodiment, M is NRIR". In
another embodiment, M is NO,. In another embodiment, M is OCF3;. In one embodiment, M
is CN. In one embodiment, M is C{OYOH. In one embodiment, M is C{OYO(C,-Cq alkyl),
for example C{OYOCH;3, C{OYOCH:CHs, C(OYO(CH2»CHs, C(OYOCH(CHs) or
CIOHYOC(CHs)s. In one embodiment, M'is Ce-Cop aralkyl, for example CHz-phenyl In one
embediment, M is NR'C(OYCRY. In a subembodiment, R® is H. In a subembodiment, R is H
or Cl. In one embodiment, M is NR'C(OWNRY,, for example, NHC(OWNH;. Ina
subembodiment, R" is H and R" is H or alkyl.

In one embodiment, two M groups may be taken together with Ar®to forﬁi:

Q

— /S
ArP >:C} Arb >:(j Arb >=O AT
\ ~ \

NRY NR”

NRW '
- O
Ar? /l /l b/\S /
F \\
NR” ~nke O

subembodmlei}t, two M groups may be taken together with Ar°to form:

. Ina
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o]

-
Art >=O
~—

NR® . In one embodiment, R® and R™ are both H. In one embodiment, h is 1 or

In one embodiment, the compound is a compound of Formula IT, ora
pharmaceutically acceptable salt, ester, prodrug or derivative thereof, wherein:
“each G is independently F, C1, BrorI;
fis0,1,2,3, 4, 0r5;
Ar® and Ar” are cach independently selected from the group consisting of phenyl, pyridyl,
pyrimidinyl, thiophenyl, imidazolyl, furanyl, indolyl, benzothiophenyl, benzofuranyl,
benzoimidazoivl;

B is selected from the group consisting of:

— (CR®RP {CR°RY)
l\T - v\(crzaraf)y P

R

apb cpad
/(CR R {CRCRY)
— CRF >N/ \(CReRf)y/

R , and

(CR°RY)
l‘\N/ N e

o |

wherein R®, R®, R®, RY, R®, RY, R&, R®, R and R” are each independently selected from H, C;-
Ce alkvl, OH, or halo;

R} is H, Ci-Ce alkyl, C+-Cy, aralkyl, or OIL

R™ig C1-Cy alkyl or C;-C; alkenyl;

R"is C1-Cyalkyl, Cp-Cy alkenyl, Ce-Cyz aralkyl, -CHO-, -CH(C;-Cs alkyDO-, -CH{C,-Cry
aralkyl)O-;

t,w,yandzeach=0, 1,2, or3;

X is a bond, CH, or O;

X’ s abond, CH,, S or NH;

(CRORM), —

B

(CRYRM), —

(CROR), —
RP ——(CReR)

B
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Mis OH, F, Cl, Br, I, NH,, NRR’, NO,, O(C-Cg aikyl), OCFs3, CN, C{O)OH, COYO(Ci-Cs
alkyly, C-C)2 aralkyl, NR*C(O)CR';, or NRPC(O)NR";, wherein each R, R', R, R¥ and R" is
each independently H or Ci-Cs alkyl; and each R'is independentty H, C;-Cs alkyl or halo; or

two M groups may be taken together with Ar”to form:

>=o Ar 0 >:o Arﬂ-:
\_ /

NR“ NRU

NF?.W
" S \

NRY N

; and wherein R”
and R” are independenﬂy Hor C-Cs alkyl; and
=1, 2 or 3.

In one embodiment, the compound is a compound of Formuia 11, cra
pharmaceutically acceptable salt, ester, prodrug or derivative thereof, wherein:
each G is independently F, Cl, Bror I;
f=0,1,2,3,40r5;

Ar*and Ar” are each phenyt;
B is selected from the group consisting of:

— (CRRY), (CR°RY)
X\N/ ~ e

| (CReRY),;

Ri

(CRIR"}, —

H

CRaRb (CR°RY) (CRORP), —
- C{ > T N
and
— (CR*R® (CR°RY) (CRORM,
1\ V\ Rpm(CReRf)y/

wherein R*, R”, R", Rd, R, R, R%, R® R¥and R? are each independently selected from H, C;-
Cs alkyl, OH, or halo;

R!is H, C;-Cs alkyl, or OH;

R™is C-Cy alkyl or C-C; alkenyl;

O
2
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R"is C;-Cyalkyl, Co-Cy alkenyl, Ce-Ciy aralkyl, -CH20-, -CH(C-Cs alkyDO-, -CH(C3-Cy2
aralkyDO-;
t,w,vand zeach=0, 1, 2, or 3;
Xisabond, CH; 01; Q;
X is a bond, CH,, S or NH;
M is OH, F, Cl, Br, I, NH,, NRR', NO,, O(C;-Cs alkyl), OCF5, CN, C(OYOH, C(OYO(C-Cs
allkyl), Ce-Ciz aralkyl, NRC(O)CR'; wherein each R% R’, and R® is each independently H or
- C-Ce alkyl; and each R is independently H, C;-C alkyl or halo; or two M groups may be
taken together with Ao form:

/O

Arb o
TNRY ; and wherein R" is H or C;-C4 alkyl; and

h=1,2o0r3.
In one embodiment, M is NR*'C(O)NR",, for example NHC(OQNH, or

NHC(O)N{CH3).

In another embodiment, Ar"-M is selected from the group consisting of:
: group g

and \NR“ 0,

OH
O ; Ry O\)\/N

~ X
H or 6-{3-[2-

{3.4-Dichloro-phenyl)-ethylamine]-2-{S)-hydroxy-propoxy}-3H-benzooxazol-2-ong.

OH
cl /O/
@\/O\E/\‘/\o

I one embodiment, the compound is O

94

In one embodiment, the compound is
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In one embodiment, the compound is selected from the compounds in Table 14.

Table 14,

Compound
NAME

41312403 A-Dichloro-phenyl)-ethylaming -2 S)-

4-(3- {Butyl-{2-(3 4-dichloro-phenyl)-ethyl]-

amino } -2-(S)-hydroxy-propoxy)-phenol

oM
O\)\/ J\C[CE hydroxy-pmpoxy}—phenol
= Cl

J/D/OWN N
V N
Ci

4-{3-[2-(3.3-Dichloro-phenyl)-ethylaminei-2-(5)-

H\{/ \ N Cl hydroxy-propoxy }-3-finoro-phenol

4-{3-12-(3 4-Dichloro-phenyl)-ethylamino-2-(5)-
Ry hydroxy-propoxy} -2-fluore-phenol

o
U C'

1-[2- S-Hydroxy-3-(4-hydroxy-phenoxy Fpropyl]-
- 4-phenyl-piperidin-4-ol

(R-1-{4-(2-hydroxy-3-(4-hydroxy-4-
\/?i/o phenylpiperidin-1-ylpropexy)phenybhrea

{8)-1-(4-(2-hydroxy-3-{4-hydroxy-4-

LA

NNA

mo

phenylpiperidin-1-ylpropoxyphenyliurea
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OH
' OH (85)-1-(4-(344-benzyl-4-hydroxypiperidin-1 -y1)-2-
N ~0 o ! o hydroxypropoxy)phenylurea.
X NANHz
_ H
~ 5 .
OH (RI-1-(4-(3-(4-benzyl-4-hydroxypiperidin- 1 -y1}-2-
N O \Q o hydroxypropoxy)phenylurea
N J\N H
3 2
(? H
OH 1 -{(4-(3-(4-benzyi-4-hydroxypiperidin-1-vi)-2-
N \)\/O \@\ 0 hydroxypropoxy jphenylurea
N J\ NH
B 2
Cl
oH 1-(4-(3-(4-(4-chiorobenzyl}-4-hydroxypiperidin-1-
OH

N \/§\/ o o : yh-Z-hvdroxypropozy iphenylurea

: N )J\ N
B 2
OH
o 1-{4-(2-hydroxy-3-(4-hydroxy-4-phenyipiperidin-1 -
O
N \}\/ o . yhpropoxyphenylurea
: N/H\NH
N )
OH
m OH (5353 -(d-benzyl-4-hydroxypiperidin-i -yi}-2-
Noo O | hydroxypropexyindaelin-2-one
o
XN
H
Ot
OH {R)-5-(3-(4-benzyl-4-hydroxypiperidin-1-y1}-2-
) \/L\/Omo hydroxypropoxylindelin-2-one

M
H
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OH
(§3-5-(2-hydroxy-3-{4-hydroxy-4-phenylpiperidin-
| QH 1-yDpropoxyiindolin-2-one
N0
=
N
H
OH
{R)-5-(2-bydrogy-3-(4-hydroxy-4-phenyipiperidin-
OH : .
I-yDpropoxyiindolin-2-one
N \/'\/O
=
N
H
OH .
OH (R}-6-(3<(4-benzyl-4-hyvdroxypiperidin-1-y1)-2-
N \/'\,Om hydroxypropoxy)-3.4-dihydrogquinolin-2{ | H)-one
N™ O
H
OH
OH {(8)-6-(3-(4-benzyl4-hydroxypiperidin-1-y1)-2- .
No_~_0 Lydroxypropexy)-3 4-difrydroguinolin-2{ 1HD-onge
N ’&o
H
/\ Ot
i e {8)-6-(2-hydroxy-3-(4-hydroxy-4-phenyipiperidin-
? H L-yDpropoxy)-3 4-dihydroguinolin-2(1 H)-one
N \/\/O o
RV ’&o
H
OH
(R)-6-(2-hydroxy-3-{4-hydroxy-4-phenylpiperidin-
OR L-yhpropoxy)-3.4-dihvdroquinolin-2(1 H)-one
N \)\/ C
!
NS0
H
OH
(F)-6-(2-hydroxy-3-{4-hydroxv-4-phenylpiperidin-
OH L-yDpropoxy quinolin-2{ 1 Hy-one
N O A
= N™ O
H
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In one embodiment, the cbmpound has an 1Csq value of 600 nM or less. In one
embodiment, the compound has an 1Cs; value of 600 nM or less at pH 6.9 or an ischemic pH.

In one embodiment, the compound is selected from Table 13,

Tabhle 15,

t/g/m /\\yo\)\/ﬁ o
J AT

OH
O Ry O\/\/N\/
=1
N

-~ £ oH
‘ 1 , :
O M Cl
o ,» 33/\\/ NP \/\L/\j
SO\)\/&\NK“/%[CE HO/\// g
Ho™ ' N
o
FD/OWNWC'
I !
Ho™ g

In one embodiment, the compound has a pH boost of 5 or more, In one embodiment,

i
/yo'\)vN\/\@:Ct
the compound 13 HO al,

In one embodiment, the compound 18 selected from the group consisting of;

7 NHSO,CH; OH
o (S /@/ i S I/\N (5} O/Q/

N

H

jon
Cl
OH
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Q/OH
Gi

N O
NSRS
and S

jog
N _
(oY ee
In one embodiment, the compound is o

In another embodiment, the compound is selected from the group consisting of:

H
N\n/
ID\/\N/Y\OO/ o
H
OH
Ci § CHCI
2
al u/Y\o ©
OH ,and

In another embodiment the compoeund &
ol N/Y\O
H
OH

In one embodiment, one or more of RS, RY, R®, R\, R®, and R" is .an OH group which
creates a stereogenic center. In a particular subembodiment, one of R%, RY, R®, R" R® and R
is an OH group which creates a stereogenic center. In ancther subembodiment, the OH group
at one of R%, RY, R®, R", R€, and R” is in the R configuration. In another subembodiment, the
O group at one of R°, R RE R{, RE and R"is in the § configuration,

In certain embodiments, the binding to both h'ERG and alpha-1 adrenergic receptors
can be modulated by changing the G substituent or G substituents. In particular, for

compounds wherein Ar® is phenyl, the binding to both hERG and alpha-1 adrenergic
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receptors can be modulated by changing the substitution at the 3 and/or 4 positions. In one
embodiment, the Ar® phenyi is substituted at the 3 and/or 4 position with, for example,
fluorine or chlorine. In certain embodiments, substitution at the 3 and/or 4 postions of the
Ar’ pheny! can increase potency. . _

In Cer_ta.in embodiments, both hERG and alpha-1 adrenergic binding can be reduced
by substituting N at the R’ position with C-Cy; aralkyl. In a particular subembodiment, R’ is
benzyl,

In certain embodiments, alpha-1 adrenergic binding is reduced when R’ is C;-Cg alkyt,

When Ar” is phenyl, para substitution of the M substituent is particularly preferred,
Additional M substifutents on the Ar” phenyl are preferred at one or more ortho positions.
Additional substitution on the Ar” phenyl at one or more mefa positions can reduce potency.

In certain embodiments, the Ar® phenyl is not substituted by two fluoro groups. In one
embodiment, the Ar” phenyl is not substituted by two methyl groups. In one embodiment, the
Ar” phenyl is not substituted by one halo group. In one embediment, the Ar” phenyl is not
substituted by one fluerc or alkyf group at the C-2 position. In one embodiment, the A
phenyi is not substituted by & OH or NO; group.

In one embodiment, when Ar® and Ar” are both phenyl, at least one of £ or h is not 0.
In one embodiment, when Ar® and Ar® are both phenyl, fis not 0. In one embodiment, when
Ar® and Ar® are both phenyl, h is not 0. In one embodiment, when Ar” and Ar” are both
phenyl, X is not CH,. In one embodiment, when Ar® and Ar” are both phenyl, X’ is not CHy.

In another embodiment, M 1s not OH. Tn one embodiment, the compound is not
OH

J

In one embodiment, M is not aralkoxy. In one embodiment, the compound is not

0 OH
/@/ \/\N
HO

OH
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in one embodiment, B does not contain a piperidiny! moiety. In another embodiment,
when B contains a piperidinyl moiety, and Ar® and Ar® are both phenyl. M is not OH. In one
embodiment, when B contains a piperidinyl moiety, M is NR*C(O)NR",, for example,
NHC(O)NH,. In a subembodiment, R" is H and R” is H or alkyl. In one embodiment, when
B contains a piperidinyl motety, X 19 not CH;.- In one embodiment, when B contains a n
piperidinyl moiety, X’ is not CIl,. In one embodiment, R¥ is not OH. In one embodiment, R
is not OH.

In one embodiment, when B contains a hydroxy-substituted-piperidinyl moiety, X is
not CH,. In one embodiment, when B contains a hvdroxy-substituted-piperidinyl moiety, X’
is not CH, TIn one embodiment, B does not contain a hydroxy-substituted-piperidiny! moiety.

In one embodiment, X 18 not SO». In another embodiment, X’ is not SO,. In one
embodiment, when B contains a piperidiny] moiety, X is not SO;. In one embodiment, when
B contains & piperidiny] moiety, X is not SO,.

In one embodiment, X is not §. In another embodiment, X' is not S. In one
embodiment, when B containg a piperidinyl moiety, X is not S. In one embodiment, when B
contains a piperidinyl moiety, X is not S.

In another embodiment, M is not OCH; or OCFa. In another embodiment, M is not
NO,. In one embodiment, when B contains a nitrogen-containing heterocycle, Ar'-X is not
heteroaryi-NH. In another embodiment, when B contains a mitrogen-containing heterocycie,
Ar*-X7 is not heteroaryl-NH.

In one embodiment, when B containg 2 nitrogen-containing heterocycle, X is not
NH(C=0). In another embodiment, when B contains a nitrogen-containing heterocycle, X i3
not NH{C=0).

‘Formula 1

In one embodiment, compounds, pharmaceutical compositions and methods of
treatment or prophyiaxis of neuropathic pain, stroke, traumatic brain injury, epilepsy, and
other neurologic events or neurodegeneration resulting from NMDA receptor activation,
COMpIISING administering to a host in need thereof a compound of Formula 11, or a

pharmaceutically acceptable salt, ester, prodrug or derivative thereof are provided:
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X"
Z# e A e (CR*'RE*)N)j\ NRY — (CRYRY)pm— NRY
X#

(L*,.)k*__,_'- A2 — (CR7*RB*)-¢__ AN
ForMULA 111

wherein: :
Z* 1 OH, NR'"R™", NR'™'SO.R", NR*¥'C(OWRR'", NR'*C(OYOR'", NR''-
dinydrothiazole, or NR'? -dihydroimidazole; wherein each R'", R'" and R™" is

independently H, C,-Cs alkyl or Cs-Cyp arallyl; or

G S
= g N, 7
Ar o Ar O A N Ar

Arl'— 7= i T~NRZ ’ TSNR1Z 7 \Né*iz*’ S NR1Z
NR™
! N\
A;”1 O Ar‘!’ /S<
TSNRE SRz
N
A" At Ar*‘/\sfo
NR'™ O NR'Y O o NR .

Ar' and Ar” are each independently aryl or hetercaryl;

R R, R, R, R”, R* are independently H, OH or C-Cy alkyl;

n =12, 3or4

p =0120r3;

q =0 1or2;

R* and R*" are each independently H or C,-Cy alkyl;

X" and X% are each independently O, S, N(C1-Cy alkyl) or C(H or Ci-Cy alkyl:

W# is NR” or CR™'RM"; wherein R, R' and R'"" are each independently is H or C,-C4

alkyl;

cach L' is independeﬂﬂy (4-Cp alkyl, C-Cp alkoxy, C(=03-(C-Cg)-alkyl, C;-Cg haloalkyl,

hydroxy, fluoro, chloro, bromo, 1odo, nitro, or cyano; or two L groups may be taken together

. x . . .
with Ar" to form a dioxoiane ring or a ¢cyclobutane ring;

kK'=0,1,2,3 4o0r5;
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NRE
N (L)

or (Lo AT (CR7R® )y W s ©
in one embodiment, 7 is OH, NRWSOQRU*; wherein R is H or Ci-C4 alkyi, and
R is C-Cy allcyl or Co-Cy aralkyl. In one embodiment, 7" is OH. In another embodiment,

Z" s NR'™'SO.R', for exampie, NHSO,CHs.

/O
At o
% o Ed T * \ 7
In one embodiment, Z* is NR** C(OIWNR'"Ror Ar i NR™ ,
107
_NR :
Ar®” o A" 0 Ar\
TSNR TNNR'Z NR' S0 o

H 2

In one embodiment, Ar'” and Ar® are each phenyl.

In one embodiment, R'", R**, R*, R*", R™, R¥" are H.

In a particular embodiment, n s 2.

In one embodiment, p_ is 0, 1 or 2. In another embodiment, p* is 0. In another
embodiment, p is 1. In anothef embodiment, p~ is 2.

In one embodiment, g is 0. In another embodiment, q is 1. In another embodiment,
g is 2.

In one embodiment, RY" and RY are both H. In one embodiment, R® is C,-C, alkyl,
for example methyl, ethyl, propyl, tsopropyl, n.-butyi, sec-butyl, or ter-butyl

In one embodiment, X is S. In one embodiment, X is O.

[ one embodiment, W is NR”", for example NH. In another embodiment, W' is
CRP'R™, for exampie CH,.

in one embodiment, each L™ is independently seiected from C;-Cy alkyl, F, CL, Br, I,
or C-Cy haloalkyl, for example, CI, CH; or CFs. In one embodiment, & is 1. In another
embodiment, k' is 2.

In one embodiment, the compound is a2 compound of Formula 111, or a
pharmaceutically acceptable salt, ester, prodmg or derivative thereof, wherein:
7" is OH, NHSO,CH;
Ar'" is phenyl;
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R, R*, R, R are independently H or C,-Cy alkyl;

n*=2;
p*:(), 1or2;
q=01o0r2;

R* and R are each independently H or Ci-Cy alkyl;

X'isOor§:

W is NR” or CR”&RW; wherein Rﬁ, R* and R™" are each independently is H or C-C,
alkyl;

Ar® is phenyl;

each L" ig independently selected from C,-Cy alkyl, F, Ci, Br, [, C;-C4 haloalkyl;
k'=0,1,2,3,40r5;

O
NRE
s N (Lhe
W e AT eRTREY
or (e AP — (CRTR®)g— w o O
In one embodiment, the compound is selected from the group consisting of:
0 Cl o
NN . FooE
VY ﬁ IO R
S HO S
HO

0

O .
N N Cl N N
"¢ T
HO S cl o F
S
N S Cl N\/\N)LN
o \/\NJ( 3
O N O

3

k3
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Ci O _
OmN\/\Nj\Nﬁcx | ca/[j/\)L N’NEN\/@
v

In another embediment, the compound is sclected from the group consisting of:

, and

i

O
NN Ci
T X
O
HO ol
0
NN ci
N
O
\N’S\b Gl
H
0
W o
] N I
HO ol
o
H
G R N\N O\\S,CHB
i H RN
P 0 N O
cl W
0
i
poasase
al © NHSO,CH,

H
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O

S
/@/\)LN YUCI
NHSO,Ch: o

Cl

0

l i
NHSO,CH © -

3

HO ©

Cl

El

f
NHSO,CHy™ \/\©: o
c
o
WN, N\[(@ cI
NHSO,CH: ™ O

4

Ct

O o
H
N cl i ©
H \/\@ /©/\)LN1
HO Cl_ang NFSOCH: © |

Formula IV

In one embodiment, compounds, pharmaceutical compositions and methods of
treatment or prophylaxis of neuropathic pain, stroke, traumatic brain injury, epilepsy, and
other neurologic events or neurodegeneration resulting from NMDA receptor activation,
- comprising administéring 10 2 host in need thereof a compound of Formula IV, ora

pharmaceutically acceptable salt, ester, prodrug or dertvative thereof are provided:

s

Ar'

G_**)km X*qr_ (CR‘]”RQW)Q‘*"Y** N Ar:)w_____ Z**
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wherein:

cach 1™ is independently C,-Cy alkyl, C;-Cs alkoxy, C(=0)-(C;-Cs)-alkyl, Ci-Cs haloalkyl,
hydroxy, fluoro, chloro, brome, todo, nifro, or cyane; or two LY oroups rhay be faken
together with Ar'" to form: a dioxolane ring or a cyclobutane ring;

K"=0,1,2,3,40r5;

cach Ar' and Ar® is independently aryl or heteroaryl;

X718 S, O or NR'; wherein R is H, C-Cs alkyl, or Ce-Cyp aralkyl;

cach R' " and R* is independently H, C,-Cg alkyl, C:-Cs alkoxy, Co-Ciy aralkyl, C(=0)-(C;-
Ce)-alkyi, Ci-Cg haloalkyl, hyvdroxy, fluoro, chiore, bromo, 10do, nitro, or ¢yano; or CR'R?
can be C=0 or C=CH,;

n"=1,230r4;

¥ is a bond, O, S, SO, SO,, CHa, NH, N(C;-Cs atkyl}, or NHC(=0);

7" is OH, NR™'R™, NR*7S04(Cy-Cs alkyl), NR™ C(OWRT'R™™, NR¥ C{OYO(C1-Cs
alkyl), Nng—dihydrothiazo]e-, or NR¥ —dlhydrmmldazole; wherein each R , R™ ang R*"

R

is independently H, C;-Cg alkyl or Cs-Cy5 aralkyl; or

. NRTO™
>=O Ar2’" >=O A!‘2 N Ar >=()
AT i 70 TSNRE TSNRET 9** TSNR ,
R10
/ﬁ
\
, O

2”/\ A°

Ar /3\
T~ g ) . 'EH] joe .
NR ; wherein R and R are sach independently B, C;-Cs alkyl, aralkyl.

In particular subembodiment, Ar s phenyl, pyridyl, pyrimidinyl, thiophenyl,

- imidazolyl, furanyl, indolyl, benzothiophenyl, benzofuranyl, or benzoimidazolyl. In one
embodiment, Ar’ is phenyl. In another embodiment, A" is benzoimidazolyl. Ina
particular subembodiment, Ar® " is phenyl and Ar'" is a heteroaryl, for example
benzoimidazolyl. in one embodiment, At is a bicyclic group wherein the X group is

attached to the heterocyclic ring,
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In one embodiment, X" is S. In one embodiment, X is O. In one embodiment, X7 s
NR™ for examplé NH..

in another particular subembodiment, L™ i C-Cy allovl, C1-Cy alkoxy, C=0)-(Cy-
Cy-alkyl, Ci-Cg haloalkyl, hydroxy, fluoro, chloro, bromo, iodo, nitro, or cyano. In a further
subembodiment, L™ is methyl, triffuoromethyl, methoxy, nitro, fluore, chloro or hydroxy. In
one further subembodiment, there are one, two or three L™ groups substituting A In one
subembodiment, Ar' . is substituted with one fluoro group. In one subembodiment, At is
substituted with two fluoro groups. In one subembodiment, Ar'™ is substituted with one
fluoro group and one chioro group. In one subembodiment, Ar'" is substituted with one
chloro group. In one subembodiment, Ar'" is substituted with two chioro groups. In one
subembodiment, Ar'" is substituted with one methyl group. In one subembodiment, At s
substituted with one triflucromethyl group.

In one embodiment, each R"™ and R* is independently H or C,-Cy alkyl, for
example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-buty! or zerr-butyl. In one
embodiment, '™ and R are both H. In one embodiment, one R'™ or R*" is hydroxy. In
one embodiment, n” s 2, 3, or 4. In one embodiment. n” is 3.

T, T

In one embodiment, one CR™R?

18 C=0 or C=CH,. In one embodiment,

CH;
. _ w .G o™ NCH,
R™ )+ 18 selected from the group consisting of

E ?

e

{CR

CHy T’_H OH

OH
CH; /“\ CH l /I\
He” S HoC CH, He” HET NoH, HaCT CH,

2

OH OH OH

CH
; * ?H )\/ C/ 2
CH
HQC/\CHQ HQC CHQ HC/\/CHE HQG ? y)

2 L]

O ] O
I o )j\ ﬁ JJ\/
l “ CHQ /\/CHQ CHZ

O , O G C _and M€ CInan
OH SH OH
PPN Jo
particular embodiment, (CR' R“**)nw g H2C CH?, H2C CH?, or H2C CHz
In one embodiment, ¥ is a bond, O or CH;. In one embodiment, Y7 s 0. In

one subembodiment, Ar®™ is pheny! and is substituted witha Z* group at the 4 position.
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In one embodment, 2 is OH, NR® R, NR¥"SO(C;-Cs alkyl),
NR¥TCOWRTR™, NR¥ C(OY0(C1-Cs alkyl) NR¥ -dihydrothiazole, or NR¥
dihydroimidazole. In one subembodiment, Ar* is phenyl and is substituted with a 2~ group

at the 4 position. In one embodiment,

. 10
0 _-S -\ _-NR
A O A" PO A2 N AT =0

AP zv TSNRT , TSNReT O TSNRY TSNRE
NRIC
- =\ 2P -\ Z°
Ar? O A % AT S
\"NRQW ey /9“ 9] \NRQW O . Arz':,,,,m AL
, NR , Or . In one embodiment,
AN
A2 A" '
is NRE O or NR® O Inone subembodiment, Arf—z*
- O
A" o
. ~— *" . sk P
is NR® . Tn one subembodiment, R”" and R'" are each H.
Fr* ,

in another subembodiment, 7" s NRY C(O)I\IRGHRF"w

o
_0 /NR Je
Ar” >=O ArZ” Ar?”
\

NRE™

)

X
Ar”

g

NRQ*‘# (@]

In ane embodiment, the compound is 2 compound of Formula IV, or a pharmaceutically
acceptable salt, ester, prodrug or dervative thereof, wherein:
L™ is Ci-Ca alkyl, C1-Cy alkoxy, C(=0)-(C-Cy)-alkyl, C1-C4 haloalky!, hydroxy, fluoro,
chloro, bromo, iodo, or nitro;
K'=0,1,2,3, 4015
A" s selected from the group consisting of phenyl, pyridyl, pyrimidiny!, thiophenyl,
imidazolyl, furanyl, indolyl, benzothiophenyl, benzofuranyl, or benzoimidazolvl,;
A" s phenyl;

CE
18 5;
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1*:« e,

cach R'™ and R™ is independently H, hydroxy or C;-Cs alkyt; or CR
n =23 ord;

Y is O

7" is OH, NHa, NHSO(C1-Cy alkyl), NHC(OINRT 'R, NHC(0)O(C)-Cy alleyl), NH-

18 C=0;

dihydrothiazole, or NH-dihydroimidazole; wherein each R and R” is independently H or
Cy-Cy alkyt; or
- O
Are” o

ATz o TSNRY”

R”" 1s H or C;-Ce alkyl.

In one embodiment, the compound is selected from the group consisting of:
O
Py /1 8. oA s n
s / \ T

-
‘\ 1 HNH:"}" ‘”"C o= ] Hi\\f‘w’f ' \“-*C‘
MGOQSHN 5

MeO,SHN"

Me0,SHN

In one embodiment, the compound is ¢

In one embodiment, the compound 18 seiecied from the group consisting of:

5

and
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gH
O
. Z/ N NS \@\ i
u NH,
In one embodiment, the compound s C

In another embodiment, the compound is selected from the group consisting of

A

OH
and ¢l
In another embodiment, the compound is selected from Table 16
Table 16,
Compound Name
\f/ 4 {R)-4-(3-(5,6-dichloro-1H-benzo[d]imidazol-
\—Q, l o 2-ylthio)-2-hydroxypropoxy jphencl
YS\/\/O i {K)-5-(3-(5,6-dichioro-1H-benzo[d jimidazol-
»—Q [ © 2-ylthio)-2-hydroxypropoxyiindolin-2Z-one
N
NW/S\/:\/O (R)-6-(3~(5 6-dichloro-1H-benzo[d]imidazol-
CE\Q,N 2-ylthio)-2-hydroxypropoxy)-3,4-
Cl '

dihydroquinolin-2{1H)-one
H o
N

T
H
w/s\/\/o SN (R)-6-(3-(3,6-dichloro-1H-benzo[dJimidazol-
CE N N O = 1 — \
i H

2-ylthio)-2-hydroxypropoxyiguinolin-2( 1 H -

ang
i
H g
NYS\/\/O o (R)-1-(4-(3-(5 6-dichloro-1H-
cl N P benzold}imidazol-2-ylthio)-2-
N7 NH, . .
N H hydroxypropoxy)phenyljurea
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H O
Nw/sx/‘v‘j@\ (R)-N=(4-{3-(5,6-dichioro-1H-
el N _SO,Md benzo[d]imidazol-2-ylthio)-2-
AQ' N hydroxypropoxyphenyl)methanesulfon-
cl ) amide
H o
N}(SWO\@ (R)-N-(4-(2-hydroxy-3-(6-methyl-1H-
\Q,N SOMe benzo[dimidazol-2-
N vithioypropoxy)phenylimethanesulfonamide

Formula V

In one embodiment, compounds, pharmaceutical compositions and methods of
treaiment or prophyiaxis of neuropathic pa'm_, stroke, traumatic brain injury, epilepsy, and
other nenrologic events or ncurodegeneration resulting from NMDA receptor activation,
comprising administering o & host in need thereof a compound of Formula V, or a

pharmaccutically acceptable salt, ester, prodrug or derivative thereof are provided:

Ar' w B W Y! A z
ForMuraV

wherein B’ is selected from the group censisting of!

. C O
O e Ao 18
-N M- =N -N nN- -N e -
\-———/ \......../ . \—/ and —‘WN\/—_“

2 H E

W’ is 2 bond or C1-Cy alkyl; ‘

W is C-Cy alkyl, Ci-Cy hydroxyalkyl, C,-C; haloaliyt or C(zO}-Cg—Q alkyi;

Y’ 15 selected from a bond, O, 5, CH; and N,

Ar' is an substituted or unsubstituted aromatic or nonaromatic cycloalkyl which optionally
may include 0-3 heteroatoms;

Ar’® is an aromatic or nonaromatic cycloalkyl which optionally may include 0-3 heteroatoms;
Z" is NRC{OWNR; wherein each R is independently selected from H, CrCG alkyl or Cs-Cio
aralkyl; or

Ar’-Z" are taken together and selected from the group consisting
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R R
/O /N /N
Ar />:O Ar S A >=O Ar >=5
\N \N \N \N
of R R R R

=z
O
pd
9

In one embodiment, Ar’ is substited by (L) wherein each L’ is independently Ci-Ce
allcyl, C-Cg alkoxy, C(=0}-(C,-Cg-alkyl, Ci-Cs haloalkyl, alkaryl, hydroxy, -O-alkyl, -O-
aryl, -SH, -S-alkyl, -S-aryl, fluoro, eblore, bromo, iodo, nitro, or cyano; or two L groups
may be taken together with Ar to form a dioxolane ring or a cyclobutane ring; and

k’=1,2,3,40r5.

/ \ .
-N P =N
In one embodiment B’ is N/ . In another embodiment, B’ is . In

/ :’\’O i
-N N- N N~

another embodiment, B’ is /" inanother embodiment, B’ s ./ . In

O}——q
another embodiment, B’ 1s MN\/’-—‘.

In one embodiment, W' is a bond. In another embodiment, W’ is C,-Cy alkyl, for
example methylene, ethylene, or propyiene. In a particular subembodiment, W 13 CH,.

In one embodiment W' 1s C;-Cy4 alkyl, for example methyiene, ethylene, propyiene,
methylpropylene, or butyiene. In another embodiment, W’ is C;-Cy hydroxyalkyl, for
example hydroxymethyiene, hydroxyethylene, or hydroxypropylene. In a particular
subembodiment, W’ is -CH,, CH(OH)-CH;-. In another embodiment, W' is C;-Cy
haloalkyl, for example fluorcethyiene, fluoropropylene, chlorcethylene, or chloropropylene.
In another embodiment, W’ is C(=0)-C;-Cy alkyl, for example -C(=0)-CHy- or -C(=0)-
CH,-CH;-.

In one embodiment, Ar’ is an aromatic cycloalkyl, for exampie phenyl. In another
embodiment, Ar’ is an nonaromatic cvcloalkyl, for example cyclopentyl or cyclohexyl. In
another embodiment, Ar’ is an aromatic cycloalky! including 1-3 heteroatoms, for example

pyrrole, furan, thiophene, pyridine, pyrimidine, pyrazine, pyridazine. Heteroatoms include
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but are not limited to N, S and O. In another embodiment, Ar’ is a nonaromatic cycloalkyl
including 1-3 heteroatoms, for example pyrrolidine, pyrroline, dihydrofuran, tetrahydrofuran,
dihydrothiophene, tetrahydrothiophene, piperidine, tetrahydropyran, pyran, thiane, thiline,
piperazine, oxazine, dithiane, or dioxane. In another embodiment, Ar’ is an aromatic or
nonaromatic cycloalkyl mcluding 1 heteroatom. In another embodument, Ar’ is an aromatic
or nonaromatic cycloalky! including 2 heteroatoms. In another embodiment, Ar’ is an
aromatic or nonaromatic cycloalkyi inchuding 3 heteroatoms.

In one embodiment, A1’ is an aromatic cycloalicyl, for example phenyl In another
embodiment, Ar’’ is an nonaromatic cycloalkyl, for example cyclopentyl or cyclohexyl In
another embodiment, Ar’” 18 an aromatic cycloalkyl including 1-3 heteroatoms, for example
pyrrole, furan, thiophene, pyridine, pyrimidine, pyrazine, or pyridazine. In another
embodiment, Ar’” is a nonaromatic cycloaliyl inciuding 1-3 heteroatoms, for example
pyrrolidine, pyrroline, dihydrofuran, tetrahydrofuran, dihydrothiophene, tetrahiydrothiophene,
piperidine, tetrahydropyran, pyran, thiane, thiiine, piperazine, oxazine, dithiane, or dioxane.
In another embodiment, Ar’’ is an-aromatic or nonaromatic cycloalky! including 1
heteroatom. In another embodiment, Ar’’ is an aromatic or nonaromatic cycloalkyl including
2 heteroatoms. In another embodiment, Ar™’ is an aromatic or nonaromatic cycloalkyl
including 3 hetercatoms.

In one embodiment, 2’ 18 NRC{O)YNR;, for exampie NHC(O}INH; or
NHC{OIN(CH3z)h.

In another embodiment, Z and Ar’” are taken together and selected from the group

R
— O - N ' .
Ar o A >’==O Ar >—=O Ar ~
™~y ™~y SN N o}
R R R , R )

consisting of: , ,
N
& \ Arﬂ/FO
N o TN
and R . In a particular subembodiment, Ar’’-Z is R CIn

/O
Ar" >=O

\N

R

another subembodiment, Ar*’-Z" 18 . In another subembodiment, Ar’-Z" 1§
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B
- N A
Ar =0 r
Y~y _ \N 0
R . In another subembodiment, Ar’’-Z’ is R . Inanother
N
A
\N O
R

subembodiment, Ar"’-Z" is . In another subembodiment, Ar”*-2" 18

R

/N
e

\N

R

In a particular subembodiment of any of the above embodiments, Ar’” is phenyl.

. In a particular subembodiment of any of the above embodiments, R is H.

In one embodiment, each L’ is independently halo, C;-Ce alkyl, or C;-Cg haloalkyl.,
In a particular subembodiment Ar” has at least one L’ In a particular subembodiment A1’ is
phenyl and is substituted with one or more L groups wherein one.L’ is in the para position.
in a particular embodiment, at least onge 1.7 is haio, for example fluoro, chloro, bromo, or
iodo. In a particular subembodiment, are least two L are halo and may be the same or
different. In another embodiment, at least one L.” is Cy-Cq alkyl, for example methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, pentyl, or hexyl.  In another embodiment, at least one L’
18 C;-Cs haloalkyl, for example, trifiucromethyl.

In one embodiment, Ar’ is unsubstituted. In another embodiment, K’ is 1. Ina
subembodiment, when I’ is 1 and Ar’ is phenyl, L’ is in the para position. In another
embodiment, k’ is 2. In a subembodiment, when k’ is 2 and Ar’ is phenyl, one L’ is in the
para position and one L is in a meta position. In another embodiment, k* is 3. In another
embodiment, k” is 4. In another embodiment, ¥’ is 5.

In one embodiment, the compound is selected from the group consisting of:
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o and

Enantiomers

In certain embodiments, the compounds are present as enantiomers. In one
embodiment, the compound is provided as an epantiomer or mixture of enantiomers. Ina
particutar embodiment, the compound is present as a racemic mixture. The ensntiomer can
be named by the configuration at the chiral center, such as R or S. In certain embodiments,
the compound is present as a racemic mixture of R- and S- enantiomers, In certain
embodiments, the compound is present as a mixture of two enantiomers. In one embodiment,
the mixiure has an enantiomeric excess in R, In one embodiment, the mixture has an
enantiomeric excess in S. In ceriain other embodiments, the compound is in an enantiomeric

excess of the R- or S- enaniiomer. The enantiomeric excess can be 51% or more, such as
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51% or more, 35% or more, 60% or more, 65% or more, 70% or more, 75% or more, 80% or
more, 85% or more, 90% or more, 95% or more, 98% or more, or 99% or more in the single
enantiomer, The enantiomeric excess can be 51% or more, such as 51% or more, 55% or
more, 60% or more, 65% or more, 70% or more, 75% or more, 80% or more, 85% or more,
90% or more, 95% or more, 98% or more, or 99% or more in the R enantiomer. The
enantiomeric excess can be 51% or more, such as 51% or more, 55% or more, 60% or more,
65% or more, 70% or more, 75% or more, R0% or more, 85% or more, 90% or more, 95% or
more, 98% or more, or 99% or mere in: the S enantiomer.

In other embodiments, the compound is substantially in the form of a single
enantiomer. In some embodiments, the compound is present substantially in the form of the
R enantiomer. In some embodiments, the compound is present substantially in the form of the
S enantiomer. The phrase “substantialiy in the form of a single enantiomer™ is intended to
mean at least 70% or more in the form of a single enantiomer, for example 70% or more,
75% or more, 80% or more, 85% or more, 90% or more, 95% or more, 98% or more, or 99%
or more in either the R or S enantiomer.

The enantiomer can be named by the direction in which it rotates the plane of
polarized light. If it rotates the light clockwise as seen by the viewer towards whom the light
is traveling, the isomer can be labeled (+) and if it rotates the light counterclockwise, the
isomer can be labeled (-). In certain embodiments, the compound is present as a racemic
mixture of (+) and {-) isomers. In certain embodiments, the compound is present as a mixiure
of two isomers. In one embodiment, the mixture has an excess in (+). In one embodiment,
the mixture has an excess in (-). In certain other embodiments, the compound 1s in an excess
of the (+) or (-) isomer. The isomeric excess can be 51% or more, such as 51% or more, 55%
or more, 60% or more, 65% or more, 70% or more, 75% or more, 80% or more, 85% or
more, 90% or more, 5% or more, 98% or more, or 99% or more in the (+) isomer. The
enantiomeric excess can be 51% or more, such as 519 or more, 55% or more, 60% or more,
65% or more, 7(0% or more, 75% or. mare, 80% or more, 85% or more, 90% or more, 95% or
more, 98% or more, or 99% or more in the {-) isomer,

In other embodiments, the compound is substantially in the form of a single optical
isomer. In some embodiments, the compound is present substantially in the form of the (+)
isomer. In other embodiments, the compound is present substantially in the form of the (-)
isomer. The phrase “substantially in the form of a single optical isomer” is intended to mean

at ieast 70% or more in the form of a single isomer, for example 70% or more, 75% or more,
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80% or more, 83% or more, 90% or more, 95% or more, 98% or more, or 99% or more of

either the {+) or (-) 1somer,
Definitions

Whenever a term in the specification is idenufied as a range (i.e. Ci.q alkyl), the range
independently refers to each element of the range. -As a non-limiting example, C,.4 alkyl
means, independently, Ci, Cs, Cs or Cy alkyl. Similarly, when one or more substituents are
referred to as being “independently selecied from™ a group, this means that each substituent
can be any element of that group, and any combination of these groups can be separated from
the group. For example, if R' and R? can be independently sclected from X, Y and Z, this
separately includes the groups R’ is X and R*isX; Rlis X and R?is ¥V; R'is X and R? is Z;
RlisYand R is R s YandR* s Y; R/ isYandR*isZ; R'is ZandR* s X; R is Z
and R%is Y;and R' is Z and R is Z.

The term “alkyl” is used heremn, unless otherwise spec'iﬁed_ﬁ refers to a substituted or
unsubstituted, saturated, straight, branched, or cyclic {also wdentified as cycloalkyl), primary,
secondary, or tertiary hydrocarbon, including but not lmited to those of C; to Cs. Hlustrative
examples of alkyl groups are methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, secbutyl,
tsobutyl, zerfbutyl, cyclobutyl, I-methvlbutyl, 1,1-dimethyipropyl, pentyi, cyclopentyl,
isopentyl, neopentyl, cyciopentyl, hexvl, isohexyl, and cyvclohexyl. Unless otherwise
specified, the alkyl group can be unsubstituted or substituted with one or more moieties
selected from the group consisting of alkyl, hato, haloalkyl, bydroxyl, carboxyl, acyl,
acyloxy, amine, amide, carboxyl derivatives, alkylamino, dialkylamino, arylamino, alkoxy,
aryloxy, nitro, cyano, thio, sulfonyl, ester, carboxylic acid, amide, phosphonyl, phosphinyl,
thioether, oxime, or any other viable functional group that does not inhibit the
pharmacological activity of this compound, either unprotected, or protected as necessary, as

known to those skilled in the art, for example, as taught in Greene, e ¢l., Protective (Groups

in Oreanic Synthesis, John Wiley and Sons, Third Edition, 2002, In certain embodiments,

alkyl may be optionally substituted by one or more fiuro, chioro, bromo, iodo, hydroxy,
heterocyelic, heteroaryl, carboxy, alkoxy, nitro, NHo, N(alkyl),, NH{alky1), alkoxycarbonyl, -
N{H or alkyDC(OYH or alkyl), -N{H or alicyJC(OIN(H or alkyl),, -N{H or alkyYC(OYXI or
alkyl), -OC{ON(H or alkyl),, -S({O),~(H or alky}), -C(O)-N(I or alkyl),, cyano, alkenyl,
cycloalkyl, acyl, hvdroxyalkyi, heterocyclic, heteroaryl, aryl, aminoalkyl, oxe, carboxyalkyl,
-C(O)-NH3, -C(O)-NH)O(H or alkyl}, -S(O),-NH;, -S(O),-N(H or alkyl); and/or -S(O),-N(H
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or alicyl)s.

The term “cycloalicyl™ is used herein, unless otherwise specified, refers to a
substituted or unsubstituted, saturated cyclic hydrocarbon, including but not limited to those
of Cs to Cqp. IHustrative examples of cycloalleyl groups are cyciopropyl, evclobutyl,
cyclopentyl, cyclopentyl, and cyclohexyl. Unless otherwise specified, the cycloalkyl group
can be unsubstituted or substituted with one or more moieties selected from the group
consisting of alky!, halo, halealicyl, hydroxyl, carboxyl, acyl, acyloxy, amino, amido,
carboxyl derivatives, alkylamino, dialkylamino, arvlamine, alkoxy, arvloxy, nitro, cyano,
thio, sulfonyl, ester, carboxylic acid, amide, phosphonyl, phosphinyl, thicether, oxime, or any
other viabie functional group that does not inhibit the pharmacological activity of this

compound, either unprotected, or protected as necessary, as known to those skilled in the art,

for example, as taught in Greene, ef al., Protective Groups in Organic Synthesis, John Wiley
and Sons, Third Edition, 2002, In certain embodiments, the cycloalkyl may be optionally
substituied by one or more fluoro, chloro, bromo, iodo, hvdroxy, heterocvelic, heteroaryl,
carboxy, alkoxy, nitro, NH;, N(alleyli,, NH(alicyl), alkoxycarbonyl, -WN(H or alkyDC(OYH or
alieyl), -N{H or alkyDC(ON(H or alkyl}:, -N(H or alkyDC(OYO(H or alkyD), -OC(OIN(H or
alkyl)y, -S5(O),-{H or alkyl), -C(O)-N(H or alleyl), cyanoe, alkenyl, cycloalicyl, acyl,
bydroxyalkyl, heterocyclic, heteroaryl, aryi, aminoalkyi, oxo, carboxyallyl, -C{O}-NH,, -
C{O}NH)YO{H or alleyl}, -5(0)-NHa, -5(0O),-N(H or alleyl), and/or ;S{O)Z-N(H or alkyl).

The term “halo” or “halogen,” refers to chloro, bromo, iodo, or fluoro.

The term ““heterocyclic” refers to a non-aromatic or aromatic cyclic group wherein
there is at least one heteroatom, such as oxygen, sulfur, nitrogen, or phosphorus in the ring.
The term “heteroarvl” or “heteroaromatic,” refers to an aromatic that inciudes at least one
sulfur, oxygeu, nitrogen or phosphorus in the aromatic ring. Nonlimiting examples of
heteroaryi and heterocyclic groups include furyl, furanyl, pyridyvl, pyrimidyl, thienyi,
isothiazolyl, imidazolyl, tetrazolyl, pyraziny!, benzofuranyl, benzothiophenyi, quinolyl,
isoquinoiyl, benzothienyl, wobenzofuryl, pyrazolyl, indolvl, isoindolvl, benzimidazolyl,
purinyl, carbazotyl, oxazolyl, thiazolyl, isothiazolyl, 1,2 4-thiadiazolyl, isooxazolyl, pyrrolyl,
quinazolinyl, cinnolinyl, phthalazinyl, xanthinyl, hypoxanthinyl, thiophene, furan, pyrrole,
isopyrrole, pyrazole, imidazole, 1,2,3-triazole, 1,2, 4-triazole, oxazole, isoxazole, thiazole,
isothiazole, pyrimidine or pyridazine, pteridinyl, aziridines, thiazole, isothiazole, oxadiazole,
thiazine, pynidine, pyrazine, piperazine, piperidine, pyrrolidine, oxaziranes, phenazine,

phenothiazine, morpholinyl, pyrazolyl, pyridazinyl, pyrazinyl, quinoxalinyl, xanthinyl,
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hypoxanthinyl, pteridinyl, 5-azacytidinyl, 5-azauvraciiyl, triazolopyridinyl,
imidazolopyridinyl, pyrrolopyrimidinyl, pyrazolopyrimidinyl, adenine, NC-alkylpurines, N°-
benzylpurine, N°-halopurine, N°-vinypurine, N®-acetylenic purine, N®-acyl purine N°-
hydroxyalkyl purine, N°-thioalkyi purine, thymine, cytosine, 6-azapyrimidine, 2-
‘mercaptopyrmidine, uracil, N -alkylpyrimidines, N°-benzylpyrimidines, N*-halopyrimidines,
N°-vinylpyrimidine, N°-acetylenic pyrimidine, N*-acyl pyrimidine, N>-hydroxyalkyl purine,
and N-thioalkyl puring, and isoxazolyl. The heteroaromatic or heterocyciic group can be
optionally substituted with one or more substituent selected from halogen, haloalkyl, alkyi,
alkoxy, hydroxy, carboxyi derivatives, amido, amino, alkylamino, dialkylamino. The
heteroaromatic can be partially or totally hydrogenated as desired. Nonlimiting examples
include dihydropyridine and tetrahydrobenzimidazole. Tn some embodiment, the heteroaryl
may be optionally substituted by one or more finoro, chloro, brome, iodo, hydroxy,
heterocyclic, heteroaryl, carboxy, alkoxy, nitro, NH,, N{alkyl),, NH{alkyl), alkoxycarbenyl, -
N(H or alkyDC(O)YH or alkyl), -N(H or allkyDC(OW(H or allkyl),, -N{H or alkyDC(GYO(H or
alkyl), ~OC{OWN(H or alkyl)s, -S{(O)p-(H or alkyl), -C(O-N(H or alkyl),;, cyano, alkenyl,
cycloalkyl, acyl, hydroxyalkyl, heterocyclic, heteroaryl, aryl, aminoalkyl, oxo, carboxyalkyl,
-C{O)-NH;, -C(O)-N(HYO(H or alkyl), -S(0)2~NH,, -S(0).-N(H or alkyl), and/or -S{0}-N(H
or alkyi),. Functional oxvgen and nitrogen groups on the heteroaryl group can be protected
as necessary or desired. Suitable protecting groups are well known to those slalled m the art,
and include trimethylsilyl, dimethylhexylsilyl, r-butyldimethylsilvl, and r-butyldiphenyisily,
trityl or substituted trityi, alkyl groups, acyl groups such as acetyl and propionyl,
methanesulfonyl, and p-tolylsulfonyl.

The term “aryl,” unless otherwise specified, refers to a carbon based aromatic ring,
including phenyl, biphenyl, or naphthyl. The ary! group can be optionally substituted with
one or more moicties seiected from the group consisting of hydroxyl, acyl, amino, hale,
alkylamino, alkoxy, arvloxy, nitro, cyano, sulfonic acid, suifate, phosphonic acid, phosphate,
or phosphonate, either unprotected, or protected as necessary, as known to those skilled in the

art, for example, as taught in Greene, et al_Protective Groups in Qrganic Synthesis, John

Wiley and Sons, Third Edition, 2002, In certain embodiments, the aryl group is optionally
substituted by one or maore flure, chloro, bromo, 1edo, hydroxy, heterocyclic, heteroaryl,
carboxy, alkoxy, nitro, NH,, N(alkyl},, NH{alkyl}, alkoxycarbenyl, -N(H or alkyDC(OYH or
alkyl), -N(H or allkyDC(OWN(H or atkyly,, -N(H or alkyDC(OYO(H or alkyl}, -OC(ON(H or
alkyl), -S(O)-(H or alkyl}, -C(O)-N(H or alkyl},, cyano, alkenyl, cycioalkyl, acyl,
hydroxyalkyl, heterocyclic, heteroaryl, aryl, ammoalkyl, oxo, carboxyalkyl, -C{O)-NH,, -
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C{O)-NH)HOH or alkyl), -S{0):-NHa, -S(O),-N(H or alkyl), and/or -S(O),-N(H or alkyl),.

The term “aralkyl,” unless otherwise specified, refers to an aryl group as defined
above linked to the molecule through an alkyl group as defined above.

The term “alkaryl,” unless otherwise specified, refers to an alkyl group as defind
above hinked to the molecule through an aryl group as defined above. Other groups, such as
acyloxyalkyl, alkoxyalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkylaminoaliyl,
alkvlthicalkyl, amidoaliyl, aminoalkyl, carboxyalkyl, dialkviaminealky!, haloalkyl,
heteroaralloyl, heterocyclicalkyl, hydroxyalkyl, suifonamidoalicyl, sulfonyialkyl and thioalky!
are named in a similar manner.

The term “alkoxy,” unless otherwise specified, refers to a moiety of the structure -O-
alkyl, wheremn alkyl is as defined above.

The term “acyl,” refers to a group of the formula C(O)R’ or "alkyl-oxy", wherein R’
is an allcyl, aryl, alkaryl or aralkyl group, or substituted alkyl, aryl, aralkyl or alkaryl.

The term “alkeny!” The term "alkenyl” means a monovalent, unbranched or branched
hydrocarbon chain having one or more double bonds theremn. The double bond of an alkenyl
group can be unconjugated or conjugated to another unsaturated group. Suitable alkenyl
groups include, but are not limited to {(Cp-Cylalkenyl groups, such as vinyl, allyl, butenyl,
pentenyl, hexenyl, butadienyl, pentadienyl, hexadienyl, 2-ethylhexenyl,2-propyl-2-butenyl,4-
(2-methyi-3-butene)-pentenyi. An alkenyl group can be unsubstituted or substituted with one
or two suitable substituents.

The term “carbonyl” refers to a functional group composed of a carbon atom double-
bonded to an oxygen atom ; -C=0, Similarly, C(O) or C(=0) refers to a carbonyl group.

The term “amino” refers to -NH, , -NH(alkyl} or -N{akkyl),.

The term “thio” indicates the presence of a sulfur group. The prefix thio- denotes
that there is at least one extra sulfur atom added to the chemical. The prefix 'thio-' can also be
placed before the name of a ompoundto mean that an oxygen atom in the compound has been
replaced by a sulfur atom. Although typically the term “thio!” is used to mdicate the presence
of -SH, in mstances in which the sulfur atom would be have improper valance a radical if the
hydrogen is improperly designated, the terms ‘thio’ and “fhiol’ are used interchangeably,
unless otherwise indicated.

The term “amido” indicates a group (H or alkyD-C(O}-NH-,

The term “carboxy” designaies the terminal group -C{O)OH,

The term “sulfonyi” indicates an organic radical of the general formula (H or alkyl)-

S{=0,-(H or alkyl"), where there are two double bonds between the sulfur and oxygen,
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The term “pharmaceutically acceptable salt” refers to salts or complexes that retain
the desired biological activity of the compounds of the present invention and exhibit minimai
undesired toxicological effects. Nonlimiting examples of such salts are (a} acid addition salts
formed with inorganic acids (for example, hydrochloric acid, hydrobromic acid, suifuric acid,
phosphoric acid, nitric acid, and the like), and salts formed with organic acids such as acetic
acid, oxalic acid, tartaric acid, succinic acid, malic acid, ascorbic acid, benzoic acid, tanmc
acid, pamoic acid, alginic acid, polyglutamic acic, naphthalenesulfonic acid,
naphthalenedisulfonic acid, and polygalcturonic acid; (b) base addition salts formed with
metal cations such as zinc, calcium, bismuth, barium, magnesium, aluminum, copper, cobalt,
nickel, cadmium, sodium, potassium, and the like, or with a cation formed from ammonia,

N, N-dibenzylethylenediamine, D-glucosamine, tetracthylammonium, or sthylenediamine; or
(¢) combinations of (a) and (b); e.g., a zinc tannate salt or the like. Also included in this
definition are pharmaceutically acceptable quaternary salts known by those skilled in the art,
which specifically inciude the quaternary ammonium salt of the formula -NR'A", wherein R
is H or alky! and A is a counterion, including chloride, bromide, iodide, -O-allcyl,
toluenesulfonate, methylsulfonate, sulfonate, phosphate, or carboxvylate (such as benzoate,
succinate, acetate, glycolate, maleate, malate, citrate, tartrate, ascorbate, benzoate,
cinnamoate, mandeloate, benzyloate, and diphenylacetate).

The term “protected” as used herein and unless otherwise defined refers to a group
that is added to an oxygen, nifrogen, or phosphorus atom fo prevent its further reaction or for
other purposes. A wide variety of oxygen and nitrogen protecting groups are known to those
skilled in the art of organic synthesis.

[t should be understood that the various possible stereoisomers of the groups
mentioned above and herein are within the meaning of the individual terms and exanmples,
unless otherwise specified. As an illustrative example, "1-methyl-buty!" exists in both (R)
and the {S) form, thus, both (R)-1-methyl-buty! and {5}-1-methyl-buty! is covered by the term

"1-methyl-buty!", unless otherwise specified.

Methods of Use

The compounds described herecin can generally be used to treat neuropathic pain,
stroke, traumatic brain injury, epilepsy, and other neurologic events or neurodegeneration
resulting from NMDA receptor activation. Methods are provided for the treatment

neuropathic pai, stroke, traumatic brain injury, epilepsy, and other neurologic events or
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neurodegeneration resulting from NMDA receptor activation comprising administering to a
host in need thereof an effective amount of a compound of Formula [, I1, I IV or V, cra
pharmaceutical composition thereof. In specific embodiments, the compound is of Formula i

or V, or a salt or ester thereof.

In one embodiment, a method of treatment for neuropathic pain, stroke, traumatic
brain injury, epilepsy, and other neurologic events or neurodegeneration resulting from
NMDA receptor activation comprising administering a neuroprotective agent of Formula [ is
provided. Compositions and methods comprising the compounds described herein are nseful
for treating neuropathic pain, stroke, traumatic brain injury, epilepsy, and other neurclogic
events or neurodegeneration resulting from NMDA receptor activation. in one embodiment,

ethods are useful in the treatment of neuropathic pain. In another embodiment, tﬁe methods
are useful in preventing neurodegeneration in paticnts with Parkinson's, Alzheimer's,
Huntington's chorea, ALS, and other neurodegenerative conditions known to the art to be

responsive to treatment using NMDA receptor blockers.

The compounds of the invention can generally be administered to a host at risk of, or
suffering from, newropathic pain, stroke, fraumatic brain injury, epilepsy, and other
neurologic events or neurodegeneration resulting from NMDA receptor activation. It one
embodiment, the compounds are administered for the treatment or prophylaxis of an
neuropathic pain, stroke, traumatic brain injury, epilepsy, and other neurologic events or
neurodegeneration resulting from NMDA receptor activation.

In additional aspects of the present invention, methods are provided to treat patients
by administering a compound selected according to the methods or processes described
herein, Any disease, condition or disorder which induces a region with a reduced pH (below
pH 7.6) can be treated according to the methods described herein.

Cartain NMDA receptor antagonists described herein have enhanced activity in tissue
having lower-than-normal pH. The tissue can be brain tissue. In certain embodiments, the
reduced pH is due to pathological conditions such as hypoxia 1'esu1ting.from stroke, traumatic
brain injury, global ischemia, such as global ischemia that may occur during cardiac surgery,
hypoxia, including hypoxia that may occur foliowing cessation of breathing, pre-eclarnpsia,
spinal cord trauma, epilepsy, status epilepticus, neurcpathic pain, imflammatory pain, chronic
pain, vascular dementia-and glioma tumors. Because tumors produce an acidic environent,
drugs activated by low pH can be usefu in slowing tumor growth because they have

enhanceé activity only at the site of the tumor. In some embodiments, the compounds are
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useful in the treatment of tumor growth. In certain embodiments, the compounds reduce
tumor mass. In one embodiment, the compounds are useful in the treatment or prophylaxis of
a neurclogic event involving acidification of brain or spinal cord tissue. In another
embodiment, the NMDA receptor antagdnists of this invention are useful both in the _
treatment of stroke and head traumna, and for use as prophylactic agents for at risk patienis.
The acid generated by ischemic tissue during stroke is harnessed as a switch to activate the
neﬁroprotective agents described herein. In this way side effects are minimized in unaffected
tissue since drug at these sites are less active, These compounds may be used to reduce the
amount of neuronal death associated with stroke and head trauma. They may be given
chronically to individuals with epilepsy or who are at rigk for stroke or head traumas,
preoperatively 'm.iaigh risk heart/brain surgery, etc., in order to lengthen the window of
opportanity for subsequent therapy,

In one embodiment, methods are provided to attenuate the progression of an ischemic
or excitotoxic cascade associated with a drop in pH by administering a compound described
herein. In addition, methods are provided to decrease infarct volume associated with a drop
in pH by administering a compound selected according to the processes or methods described
herein. Further, a method is provided to decrease cell death associated with a drop in pH by
administering a compound selected according 1o the processes or methods described herein.
Still further, methods are provided to decrease behavioral deficits associated with an ischemic
event associated with a drop in pH by administering a compound selected according to the
processes or methods described herein. |

In additional aspects of the present invention, methods are provided to treat patients in
need thereof by administering a compound or composition described herein. Any disease,
condition or disorder which induces a low pH can be treated according to the methods
described herein.

In one embodiment, methods are provided to ireat patients witk ischemic injury or
hypoxia, or prevent or treat the neuronal toxicity associated with ischemic injury or hypoxia,
by administering a compound or composition described herein. In one particular
embodiment, the ischemic injury is stroke. In another particular embodiment, the ischemic
mjury is vasospasm after subarachnoid hemorrbage. In other embodiments, the ischemic
injury is selected from, but not limited 1o, one of the following: traumatic brain injury,
cognitive deficit after bypass surgery, cognitive deficit after carotid angioplasty; and/or
neonatal ischemia following hypothermic circulatory arrest.

In another embodiment, methods are provided to treat patients with neuropathic pain
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or related disorders by administering a compound or composition described herein. In certain
embodiments, the neuropathic pain or related disorder can be selected from the group
mcluding, but not limited to: peripheral diabetic neuropathy, postherpetic neuralgia, complex
regionai pain syndromes, peripheral neuropathies, chemotherapy-induced neuropathic pain,
cancer neuropathic pain, neuropathic low back pain, HT'V neuropathic pﬁixl, trigeminal
neuralgia, and/or central post-stroke pain.

In another embodiment, methods are provided to treat patients with brain tumors by
administering a compound selected according to the methods or processes described herein.
In & further embodiment, methods are provided {o treat patients with neurodegenerative
diseases by administering a compound selected according o the methods or processes
described herein. In one embodiment, the neurodegenerative disease can be Parkinson's
disease. In another embodiment, the neurodegenerative disease can be Alzheimer's,
Huntington's and/or Amyotrophic Lateral Sclerosis.

Further, compounds selected according to the methods or processes described herein
can be used prophylactically 1o prevent or protect against such diseases or nsurological
conditions, such as those described herein. In one embodiment, patients with a predisposition
for an 1schermic event, such as a genetic predisposition, can be treated prophylactically with
the methods and compounds described herein. In another embodiment, patients that exhibit
vasospasms can be treated prophylactically with the methods and compounds described
herein. In a further embodiment, patients that have undergone cardiac bypass surgery can be
treated prophylactically with the methods and compounds described herein,

In one embodiment, methods are provided to treat patients with ischemic injury or
hypoxia, or prevent or treat the newronal foxicity associated with ischemic injury or hypoxia,
by administering a compound selected according to the methods or processes described
herein, In one particular embodiment, the ischemic injury can be stroke. In other
embodiments, the ischemic injury can be selected from, but not limited to, one of the
following: traumatic brain injury, cognitive deficit afier bypass surgery, cognitive deficit after
carotid angtoplasty; and/or neonatal ischemia foliowing hypothermic circulatory arrest,

In another particular embodiment, the ischemic injury can be vasospasin after
subarachnoid hemorrhage. A subarachnoid hemorrhage refers to an abnormal condition in
which blood collects beneath the arachnoid mater, a membrane that covers the brain. This
arca, called the subarachnoid space, normally contains cercbrospinal fluid. The accumuiation
of blood in the subarachnoid space and the vasospasm of the vessels which results from it can

lead to stroke, seizures, and other complications. The methods and compounds described
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herein can be used to treat patients experiencing a subarachnoid hemorrhage. In one
embodiment, the methods and compounds described herein can be used to limit the toxic
effects of the subarachroid hemorrhage, including, for example, stroke and/or ischemia that
can result from the subarachnoid hemorrhage. In a particular embodiment, the methods and
compounds described herein can be used to treat patients with traumatic subarachnoid
hemorrhage. On one embodiment, the traumatic subarachnoid hemorrhage can be due to-a
head injury, In another embodiment, the patients can have a spontaneous subarachnoid
hemorrhage.

In another embodiment, methods are provided to treat patients with neuropathic pain
or reiated disorders by administering a compound selected according to the methods or
processes described herein, In certain embodiments, the neuropathic pain or related disorder
can be selected from the group inciuding, but not limited to: peripheral diabetic neuropathy,
postherpetic newralgia, complex regional pain syndromes, peripheral neuropathies,
chemotherapy-induced neuropathic pain, cancer neuropathic pain, neuropathic low back pain,
HIV neuropathic pain, trigeminal neuralgia, and/or central post-stroke pain.

Neuropathic pain can be associated with signals generated ectopically and often in the
absence of ongoing noxious events by pathologic processes in the peripheral or central
nervous system. This dysfunction can be associated with common symptoms such as
allodynia, hyperalgesia, intermittent abnormal sensations, and spontaneous, burning,
shooting, stabbing, paroxysmal or electrical-sensations, paresthesias, hyperpathia and/or
dysesthesias, which can also be treated by the compounds and methods described herein,

Further, the compounds and methods described herein can be used to treat
neuropathic pain resulting from peripheral or central nervous system pathologic events,
including, but not limited to trauma, ischemia; infections or from ongoing metabolic or toxic
diseases, infections or endocrinologic disorders, including, but not limited 1o, diabetes
mellitug, dizbetic neurophathy, amyloidosis, amyiold polyneuropathy (primary and familial),
neuropathies with monoclonal proteins, vasculitic neuropathy, HI'V infection, herpes zoster--
shingles and/or postherpetic neuralgia; neuropathy associated with Guillain-Barre svndrome;
neuropathy associated with Fabry's disease; entrapment due to anatomic abnormalities;
trigeminal and other CNS neuralgias; malignancies; inflammatory conditions or autoimmune
disorders, including, but not imited to, demyelinating inflammatory disorders, rheumatoid
arthritis, systemic lupus erythematosus, Sjogren's syndrome; and cryptogenic causes,
including, but not limited to idiopathic distal smali-fiber neuropathy. Other causes of

neuropathic pain that can be treated according to the methods and compositions described
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herein include, but are not limited 1o, exposure to toxins or drugs (such as aresnic, thallium,
alcohol, vineristine, cigplatinum and dideoxynucleosides), dietary or absorption
abnormalities, immuno-globulinemias, hereditary abnormalities and amputations (including
mastectomy). Neuropathic pain can also result from compression of nerve fibers, such as
radiculopathies and carpal tunnel syndrome.

In another erabodiment, methods are provided to treat patients with brain tumors by
administering a compound selected according to the methods or processes described herein,
In a further embodiment, methods are provided to treat patients with neurcdegenerative
diseases by administering'a compound selected according to the methods or processes
described herein. In one embodiment, the neurodegenerative disease can be Parkinson's
disease. In ancther embodiment, the neurodegenerative disease can be Alzheimer's,
Huntington's and/or Amyotrophic Lateral Sclerosis,

In another embodiment, the methods provided herein can be used prophylacticaily to
prevent or protect against such diseases or neurological conditions, such as those described
heremn. In one embodiment, patients with a predisposition for an ischemic event, such as a
genetic predisposition, can be treated prophylactically with the methods and compounds
described herein. In another embodiment, patients that exhibit vasospasms can be treated
prophylactically with the methods and compounds described herein. In further embodiment,
patients that have undergone cardiac byvpass surgery can be treated prophylactically with the
metheds and compounds described herein,

In addition, methods are provided to treat the following diseases or nenrological
condtitions, including, but not limited to; chromic nerve injury, chronic pan syndromes, such
as, but not limited to diabetic neuropathy, ischemia, ischemia following transient or
permanent vessel occlusion, seizures, spreading depression, restless leg syndrome,
hypocapnia, hypercapniz, diabetic ketoacidosis, fetal asphyxia, spinal cord injury, traumatic
brain injury, status epilepticus, epilepsy, hypoxia, perinatal hypoxia, concussion, migraine,
hypocapnia, hyperventilation, lactic acidosis, fetal asphyxia during parturition, brain gliomas,
and/or retinopathizs by administering a compound selected according to the methods or
processes described herein.

Further provided are methods to attenuate the progression of an ischemic, hypoxic or
excitotoxic cascade associated with a drop in pH by administering an effective amount of a
comﬁound that exhibits the properties described herein. In addition, methods are provided to
decrease infarct volume associated with a drop in pH by administering a compound that

exhibite the properties desceribed herem. Further, a method 1s provided to decrease celi death
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agssociated with & drop in pH by administering & compound that exhibits the properties
described herein. Stili further, methods are provided to decrease behavioral deficits
associated with an ischemic event associated with a drop tn pH by administering a compound
that exhibits the properties described herein.

It one embodiment, the use of the compounds of the invention reduces symptoms of
neuropathic pain, stroke, traumatic brain injury, epilepsy, and other neurologic events or

neurcdegeneration resulting from NMDA receptor activation.

Side Effects

In an additional aspect of the methods and processes described herein, the compound
does not exhibit substantial toxic an/or psychotic side effects. Toxic side effects include, but
are not limited to, agitation, hallucination, confusion, stupor, paranoia, delirium,
psychotomimetic-like symptoms, rotarod impairment, amphetamine-like stercotyped
behaviors, stereotypy, psychosis memory impairment, motor impairment, anxiolytic-like
effects, increased blood pressure, decreased blood pressure, increased pulse, decreased pulse,
hematological abnormalities, electrocardiogram (ECG) abnormalities, cardiac toxicity, heart
palpitations, motor stimulation, psychomotor performance, mood changes, short-term
memory deficits, long-term memory deficits, arousal, sedation, extrapyramidal side-effects,
ventricular tachycardia. Lengthening of cardiac repolarisation, ataxia, cognitive deficits
and/or schizophrenia-iike sympioms.

In one embodiment, the componnds are selective NMDA receptor blockers. General
blocking of NMDA receptors throughout the brain causes adverse effects such as ataxia,
memory deficits, hallucinations and other neurological problems. The compounds provided
herein can selectively block NR2B-containing NMDA receptors, have varying aciivity
against receptors containing NR2A or NR2D, and may also be setective for other members of
the NMDA receptor family (NR2C, NR3A and NR3B). lin one embodiment, the compounds
are NMDA receptors antagonists selective for NR2B, NR2A, NR2C, NR2D, NR3A, and/or
NR3B and do not interact with other receptors or ion channels at therapeutic concentrations,
In one embodiment, the compound is a selective NR1/NR2A NMDA receptor and/or a
NRI/NRZB NMDA receptor antagonist. In one particular embodiment, the compounds can

bind to the NR2B subunit of the NMDA receptor. In another particular embodiment, the
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compounds are selective for the NR2B subunit of the NMDA receptor. In one embodiment,
the compound is not an NMDA receptor glutamate site antagonist. In another embodiment,
the compound is not an NMDA receptor glycine site antagonis?,

The compounds selected or identified according to the processes and methods
deseribed herein generally avoid substantial side effects associated with other classes of
NMDA receptor antagonists. In one embodiments, such compounds do not substantially
exhibit the side effects associated with NMDA antagonists of the glutamate site, such ag
selfotel, D-CPPene (SDZ EAA 494) and AR-R15896AR (ARL 15896AR), including,
agitation, hallucination, confusion and stupor (Davis et al. {2000) Stroke 31(2):347-354;
Diener et al. {2002), T Neurol 240{5):561-568); paranoia and delirium {(Grotta et al. (1995}, J
Intern Med 237:89-94); psychotomimetic-like symptoms (Loscher et al. (1998), Neurosci
Lett 240(1):33-36); poor therapeutic ratio (Dawson et al. (2001), Brain Res 892(2):344-35(0);
amphetamine-like stereotyped behaviors (Potschia et al. (1999), Eur J Pharmacol
374(‘2'): 175-187). In another embodiment, such compounds do not exhibit the side effects
associated with NMDA antagonists of the glvcine site, such as HA-966, 1-701,324, d-
cycloserine, CGP-40116, and ACEA 1021, including significant memory impairment and
motor impairment { Wlaz, P (1998), Brain Res Bull 46(63:535-340). In a still further
embodiment, such compounds do not exhibit the side effects of NMDA high affinity receptor
channel blockers, such as MK-801 and ketamine, including, psychosis-iike effects (Hoffman,
D C(1992), J Neural Transm Gen Sect 89:1-10); cognitive deficits (decrements in free recall,
recognition memory, and attention; Malhotra et al (1996), Neuropsychopharmacology
14:301-307); schizophrenia-like sympioms {Krystal et al (1994), Arch Gen Psychiatry
51:199-214; Lahti et al. (2001), Neuropsychopharmacology 25:455-467), and hyperactivity
and increased stereotpy (Ford et al (1989) Physiology and behavior 46; 753-738.

In a further additional or alternative embodiment, the compound has & therapeutic
index equal to or greater than at ieast 2:1, at least 3:1, at ieast 4:1, at least 5:1, at least 6:1, at
least 7.1, at least 8:1, at least 9:1, at least 10:1, at least 15:1, at least 20:1, at least 25:1, at
least 30:1, at least 40:1, at least 50:1, at least 75:1, at least 100:1 or at least 1000:1. The
therapeutic index can be defined as the ratio of the dose required to produce toxic or iethal
effects to dose required to produce therapeutic responses. It can be the ratio between the the
median toxic dose (the dosage at which 50% of the group exhibits the adverse effect of the
drug) and the median effective dose (the dosage at which 50% of the population respond to
the drug in a specific manner). The higher the therapeutic index, the more safe the drug is

considered to be. It simply indicates that it would take a higher dose to invoke a toxic
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response that it does to cause a beneficial effect.

The side effect profile of compounds can be determined by any method known to
those skilled in the art. In one embodiment, motor impairment can be measured by, for
example, measuring locomotor activity and/or rotorod performahce. Rotorod experiments
involve measuring the duration that an enimal can remain on an acceierating rod. In another
embodiment, memory impairment can be assessed, for example, by using a passive avoidance
paradigm; Sternberg memory scanning and paired words for short-term memory, or delayed
free recall of pictures for long-term memory. Tn a further embodiment, anxiolvtic-like effects
can be measured, for example, in the elevated plus maze task. In other embodiments, cardiac
function can be monitored, blood pressure and/or body temperature measured and/or
electrocardiograms conducted to test for side effects. In other embodiments, psychomotor
functions and arousal can be measured, for example by analyzing critical flicker fusion
threshold, choice reaction time, and/or body sway. In other embodiments, mood can be
assessed using, for example, self-ratings. In further embodiments, schizophrenic symptoms
can be evaluated, for example, using the PANSS, BPRS, and CGl, side-effects were assessed
by the HAS and the S/A scale.

In one embodiment, the compound does not exhibit substantial toxic side effects, such
as, for example, motor impairment or cognitive impairment. In a particular embodiment, the
compound has a therapeutic index equal to or greater than at least 2. In another embodiment,
the compound 1s at least 10 times morve selective for binding t¢ an NMDA receptor than any
other glutamate receptor. In certain embodiments, the compound activates hERG receptors at
an 1Csq at least 10 times the ICs of inhibition of an NMDA receptor at either pH 6.9 or 7.6 or
both. In certain embodiments, the compound activates adrenergic receptors, in particular o
adrenergic such as al adrenergic receptors at an 1Csg at least 10 times the 1Cse of inhibition of
an NMDA receptor at either pH 6.9 or 7.6 or both. In specific embodiments the ratio of
1Cs0’s between either hERG activation or adrenergic receptor activation and NMDA receptor

antagonism is greater than 30, or greater than 100, or greater than 300,
Pharmaceunticali Composifions

Mammals, and specifically humans, suffering from neuropathic pain, stroke,
traumatic brain injury, eptiepsy, and other neurologic events or neurodegeneration resulting
from NMDA receptor activation, or any of the above-described conditions, and i particular

suffering from neuropathic pain, can be treated by cither targeted or systemic administration,
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via oral, inhalation, topical, trans- or sub-mucosal, subcutaneous, parenteral, intramuscular,
intravenous or transdermal administration of a composition comprising an effective amount
of the compounds described herein or a pharmaceutically acceptable salt, ester or prodrug
thereof, optionally in a pharmaceutically acceptable carrier.

The compounds or composition is typically administered by oral administration.
Alternatively, compounds can be administered by inhalation. In another embodiment, the
compound is administered transdermally (for example via a slow release patch), or topically,
In yet another embodiment, the compound is adminisiered subcutansously, intravenously,
intraperitoneally, intramuscularty, parenterally, or submucosally. In any of these
embodiments, the compound is administered in an effective dosage range to treat the target
condition.

In one embodiment, compounds of the present invention are administered orally, Oral
compositions will generally include an inert diluent or an edible carrier. They may be
enclosed in gelatin capsules or compressed into tabiets. For the purpose of oral therapeutic
administration, the active compound can be incorporated with excipients and used n the form
of tabiets, troches, or capsules. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition..

When the compound is administered orally in the form of a dosage unitsuch as a
tablets, piils, capsules, troches and the like, these can contain any of the foliowing
ingredients, or compounds of a similar nature: a binder (such as microcrystatiine cellulose,
gum tragacanth or gelatin}; an excipient (such as starch or lactose), a disintegrating agent
(such as algimic acid, Primogel, or corn starch); & tubricant (such as magnesium stearate or
Sterotes); a glidant (such as colloidal silicon dioxide); & sweetening agent (such as sucrose or
saccharin); and/or a flavoring agent (such as peppermint, methyl salicvlate, or orange
fiavoring). When the dosage unit form is a capsule, it can contain, in addition to material of
the above type, a lignid carrier (such as a fatty oii). In addition, dosage unit forms can
contain various other materiais which modify the physical form of the dosage unit, for
example, coatings of sugar, shellac, or other enteric agents.

The compound or its saits can also be administered orally as a component of an ehxir,
suspension, syrup, wafer, chewing gum or the like. A syrup may contain, in addition to the
active compounds, a sweetening agent (such ag sucrose, saccharine, etc.) and preservatives,
dyes and colorings and flavors.

The compounds of the invention may be also administered in specific, measured

amounts in the form of an agueons suspension by use of a pump spray bottle. The aqueous

131



WO 2009/006437 PCT/USZ(08/068843

suspension compositions of the present inrvention may be prepared by admixing the
compounds with water and other pharmaceutically acceptable excipients. The aqueous
suspension compositions according o the present invention may contain, inter alia, water,
auxiliaries and/or one or more of the excipients, such as: suspending agents, e.g.,
microcrystalling celiulose, sodium carboxymethyicellulose, hyvdroxpropyl-methy] celiulose;
humectants, e.g. glycerin and propylene glvcol; acids, bases or buffer substances for adjusting
the pH, e.g., citric acid, sodium citrate, phosphoric acid, sodium phospate as wel! as mixtures
of citrate and phosphate buffers; surfactants, e.g. Polysorbate 80; and antimicrobial
preservatives, e.g., benzalkonium chloride, phenylethyl alcohol and potassivm sorbate.

In a separate embodiment, the compounds of the invention are in the form of an
inhaled dosage. In this embodiment, the compounds may be in the form of an asrosol
suspension, a dry powder or liquid particle form. The compounds may be prepared for
delivery as a nasal spray or in an inhaler, such as a metered dose inhaler. Pressurized
metered-dose inhalers (“MD1I”) generally deliver aerosolized particles suspended in
chlorofluorocarbon propeliants such as CFC-11, CFC-12, or the non-chlorofluorocarbons or
alternate propellants such as the flucrocarbons, HFC-134A or HFC-227 with or without
surfactants and suitable bridging agents, Dry-powder inhalers can also be used, either breath
activated or delivered by air or gas pressure such as the dry-powder inhaler disclosed in the
Schering Corporation International Patent Application No. PCT/USS2/05225, published 7
Jan. 1993 as well as the Turbuhaler™ (available from Astra Pharmaceutical Products, Inc.) or
the Rotahaler™ (available from Allen & Hanburys) which may be used to deliver the
acrosolized particles as a finely milled powder in large aggregates either alone or i
combination with some pharmaceutically acceptable carrier e.g. lactose; and nebulizers.

Solutions or suspensions used for parenteral, intradermal, subcutaneous, or topical
application can include at least some of the following components: a sterile diluent (such as
water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene
glycol or other synthetic solvents); antibacterial agents (such as benzy] alcohol or methyl
parabens); antioxidants (such as ascorbic acid or sodium bisulfite); chelating agents {such as
ethylenediaminetetraacetic acid); buffers {such as acetates, citrates or phosphates); and/or
agents for the adjustment of tonicity (such as sodium chloride or dextrose). The pH of the
solution or suspension can be adjusted with acids or bases, such as hydrochloric acid or
sodium hydroxide.

A parenteral preparation can be enclosed in ampoules, disposable syringes or multiple

dose vials made of glass or plastic.
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Suitable vehicles or camiers for topical application can be prepared by conventional
techniques, such as lotions, suspensions, ointments, creams, gels, tinctures, sprays, powders,
pastes, slow-release transdermal patches, suppositories for application to rectal, vaginal, nasal
or oral muicosa. In addition to the other materials listed above for systemic administration,
thickening agents, emotlients, and stabilizers can be used to prepare topical compositions.
Examples of thickening agents include petrolatum, beeswax, xanthan gum, or polyethylene,
humectants such as sorbitol, emollients such as mineral otl, lanolin and its derivatives, or
squalene.

If administered intravenously, carriers can be physiclogical saline, bacteriostatic
water, Cremophor EL™ (BASF, Parsippany, NI) or phosphate buffered saline (PBS).

In one embodiment, the active compounds are prepared with carriers that will protect
the compound against rapic elimination from the body, such as a controlied release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polvglveolic acid, collagen, polvorthoesters, and polylactic acid. Methods for preparation of
such formulations will be apparent to those skilled in the art. The materials can akso be
obtained commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal
suspensions (including liposomes targeted to infected cells with monoclonal antibodies to
viral amtigens) are also preferred as pharmaceutically acceptable carriers. These may be
prepared according to methods known to those skilled in the art, for example, as described in
U.S. Patent No. 4,522 811 {which is incorporated herein by reference in its entirety). For
example, liposome formulations may be prepared by dissolving appropriate lipid(s) (such as
stearoyl phosphatidyl ethanolamine, stearoyl phosphatidyl choline, arachadoyl phosphatidy]
choline, and cholestero?) in an inorganic solvent that is then evaporated, leaving behind a thin
film of dried lipid on the surface of the container. An aqueous solution of the compound is
then introduced into the container. The container is then swirled by hand to free tpid
material from the sides of the container and to disperse lipid aggregates, thereby forming the

liposomal suspension.
Desing

The compound is administered for a sufficient time period to alleviate the undesired
symptoms and the chinical signs associated with the condition being treated. In one

embodiment, the compounds are administered less than three times daily. In one
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embodiment, the compounds are administered in one or two doses daily. In one embodiment,
the compounds are administered once daily. In some embodiments, the compounds are
administered in a single oral dosage once a day.

The active compound is included in the pharmaceutically acceptable carrier or diluent
i an amount sufficient to deliver to a patient a therapeutic amount of compound iz vive in
the absence of serious toxic effects. An effective dose can be readily determined by the use
of conventional techniques and by cbserving results obtained under analogous circumstances.
In determining the effective dose, a number of factors are considered including, but not
limited to; the species of patient; its size, age, and general health; the specific disease
involved; the degree of involvement or the severity of the disease; the response of the
mdividual patient; the particular compound administered; the mode of administration; the
bioavailability characteristics of the preparation administered; the dose regimen selected; and
the use of concomitant medication.

Typical systemic dosages for the herein described conditions are those ranging from
0.01 mg/kg to 1560 mg/kg of body weight per day as a single daily dose or divided daily
doses. Preferred dosages for the described conditions range from 0.5-1500 mg per day. A
more particularty preferred dosage for the desired conditions ranges from 5-750 mg per day.,
Typical dosages can also range from 0.01 to 1500, 0.02 to 1000, 0.2 to 500, 0.02 0 200, 0,05
to 100, 0.05 to 50, 0.075 to 50, 0.1 to 50, 0.5 to 50, 1 10 50, 2 to 30, 5 t0 50, 10 to 50, 25 to
50, 25 t0 75, 25 to 160, 100 to 150, or 150 or more mg/kg/day, as a single daily dose or
divided daily doses. In one embodiment, the daily dose is between 10 and 500 mg/day. In
another embodiment, the dose is between about 10 and 400 mg/day, or between about 10 and
300 mg/day, or between about 20 and 300 mg/day, or between about 30 and 300 mg/day, or
between about 40 and 300 mg/day, or between about 50 and 300 mg/day, or between about
60 and 300 mg/day, or between about 70 and 300 mg/day, or between about 8¢ and 300
mg/day, or between about 90 and 300 mg/day, or between about 100 and 300 mg/day, or
about 200 mg/day. In one embodiment, the compounds are given in doses of between about
1 to about 3, about 5 to about 10, about 10 to about 25 ¢r about 25 10 about 50 mg/kg.
Typical dosages for topical application are those ranging from 0.001 to 100% by weight of
the active compound.

The concentration of active compound in the drug composition will depend on
absorption, inactivation, and excretion rates of the drug as well as other factors known 1o
those of skill in the art. 1t is to be noted that dosage values will aiso vary with the severity of

the condition to be alleviated. It is to be further understood that for any particular subject,
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specific dosage regimens should be adjusted over time according to the individual need and
the professional judgment of the person administering or supervising the administration of the
compositions, and that the dosage ranges set forth herein are exemplary only and are not
intended to limit the scope or practice of the claimed composition. The active ingredient may
be administered at once, or may be divided into a number of smaller doses to be administerad

at varying intervals of time.
Combination Treatment

The compound can also be mixed with other active materiais which do not impair the
destred action, or with materials that suppiement the desired action. The active compounds
can be administered 1n conjunction, i.e. combination or alternation, with other medications
used in the treatment or prevention neuropathic pain, stroke, traumatic brain mjury, epilepsy,
and other neurologic events or neurodegeneration resulting from NMDA receptor activation,
In another embodiment, the compounds can be administered in conjunction (combination or
alternation) with other medications used in treatment or prophylaxis of inflammatory
conditions. In certain embodiments, the combination can be synergistic although in other
embodiments the combination is ot synergistic.

Emergency treatment for an ischemic stroke, particularly when the stroke is diagnosed
within 3 hours of the start of symptoms, incinde thrombolvtic, or clot-dissolving, medications
such as tissue plasminogen activator (t-PA). Other treatments of an ischemic stroke involve
administering to the patient an antiplatelet medication (aspirin, clopidogrel, dipyridamole), or
anticoagulant medication (warfarin), dependent on the cause.Dextrorphan, a
pharmacologically active metabolite of the cough suppressant dextromethorphan, is an
NMDA antagonists studied in human stroke patients. Selfotel, a competitive NMDA
antagonist, has also been tested in human patients, however it trends toward higher mortality
within treated patients than within placebo-treated cohorts, and therefore, trials were stopped
prematurely. A trial of another NMDA receptor antagonist, aptiganel HCH (Cerestat), was
terminated. A large, 1367-patient, efficacy trial with the agent GV 150526 was completed in
2000, {http://www . emedicine.com/neuro/topicd88.him, Lutsep & Clark "Neuroprotective
Agents in Stroke", Apr. 30, 2004).
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EXAMPLES

The following examples are provided to illustrate the present invention and are not
mtended to limit the scope thereof. Those skiiled in the art will readily understand that kown
variations of the conditions and processes of the following preparative procedures can be
used to manufacture the desired compounds. The materials required for the mebodiments and
the examples are known in the literature, readily commercially available, or can be made by

known methods from the known starting materials by those skilled in the art.

Examples 1 and 2. N-(4-{3-14-(3.4-Difluore-phenvl)-niperazin-1-vi}-2-(S}-hvdroxy-

propoxyi-phenyl}-methanesulfonamide (Compound 1) and N-{4-{3-[2-(3.4-Dichloro-

phenviamine)-ethvlamino]-2-(S)-hvdroxv-propexyi-phenvD-methanesulfonamide

{Compound 2),

ONT QN 1 HoN )
F .
= 1#
o Y
QH N = F iv
—e ofo
f S O\/\/N\/’ (\/
i /
MeO,GHN" 1 MeO,EHN" o
!
i
iV
i
Y
= ) cl
N Gl

Step (i). 3-(4-Nitro-phenoxy)-2-{(S)-propyiencoxide (i-1}. 4-Nitrophenol (6.6 mmol) was
dissolved in 5 m! anhydrous DMF. Cesium fluoride (19.9 mmol) was added to the reaction.
The reaction mixture was stirred for 1 hour at room temperature and (S)-Giycidyl nosylate
{6.6 mmol) was added o the reaction mixture. The reaction stured for 24 hours at room

temperature. Water (150 ml) was added and the soluiion was extracted with ethyl acetate.
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The organic phase was dried over MgSO;, and evaporated. The residue was purified with
column chromatograph vsing ethylacetate: hexane (50:50) solvent system to give the desired

product i-1 This step can be substituted with (R)-Glycidyl nosyiate to get the R isomer.

Step (i1). 3-(4-Amino-phenoxy}-2-(Si-propyleneoxide (i-2). (S)-Glycidyl-4-nitrophenyl ether
(2.6 mmoi, i-1) and 5% Pd/C{en){ {Sajiki et all, Chemistry- a curopian journal 6(12}):2200-
2204 (2000).] (10% of the weight of starting material) in 5 ml anhydrous THF was
hydrogenated at ambicnt pressure and temperature for 3 hours. The reaction mixture was
filtered by using membrane filter {13, 0,22 um) and the filirate was concentrated i vacuum.

The compound was afforded as a crude mixture of amino reduction compound i-2.

Step’ (111). 3-(4-methansufonylamido-phenoxy)-2-(8)-propyleneoxide (i-3). (S)-Glveidyl-4-
aminophenyl ether (2.4 mmol, i-2) dissolved in 20 ml anhydrous DCM and N,N-diisopropy}l-
N-ethylamine (2.6 mmol) was added at 0°C. After stirring 15 minutes methanesulfonyl
chloride (2.6 mmol) was added drop wise to the reaction mixture at 0°C, Afier stirring over
night, the reaction extracted with water and washed with brine. Organic phase dried over
magnesium sulfate and evaporated. The residue was purified with flash chromatography

using Ethyl acetate: DCM (30:70) solvent system to give the desired product i-3.

Step  (iv). N-(4- {3-[4-(3 4-Difluoro-phenyl)-piperazin-1-yI]-2-(S)-hydroxy-propoxy -
phenyl-methanesulfonamide (Compound 1), Compeound 3 (2.00 mmol) and N-{34.
DifluorophenyDpiperazine (2.00 mmol; were heated under reflux conditions in 20 mi ethanol
for 8 hours. Then solvent was evaporated and residue was purified with flash chromatography
using dichioromethane:methanol (90:10) solvent system to get compound 1. Compound 1

was dissoived in ethanol and bubbied HCI gas to get the HCI salt of the compound 1.

Step (V). N-(4-{3-[2-(3,4-Dichioro-phenylamino)-ethylamino]-2-(S)-hydroxy-propoxy} -
phenyl)-methanesulfonamide (Compound 2). The epoxide (i-3, 1.58 mmol) was dissolved in
EtOH (20 ml), and then the 3,4-dichcioro-cthylene diamine (1.58 mmol) (preparation: [sabel
Peritio, M. Cristina Caterina, Julieta Ldopez, Alejandra Salerno. Synthesis 2004, 6, 851-856)
was added and the solution refluxed for 16 hours. The solvent was evaporated and the
product purified with column chromatography using 10% MeOH/DCM + 1% NH,OH to give

compound 2.
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The foliowing compounds were synthesized according to the procedures provided in

examples 1 and 2.

PCT/US2008/068843

COMPOUND NAME AND PHYSICAL DATA
L
. /E ﬂ § N-(4-{3-[4-(3 4-Dichioro-phenyi}-piperazin- i -yl}-2-
0 ORH |[4 t" oo {Sy-hydroxy-propoxy b-phenyl-methanesutfonamide
T o MS: 475.14486
MeO,SHNT ™
e O
/NJ | N-(4-{3+[4-(4-Chloro-phenyl)-piperazin-1-v1}-2-(S)-

hydrexy-propoxy -phenyl)-methanesulfonamide
MS:440.14017

MeO,SHN

N-(4-{3-[4d-phenyl-piperazin. [.yi]-2.(8)-hvdroxy-
propoxy}-phenyl)-methanesulfonamide
MS:406.20183

N-{4-{3-[4-(4-Hydroxy-phenyl)-piperazin-! -vil-2-

{8)-hiydroxy-propexy -phenyl)-methanesuifonamide

MeOLSHN"
o
Ny .
oH NN N-(4-{3-[4-(2-Pyridy])-piperazin-1 -y1}-2-($)-
i 3 O\)\/ N\) hydroxy-propoxy { -phenyl)-methanesul fonamide
Me,SHN" 5
SN
Ny

MeQySHN o

N-(4-{3-[4-(4-Pyridyl)-piperazin-i -y1]-2-(S)-

hydroxy-propoxy }-phenyl-methanesulfonamide

| j N

MeO,SHN

Ne{4.[2-(8)-Hydroxy-3-(2-phenylamino-

ethylamino)-propoxy}-phenyl }-methanesuifonamide
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{:;‘\ﬂf N-{4-[2-(S}-Hydroxy-3-(2-(3 4-difluoro-
OR HI?’ TR phenyDamino-ethylamino)-npropoxy]-phenyl} -
/.”“T/G\ oM methanesutfonamide
MeostN'J L~ MS:416.15842
P
/{;\ ) E\ N-(4-1{3-[3-(3 4-Dichloro-phenyl)-atiyianino]-2-
PN OH\/ N o {S)¥-hydroxy-propoxyt-phenyl)-methanesul fonamide
) MS:446.09479
MeQ,SHN" 7
) Qi@ N-[4-(3- {Butyl-[3-(3 4~dichlore~phenyl)-allyl]-
. OH H/ g aming }-2-(S)-bydroxy-propoxy -phenyvl]-
T”"\‘\\T" AN methanesul fonarmide
MeOQSHNJ\-ff" MS:501.13871

- \_\f/

MeO,SHN ™

N-(4-{3-13-(3 4-Difluoro-phenyl)-allylamine]-2-(5)-
hydroxy-propoxy } -phenyl)-methanesul fonamide
MES:413.58423

Example 3. 6-{3-[4-(4-Chloro-phenvl}-piperazin-1-yl]-2-(S)-hvdroxv-prepoxy-3H-

benzoexazol-2-one {Compound 3).

o) OH i
O:< :@ —_—

N

H

i OH (\N =
— \!/\{O\/J\/N\)
P

=~ 1

3

Step (1). 6-(2-(8)-Oxiranyimethoxy)-3H-benzooxazol-2-one (fi~1). 5-hydroxy-benzoxazole

{310 mg) and cesium carbonate (780 mg) were combined in 6 mL of N N-

dimethylformamide. The reaction was stirred for room temperature for 1 hour. (S)-glycidal

nosylate (520 mg} was added, and the reaction stiired at room temperature overnight. The

reaction was quenched with NH4Cl(aqg) solution and extracted with ethyl acetate. The

organic layer was washed with NHuCl(aq) and NaCl(aq) sofutions, separated, and dried over
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NaySOy(s). Filtration and solvent removal was followed by absorption onto silica gel.
Elution with an ethyl actate/methanol mixture (4:1) followed by solvent removal gave 445
mg of a yellow, oily solid.

Step (i1). 6-1{3-[4-(4-Chloro-phenyl)-piperazin-1-y1]-2-(S)-hydroxy-propoxy}-3H-
benzooxazol-2-one (CompOuﬁd 3). Toasolution of 300 mg of epoxade Gi-1) in 10 ml of
absolute cthanol was added 300 mg of 4-(4-chlorophenyl)-piperazine. The solution was
heated to 700C for § hours. The reaction was cooled andf the solvent removed under
vaccum. The residue was purified by column chromatography on silica gel using ethyl
acetate as solvent. Obtained 240 mg of a light brown solid (45% yield). THNMR (d&-
DMSO, 400 MHz): & 2.37 (dg, 2H, J=6Hz, J=13Hz), 2.51 (m, 45), 2.02 (m, 4H), 3.68 (q, 1H,
J=8Hz), 3.84 (dd, 1H, J=4Hz, J=14Hz), 4.02 (bs, 1H), 5.07 (d, 1H, J=5Hz), 6.61 (dd, 1,
F=2Hz, J=0Hz) 6.73 (4, 1H, J=2Hz), 6.91 {d, 2H, F=9Hz), 7.05 (d, 1H, J=8Hz}, 7.21 (d, 2H,
J=9Hz), 9.43 (s, 1H); MS (m/z): 404 (M+H), 406 (M+2~+H); HRMS Caied. for
C20H23CIN304: 404.13771; Found: 404,13673.

The following compounds were synthesized according to the procedure in Example 3.

COMPOUND NAME AND PHYSICAL DATA

K\ W 6-13-[4-(3,4-Difluoro-phenyiy-piperazin-1-vi]-2-(5)-

OH
o 2O \)\/N \) hydroxy-propoxy }-3H-benzooxazol-2-one
~ I
N
H

MS: 406.15664

6-{3-[4-(3 4.Dichloro-phenvl)-piperazin-l.yl]-2-

v {Sy-hydroxy-propoxy } -3H-benzooxazol-2-one

O-':< ’|

N P

H

= |!
on N . 6-{3-[4-(4-Methyl-phenyl)-piperazin-1 -y1]-2-(5)-

o SO \/\/N \) hydroxy-propoxy }-3H-bhenzooxazol-2-one
o= | 7] MS: 384.19077

N /

H
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&
N Ci )
! = 6-{3-[2-(3,4-Dichloro-phenyl)-ethviamino}-2-(5)-
\j/ hydroxy-propoxy -3 H-benzooxazol-2-one

oH
o O AN
o= || -
_\N P
H

(3040 e o et ine]-2-{.5)-
ok " 6-{3-2-(4-Chlore-phenylamino }-ethylamine]-2-(5)

a \)\/i \) hydroxy-propoxy }-3H-benzooxazol-2-one

O H \
o= ] MS: 378.12089
b

Exampie 4. 4-{3-14-(3.4-Dichloro-phenvl}-piperazin-i-vll-2-(S)-hvdroxy-propoxyv}-

phenol (Compound 4).

= ,
TBDMSO TBOMSO™ ™ iig i
P
i i
oH NN OH (\N =
H
‘ S O\)\/N\) NO\}\/N\)
i i H
Ho™ TEDMSOM iii-2
4

Step (i). 3-(4-tert-Butvidimethylsilyloxy-phenoxy)-2-(S)-propyleneoxide (ifi-1).  4-(tert-
Butyldimethylsiioxy)phenol (1.45 g, 6.25 mmel) in 5 ml anhvdrous THF was added dropwise
te the suspension of NaH (0.158 g, 6.25 mmol} in 5 ml THF. After stirring at room
temperature for 2 hours glycidyl nosylate (1.30 g, 5 mmoel} and then 15-crown-5 (25 mol%)
were added to the reaction mixture. After stirring 24 hours reaction was poured to ice-water
and extracted with ethyl acetate. Organic phase was washed with water and brine, then dried
over sodium sulfate and evaporated. Product was purified by column chromatography using
EtOAc: Hexane {(1:9) (vield: 1.06 g 76%). 'H.NMR {400MHz, CDCI13) 6 0.17 (6K, 3), 0.98
(9H, s), 2.75 (1H, dd, /= 2.4, 4.4 Hz), 2.89 (1H, q, /~ 4.4Hz), 3.33-3.36 (1H, m), 3.90 (1H,
dd, /= 5.6, 10.8 Hz), 4.16 {1H, dd, /= 3.6, 11.2 Hz), 6.69-6.81 (4H, m).
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Step (ii). 4-{3-[4-(3 4-Dichloro-phenyl}-piperazin-1-y1}-2-(S)-hydroxy-propoxy} -phenoxy-
fert-butyldimethy! silape {Jii-2). Compound i~} (0280 g, 1 mmol) and 1-(4-
chlorophenylpiperazine {0.200 g, 1 mmol) were dissolved in 5 ml EtOH and refluxed for 90
minutes. Solvent. was evaporated and the material was used in the next step without

purification,

Step (iii).  4-{3-{4-(3.4-Dichloro-phenyl)-piperazin-1-yl]-2~(S)-hydroxy-propoxy } -phenot
(Compound 4). Compound ili-2 was dissolved in 5 m! THF and 2 m] TBAF in 1.0M THF
sohztion was added, and stirred for 2 hours. Quenched with ammonium chloride solution,
extracted with EtOAc. Organic phase was dried over sodium sulfate and evaporated. Product
was purified using column chromatography using EtOAc:MeOH (95:5}. TH-NMR (400MHz,
DMSO-d6) & 2.36-2.61 (6H, m), 3.11 (4H, t, J= 4.8 Hz), 3.76 {l1H, dd, J= 4.0, 6.0 Hz),
386(1H, dd, /= 4.4, 10.0 Hz), 3.91-3.95 (1H, m), 4.85 (1H, d, /= 4.8 Hz), 6.66 (1H, dd, /=
2.4, 6.8 Hz), 6.75 (1H, dd, /= 2.4, 6.8 Hz), 6.92 (1H, dd, /= 2.4, 6.8 Hz), 7.21 (1H, dd, /=
2.4, 6.8 Hz), 8.90 (1H, s). HRMS: 362.1397 calculated. 362.14696 found,

The following compounds were synthesized according to Example 4.

COMPOUND NAME AND PHYSICAL DATA

Ci
T
g\ 4-{3-[4-(3,4-Dichloro-phenyl}-piperazin-1 -yi]-2-
{S}-hydroxy-propoxy} -phencl

O‘\/‘g\/N\/
Q/ MS:397.10811
HO

F
/©\ 4-{3-[4-(3,4-Difluoro-phenyl-piperazin-t -v1]-2-{8)-
OH F

hydroxy-propoxy } -phenol
| MS:365.16672

HO =
F
/©E 4-{3-14-(3 4-Difluore-pheny] »-piperazin-1-yl}2«
" /\N i {(R)-hiydr }-pheno!
I ) -hiydroxy-propoxy }-pheno
B O\\w"\/N\)
i MS: 363.16657
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e F
(\ e | 4-13-[4-{4-Fluoro-phenyl)-piperazin- L -y1}-2<5}-
OH N
; hydroxy-propoxy } -phenol
“ O\)\/N\) ydroxy-propoxy}-p
| MS8:347.17602
HO =
=
- | 4-{3-[4-(3 4-Dimethyl-phenyl}-piperazin-1 -y[}-2-
OH N
o \)\/ N (Syhydroxy-propoxy}-phenol
s
‘ MS:357.21716
HO =
o )\\J 4-{3-{4-(4-Methyl-phenyl)-piperazin-1-y1]-2-(8)-
H N
/\\/G \/J\/N\/—l hydroxy-propoxy}-phenol
M MS8:343 20093
HO &
//\/CN
/\\/L 4-{3-14-{4-Cyano-phenyl)-piperazin-1 -v11-2-(5)-
OH N
[ hydroxy-propoxy}-phenol
O\)\/N\/
/©/ MS:334.18073
HGO
/\/Br
(\ /\\J 4-{3-14-(4-Bromo-phenvl)-piperazin-1 -y1]-2-(5)-
OH N
hydroxy-propoxy}-phenol
) N k >
!/\\/ \)\/ \) ) A
/}\) MS:407.09663
HCO =
L QOH
(\ 5\ | 4-{3-{4-{4-Hydroxy-phenvl)-piperazin-1-y1}-2-(5)-
OH N
| hydroxy-propoxy} -phenol
A o\/\/N\) ’
b MS:345.18061
HO =
= OMe
o~ =\ ‘ 4o {3-[du 4. Methoxy-phenyl}-piperazin-1-y1]-2-(5)-
O N
| ‘ hvdroxy-propoxy -phenol
O\)\/N\)
/@/ MS:359.19608
HO
% CF3
(\ - I 4-{3-J4-(4-Trifluoromethyl-phenyi-piperazin-1-yi}-
Ok N
[ | 2-(8)-lrydroxyv-propoxy}-phenol
2 O\/\/N\/
| MS:397.17327
-

HOY

143




WG 2009/006437 PCT/US2088/068843

4-{3-[4-(4-Biphenyl)-piperazin-1-y1]-2-(3}-

hydroxy-propogy }-phenol

o

aH (\
/@xo\/i\/"\/’ MS: 405.21643
HO l
OH
o J

F .
/Q/ 4-{3-[4-(2,4-Diftuoro-phenyl)-piperazin-1-y1}-2-(5)-
N
Q hydroxy-propoxy} -phenol

\/\/N F
/©/ MS:365.16651
HO

4 {3-[4-(2-Fluoro-phenyl)-piperazin-1-yi}-248)-
OH (\rﬁ .
“ O\/i\/N\/? : hydroxy-propoxy }-phenol
}(\( MS:347.17593

HO =
7
PN 4 4-{3-14-(2-Chloro-phenyly-piperazin-1-v1}-2-(5)-
oH TN
o \)\/llQ b4 hydroxy-propoxy t-phenol
~
MS: 363.14605
HO
=
- ! 4-{3-[4-(2-Chloro-phenyl)-piperazin-1-y1}-2-(S)-
OH N
: hydroxy-propoxy} -phenol
BN O\)\./N\) E : Y PIOPOXY ;D

| MS$:343.20108

HO =
4-13-[4-2 -Cyano-phenvl-piperazin-l .yl [-2(3)-
on (\NQ {3-[4-(2-Cyano-phenyl)-pip v1J-24(8)
/\\/o\)\/h‘\) e hydroxy-propoxy } -phenol
/ji\) MS:354 18070
HCO =
4-{3-[4-Phenyi-piperazin-1-v1}-2-(S)-hydroxv-
ok /\NJ\) (3- yi-pi . y1}-2-(8)-hy
O \/\/N\/ propexy t-phenol
| : MS:329. 18547
s
HOY
/©\ 4-§3-84-(3-Fluoro-phenyl)-piperazin-1-y1]-2H8})-
o l/\N £ _
O \)\/N\) hydroxy-propoxy -phenol
o MS:347.17608
HO &
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2
! | ) .
i 4-{3-[4-(3-Chloro-phenyl)-piperazin-1-y1]-2-(S)-
o TSN 13-[4-( phenyl)-oip 28
/\/O \/‘\/J\i \/ hydroxy-propoxy }-phenal
v
/j\//‘ MS:363.14741
HO
=
PN ] 4-{3-[4-(3-Methyl-phenyl}-piperazin-1-v1}-2-{S5)-
OH N
O\)\/f\l\) hydroxy-propoxy} -phenol
/©/ MS:343.20109
O
Iz

4-{3-[4-(3-Trifluoromethyl-pheny])-piperazin- 1 ~yi}-
2-{S)-hydroxy-propoxy} -phenol
MS:397.17269

A ,J
HO K/LCI

4-{3-124(3 4-Dichloro-phenyi)-cthylamine}-2-{5)-
hydroxy-propoxy t-phenol
MS:357.10159

4-(3- {Butyl~{ 2-(3 4-dichloro-phenyl)-ethyi]~
amino}-2-(8)-hydroxy-propoxy)-phenc
MS:413.12769

| . \)\/: o 4-{3-12.(3 4-Dichloro-phenyly-cthylamine]-2-(5)-
: R e S ~
“/\\\\/ \{ hydroxy-propoxy }-3-fluore-phenol
Ho gy MS:375.03418
. . \i/n . 4-§5-[2-(3,4-Dichloro-phenyD-cthylamine -2 5)-
VY\“/ hydroxy-propoxy } -2-fluoro-phenol
Ho S g MS:375.03409
oH[” .
o PP 1248 Hydroxy-3-(4-hydroxy-phenoxy-propyl]-
“ 0\/1\\/5\‘\) 4-phenyl-piperidin-4-ol
i /3 MS:344 18309

HO
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Example 5a, (4-{3-[4(3.4-Diflugro-phenvh)-piperazin-1-vli-prepoxy}-phenvh-urea
(Compound 5).

N

] H
BOC — N S—
Br/w\ /©/ ~BOC
o
iv-1

-

iif, tv

Step (1}. 14-(3-Bromo-propoxy)-phenyvl]-carbamic acid tert-butyl ester (iv-1). To a solution
of 2.1g of 4-t-butvicarbonylamino-phenol in 20 mL of acetonitrile was added 3.25g of cesium
carbonate. The reaction was stirred for one hour, and then 1.5 mL of 1,3-dibromopropane
wag added and the reaction stirred for 20 hours. The reaction was then quenched with
NH4Clagq.) solution. The mixture was extracted with ethyl acetate and washed with
NH4Cl{(aq.) and NaCl(aq.) solutions. The organic layer was separated and dried over
NasSOu(s). Filration and solvent removal gave a light brown oily solid. Hexanes were
added and the resulting solids filtered and washed with Hexanes three times. Drying gave

2.4g of an off-white solid.

Step (11). (4-{3-[4-(3,4-Difluoro-phenyl}-piperazin-1-vi]-propoxy | -phenyl)-carbamic acid
tert-butyl ester (iv-2). To 305 mg of 4-(3 4Difluoro-phenyl)-piperazine and 335 mg of
compound iv-1 was added 5 mL of acetonitrile. The reaction was heated to 65°C overnight.
The reaction was cooled, and then extracted with ethyl acetate. The organic layers were

washed with NaHCOs(aq.) twice, and the organic layers separated and dried over Na,SOu(s).
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Filtration and solvent removal gave an light brown solid. Dilution with hexanes, filtration,
and washing with hexanes gave 458 mg of & white solid {iv-2}, MS (m/z); 430 (M+H);
HRMS: Obsd for CosHasFN3Os: 430.24951.

Step (1ii). Compound iv-2 (430 mg) was dissolved in 6 mL of dichloromethane. Next, 4 mL
of trifluoroacetic acid was added and the reaction was stirred for 6 hours. Then NaFCOx(s)
was added unti] the bubbling stopped. Then water was added to the reaction mixture and the
reaction was extracted with dichloromethane and washed with NaHCOs(aq.) twice, The
organics were dried over NazSO4(s), and then the solution was filtered and the solvent

removed under vacuum. The residue was used in the next step without any purification.

Step (iv}. {4-{3-[4-(3,4-Difluoro-phenyl)-piperazin-1-yi]-propoxy } -pheny-urea (Compound
5). The aniline from the previous step was dissolved in 10 mL of N,N-dimethy] formamaide.
Next, 1 mL of trimethylsilyi isocyanate was added, and the reaction was stirred at room
temperature overnight, The reaction was then quenched with NaHCOs(aq.) solution, The
reaction was extracted with ethyl acetate and washed with NaHCOs(aq.) solution twice. The
organic layer was separated and dried over Na;SOy(s). Filtration and solvent removal gave a
browrsolid. Filtration over a plug of silica gel with ethyl acetate/methanal (4:1) wag
followed by solvent removal, Trituration of the resulting solids with ethyl ether and filtration
gave 98 mg of an off-white solid. MS (m/z}: 391 (M+H); HRMS: caled. for CpoHosFaNOs:
391.19456, Found: 391.19184, |

The following compounds were synthesized according to the methods and variation s of

described for Example 5,

COMPOUND NAME AND PHYSICAL DATA

o
E /\NA\/\F {4-{2~[4-{3 4-Difluoro-phenyl)-piperazin-1 -
; \ vimethylj-ailyloxy: -phenyl)-trea

0 /@/O\)E\/N\)
MS: 403.19326
)\N

PN
: H
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= 7 2
NS : (4- {3-[4-(4-Fluoro-pheny)-piperazin-1-yl]-
o 2 Q. oMo~ propoxy }-phenyl)-ures
L » MS: 373.20319
HA N
H
= ; F
/‘-\N S

{-Tithyl-34-{3-[4-(4-Huoro-phenyl)-piperazin-1-

O N
L 0 /©/ R \) ylj-propoxy -phenyl-urea
N

K\ R (4-{3-[4-(4-Fluoro-phenyl}-piperazin-1 -yi]-

MS: 388.20251

o O N \) propoxy | -phenyl)-carbamic acid methyl ester
!
\O/i\g

Example 5b. (4-{3-[4-{4-Chloro-phenvl-piperazin-1-vll-2-{$)-hvdroxv-propoxy}-

phenvli-urea.

J .
H | i
of NS V.V TBOMSO ‘/\NJ\/

N
o oA o A
HzNj_k%/Q/ MEN/Cr

Step (it). Epoxide ring opening with p-chiorophenyl-piperazine, To a solution of 1.1g of p-
chlore-phenyl-piperazine in 10mL of ethanot was added 0.95 g of the S-epoxide. The
solution was heated for I8 hours at 70°C. The reaction was cooled, and extracted with
dichloromeihane. The organic layers were washed twice with NaHCOs(aq.) solution. The
organic layers were separated, and then dried over Na,SOyu(s). Filtration and solvent removal

gave an oily residue. Next, ethyl ether was triturated in and the resulting solids filtered and
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dried. Obtained 1.49g of piperazine compound as a light yellow solid. 'H NMR (400 MHz,
CDCI3): 2.64 (m, 4H), 2.86 (m, 2H), 3.08 (m, 1H}), 3.19 (m, 4H), 4.12 (m, 2H), 4.18 {(m, 1H),
6.85 (d, 2H, J=8Hz), 7.01 (d, 2H, J=11Hz), 8.21 (d, 2H, J=9Hz); ms (m/z): 392 {M-+H),
HRMS: nvz 392.13665 — theoretical for CioHaaO4NzCl —392.13716.

Step (iii). Silyl ether formation p-chiorophenyl-piperazine. To a solution of 1.2g of alcohol
i-2 in dichloromethane was added 600mg of r-butyldimethylsilyl chloride, ImL of
diisopropvlethy! amine, and 600mg of 4-N N-dimethylaminopyridine. The reaction was
stirred for 1 day, then 150mg of r-butyldimethylsily! chloride was added. Stirring for a third
day was followed by addition of a third alloquat of 150 mg of r-butyldimethylsilyl chloride.
Stirring for an additional day was followed by solvent removal and absorption onto silica gel.
The residue was filtered with a 3:1-Hexane-ethy! acetate mixture and the solvent was
removed under vacuum. 1.1g of a yellow, oily solid was obtained. "H NMR{CDCl;):  0.08
(s, 3H), 0.11 (s, 3H}, 0.88 (s, 9H}, 2.52 (m, 2H), 2.65 (m, 4H}, 3.13 (t, 44, J=4Hz), 3.98 (dd,
1H, J=THz, J=9Hz), 4.16 {m, 1H), 4.22 (dd, 1H, J=3Hz, J=0Hz), 6.81 (d, 2H, J=9Hz), 6.96
(d, 2H, I=9Hz), 7.18 (d, 2H, J=9Hz), 8.18 (d, 2H, J=0Hz); MS (m/z): 506 (M+H); HRMS:
Caled. for CysHyCIN2O481: 506.22419; Found: 506.22577.

Step (iv). Nitro group reduction. To a sclution of 23my of sily] ether i-3 in 6 mL of N,N-
dimethylformamide was added lg of tin(II)chloride hydrate. The reaction was heated to 65°C
for 20 hours, The reaction was cooled and quenched by pouring over NaHCO;iaq.) solution.
The mixture bubbled and was allowed to subside. Ethyl acetate was added, and the materials
filtered through celite. The organic layer was extracted with NaHCO3(aq.) solution. The
aqueous layers were re-extracted with ethyl acetate and the organic layers were combined and
dried over sodium sulfate. Filtration, solvent removal, and column chromatography gave

210mg of a clear oil. Repetition with 450mg of nitro compound i-3 gave 290mg of aniline.

Step (v). Urea formation. To a solution of 500mg of aniline in 6 mL of NN-dimethyl
formamide was added I mL of trimethyvisily! isocvanate. The reaction was stirred for 2 days.
An additional 0.5 mL of trimethylsilyl isocyanate was added and foliowed by stirring for 2
more days. The reaction was extracted with ethyl acetate, and washed with NaHCOs(aq.)
solution. The organic layer was separated and dried over Nap,SQu(s). Filtration, sclvent

removal, and column chromatography gave 410mg of a waxy, white solid. 1H NMR(d°-
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DMSO): §0.04 (s, 3H), 0.07 (s, 3H), 0.83 (s, 9H), 2.39 (m, 2H), 2.48 (m, 4H), 3.08 (1, 4H,
J=4Fiz), 3.75 (dd, 1H, I=THz, I=10Hz), 3.98 (dd, 1H, J=3Hz, J=10Hz), 4.08 (m, 1H), 5.69 (s,
OH), 6.76 (d, 2H, 1=9Hz), 6.89 (d, 2H, J=9Hz), 7.18 (4, 2H, J=9Hz), 7.23 (d, 2H, J=91iz),
R.28 (s, 1H).

Step (vi). Destlylation. 400mg of silyl ether i-5 was dissolved in 10 mL of tetrahydrofuran.
Next, 2 mL of & tetrabutylammonium fluoride solution (1M, in THF, Aldrich) was added.
The reaction was stirred overnight, and then saturated NH4Cl{aq.) solution was added. The
mixture was dituted with ethyl acetate, and the resnlting solids filtered. The solids were
washed with water, ethyl acetate, and ethy! ether (three times cach). Drying gave 220mg of
an off-white powder. "H NMR (d°-DMSO): 2.42 (m, 2H), 2.54 (m, 4), 3.08 (1, 4H, J=4Hz),
3.77 (dd, 1H, J=6Hz, J=9Hz), 3.8% (m, 2H), 4.85 (d, 1H, J=3Hz}, 5.68 (s, 2H), 6.78 (4, 2H,
J=0Hz}, 6.8% (d, 2H, J=9Hz), 7.18 (d, 2H, j=0Hz), 7.23 (d, 2H, J=9Hz), 8.27 (s, [H}; MS
(m/z): 405 (M+H), 407 (M+2+H), HRMS: calcd for CagHaeN4O- ClL: 405.16934; observed:
405.16872. The p-toluene sulfonate salt was formed by taking 70mg of the free base and
mixing s 50mg of p-toluene sulfonic acid hydrate. The mixture was diluted with 3 mL
tetrahydrofuran and 3 mL ethano! and heated to 60°C until all solids had dissolved. The
mixture was cooled, and 90% of the solvent removed under vacuum. Next, ethanol was
added and allowed to stand at room temperature for several hours. The resulting solids were
filtered, washed with ethanol three times and dried. Obtained 80mg of a fluffy, white solid.
'H NMR (d°-DMSO): 2.25 (s, 3H), 2.99 (m, 2H), 3.09 (m, 2H), 3.22 (m, 2H), 3.58 (m, 2H),
3,79 (m, 2H), 3.87 (m, 2H), 4.28 (s, 1H}, 5.74 (s, 2H}, 5.97 (s, 1H), 6.81 (d, 2H, J=8Hz), 6.99
(d, 2H, J=8Hz), 7.08 (d, 2H, J=THz), 7.27 (t, 4H, J=8Hz), 7.44 (d, 2H, I=8Hz), 8.36 (s, 1H),
9.58 (s, 1H); Anal Calc. For CogHasNsO3Cl-pTsOH-H20: C, 5449, H, 593, N, 9.41; Found:
C, 54.82,H, 5.77, N, 9.42,
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Example 5¢. Svnthesis of B and S hvdroxv-propv] urea piperazines.

HG:

HC i = ol . o o
e G N G—— s N
NN s A
NH, H NN,
7 N
o 5 o
o
C‘\/l\/O F f v O o LA~ \;(//\}\l 9
N )\ Ry ,)k - \/\‘NANH
N NN N 2

vii

i
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R N Ry NN oH
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OH
\/N\)\/O\@\ 0 \/““‘\/r‘\/o\/\\ o]
Ao ‘

Step {i). Preparation of I-(4-hydroxyphenyljirea.

To a solution of 10.92 g of 4-hydroxy-aniline in 100 mL of tetrahydrofuran at 65°C was
added 20 mL of trimethylsilyl isocyanate (85%, Aldrich). The solution was heated at 65°C
for 6 hours. The solution was cooled to room temperature, and then 100 mL of ethanol and
10¢ of silica gel were added. The reaction was stirred at room temperature overnight. The
solvent was removed under vacuum. The solids were diluted with & 1:1 mixture of
dichloromethane and ethanol (500 mL). After all the solids had dissoived, the solution was
filtered over a plug of silica gel. The solvent was removed under vacoum. Next,
dichloromethane was added and the solids were filtered and washed with dichloromethane
three times, The resuiting solids were then dried. The reaction gave 15.5g of a fine white
powder (100% yield). "H NMR (d°-DMSO): § 5.62 (s, 2H), 6.58 (d, 2H, J=0 Hz), 7.1(d, 2H,
J=9 Hz), 8.12 (s, 1H), 8.91 (s, LH); MS: 187 (M+Cl}; HRMS: 187.02821.

Step (i1). Preparation of (R)-1-(4-(3-chloro-2-hydroxypropoxy)phenylurea, (T, Fujioka et
al. Chem. Pharm, Bull, 44(8), 1996, 1596-1598.)
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To a solutzon of 1.52 g (10 mmoles) of 1-(4-hydroxyphenylurez in 10 mL of methanol and
10 ml. of water was added 0.5 mL of triethyiamine, followed by 8 mL of (R)-
epichlorohydrin. The reaction was homogeneous, and was stirred at room temperature for 20
hours. The reaction was diluted with 50 ml. of water and extracied with 5 X 100 ml. portions
of ethy! acetate, The organics were washed with dilute HCI (aq.) and NaCl (aq.) solutions.
The organics were separated and dried over Na,;SO4(s). Filtration and solvent removal gave
an oily residue, which was absorbed onto silica gel. The crude product was then subjected to
purification by column chromatography with a gradiant based on a 90:10:1 mixture of
dichloromethane:methanolb NH.OH and dichloromethane. The fractions of interest were
combined and the solvent removed under vacuum, The resulting pink solid was dried under
vacuum to give 1.62 g of fluffy white solid (66% yield). "H NMR: (d®-DMS0): & 3.62 (dd,
TH, J=6Hz, J=11Hz), 3.71 (dd, 1H, J=5Hz, J=11Hz), 3.86 {d, 2H, J=5Hz), 3.96 (m, 1H), 5.49
(d, 1H, J=6Hz), 5.69 (s, 2H}, 6.78 (d, 21, J=9Hz), 7.24 (d, 2H, J=0Hz), 8.29 (s, 1H}; MS: 279
(M+ChH; HRMS: 279.03124,

Step (i11). Preparation of (§)-1-(4-(3-chloro-2-hyvdroxypropoxy)phenyliurea,

Foliowing the exact procedure of the R-enantiomer, 1.52 ¢ {10 mmoles) of 1-(4-
hydroxyphenyliurea and & mlL. of ($)-epichiorohydrin gave 1.39 g (57% yield) of light pink
solid. The compound had identical "HNMR and MS spectra to the (R)-enantiomer.

Step (iv). (S-1-(4-(oxiran-2-ylmethoxyiphenyDurea. (T, Fujioka ef al. Chem. Pharm. Bull,
44(8), 1996, 1596-1598.} To a sohution of 1.62 g of the (R)-chlorchydrin (3) in 70 mL of
isopropanol and 10 mL of water at 0°C was added a solution of 2 g of KOH dissolved in 12
mL of water, The reaction was stirred for 2 hours at 0°C, during which time a white
precipitate formed. After 2.5 hours, 100 mL of ethyl acetate was added and the reaction was
allowed to warm io room temperature. The orgamc layer was washed with NaCl (aqg.)
solution. The aqueous laver was extracted with 4 X 100 mL of ethy] acetate, and the organic
fayers were combined and dried over NapSOa(s). Filtration and solvent removal gave a white
residue. Ethyl ether was added and the solids were filtered and washed with cthyl ether three
times. Drying gave 1.23 g of a white, fluffy solid (§89% yield). "H NMR (d*-DMSO0): & 2.65
(dd, 1H, I=3Hz, J=5Hz), 2.79 (t, 1H, J=53Hz}, 3.25 (m, 1H), 3.71 {dd, 1H, J=THz, I=12Hz),
4.2 (dd, 1H, J=3Hz, I=12Hz), 5.7 (s, 2H}, 6.79 (¢, 2K, J=YHz), 7.25 (4, 2H, J=9Hz), 8.3 (5,
1H); MS: 243 (M+C; HRMS: 243.05458.
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Step (v). (R)-1-(4-(oxiran-2-yimethoxyphenylurea.
Using the same procedure as for the (S)-enantiomer, 1.39 g of the S-chlorohydrin gave 1.11g
(93% yield) of the R-epoxide as a finffy, white solid. This compound had identical "H NMR

and MS as the S-enantiomer.

Specific exemplary syntheses for step (vi):

@NO .
N D
o \G\NELNHE

H

(S)-1-(4-2-hydroxy-3-(4-phenylpiperazin-1-yDpropoxy)phenylurea, A mixture of (.1 g of
(8)-1-(4-(oxiran-2-yimethoxy)phenyljurea, 0.14 g of N-phenyl-piperazine, and 6 mL of
abosolute ethanol was heated to 70°C for 20 hrs. The reaction was cooled, and the resulting
precipitate collected by filtration. The solids were washed three times with ethanol, and
dried. 0.126 g of the title compound was obtained as a fluffy white powder was obtained. 'H
NMR (d®-DMSOY: § 2.36 (dd, 1H, J=6Hz, j=13Hz), 2.48 (m, 1H), 2.55 (m, 4H), 3.08 (1, 4H,
F=5Hz), 3.78 (dd, 1H, J=6Hz, J=9Hz), 3.89 (m, 1H), 3.93 {m, 1H), 4.84 (d, 1H, J=5Hz), 5.68
(s, ZH), 6.73 (t, 1H, J=8BHz), 6.78 (d, 2H, J=0 Hz), 6.88 (d, 2H, J=8Hz), 7.16 (t, 2H, J=8Hzx),
7.24(d, 2H, J=0Hz), 8.27 (s, IH); MS: 371 (M+H}; HRMS: Observed: 371.20723; HPLC:

100% peak area composition; retention time = 6.64 min,

1-(4-{{S)-3-((5)-4-(4-chiorophenyl)-2-methyipiperazin- 1-y1}-2-hydroxypropoxy)phenyl) urea.
A solution of 0.5 mmol of the (S)-epoxide and 0.6 mmol (38)-1-(4-chlorophenyl}-3-
methylpiperazine in 5 mi ethanol was refluxed for overnight. The solvent was evaporated and

product was purified with the column chromatography using

153



WO 20090066437 PCT/US2008/068843

dichioromethane:methanol: NH,OH (90:10:1). After the column it wag crystallized with ethyl
acetate to give 0.109 g (52% yield). 'H NMR (400 MFz, d6-DMSOY: 8 1.01 (3H, 4, /= 6.0
Hz), 2.16 (1H, dd, J= 5.6, 12.8 Hz), 2.34-2.51 (3H, m), 2.7%-2.89 (2H, m), 2.99 (1H, d, / =
11.6 Hz ), 3.38 (2H, d, J=11.2 Hz), 3.75-3.79 (1H, m), 3.88-3.92 (2H, m), 4.84, (1H, d, J=
52 Hz), 5.67 (2H, 5), 6.78 (2H, d, J= 7.2 Hz}, 6.88 (2H, d, J = 9.2 Hz), 7.17 (2H, d, J= 7.2
Hz), 7.23 (2H, &, J= 9.2 Hz), 825 (1H, s} MS: 419 (M+H); HRMS= 419.18431; HPLC=

96% peak area at 7.7 min. retention time.

o3 Ry

1

==
OH

N/\E
K/N \}\/OO o
: N/ﬁ\NHZ

H

1-(4-{{8}-3-((R)~4-(4-chloropheny!}-2-methyipiperazin- 1-y1)-2-hydroxypropoxy)iphenyl)

urea. A scluiion of 0.5 mmol of the (5}-epoxide and 0.6 mmol of (3R)-1-(4-chlorophenyl}-3-
methylpiperazine in 5 ml ethanel was refluxed overnight. The solvent was evaporated and
product was purified with the column chromatography using
dichloromethane:methanoi:NH,OH (90:10:1). After the column it was crystallized with ethyl
acetate to give 0.099 g (47% yield). ‘H NMR (400 MHz, d°-DMSO) § 1.05 (3H, d, J = 6.0
Hz), 2.37 (1H, dd, J= 4.8, 13.2 Hz), 2.46-2.53 (2H, m), 2.71 {1H, dd, /= 6%, 13.2 Hz}, 2.78
(1H, t, J= 88 Hz), 2.95 (1H, d, /= 12.0 Hz } 3.40 (2H, d, /= 8.8 Hz), 3.80-3.83 (1H, m),
389, 2H, d, /=64 Hz) 478 (1H, d, J=4.4 Hz), 5.71 (2H, s}, 6.82 (2H, 4, /= §.8 Hz),
6.91 (2H, d, J=8.8 Hz), 7.20 (2H, d, /= 8.8 Hz), 7.27 Q2H, d, /= 8.8 Hz), 8.29 (1H, s); MS:
419 (M+HY; HRMS=419.18437; HPLC¥ 05% peak area at 7.6 min. retention time.

(8)-1-(4-(3-(4-(3,4-difluorophenypiperazin-1-y1)-2-hydroxypropoxy)phenylfurea. A
solution of 0.106 g of (S)-epoxide, 0.135 g of N-(3 4-difluorophenyl)-piperazine and 6 mL of
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absohite ethanol was heated at 70°C for 18 hours. The reaction was cooled, and the resulting
precipitate filtered. The solids were washed with ethanol and ethyl ether three times each.
Drying gave 0.12 g of a white solid. "H NMR (d®DMSO): 2.36 (dd, 1H, J=7Hz, J=13Hz),
245 (my, 1H), 2.53 (m, 4H), 3.06 (m, 4H), 3.77 (dd, 1H, J=6Hz, J=9Hz), 3.88 (m, 1H}, 3.91 |
(m, 1H), 4.83 (d, 1H, J=4Hz}, 5.67 (s, 2H), 6.67 (m, 1H), 6.78 {(d, 2H, J=9Hz), 6.93 (m, 1H),
7.19 {quart, 1H, J=10Hz), 7.23 (d, 2H, J=9Hz), 8.26 (s, 1H); MS: 407 (M+H); HRMS:
407.18890; HPLC: 100% peak area at 7.1 min. retention time.

{(8)-1-(4-{3-(4-(4-flyorophenyDpiperazin-1-y)-2-hydroxypropoxyphenyljurea. A solution of
0.11 g of (S)-ecpoxide, 0.14 g of N-(4-fluorophenyl)-piperazine, and ¢ mL of ethanol was
heated to 70°C for 20 hours. The solution was cooled to room temperature. The sohds were
filtered, washed with cthanol three times, and dried. Gave 0.164 g of 2 white powder. 1H
NMR (d6-DMSOY: d 2,36 {dd, 1H, J=6Hz, J=13Hz), 2.47 (m, 1H), 2.55 {m, 4H), 3.02 {(t, 4H,
T=5Hz), 3.77 (dd, 1H, J=6Hz, T=0Hz), 3.88 (m, 1H), 3.92 (m, 1H), 4.84 (d, 1H, }=5Hz), 5.68
{s, ZH), 6.78 {d, 2H, J=9Hz), 6.89 (m, 2H), 6.99 (¢, 2H, J=8Hz}, 7.23 (d, 2H, J=9Hz), 8.27 (s,
THY MS: 389, (M-+H); HRMS: 389.19782; HPLC: 99.2% peak area at 6.5 min. retention

time.

(5)-1-(4-(2-hydroxy-3-(4-{4-methoxypbenyl)piperazin- 1 -yDpropoxy)phenyliursa. A solution
of .11 g of (S)-epoxide, 0.155 g of N-{4-methoxyphenyl)-piperazine, and 6 mL of ethanol
was heated to 70°C for 20 hours. The solution was cooled to room temperature. The solids
were filtered, washed with ethanol three times, and dried. Gave 0.18 g of a white powder.

"H NMR (d®-DMSQ): 82.36 (dd. 1H, J=7Hz, J=13Hz), 2.45 (m, 1H}, 2.55 (m, 4H), 2.96 (1,
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4H, 1=5Hz), 3.64 (s, 3H), 3.77 (dd, 1H, j=6Hz, J=9Hz), 3.87 (m, 1H), 3.93 (m, 1H), 4.83 (d,
1H, J=5Hz), 5.68 (s, 2H), 6.78 (m, 4H), 6.83 (d, 2H, J=0Hz), 7.23 (d, 2H, J=9Hz), §.27 (5.
1H): MS: 401 (M+H); HRMS: 401.21861; HPLC: 99% peak area at 6.2 min.

-

=

T
MUY

H

(8)-1-(4-(3-(4-(4-ethyiphenylpiperazin- 1 ~y1}-2-hydroxypropoxyiphenyhurea. A scolution of
0.08 g of (S)-epoxide, (.12 g of N-{4d-ethylphenyl)-piperazine, and 5 mL of absolute ethanol
were heated at 700C for 30 hours. The solution was cooled {0 room temperature. The
solvent was removed under vacuum, and the residue subjected to column chromatography on
silica gel with a dichloromethane/dichloromethane:methanol:NH.OH (90:10:1) gradiant.
Combination of the fractions and soivent removal, followed by drying under vacuum gave
0.064 g of a white solid. "H NMR (d®-DMSOY: 8 1.09 (1, 3H, J=8Hz), 2.36 (dd, 1H, J=6 Hz,
J=12Hz), 2.44 (m, 1H), 2.54 (m, 41}, 3.03 (t, 4H, J=5Hz), 3.77 (dd, 1H, J=6Hz, I=10Hz),
3.89 {m, 1H), 3.92 (m, 1H), 4.83 (d, 1H, J=5Hz), 5.67 (s, 2H}, 6.78 (&, 2H, J=9Hz), 6.8 (d,
2H, J=8Hz), 7.01 (d, 2H, J=911z), 7.23 (d, 2H, J=10Hz}, .26 (s, 1H); MS: 399 (M+H);
HRMS: 399.23896; HPLC: 100% peak arca; retention time at 7.8 min. Elemental —
formula+0.25 HoO - theory: C, 65.57, H, 7.63, N, 13.9; Fouad: C, 65.58, H, 7.51, N, 13.98.

s

($)-1-(4-(3-(4-{4-propylphenyDipiperazin- 1-y1)-2-hydroxypropoxy)phenylurea. A solution
of 0.11 g of {S)-epoxide, 0.154 g of N-(d-propvlphenyl)-piperazine, and 6 mL of ethanol was
heated to 70°C for 20 hours. The solution was cooled to room temperature, The solids were
filtered, washed with ethanol three times, and dried. Gave 0.094 g of a white powder. 'H
NMR (d°-DMSO): & 0.83 (t, 3H, I=7Hz), 1.49 (hextet, 2H, J=7Hz), 2.38% (m, 3H}, 2.54 (m,
4H), 3.03 (1. 4H, j=5Hz), 3.77 (dd, 1H, J=06Hz, J=0Hz), 3.89 (m, 1H), 3.92 (m, 1H), 4.83 (d,
1H, I=5Hz), 5.68 (s, 2H), 6.78 (d, 2H, J=9Hz), 6.8 {(d, 2H, J=8Hz), 6.98 (d, 2H, J=8Hz), 7.24
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(d, 2H, J=9Hz), 8.27 (s, TH); MS: 413 (M-+H), HRMS: 413.25406; HPLC: 99% peak arca at

8.6 min. retention time.

(8)-1-(4-(3-(4-(4-isopropyi-phenyl)piperazin-1-y1}-2-hydroxypropoxy)phenyliurca. A
sohution of 0.08 g of (S)—epoxi.de, (.16 g of N-(4-isopropyvlphenyl)-piperazine, and 5 mi. of
absolute ethanol were heated at 70°C for 30 hours. The solution was cooled to room
temperature. The soivent was removed under vacuum, and the residue subjected to column
chromatography on silica gel with a dichloromethane: dichloromethane: methanoi:NH,OH
(90:10:1) gradient. The fractions were combined and the solvent removed under vacuum.
Ethyl ether was added to the solids and they were filtered, washed with ethyl ether three
times, and then dried. 0.046 g of a white solid was obtained, |H NMR (400 MHz, d°- _
DMSO}): 6 1.11 (d, 6H, J=THz), 2.36 {dd, 1H, J=THz, J=13Hz), 2.45 (m, 1H), 2.54 (m, 4H),
2.74 (quint, 1H, }=7Hz), 3.03 (1, 4H, J=3Hz), 3.77 (dd, I1H, J=6Hz, J=10Hz), 3.88 (m, 1H),
3.92 (m, 1H), 4.84 (d, 1H, J=5Hz), 5.68 (s, 2H), 6.8 (t, 4H, J=10Hz), 7.03 (d, 2H, J=8Hz),
7.24{d, 2K, ]=9Hz), 8.27 (s, 1H); MS: 413 (M+H); HRMS: 413.25458; HPLC: 100% peak
area at a retention time of 8.25 min.; Elemental analysis - Theory: C, 66.96, H, 7.82, N,
13.58; Found, C, 66.98, H, 7.82, N, 13.48,

Y o

k/N\/:\\/O@ o
N)LNHZ
t

(S$)-1-(4-(3-(4-(4-cyclopropylphenyljpiperazin-1 -y1)-2-hydroxypropoxyiphenylurea. A
solution of 0.1 g of (S)-epoxide, 0.15 g of N-(4-cyclopropylphenyl)-piperazine, and 6 mL of
absolute ethano! were heated at 70°C for 20 hours. The solution was cooled to room
temperature. The solvent was removed under vacuum, and the residue subjected to column

chromatography on silica gel with a dichloromethane/dichloromethane: methanol:NH.OH
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(9010:1) gradiant. The fractions were combined and the solvent removed under vacuum,
Ethanol was added to the solids and they were filtered, washed with ethanol three times, and
then dried. 0.067 g of a white solid was obtained. "H NMR: (d°*-DMSO): 8 0.5 (quart, 2H,
J=4Hz), 0.8 (m, 2H), 1.76 (m, 1H), 2.35(dd, 1H, J=6Hz, J=12Hz), 2.46 (m, 1H), 2.54 (m,
AH), 3.01 (1, AH, J=5Hz), 3.77 (dd, 1H, J=06Hz, ]=10Hz), 3.88 (m, 1H), 3.91 (m, 1H), 4.83 (d,
LH, J=5Hz}, 5.68 (s, 2H), 6.78 (m, 4H), 6.88 (d, 2H, J=8Hz), 7.23 (d, 2H, J=0Hz), 8.27 (s,
1H); MS: 411 (M+H); HRMS: 411.23895; HPLC: 100% peak arce at 7.8 min. retention fime,
Elemental analysis: Theory: C, 67.29, H, 7.37, N, 13.65; Found: C, 67.27, H, 7.36, N, 13.54,

(8)-1-{4-(3-(4-{4-1sobutylphenyl)piperazin-1-y1)-2-hydroxypropoxy)phenyijurea

(S)-1-(4-(3-(4~2-naphthyDpiperazin-1-yI}-2-hydroxypropoxyphenylyurea. A solotion of
0.11 g of (S)-epoxide, 0.175 g of N-(Z-naphthyl)-piperazine, and 6 mL of ethanol was heated
to 70°C for 20 hours. The solution was cooled to room tempetature. The solids were filtered,
washed with ethanol three times, and dried. Gave 0.197 g of a white powder, "H NMR (d°-
DMSO): 6 2.39 (dd, 1H, I=THz, J=12Hz), 2.49 (m, 1H), 2.61 (m, 4H), 3.79 (dd, 1H, J=6Hz,
F=10Hz), 3.9 (m, 1H), 3.96 (m, 1H), 4.86 (d, 1H, j=5Hz), 5.68 (5, 2H), 6.79 (d, 2H, |=9Hz),
7.11(d, 1H, J=2Hz), 7.23 (m, 4H), 7.34 {m, 3H), 7.69 (m, 4H), .27 (s, 1H); MS: 421
(M+H}; HRMS: 421.22338; HPLC; 99.9 % peak area at 7.8 min. retention time,

Specific exemplary syntheses for step (vii):

{R3-1-(4-(3-{4-(4-methviphenylipiperazin-[ -y1}-2-hydroxypropoxyphenyhurea. A solution
of .11 g of (R)-epoxide, 0.13 ¢ of N-{4-methylphenyl)-piperazine, and 5 mL of absolute
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ethanol were heated at 70°C for 30 hours. The solution was cooled 10 room temperature. The
solution was filtered. The solids were washed with ethanol three times

and dried. Gave 0.157g of a white solid.

@ji
O

H 2
(R)-1-{4-(3-(4-{d-cthylphenypiperazin-1-yD)-2-hydroxypropoxy)phenylurea. A solution of
0.11 g of (S)-epoxide, 0.15 g of N-{4-ethylphenyl}-piperazine. and 5 ml. of absolute ethanol
were heated at 70°C for 30 hours. The solution was cooled to room temperature, The solids
were filtered, washed with ethanol and ethyl ether three times each. Drying gave 0.ig ofa

white solid,

(R)-1-(4-(3-(4-(4-1sopropylphenyDpiperazin- 1 -yD-2-hydroxypropoxyphenyDurea. A
solution of 0.11 g of (S)-epoxide, 0.175 g of N-(4-ethylphenyl)-piperazine, and 5 mL of
absolute ethanol were heated at 70°C for 30 hours. The solution was cooled to room
temperature. The resulting solids were filtered, washed with ethancl and ethyl ether three

times each. Drying gave 0.094g of a white solid.
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Examples 6, 7, and 8. N-[2-

methanesulfonviamine-phenvi-propionamide (Compound 6}, N-(4-13-[2-{3.4-Dichloro-

phenviamino)-ethvlaminel-prepvii-phenvh-methanesulfonamide (Compound 7)., angd N-

{4-(3-(3-(3.4-dichlorophenvl}-2-oxoimidazolidin-1 Dpropvl)phenyl) methanesulfonamide

(Cempound 8).

o o
i i
7y OH MOMQ "w"g
P -
N~ HNTSF v 3 5, i
|
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Y /\/\)\
b al \ OR
| {2
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| MeOzSHN | (mumte)
v v-3 {R=H)
i H
N
H | —
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% N/\/N el || “
! 1 H 1
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o
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Step (1) Methyl 3-(4-aminophenylpropanocate (v-1). Thionyl chloride (14.6 ml, 200 mmol,
3.3 equiv) was added dropwise 1o a solution of dry methanol {60 ml, 1453 mmol, 24 equtv) at
-10° C. After stirring for 10 minutes, 3-(4-aminopherylipropanoic acid (10.0 g, 61 mmol)
was added to give a yellow suspension. The solution stirred for 1 hour and was slowly
warmed to room termperature. The resulting solution was concentrated to give a vellow solid.

The solid was suspended 1 ethyi acetate, and NaHCOz (aq.) was added until the salt
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dissotved fully. Solid sodium bicarbonate was added to give pH 8.The layers were separated
and the organics were washed with brine (aq.). The resuliing solution was dried over MgSQOy,
filtered, and concentrated to give a vellow solid (10.6 g, 98%). IH NMR (300 MHz, CDClq)
7.00(d, /=8.3 Hz, 2H}, 6.63 (d, /=8.3 Hz, 2H), 3.67 (s, 3H), 3.59 (bs, NH», 2H), 2.85 (1,

J=7.6 Hz, 2H), 2.58 (t, J~8.3 Hz, 2H). 13C NMR (300 MHz, CDCl3) 173. 8, 144.9, 130.7,
129.3, 115.5, 51.8, 36.4, 30.4. M.S. (ESI) m/z=180.102 (M+H).

Step (i1}, Methyl 3-(4-(methylsulfonamido)phenylpropanocate (v-2), The ester (7.38 g, 41.2
mmoly was dissolved in pyridine (17.0 ml, excess). Afier cooling to 0°C, methanesulfonyl
chloride (4.55 ml, 57.7 mmol, 1.4 equiv) wag added dropwise. The reaction was warmed to
room temperature and stirred overnight. The reaction was quenched with water and diluted
with DCM. The layers were separated and the organics were washed with brine. The resulting
solution was concentrated to give a red solid. The crude material was purified using silica gel
chromatography (1 EtOAc/] Hexanes) to give a white solid {87%), IH NMR; {CDCl3, 400
MHz} 7.20 (d, /=8.6 Hz, 2H}, 7.15 (d, /=8.6 Hz, 2H), 6.45 (bs, NH,1H), 3.68 (s, 3H), 3.00 (s,
3H), 2.94 (1, J=7.6 Hz, 2H), 2.63 (1, /=7.5 Hz, 2H). 13C NMR (CDCl3, 400 MHz): 173.4,

137.6,135.2, 126.4, 121.4, 51.7, 38.5, 35.5, 30.1. ML.S. (ESI) m/z= 257.56 (M+H)

Step (i), 3-(4-(methylsulfonamidoiphenyl)propanocic acid (v-3). The sulfonamide ester
(1.16 g, 4.5 mmol) was dissolved in methanol (50 mi). To this solution, 1.0 N NaOH (17.0
ml, 17.0 mmol, 3.8 equiv) was added. The mixture was stirred at room temperature overmght.
TLC indicated the reaction was finished. The pH of the solution was adjusted to 3 with a
solution of agueous HCL The volume of methanol was reduced by rotary evaporation (40

" mbar), upon which the product crashed out of sclution. The vellow crystals were filtered off

and dried (0.900 g, 82%). 'H NMR (400 MHz, CD;0D) 7.21 (d, J=8.6 Hz, 2H), 7.17 (d,

J=8.6 Hz, 2H), 2.91 (s, 3H), 2.89 (t, J=7.6 Hz, 2H), 2.59 (t, J=7.6 Hz, 25). 13C NMR (400
MHz, CD;0D) 176.7, 139.0, 137.7, 130.5, 122.3,39.1,36.8, 31.4. M.S. (EST) m/z= 242.05

{M-H).

Step (iv). N-(2-(3,4-dichlorophenylamino)ethy])-3-(4-(methylsutfonamido )phenyl)

propanamide Compound 6. The carboxylic acid (0.700 g, 2.88 mmmol) was dissolved in
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DMF (30.0 ml) and cooled to 0°C. To this solution, DMAP (0.352 g, 2.28 mmol, 1.1 equiv),
and EDCI (0.552 ¢, 2.88 mmol, 1.0 equiv) were added to give a clear suspension. After
stirring for 30 minutes, the amine (0.590 g, 2.88 mmol, 1.0 equiv) in THF (5.0 ml) was added
dropwise 10 give a brown solution. The mixture was warmed to room temperature and stirred
overnight. The reaction was monitored by TLC. To quench the reaction, 20 mL of 1.0 N HCI
was added and the solution was extracted with 3x30 mL of EtOAc. The orgainic layer was
dried with MgS8Q., filtered, and concentrated to give red oil. The crude material was purified

by taking the residue up in DCM and stirring. Immediately a white powder precipitated out
{0.920 g, 74%). IH NMR (400 MHz, CD50D} 7.14-7.10 (mult, 5H}, 6.72 (d, /=2.9 Hz, 1H),

6.51 (dd, J;=8.9 Hz, Jo=2.6 Hz, 1H), 3.27 (t, 2H), 3.10 (t, J=6.4 Hz, 2H), 2.88 (s, 3H), 2.87

(1, J=6.5 Hz, 2H), 2.46, {t, J=6.4 Hz, 2H). 3C NMR (300 MHz, CDClL) 175.8, 150.0, 138.7,
1383, 131.7, 130.5, 122.3, 114.4, 113.6, 44.0, 39.8, 392, 39.0, 32.3. M.S. Caic’d 429.0681
Found (HRMS) 431.08143 (M+H). E.A. Calc’d: C 50.24, H 4.92, N 9.76 Found: C 49.64, H
491, N 9.74.

Step (v). N-{4-(3-(2-(3.4-dichlorophenylamino)ethylamino)propyiphenyl)
methanesulfonamide (Compound 7). The sulfonamide amide ((0.500 g, 1.2 mmol) was
dissolved in THF (30.0 ml). After cocling to 0°C, & solution of Lithium Aluminum hydride
(2.0 M solution in THF, 2.3 mi, 4.6 mmol, 4.0 equiv} was added dropwise, After stirring for
10 minutes at 0°C, the ice bath was removed and the reaction mixed was warmed to room
temperature and stirred overnight. The mixture was diluted with DCM and water to give an
emulsion. Rochelle's salt (sat'd soiution) was added and the mixture stirred for 20 minutes
before filtering over a pad of celite. The resulting hquid was separated, and the organics were

washed with brine, dried over MgSO, and concentrated to give a white foam (0.358 g, 74%).
The free base was converted to the HCI salt by bubbiing HCI (g) through a solution of

substrate dissolved in ethanol. The white powder precipitated out and was filtered off. Iy
NMR (300 MHz, CDCly) 7.20-7.11 (mult, 5H}, 6.69 (d, /=2.8 Hz, 1H), 6.46 (dd, J;=8.8 Hz,

J=2.8 Hz), 4.36 (bs, 1H, NH), 3.156 (mult, 2H), 3.00 (s, 3H), 2.88 (1, J=6.2 Hz, 2H), 2.66 (1,
J=7.1 Hz, 4H), 1.86-1.79 (mult, 3H}. 13C NMR (300 MHz, CDCl3) 148.1, 139.4, 1348,

132.8, 130.7, 129.7, 121.6, 119.7, 113.9, 112.9, 49.0, 48 2, 43.2, 39.3, 32.9, 31.5. M.S. Calc’d
416.088. Found (HRMS): 416.069.
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Step (vi}. N-(443-(3-(3,4-dichlorophenyl)-2-oxommdazolidin-1 Dpropyiphenyl)
methanesulfonamide (Compound 8). The starting material diamine {0.113 g, 0.27 mmol) was
dissolved in THF (10.0 mi). To this solution 1,1-carbonyldiimidazole (0.04%8 g, 0.30 mmo},
1] equiv) was added. The mixture stirred at room témperature overnight. After completion,
the solution was evaporated to dryness and the residue was taken up in ethyl acetate, washed

with brine (1x) and dried over NayS0y, filtered, and concentrated to give a clear oil. The
crude material was purified using silica gel chromatographv (100% EtOAcC) o give a white
foam (0.070 g, 58%). 1H (400 MHz, CDCl3) 7.72 (s, 1H), 7.16 {d, J=8.6 Hz, 2H), 7.07 (d,
J=8.6 Hz, 2H), 7.02 (s, 1H), 6.64 (d, /=2.9 Hz, 1H), 6.41 (dd, J;=8.5 Hz, /»,=2.9 Hz), 3.64 {1,
J=6.0 Hz, 2H), 3.40-3.36 (muit, 4H), 2.97 (s, 3H), 2.57 (t, /=7.3 Hz, 2H), 1.26 {1, /=7.3 Hz,
2H). B¢ (75 MHz, CDCly) 152.6, 147.1, 137.3, 136.8, 135.6, 130.9, 129.5, 121.6, 118.0,

113.6, 112.5. M.S. (ESD) Cale’d: 441.0681 Found: 442.07527 (M+H).

Compounds in the following table were svnthesized according to variations in methods

described for Examples 6, 7, and &.

COMPOUND NAME

O\AN/\/N W = N-{2-(3,4-Dichioro-phenylamine j-ethyl}-2 -(4-
MeO,5 H

\\/i\ ol methanesul fonylamino-phenoxyi-acetarmide
H
H
/@/ O™ e N-(4-{2-[2-(3 4-Dichloro-phenylamino -ethvlarino] -
H
MeOS S ethoxy}phenyl)-methanesulfonamide
H

o}

N-(4-{3-{4-(3 4-Dichloro-phenyl}-piperazin-1 -y1}-3-
MeO,S- cl .
N . -
H

| oxo-propvil-phenyl)-methanesulfonamide

\

4

/O/vk N-(4-{3-[4-(3,4-DiFluoro-phenyl)-piperazin-1-vi]-3-
Me025-. \@ oxo-propyll-phenyli-methanesul fonamide

2
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N-(4-{3-[4-(3 4-Dichloro-phenyl)-piperazin-1-y1]-

propylH-phenyl-methanesulfonamide

N-(4-{2-{4-(3,4-Dichloro-phenyl)-piperazin-1 -y1]-2- -

oxo-gcthoxy p-phenyii-methancsulfonamide

6-{2-14-(3 4-Dichloro-phenyl)}-piperarin-1-y1j-2-oxo-

ethoxy}-3H-benzooxazol-2-one

Q
%
O
O:<O | == \)\N/\ 6-{2-{4-(3 4-DiFhuoro-phenyl)-piperazin-1-y1]-2-0x0-
M
N & K/ N F gthoxy ! -3H-benzooxazol-2-one
H |
S
O
O
o Oﬁ/ \/MN/\ 6-{2-[4-4-Chloro-phenyl)-piperazin-1-yl}-2-ox0-
E = N ethoxy}-3H-benzooxaznl-2-one
H
= Cl
O
Q
Oz<0~__|,/\\\\/ \)kN. N-[2-3,4-Dichloro-phenylamino-ethyi}-2-(2-¢x0-2,3-
A Fon Cl . .
E | dilwdro-benzooxazol-6-yloxy)-acetamide
= Gl
G
WQJ\NA\’///\//YCE N-[3-(3 4-Dichioro-phenyl)-ailyll-24-
H i . . N
Meozs\N A Mci methanesulfonyiamino-phenoxy)-acetamide
H
G H
(\/O \/U\N N \/\lrc; N-[2-(3,4-Dichloro-phenylamino)-ethyl]-2-(4-
! ; H ! hvdroxy-phenoxy)-acetamide
HO/\/ "\\/\C]
7 H
N N N \/\/Cl N-{2-(3 4-Dichiore-phenylamine)-ethyl}-3-(4-
| H - hydroxy-phenyl)-propionamide
propionamide
Lo o MCE
S H
F O\)J\N N = Ch N-{2-(3,4-Dichioro-phenylamino)-ethyl]-2 -{3-fluoro-
H . i 4-hydroxy-phenoxy}-acetamide
HO Ci
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Example 9. General synthesis for quinolinone derivatives. Preparation of (8)-6-(3-(4-(4-

chiorophenvhpiperazin-1-vi}-2-hvdroxvpropexyi-3.4-dihvdroguinelin-2(1H)-one.

iIIO
T

P oW
foruitov: STy,

N
H

Steps (i) and (11). Preparation of (S)-6-{oxiran-2-yimethoxy)-3 4-dihydroquinolin-2(1H)-one.
Reactions were performed according to the literature (Uno, T. et all; Chem. Pharm. Bull.
43(10) 1724-1733 (1995).  Either stercoisomer could be formed from (S} or (R)
epichlorohydrin and 6-hydroxy-3,4-dihydroquinolin-2( 1 H}-one.

Step (iii). A solution of 2 mmol of the quinolinone epoxide and 3 mmol 1-(4-
chiorophenyl)piperazine in 10 ml ethanol was refluxed overnight. The solid was precipitated
during the reflux which was filtered, and dried to give 0.42 g of 2 white solid (51% yield).
'H-NMR (400 MHz, CDCls} & 2.55-2.65 (6H, m), 2.81-2.86 (2H, m), 2.93 (2H, t, J = 7.6 Hz
), 2.95-3.23 (4H, m), 3.48 (1H, bs}, 3.94-3.99 (2H, m}, 4.09-4.15 (1H, m}, 6.69-6.77 (3H, m),
6.84 (2H, d, / = 8.8 Hz), 721 (2H, d, J = &8 Hz), 831 (IH, s); MS416 (M+H);
HRMS416.17306; Elemental Analysis for C22H26CIN3O3; Calculated: C, 63.53; H, 6.30; N,
10.16; Found: C, 63.27; H, 6.29; N, 10.05.

Example 10. Preparation of (9)-5-(3-(4-{4-chlorephenvlpiperazin-I-vl)}-2~

hvdroxvpropexv)-1H-benzoldlimidazel-2(3H)-one, -

T W@m .o
N\/\/O NO,
1o

\©\N/\g OH | CE\@\N/\

G~ %
N _~~_0 R NH, -

C:)H
o}
A, ﬁ/\———

Step (1). A solution of 2Z-amino-3-nitrophenol (5,08 g, 33 mmo!) and (28)-{+)-glycidy! 3-

nitrobenzenesulfonate (8.54 g, 33 mmol) in 75 mL of acetone was treated with K,COs (5.00
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g, 36.3 mmol} and stirred at reflux for 18 hours. The suspension was cooled to ambient
temperature; the solids were filtered; and the filtrate concentrated in vacuc to dryness. The
resulting solids were partitioned between dichloromethane and water, and the aqueous layer
extracted once with DCM. The orgamc layers were combined and dried over Na;SO, and
concentrated in vacuo to give an orange solid (0.3 g, 86.7% yield). 'H-NMR (400 MHz,
CDCI3) & 3.45 (1H, t, J = 4.8 Hz), 3.86-4.03 (1H, m), 4.64-4.67 (1H, m), 4.79 (1H, dd, J =
2.4, 10,8 Hz), 534 (1H, t, J= 5.6), 7.45 (1H, d, /= 9.2 Hz), 7.62 (1H, dd, J = 4.8, 9.2 Hz),
8.36 12H. d, /= 6.8 Hz).

Step (ii). A solution of 2.54 mmol of {S)-2-nitro-4-(oxiran-2-ylmethoxy)aniline and 3.0
mmol of I-(4-chlorophenvipiperazing in 10 ml ethanol was refluxed overnight, The solvent
was evaporated and product was purified with column chromatography using
DCM:MeOH:NH4OH (95:5:0.5). Gave 1.033 g (100% vield).

Step (iif). (S)-1-{4-amino-3-nitrophenoxy)-3-(4-(4-chlorophenyl)piperazin-1-yl)propan-2-ol
(1.033 g, 2.54 mmol) was suspended in 40 ml ethanol and 30 mi water at room temperature
and treated with excesses of sodium bicarbonate (2.56 g, 30.48 mmol) and sodium
hvdrosulfite (6.24 g, 30.48 mmol). The orange reaction mixture slowly became colorless in 3-
4 hours, and the mixture was left to stir at room temperature for overnight. The suspension
was filtered, and the filtrate concentrated in vacuo o a leave g white solid. This residue was
pariitioned between DCM and water, and the organic layer washed itwo times with brine, The
combined organic extracts were concentrated in vacuo to give light brown solid (0.43 g, 45%

yield). The compound was used directly for the next step without further purification,

Step (iv). The compound from step iii (0.430 g, 1.14 mimol) was suspended in mixture of §
ml toluene and 14.25 ml 2N HCI at room temperature with vigorous stirring. An excess of
triphosgene {3.61 g, 11.93 mmol) was added, and the stirring continued for overnight. The
biphasic mixture was cautiously quenched and neutralized with sodium bicarbonate, causing
an pinkish-white precipitate to form at the interface, The precipitate was filtered and purified
with column chromatography using DCM:MeOH:NH4OH (90:10:1) to give 0.283 ¢ of a
brown solid (47% yield). "H-NMR (400 MHz, de-DMSO): & 2.32-2.45 (1H, m), 2.53-2.64
{4H, m), 3.11 (4H. ¢, J =352 Hz ), 3.7%-3.83 (1H, m), 3.91 (1H, dd, /= 4.0, 9.6 Hz), 3.94-
4.01 (1H, m}, 4.89 (1H, d, /=44 Hz), 6.51 (1H, d, /= 2.4 Hz), 6.54 (IH, 3), 6,79 (1H, d, J =
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8.4 Hz), 6.93 2H, d, J = 9.6 Hz), 7.22 2H, ¢, J = 9.2 Hz), 10.39 (1H, s}, 10.52 (1H, s);
HRMS= 403.1525%; HPLL= 2.804 retention time (99% puniy); Elemental analysis for
CooH23CINGO3 % (.75 mol H20: Calculated: C, 57.69; H, 5.93; N, 13.46; Found: C, 57.63;
H, 5.63; N, 13.45.

Example 11. Preparation of (8§)-6-(3-(4-(4-chigrophenvl)piperazin-1-vl)-2-
hvdroxypropoxviguinelin-2(1H}-ene.

o

o OH 7 \©\
m i i f\/@/O\A i N/\-i OH
LN L C
ol o K/N\/\/Om
N0

H

Steps 1 and ii. Steps i and ii: Preparation of ($)-6-(oxiran-2-yimethoxy)-quinolin-2(1H)-one.
Reactions were performed according to the lterature (Uno, T. et all; Chem. Pharm. Bull.
43(10y 1724-1733 (1995).  Either stereoisomer could be formed from (S} or (R)
epichlorohydrin and 6-hydroxy-3,4-dihydroquinolin-2(1H)-one.

Step (iii). A solution of 2 mmol the (S)-dihydroquinolinone epoxide and 3 mmol 1-(4-
chlorophenyl)piperazine in 16 mi ethanol was refluxed overnight. The solid was precipitated
during the reflux which was filtered, washed with ethanol, and dried to give 0.314g of 2 white
solid (76% yield). "H-NMR (400 MHz, dmso-de) § 2.42 (1H, dd, /= 6.4, 12.8 Hz), 2.53-2.64
(4H, m}, 3.11 (4H, t, J= 5.2 Hz ), 3.88-3.92 (1H, m), 4.00 (2H, d, J=6.4 Hz}, 4.94 {(1H, ¢, J
=44 Hz), 648 (1H, d, J=9.6 Hz), 692 (2H, d, /= 9.2 Hz), 7.15-7.25 (5H, m}, 7.83 {1H, d,
J=00Hz), 11.64 (1H, 5); HRMS=414.15720; HPLC= 8.196 retention time {%9% purity);
Elemental analysis: C22H24CIN3O3; Calculated: C, 63.84; H, 5.84; N, 10.15;, Found: C,
63.42; H, 5.80; N, 10.11.

Example 12, Preparation of (S)-5-(3-(4-{4-chiorophenvl)piperazin-1-vD)-2-

hvdroxvproepoxviindolin-2-one.,
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Step (i). Diethylazodicarboxylate (40% solution in toluene, 1.9 mL, 4.4 mmol) was added to
a mixture of 5-hydroxyoxindole (0.65 g, 4.4 mmol), iriphenyiphosphine (1.14 g, 4.4 mmol),
and {S)-glycidol (0.29 mi, 4.4 mmol) in anhydrous tetrahydrofuran at 0 °C.  After the
addition, the mixture was stired at 20 °C for 16 h. The volatiles were evaporated on a
rotavap and the residue was purified on silica gel using hexane/ethyl acetate solvent mixture.
Yield: 0.4 g (impure). 'H NMR (400 MHz, CDClz): 8 8.29 (b.s, 1H), 6.92 (s, 1H), 6.78 (s,
2H), 4.22 (m, 1H), 3.88 (m, 1H), 3.52 (s, 2H), 3.36 (m, 1), 2.91 {m, 1H), 2.76 (m, 1H).

Step (ii). A mixture of (§)-indolincne epoxide (0.35 g, 1.7 mmol) and 4-
chiorophenyipiperazine (0.35 g, 1.8 mmol} in ethanol (16 mL) was heated at 70 °C for 16
hours. The reaction mixture was cooled to room temperature and volatiles were evaporated.
The residuc was purified on silica gel using a dichloromethane:methanol: ammonia solvent
mixture. Gave 0.17 g (25 %) of 2 brown solid, 'H NMR (400 MHz, d*-DMSO}: §10.19
(b.s), 7.21 (d, 2H), 6,92 (d, 2H}, 6.88 (s, 1H), 6.77 (d. 1H), 6.68 (d, 1H), 4.88 (d, 1H), 3.96
{(m, 1H), 3.91 (m, IF), 3.80 (m, 1H), 3.43 (s, 2H), 3.11 (m, 4D, 2.58 (m, 4H), 2.41 (m, 1H).
ES-MS m/z 402.16 (CoiHy4CIN:O5 + 137, Analysis Calculated for CoHaaCINGOs: % C
62.76; % H 6.02; % N 10.46; found: % C 62.62; % H 6.06; % N 1036,

Example 13. Preparation of (R3-0-(3-(5.0-dichloro-1 H-benzoldlimidazal-2-vithio }~2-

hvdroxypropexvibenzo|d|oxazel-2(3H)-one,
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Step 1. (8)-6-(oxiran-2-yimethoxyibenzofdjoxazol-2(3H-one. A mixtare of (.6g of 6-
hydroxy-2-benzoxazolinone and 0.75g of potassium carbonate was dituted with 8 mL of N.N-
dimethylformamide. The reaction was stirred at room temperature for 1 hour, and then 1.2g
of (8)-glycidyl nosylate was added. The reaction was stirred for 3 days at room temperature.
The reaction was then quenched with water, exiracted with NaHCOz(aq.) solution and ethy]
acetate, The organic layer was separated and drved over Na;SQOy(s). Filtration and solvent
removal gave a residue that was subjected to column chromatography (hexanes-cthyl acetate
gradient). Fraction combination and solvent removal gave 0,30¢g of a white solid (47%
vield). 'H NMR (d*-DMSO): & 2.6 (quart, 1H, J=3Hz), 2.76 (, 1H, J=4Fz), 3.23 (m, 1H),
3.71 (dd, 1H, J=6Hz, J=15Hz), 4.11 (dd, 1H, J=3Hz, J=15Hz), 6.59 (dd, LH, J=2Hz, J=0Hz),
6.73 (d, 1H, J=2Hz), 7.06 (d, 1H, J=8Hz), 9.48 (s, 1H).

Step (ii). Preparation of (£)-6-(3-(5,6-dichloro-1H-benzo[d]imidazol-2-yithio)-2-
hydroxypropexy)benzo[djoxazol-2{(3H)-one. 5,6-Dichloro-2-thisbenzimidazole. 'H NMR
(d6-DMSO): § 3.59 (dd, 1H, J=6Hz, ]=8Hz), 3.7 (d, 2H, J=6Hz), 3.63 (t, 1H, J=25Hz), 4.93
(M, 2h), 6.17 (dd, 1H, J=2Hz, J=8Hz), 6.3 (d, 1H, J=3Hz), 6.94 (d, 1H, J=8Hz), 7.7 (s, 2H),
9.4 (5, 1H), 9.59 (s, 1H), 12.98 {s, 1H); MS (m/z): 426 (M+H), 428 (M+2+H); HRMS: Caled.
for Ci7Hue  CLN;048: 426.00821; Found: 426.00739.

The following compounds were prepared using similar procedures.

wicy

H

H
N S e} .
LT,
N NN,
Cl
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(R)}-1-(4-(3-(5,6-dichioro-1H-benzo[d]imidazol-2-ylthio)-2-hydroxypropoxy )phenylurea. To
a solution of 0.19 g of 5 6-dichlore- 1 H-benzo[d imidazole-2-thiol in 4 mL of N.N-
dimethylformamide was added 0.36 g of cesium carbonate. The reaction was stirred at room
temperature for 2 hours. Next, 0.1 g of the (S)-epoxide was added, and the reaction heated to
60°C for 18 hours. The reaction was cooled, extracted with ethyl acetate and washed with
NaHCO; (aq.) solution, The agueous layer was re-extracted with ethyl acetate, and the
organic layers combined and dried over Na,SOu(s). Filtration and solvent removal gave a
dark ycHow solid. Column chromatography with an ethyi acetate /methanol gradient gave an
off-white solid after fraction combination and solvent removal. The solids were heated with
ethyl acetate 1o 70°C for 15 minutes. The solution was cooled, filtered, and the solids were
washed with ethy! acetate, Drying gave 0.099 g of a white solid. ‘H NMR (d°-DMSO); §
3.31 (bs, 1H), 338 (dd, 1H, J=THz, J=13Hz), 3.55 {dd, 1H, J=5Hz, }=13Hz), 3.91 (m, 2H},
4.09 (m, 1H), 5.68 (s, 2ZH), 6.79 (d, 2H, J=0Hz), 7.24 (d, 2H, J=0Hz), 7.64 (s, 2H), 8.27 (s,
1H} MS: 429 (M-+H+2), 427 (M+1T}; HRMS: 427.03926; HPLC: 100% peak area at 7.1 min.

retention iime.

0 st o

CI\Q'WN/ Q\N,SOEMe
H

{R)-N-(4-(3-(5,6-dichlore-1H-benzo| djimidazol-2-ylthio)-2-

hydroxypropoxy )phenylmethanesulfonamide. Physical data: 'H NMR. (d®-DMSO}: § 2.84

(s, 3H), 3.99 (dd, 1H, J=THz, J=13Hz), 3.56 (dd, 1H, J=5Hz, J=14Hz), 3.96 (m, 2H), 4.12 (m,

1H}, 6.9 (d, 2H, J=9Hz), 7.1 (d, 2H, J=9Hz), 7.65 (s, 2H), 9.38 (bs, 1FL): MS: 462 (M-+H),

464 (M+2+H); HRMS: caled. for Cy7Hyw ClN3O4Sy: 462.01158; Observed: 462.01045,

{R)-N-(4-(2-hydroxy-3-(6-methyi-1H-benzol dimdazol-2-
yithio)propoxy )phenylymethanesulfonamide. A sotution of 0.25¢ of 6-methyi-1H-
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benzo[djimidazol-2-thiol and 0.5g of cestum carbonate n 5 mL of N.N-dimethylformamide
was gtirred at room temperature for one hour. Next, 0.25¢ of the sulfonamide (S) epoxide
was added and the reaction was heated to 600C for 8 hours. The reaction was cooled, and
diluted with water, The aqueous phase was extracted with ethy! acetate, and Physicel data:
"H NMR (d®-DMSO): §2.34 (s, 3H), 2.84 (s, 3H), 3.36 (dd, 1H, ]=8Hz, J=13Hz), 3.5 (dd,
1H, J=5Hz, J=13Hz), 3.95 (m, 2F), 4.1 (quint, 1H, J=6Hz), 5.7 (bs, 1H), 6.89 (d, 2H, J=9Hz),
6.9 (m, TH), 7.1 (d, 2H, J=0Hz), 7.17 (bs, 1H), 7.26 (d, 1H, J=6Hz), 9.39 (bs, 1H); MS m/z:
408 (M+H); HRMS: Caled. for CigHaoN304S,: 408.10517; Found: 408,104 16,

Compound Name

OH
H :
“W/Sv\/o (R)-4-(3-(5,6-dichloro-1H-benzo[ dimidazol-
Ci\QN of 2-ylthio}-2-hydroxypropoxy)phenol
Cl

OH

iy :

IO (R)-5-(3(5,6-dichioro-1H-benzo[d]imidazol-
C}\Q'N N © 2-ylthio)-2-hydroxypropoxynadohn-2-one

H
Cl

H GH

NW/S\/\/O (R)-6-(3(5,6-dichloro-1H-benzo[d]imidazol-
CIQN o 2-ylthio}-2-hydroxypropoxy)-3,4-

N dihydroquinolin-2(1H)-one
Cl
y oH
NW/S\/\/O AN Ry (R)-6-(3-(5,6-dichioro-1H-benzo[d Jimidazol-
cl N - | 2-ylthio)-2-hydroxypropoxy jquinolin-2( 1H)-
N © one
l

Example 14, Expression of clutamate receptors in Xenopus fnevis oocvtes.

cRNA was synthesized from linearized template cDNA for rat glutamate receptor
subunits according to manufacturer gpecifications {(Ambion). Quality of synthesized cRNA
was assessed by gel electrophoresis, and quantity was estimated by spectroscopy and gel
electrophoresis. Stage V and VI oocytes were surgically removed from the ovaries of large,
well-fed and healthy Xenopus laevis anesthetized with 3-amino-benzoic acid ethyl ester (3
gm/l} as previously described. Chlusters of isolated cocytes were incubated with 292 TU/ml
Worthington (Freehold, NIV type IV collagenase or 1.3 mg/ml collagenase (Life
Technologies, Gaithersburg, MD; 17018-029) for 2 hr in Ca”*-free solution comprised of (in
mM) 115 NaCi, 2.5 KCL and 10 HEPES, pH 7.5, with slow agitation to remove the follicular
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cell layer. Oocytes were then washed extensively in the same solution supplemented with 1.8
mM Cal’l; and maintained in Barih’s solution comprised of {n mM): 8% Naél, 1 KCI, 2.4
NaHCOs, 10 HEPES, 0.82 MgS0O, , 0.33 Ca(NOs),, and 0.91 CaCl; and supplemented with
100 pug/mi gentamycin, 10 pg/ml streptomycin, and 10 pg/ml penicilin. Oocytes were
manually defolliculated and injected within 24 hre of isolation with 3-5 ng of NR1 subunit
cRNA and 7-10 ng of NR2 cRNA subunit in a 50 nl volume, or 5-10 ng of AMPA or kainate
receptor cRNAS in a 50 ni volume, and incubated in Barth’s solution at 18°C for 1-7 d. Glass
mjection pipettes had tip sizes ranging from 10-20 microns, and were backfilled with mineral

oil.

Example 15, Two clectrode voltage clamp recording from Xenopus laevis oecytes

Two clectrode voltage-clamp recordings were made 2-7 days post-injection ag
previously described. Oocytes were placed in a dual-track plexiglass recording chamber with
a single perfusion line that splits in a Y-configuration to perfuse two oocytes. Dual recordings
were made af room temperature (23°C) using two Warner QC725B two-electrode voltage
clamp amplifiers, arranged as recommended by the manufacturer. Glass microelectrodes (1~
10 Megaohms) were filled with 300 mM KCI (voltage electrode) or 3 M KCI (currant
electrode}. The bath clamps communicated across silver chioride wires placed into each side
of the recording chamber, both of which were assumed to be at a reference potential of § mV,
Qocytes were perfused with a solution comprised of {in mM) 90 NaCl, 1 KCl, 10 HEPES,
and 0.5 BaCly; pH was adjusted by addition of 1-3 M NaOH of HCL Oocytes were recorded
under vohtage clamp at -40 mV. Final concentrations for control application of glutamate (50
uM) plus giyveine (30 uM) were achieved by adding appropriate volumes from 100 and 30
mM stock solutions, respectively, In addition, 10 uM final EDTA was obtained by adding a
1:1000 dilution of 10 mM EDTA, in order to chelate contaminant divalent ions such as Zn*"
Concentration-response curves for experimental compounds were obtained by applving in
successive fashion maximal glutamate/giycine, followed by glutamate/glycine pius variable
concenfrations of experimental compounds. Dose response curves consisting of 4 to 8
concenfrations were obtained in this manner. The baseline leak current at -40 mV was
measured before and after recording, and the fusll recording linearly corrected for any change
in leak current. Oocytes with glutamate-evoked responses smaller than 50 nA were not
included in the analysis. The level of imhibition by applied experimental compounds was

expressed as a percent of the initial glutamate response, and averaged together across oocytes
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from a single frog. Each experiment consisted of recordings from 3 t¢ 10 oocytes obtained

from a single frog. Results from 3-6 experiments were pooled, and the average percent

responses at antagonist concentrations were fitted by the equation,

Percent Response = (100 - minimum) / (1 + (feonc] / ICsg)™ ) + minimum

where minimum

is the residual percent response in saturating concentration of the

experimental compounds, JCsp 18 the concentration of antagonist that causes half of the

achievable inhibition, and »H is a slope factor describing steepness of the inhibition curve,

Minimum was constrained to be greater than or equal to 0.

TABLE A. ASSAY RESULTS FOR COMPOUNDS PREPARED IN EXAMPLES 1 AND 2.

COMPOUND YCso at pHG6.9 (nM) | 1Cso at pHT.6 (nM)
e oF
Cy
o T g
“ O N . 557
MeOLSHNT
12 62
296 1,020
32 270
213 1,020
MeO,8HN™
S ~OH
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OH { N” e
D 2,400 28,000
MeC,SHN i
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P ~F
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J:I/A\\\E/’O\} "‘v"N‘v’H 38 71
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TABLE B. ASSAY RESULTS FOR COMPOUNDS PREPARED IN EXAMPLE 3.

COMPOUND ICsp at pH 6.9 (M) | 1Cs at pH 7.6 (nM)
- | o
Sy
OH N

79

726
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TABLE €. ASSAY RESULTS FOR COMPOUNDS PREPARED ACCORDING TO EXAMPLE 4.

COMPOUND ICs at pH 6.9 (nM) | ICso at pH 7.6 (nM)
: F t Gl
OH (\N S
/@xovi\/“\) 80 814
HO

175



WO 2009/606437 PCT/AUS2008/068843
K/\F/C\
OH r;i/\\\/i’-\c;
S 0 N~ 131 611
HO =
ol
OH N ¥ )
| = O\)\/'*Q 87 780
MO =
PN
OH NQF
NN 50 272
S
=~ E F
OH (\N =
O\/‘\/N\) 87 529
HO
,/ ‘
OH {\N =
OWN 1,500 3,790
HO
2 ‘
on WS |
N NN N 70 260
HO #
CN
T
A~ NP 460 4,370
HO 7
/\\‘(EF
}\ O\/j’i/@ i 73 204
. P

176



WO 2009/006437 PCT/US2008/068843

576 4,700
562 9,740
113 448
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TABLE D. ASSAY RESULTS FOR COMPOUNDS MADE ACCORDING TO EXAMPLE 5.

COMPOUND ICso at pH 6.9 1Cso at pH 7.6
F
N F
5 o N 82 696
ad
SUSHN
9] N
o s 557 10,400
HQN/\N =
H
" ii F
?;f i
o X O\/\/N\/;
i )kN s 117 625
z +
Ci ;\
Ny OH
O\i\/'\,o@\ o 46 452
NJ\NHZ
3]
RO
N OH
Q\)\/OO o 19 60
ﬁ)kNHa
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3,030

15,700

1,540

16,200

TABLE E. ASSAY RESULTS FOR COMPOUNDS MADE ACCORBDING TO EXAMPLES 6, 7. AND 8.

COMPOUND ICs at pi 0.9 ICsp atpH 7.6
9 H
‘ LN
O
MGOQS\N MCE 20 55
H
H
% L NN
H
S
MeO,S ,@l/\/\ ;:?
P \N o
Q 160 809
cl
7 H
/@/OVLLNWN\Y/\T/CS
MeOS.. : \‘)\05 13 58
H
o\/\,\j/‘\/ﬁ = ¢
H |
MEOzS\N/©/ 2 o 14 16
H
o
N)J\N/\\g
Me0,5. - N Cl
TN N 670 5,330
'\\/EE\\C!
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Example 16, In vitro binding studies for secondarv effects

Compounds were evaluated for binding to the human ether-a-go-go potagsium
channel (hERG) expressed in HEK 293 cells by displacement of *[H}-astemizole according to
the methods by Finlayson et al. (K. Finlayson., L. Turnbull, C.T. January, J. Sharkey, J.S.
Kelly; [3H]Dofetilide binding to HERG transfected membranes: a potential high throughput
preclinical screen. Eur. J. Pharmacol. 2001, 430, 147-148). Compounds were incubated at |
or 10 pM final concentration, in duplicate, and the amount of displaced *[H]-astemizole
determined by hquid scintiliation spectroscopy. In some cases, a seven conceniration (each
concentration in duplicate) displacement curve was generated to determine an ICsy,

Binding to the rat alpha-1 adrenergic receptor in rat brain membranes was determined
by displacement of *[H]-prazosin (P. Greengrass and R. Bremner; Binding characteristics of
3H-prazosin to rat brain a-adrenergic recepiors. FurJ. Pharmacol, 1979, 35 323-326).
Compounds were incubated at 0.3 or 3 uM final concentration, in duplicate, and the amount
of displaced ! [H]-prazosin determined by liguid scintillation spectroscopy.

Binding ICsy values were determined from displacement curves {four-six
concentrations, each concentration in duplicate) fit by a non-linear, least squares, regression
analysis using MathIQ (ID Business Selutions Ltd., UK). The binding Ki’s were determined
from the ICsp according to the method of Cheng and Prusoff (Y. Cheng and W.H. Prusoff;
Relationship between the inhibition constant (K1) and the concentration of inhibitor which
causes 50 percent inhibition (IC50) of an enzymatic reaction, Biochem. Pharmacol. 1973,
22: 3099-3108).

TABLE F: COMPARISON OF IC50 VALUES FOR NMB A, ANTAGONISM AT PH 6.9 AND 7.6 AND

BERG AND A1 ADRENERGIC RECEPTORS

ICSU pH ICjO pH hERG ol
Compound 6.9 7.6 (nM) Ki ICs0
(nM) {nM) (nM)
[¥]
. o 74 555 39,0600 720
\/N\/E\_/O
.,
CIW
\f\@ oH 51 447 1,600 | 620
M- 0,
>=0
14
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Ci
K/N\/\,O\@
NHSO;Ms
[e:}
T
FWTS o 46 452 13,000 | 340

i H
\,/N\/‘vo\@\ o
e

Ol
\©\N/\ o 410 | 3,830 | ~1,000 | ~300

K/N\/\/Cmiu
s .
i
Ci
@Ly\ o 69 550 | ~7.500 {~350

R\/N\/:\/Om
NAO
H

14 103 ~7,500 | ~350

@N/\ o >10,000 | 10,000 | - .

ﬁ
o ‘ e
PN o 370 29 | ~10,000 | ~100
\/N\,/'\/O o ;
SN, ©
H
Cl ‘ T
ri\/’\,o\!/,\/g
X

]
NC oH 12 66 ~5.000 | ~100

Example 17. Metabolic stability

Compounds were incubated with pocled homan (from at least 10 donors} or rat liver
microsomes, 1.0 mg/ml microsomal protein, and 1 mM NADPH, in buffer at 37 C in a
shaking water bath according to the method of Clarke and Jeffrey (S.E. Clarke and P. Jeffrey;

Utility of metabolic stability screening: comparison of in vige and in vive clearance,
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Xenobiotica 2001, 31: 501-598). At 60 min the samples were extracted and analyzed for the
presence of the parent compound by LC-MS/MS. The parent material remaining in the
sample at 60 min is compared to that at O min and expressed a8 a percentage, A control

compound, testosterone, was run in paraliel.

Example 18, Plasma half-life and brain exposure

Rats (n=3 per dose) were administered compounds at a doses of 1-4 mg/kg in a single
bolus iv. infusion (2 mlkg body weight) via the tail vein formulated in 2% dimethyl
acetamide/ 98% 2-hydroxy-propyl cyclodextrin (5%). Animals were fasted overnight prior to
dose administration and food returned to the animals two hours after dosing. Following TV
dosing, biood samples (ca 200 ul) were collected into separate tubes containing
anticoagulant (K-EDTA) via the orbital plexus at various times post administration. Plasma
samples were prepared immediately after coliection by centrifugation for ten minutes using a
tabletop centrifuge, and stored at -80°C. Brain tissue was weighed, homogenized on ice in 50
mM phosphate buffer (2 ml per brain) dnd the homogenate stored at -80 °C. Plasma and brain
homogenate samples were extracted by the addition of 5 volumes of cold acetonitrile, mixed
well by vortexing and centrifuged at 4000 rpm for 15 minutes. The supernatent fractions were
analyzed by LC-MS/MS operating in multiple reaction monitoring mode {MRM). The
amount of parent compound in each sample was calculated by comparing the response of the

analyte in: the sample to that of a standard curve,

TABLE G: PLASMA STABILITY RESULTS

Compeund PK- fv. AUC {B-last | Dosing Formu-
Lv. Cmax hj iv. lation
t1/2 ng/ml XMPK
{hr) (hr*ng/mlL)
C‘\@ 2.7 232 1031* {2} 1 2%
NN ow MPE, | DMA/98%
NN . 0-4hr | 2-HPBCD
1s) Q‘N)Lm iv. (5%in
I " Water)
L 24 241 452 (b) 1 5%
“g" ™ MPK, DMA95%
I T 0-6 b 2-HPBCD
P O i, (5%in
ﬂ\/'*w}#o Waier)
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WO 2009/006437
o 1 2.6 1069 2351 (b) 2%
T SMPK. | DMA/98%
I A T 0-4br | 2-HPBCD
It | v (5%in
T 80,0, Water)
e b >2 | 13403 60 5%
T Lp | (30m), MPK., | DMA/95%
Y g 13057 ip. | 2-HPBCD
N /\»f'““nf““ﬁ (2nr), NP/Ri¢ | {5%in
e s 0,0 erca Water)
“x@\ 08 162 47 (! %
N MPE, | DMA/95%
Py 0-6hr | 2-HIPBCD
\CI\J ive. | (5%in
ﬁ/ﬁ‘\‘o Water)
C‘\O\ 9.6 193 187 {a)i 2%
MPEK, | DMA/98%
O & 0-4hr | 2-HPBCD
~e~ \@\ iv. (5%in
OH Water)
q 0.6 288 217 {a) | 2%
N
PPN L =0 MPK, | DMA/98%
F T 0-4hr | 2-HPRCD
r p iv. (5%in
gc:a Water)
N 0.6 568 364 (a} 1 2%,
T =0 MPK, | DMA/O8%
Ny o G 0-4hr | 2-HPBCD
/UN\) OH iv; (5%in
(5} Water)
G .14 713 787.4 (b 10%
O A~ o IMPK, | DMA/16%
I 061w | BOH/30%
g \/:sJ\/O\Q 9 iv. 2.
NJKNH? SMPE, | HPBCD/50
H (-6 hr %o waler
G <0.8 377 T IMPK 2%
AV br | (30m) iv. | DMA/98%
N N | S (Ricerc | 2-HPBCD
| ) {5%in
“ o Water)
]
C‘ 1.84 | 5757 () 0%
) i IMPK, | DMA/L0%
o H) T
@ ’Sﬂ O o 0-6hr | GtOH/20%
e \[(\0 = y v 2-
e SMPK, | HPBCD/SD
E i 06 hr Yo water
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Gl ~0.83 60 10 30%
C@ y ip. | {(15m) MPK | DMSO/350
N/\l /@EN o %.p., % saline .
L o O}* . (NewrQ
o ! p/Yerke
5)
. o <0.8 | 398 3 MPK 2%
NYS\/\/O g hr (30m) iv. DMA/9RY
2 . \©:N>=° (Ricerc | 2-HPBCD
it a) (5%in
@ Water)
; N
. - ~05 | 403 L 3MPK 2%
e e e hr | (3tm) iv. | DMA/MS%
o=/ 4 ' " {Ricerc | 2-HPRCD
a) (5%in
= Water)
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TABLE H: BRAIK PENETRATION
RATIO:
Brain:plasma BBB Pene
Compound (Direct) Dosging Forrulation Clasgsification
G
\H‘w“'j\zg "/‘“] gn 2%
b R DMA/98%
L | 102 @ve; 2-HPBCD
(30m), 8.5 (3%in
(1ht), IMPK v, | Water} High
H
N
(\NATAO’(IO};O 2%
/Q,NJ O 2.3 (avg); 2.3 DMA/98%
= (30m), 2.9 2.HPBCD
(Ihr), 1.7 | 3 MPKiv. | (5%in
_ (2hr} (Ricerca) | Water) Moderate
L 5%
[ T N . 0.77 (avg); 60 MPE, ;| DMA/5%
Lol 0.7 00m) 07 ip. | 2-HPBCD
' (Zht}, 0.9 NP/Ricerc | (3%in
I (4hr) it Water) Moderate
“Q 3 MPK.iv.
Q e @ 6hr, | 2%
o Q G0 G42(avey; | IMPE @ | DMA/98%
87N 0.24 (30m), 0.5hrand | 2-HPBCD
0.53 (1hr), 2he | (5%in
E ‘ $.49 (6hr) (Ricerca) | Waler) Low
Gl
\O\ [ (?;H 70
N\V/NWO\G\J DMASS:
(1) i3
H .59 {avg); 2-HPBCD
0.68(30m), | 3MPKiv. (5%in
‘ (.49 ¢1hn), (Ricerca) Water) High
“ 10%
< o DMA/10%
an ) I MPK EtOTE30%
\Q\ﬁlm, Below iv., 2-
Detection (Absorptio | HPBCD/54
fimit (~ () n} % water [ow
i
ol
\Q\ ] .33 (avgh
N(j Smd 0.25(15m), | 0 MPK
Yo o 0.49 (30m), ip. 50%
© 030 (1hr, (NeurOp/ | DMSO/50%
' 0.36 {2hr) Yerkes) saline Moderate
. 10%
D\ . 0.07 (avg.); DMA/10%
o v A/N 6.04 (15m), 1 MPG BIOH/30%
]\“&Y\“ LI 0.06 (3om), iv, 2-
i : 0.07 (1hr), {Absorptio | HPBCID/50
0.10 {3hn) 1) Yo water Moderate
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" g
R P P,
MW B G 2%
025 (ave): DMA/98%
o 0,15 (30m), 2-HPBCD
J (.35 (1}, 3MPKiv. (5%in
| BLO (2hr) | (Ricerca) Water) High
oH
H :
N?/S\/\/OKJ:D>= 26,
“ e N DMA/98%
o B14) (avg); 2-HPBCD
BLO (30m), | 3 MPKiv. (5%in
[ BLO (1hr), {Ricerca) Water) Moderate
TABLE I: ORAL ABSORPTION
I Compound % Ab- p.o. D.0. p.o. | AUC | Dos- | Formu-
sorbed | Cmax | Tmax | t1/2  (0-last ing lation
(%F) hr hr h) p.o.
{hr¥ng
fmb)
\Q 145.7% | 15366 | 2.67 | 646 | 84351 |10 2%
(NP * MPK, | DMA/9
o LA 0-8hr | 8% 2-
: p.O. HPBCD
(5%in
| [ Water)
L 82.2 334 0.5 304 | i85 |3 50
L MPE, | DMA/S
D N " 060 | 5% 2-
[ po. | HPBCD
{5%in
I Water)
B 316 407 033 | 085 549 |5 %
A MPK, | DMA/9
NS S 0-61r | 5% 2-
n.Q. HPBCD
; {5%in
’ Water)
m}@ 74w 57.8 6.7 ne 28 | 10 2%,
C MPK, | DMA/SY
o :
O 08w | 8%2-
/@’ o po. | HPBCD
! {3%in
’ Water)
N 6.2%% | 306 8 e 132 [ 10 2%
AP ) aeo MPK, | DMA/
/UNJ o 0-8hr | 8% 2-
el i E po. | HPBCD
i (5%in
! ! ‘Water)
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¢ “;\/“*1 3= 102 53 ; 56.4 i 10 2%
B x.T /‘-\I aH l PK DMNg
\_\/,ri\__\_/,i\v,o“ o 0-8
fs, N i i
T ] | po HPECD
o | | (5%in
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CLAIMS

We claim:

I A compound of Formula I, ora pharmaceutically acceptable salt, ester, prodrug or derivative
thereof:
(L) Ar’ X NR? Y
Formula |
wherein;

each L is independently C,-Cy, allyl, C;-Cy alkoxy, Cl=O)-(C,-Cy)-alkyl, C;-Cy haloalkyl, alkaryl,
hydroxy, -O-alkyl, -G-aryl, -SH, ~S-alkyl, -S-aryl, fluoro, chloro, bromo, iade, nitro,
or cyano; or two L groups may be taken together with Ar' to form: a dioxolane ring or a cyclobutane
ring;
k=40,1,2,34o0r5;
each Ar' and Ar® is independently aryl or heteroaryl;
W is a bond, C-Cy alkyl, or Co-Cy alkenyl,
X is NR';
each R' and R? is independently H, C,-C; alkvl, C,-C, alkenyl or C¢-C)5 aralkyl; or
R'and R* can be taken together to form a 5-8 membered ring;
each R and R' is dependently 1, Cy-Cq alkyl, C-Cq alkoxy, CEO)(C-Ceralkyl, C-Cy haloalkyl,
hydroxy, fluoro, chlero, bromo, iodo, nitro, or CYano; or CRRY is C=0:
n=12 3or4;
each R’ and R is independently M, C,-Cy alkyl, C)-C, alkoxy, C=O)(C-Cy)-alkyl, Cr-Cy haloalkyl,

hydroxy, fluoro, chloro, bromo, iodo, nitro, or ¢ ano; or CR°R® is C=0 or C=CH-;
3 ¥ Y

o

TNOA
or wherein ~NR?- {(11'{5R6);>~ can he CHy— :

pis 1,2, 3 or4;

Y isabond, O, 8, SO, SO,, CH,, NH, N(C-C, alkyl), or NHC(=0);

Z is OH, NR'R', NR*SO,(C-C, alkyl), NR*C(ONRR”, NR¥C(S)NR'R”, NRP*C(O)O(C,-Cy atkyl),
NRg—dihydrothiamlq or NRE«dil1ydroimida.zoie; wherein each R®, R” and R¥is independentty M, C,-

Cs alkyl or Cg-Cyy arallyl; or
Y 6
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Af—Zio  TSNRT TR O NRS TenRe
//\\\ /\\ /NR”} __NRT
2 A Ar? 2 .
Ar o0 M N /}\ Ar O A S
-
TUNRS L WRY S0 e Yo s . NRE
_-NRTE . o
5 \S% 5 \8/7
Ar\ Y, \\\\O Ar\ A
NR® , Or NR? ; wherein R” and R are each independently H, C,-C;

alkyl, aralkyl;
wherein when X is 2 bond, Y is O and Ar’ is phenyl, Z is not NR*SO,(C-C alky[}; and
when X is O, -NR*(CR’R")- is not NH-C(=0)-,

2. The compound of claim 1, wherein R' and R? are taken tegether to form a 5-8
(CR'RY),
/ \

—~N\ /N-
N Y
membered ring so that —NI(l‘(CjR‘)RZL)n"N R’ is R'—R

(CR3R4>\n Q
__N Nw 4 N
. NS -N N- N N-
3. The compound of claim 2, wherein R—R R — . S or
O
-N N-
A
)
)0
%N\/‘\
L 2 S1afy s CHy
4. The compound of claim | wherein -NR*- (CR7R"),- is : .
5. The compound of claim [, wherein W is a bond.
6. The compound of claim |, wherein Y is O.
7. The compound of claim 1, wherein Z is NR*CIOMNRR.



8.

e L A, TS

9.

AL —e 7 ~NRE
The compound of claim 1, wherein Z g NR

The compound of claim 1, wherein the compound is present substantially in the form

of a single enantiomer,

A pharmaceutical composition comprising a compound of claim | in a pharmaceutically
acceptable carrier,

A compound of ¢claim |, optionally in a pharmaceutically acceptable carrier, for use in the
treatment or prophylaxis of neuropathic pain, stroke, traumatic brain in jury, epilepsy, and
other neurologic events or neurodegeneration resulting from NMDA receptor activation,

The compound of claim 11, wherein the compound is 1o be administered for treatment of

a host suffering from neuropathic pain.

The compound of claim 11, wherein the compound is o be administered for reducing
neuronal injury in a host suffering from a stroke or a traumatic brain injury.

A compound of Formula V or a pharmaceutically acceptable salt, ester, prodrug or derivative
thereof:

Ar W B W Y Ar 7

Formula ¥V

wherein B is selected from the group consisting of’
'e) O
/”\ .
~ o
- =N -N N-  -N N- N -
N R A N__/ and \//'-w;

W is a bond or C;-Cy alkyi;
W is C-Cy alkyl, C;-Cy hydroxyalkyi, C-C, haloaliyl or C(=0)-C-Cy alkyl;
Y’ s selected from a bond, O, S, CI, and N;

/N
-N N
p—

Ar’ s a substituted or unsubstituted aromatic or nonaromatic cycloalkyl which optionally
may include 0-3 heteroatoms;

Ar’’ 1s an aromatic or nonaromatic eyeloalkyl which optionaliy may inciude 0-3 heteroatoms:
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Z7 13 NRC(OINR,; wherein each R is independently selected from H, C,-Cq atkyl or Cy-C

arallyl: or

Ar-Z7 are taken together and selected from the group consisting

_ R o
/O /N ”/
S ~ -
Y ~N ™~y NT X0
R R X R . R
\ 1
and
_.'\i N_.
15. The compound of claim 14, wherein B s ~—n/
6. The compound of claim 14, wherein W is -CT b or CEH(OH)-CH;-.
17. The compound of claim 14, wherein Ar’” is phenyl.
18, The compound of claim 14, wherein 77 is NRC(OHNR,,.
19. The compound of claim 14, wherein Z and Ar** are taken together and sefected from
R
—0 N
Ar O A >—‘—W0 A %o
\\N \N \N
the group consisting of: . R , R ,
Ar' Ar'
>——s
\N O
. , and R
20. The compound of claim 14, wherein Ar’ is substituted with (L) and each L is

independently C,-Cy atkyl, C,-Cy alkoxy, C(=0)-(C-Cg)-alkyl, C,-C, haloalkyl,

alkaryl, hydroxy, -O-alkyl, -O-aryl, -SH, -$- alicyl, -S-aryl, fTuoro, chlore, bromo,
10do, nitro, or cyano; or two L} groups may be taken together with Ar' to form: a
dioxolane ring or a cyclobutane ring: and

k*=0,1,2,3, 40r5.

21 The compound of claim 20, wherein an L’ group is in the para position on Ar .
22. The compound of claim 21, wherein L’ in the para position is a halogen.
23. The compound of claim 21, wherein 17 in the para position is a C -y alkyl.
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24.

The compound of claim 14, wherein the compound is selected from the group
consisting of:

Cl | .
= N/\[ QH
k/N\/:\\/O N O
()
= N/”\‘NHQ
H .
H
I N}: e N
O
N O "0
/ | No_- OH
(S)
cIs

()
\/ PN OH
! E
- N : O E
T
)
1// N
H ,
Ci
Ci S
L H
p N/\ M

and
N

25.

A pharmaceutical composition comprising a compound of claim 14, in a
pharmaceutically acceptable carrier.



26.

A compound of claim 14, optionally in a pharmaceutically acceptable carrier,
for use in the treatment or prophylaxis of neuropathic pain, stroke, traumatic
brain injury, epilepsy, and other neurologic events or neurodegeneration

resulting from NMDA receptor activation.
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