(12) STANDARD PATENT (11) Application No. AU 2007333247 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
AMPA receptor potentiators

(51) International Patent Classification(s)
C07C 311/06 (2006.01) A61P 25/18 (2006.01)
A61K 31/18 (2006.01) A61P 25/24 (2006.01)

A61P 25/16 (2006.01)
(21) Application No: 2007333247 (22) Date of Filing:  2007.12.06
(87) WIPO No: WO08/073789

(30) Priority Data

(31) Number (32) Date (33) Country
60/888,562 2007.02.07 us
06380319.1 2006.12.11 EP

(43) Publication Date: 2008.06.19

(44) Accepted Journal Date: 2012.06.07

(71) Applicant(s)
Eli Lilly and Company

(72) Inventor(s)
Dominguez-Manzanares, Esteban

(74) Agent / Attorney
Spruson & Ferguson, Level 35 St Martins Tower 31 Market Street, Sydney, NSW, 2000

(56) Related Art
WO 2001/090057
WO 1998/033496




wO 20087073789 A1 IO 0000 0TS0 000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

22 )

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
19 June 2008 (19.06.2008)

3 0 O AR A

(10) International Publication Number

WO 2008/073789 Al

(51) International Patent Classification:

C07C 311/06 (2006.01) AGIP 25/18 (2006.01)
AGIK 31/18 (2006.01) AGIP 25/24 (2006.01)
AG61P 25/16 (2006.01)

(21) International Application Number:
PCT/US2007/086567

(22) International Filing Date:
6 December 2007 (06.12.2007)

(25) Filing Language: English

(26) Publication Langunage: English

(30) Priority Data:
06380319.1
60/888,562

11 December 2006 (11.12.2006)
7 Hebruary 2007 (07.02.2007)

EP
us

(71) Applicant (for all designated States exceptr US): ELI
LILLY AND COMPANY [US/US]; Lilly Corporate
Center, Indianapolis, Indiana 46285 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): DOMINGUEZ-
MANZANARES, Esteban [ES/ES]; Lilly S.A., Avenida
de la Industria 30, E-28108 Alcobendas (madrid) (ES).

(74) Agents: COMBS, Tonya, L. et al.; Eli Lilly and Com-
pany, Patent Division, P.O. Box 6288, Indianapolis, Indi-
ana 46206-6288 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
Al, AU, AZ, BA, BB, BG, Bll, BR, BW, BY, BZ, CA, Cl1,
CN, CO, CR, CU,CZ,DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, §Y,
T1,'TM, TN, TR, T'l, TZ, UA, UG, US, UZ, VC, VN, ZA,
7M, 7W.

(84

—

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,
GM., KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU. TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SL, SI, SK, TR), OAPI (BT, BI, CT’, CG, CI, CM,
GA, GN, GQ, GW, M1, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(54) Title: AMPA RECEPTOR POTENTIATORS

)

(57) Abstract: The present invention relates to
a compound of l'ormula (I) or a pharmaceutically
acceptable salt thereof which is useful for the
treatment of conditions associated with glutamate
hypofunction, such as psychiatric and neurological
disorders.



10

15

20

25

30

WO 2008/073789 PCT/US2007/086567

AMPA RECEPTOR POTENTIATORS

BACKGROUND OF THE INVENTION

Glutamatc is thc major cxcitatory ncurotransmitter in the central nervous system.
AMPA receptors are one of three glutamate receptor ion channel subtypes identified,
bascd on its scnsitivity to the sclective activator, a-amino-3-hydroxy-S-mcthyl-4-
isoxazolc propionic acid (AMPA). AMPA receptors mcediate cellular responscs to
glutamate by direct and indirect mechanisms. When activated by glutamate or AMPA,
AMPA receptor ion channels allow sodium (Na ") and calcium ions (Ca’") to pass directly
through the channel pore.

Ion channel currents activated by glutamate via AMPA receptors are transient.
The time course of currents is modified by refractory states caused during glutamate
binding which is referred to as desensitization and by the rate of glutamate removal from
the ion channel binding site which results in deactivation. Ion influx through AMPA
receptors may be enhanced by compounds that either prevent desensitization or by
compounds that slow deactivation rates. Compounds that enhance glutamate-stimulated
ion influx at AMPA receptors are known as positive AMPA receptor allosteric
modulators or AMPA receptor potentiators. Since AMPA receptors play a pivotal role in
mediating fast excitatory transmission in the central nervous system, molecules that
enhance AMPA receptor function have multiple therapeutic targets. Moreover,
compounds that allosterically potentiate AMPA receptors have been shown to enhance
synaptic activity in vitro and in vivo. Such compounds have also been shown to enhance
learning and memory 1in rats, monkeys, and humans.

Several International Patent Application Publications, see WO 98/33496, WO
01/68592, and WO 01/90057, disclose certain sulfonamide derivatives useful, for
example, as AMPA potentiators, and for treating a variety of disorders such as psychiatric
and neurological disorders, and sexual dysfunction. There remains, however, a need for
AMPA receptor potentiators that have increased potency and a greater margin of safety.
The compounds of the Formula 1 may also be useful for improving memory (both short

term and long term) and learning ability.



10

15

20

WO 2008/073789 PCT/US2007/086567

BRIEF SUMMARY OF THE INVENTION

The present invention provides a compound of Formula I:

a, Y

Ho,, Ss
o

or a pharmaceutically acceptable salt thereof.

The present invention provides a compound of Formula | for use as a
pharmaceutical. Moreover, the present invention provides a method of potentiating
glutamate receptor function in a patient, which comprises administering to said patient in
need of such treatment an effective amount of a compound of Formula 1 or a
pharmaceutically acceptable salt thereof.

In addition, the present invention further provides a method of treating
schizophrenia, cognitive deficits associated with schizophrenia, Alzheimer’s disease,
dementia of the Alzheimer’s type, mild cognitive impairment, Parkinson’s disease, or
depression in a patient, which comprises administering to a patient in need of such
treatment an effective amount of a compound of Formula I or a pharmaceutically
acceptable salt thereof.

According to another aspect, the present invention provides the use of a
compound of Formula I, or a pharmaceutically acceptable salt thereof, for the
manufacture of a medicament for treating schizophrenia, cognitive deficits associated
with schizophrenia, Alzheimer’s disease, dementia of the Alzheimer’s type, mild
cognitive impairment, Parkinson’s disease, or depression.

The invention further provides pharmaceutical compositions comprising, a
compound of Formula I, or a pharmaceutically acceptable salt thereof, and a

pharmaccutically acceptable carricr, dilucnt, or cxcipicnt.
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DETAILED DESCRIPTION OF THE INVENTION

As used herein the term "potentiating glutamate receptor function" refers to any
incrcascd responsivencss of glutamate receptors, for cxample AMPA receptors, to
glutamatc or an agonist, and includcs but is not limitcd to inhibition of rapid
descnsitization or dcactivation of AMPA receptors to glutamate.

A wide variety of conditions may be treated or prevented by the compound of
Formula T and pharmaccutically acceptablc salts thercof through their action as
potentiators of glutamatc receptor function. Sce International Patent Applications WO
98/33496 and WO 01/68592, describing various disorders treated by potentiators of
glutamate receptor function. Such conditions include those associated with glutamate
hypofunction, such as psychiatric and neurological disorders, for example cognitive
disorders and neuro-degenerative disorders such as Alzheimer's disease; dementia of the
Alzheimer’s type, age-related dementias; age-induced memory impairment; movement
disorders such as tardive dyskinesia, Parkinson's disease; reversal of drug-induced states
(such as cocaine, amphetamines, alcohol-induced states); depression; attention deficit
disorder; attention deficit hyperactivity disorder; psychosis such as schizophrenia;
cognitive deficits associated with psychosis such as schizophrenia, drug-induced
psychosis, stroke, and sexual dysfunction. The present invention provides the use of a
compound of Formula I for the treatment of each of these conditions, in addition to those
disorders described in International Patent Applications WO 98/33496 and WO 01/68592.
The compound of Formula I may also be useful for improving memory (both short term
and long term) and learning ability.

It is understood by one of ordinary skill in the art that cognition includes various
"domains". These domains include short-term memory, long term memory, working
memory, executive function, and attention. As used herein the term “cognitive disorder”
is meant to encompass any disorder characterized by a deficit in one or more of the
cognitive domains, including but not limited to short term memory, long term memory,
working memory, executive function, and attention. It is further understood that the term
“cognitive disorder” includes, but is not limited to the following specific disorders: age-
related cognitive decline, mild cognitive impairment, Alzheimer's disease, dementia,
dementia of the Alzheimer’s type, Parkinson’s dementia, Lewy Body dementia,

substance-induced persisting dementia, alcohol-induced persisting dementia, alcohol-
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induced cognitive impairment, AIDS-induced dementia, learning disorders, cognitive
deficits subsequent to cardiac bypass surgery and grafting, stroke, cerebral ischemia,
spinal cord trauma, head trauma, pcrinatal hypoxia, cardiac arrcst, and hypoglyccmic
ncuronal damagc, vascular dementia, multi-infarct dementia, cognitive deficits associated
with amylotrophic lateral sclcrosis, and cognitive deficits associated with multiple
sclerosis. Mild cognitive impairment has been defined as a potential prodromal phase of
dementia associated with Alzhcimer’s discasc bascd on clinical presentation and on
progression of paticnts cxhibiting mild cognitive impairment to Alzhcimer’s dementia
over time. (Morris, et al., Arch. Neurol., 58, 397-405 (2001); Petersen, et al., Arch.
Neurol., 56, 303-308 (1999)).

The fourth edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-1V) (1994, American Psychiatric Association, Washington, D.C.) provides a
diagnostic tool for identifying many of the disorders described herein. The skilled artisan
will recognize that there are alternative nomenclatures, nosologies, and classification
systems for disorders described herein, including those as described in the International
Statistical Classification of Diseases and Related Health Problems, tenth revision (ICD-
10) (1992, World Health Organization, Geneva) and that terminology and classification
systems evolve with medical scientific progress.

The present invention includes the pharmaceutically acceptable salts of the
compound defined by Formula I. A compound of this invention possesses an acidic
group, and accordingly reacts with any of a number of organic and inorganic bases to
form a pharmaceutically acceptable salt. The term "pharmaceutically acceptable salt" as
used herein, refers to salts of the compound of Formula I which are substantially non-
toxic to living organisms. Such salts include the pharmaceutically acceptable salts listed
in Journal of Pharmaceutical Science, 66, 2-19 (1977), which are known to the skilled
artisan.

The compound of Formula | may be prepared, for example, following analogous
procedures set forth in International Patent Application Number WO 98/33496. More
specifically, the compound of Formula | can be prepared as set forth in the schemes,
methods, and examples set forth below. The reagents and starting materials are readily

available to the skilled artisan.
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The abbreviations, symbols and terms used in the examples and assays have the
following meanings: AcOH = acetic acid, DCM = dichloromethane, DMAD =
dimcthylaminopyridine, DME = dimethoxycthanc, DMF = N N-dimcthylformamidc,
DMSO = dimcthyl sulfoxide, (dppf) = 1,1°-bis(diphcnylphosphino)ferrocene, c.c. =
cnantiomeric cxcess, Et;N = triethylamine, EtOAc = ethyl acetate, EtOH = ethanol, GC =
Gas chromatography, 1H NMR = Proton nuclear magnetic resonance spectrometry,
HPLC = high performance liquid chromatography, MS = Mass spcectromctry, Tf,0 =
triflic anhydridc.

PREPARATIONS

Preparation 1
Ethyl 4-hydroxy-3-iodo-benzoate
OH

COOEt
Dissolve ethyl 4-hydroxy-benzoate (102.2 g, 0.61 mol) in AcOH (200 mL) at

65°C. Add dropwise a solution of IC1 (100 g, 0.61 moles) in AcOH (500 mL). After the
addition, stir the mixture at 65°C for 6 hours. Pour the mixture into ice/water, filter and
wash the solid with water. Dissolve the solid in CH,Cl,, dry it over MgSQ., filter and
concentrate under reduced pressure. Subject residue to silica gel chromatography eluting
with CH,Cl; to obtain 131.3 g of ethyl 4-hydroxy-3-iodo-benzoate (74% yield).
MS(ES): m/z =291.1 [M-H].
Preparation 2
Ethyl 4-hydroxy-3-cyano-benzoate

Dissolve ethyl 4-hydroxy-3-iodo-benzoate (45 g, 154.1 mmoles) in DMSO (125
mL). Add CuCN (15.17 g, 169.5 mmoles). Stir the mixture at 100°C overnight. After
cooling, pour the mixture into ice/water. Filter the solid obtained, wash with water and
dry under reduced pressure. Dissolve the solid in EtOAc. Filter through Celite®. Dry
over MgSO, and remove the solvent to obtain 22.36 g of ethyl 3-cyano-4-hydroxy-
benzoate (76% yield). MS(ES): m/z=190.0 [M-H].
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Preparation 3

FEthyl 3-cvano-4-trifluoromethanesulfonyloxy-benzoate

Dissolve the ethyl 3-cyano-4-hydroxy-benzoate (22.36 g, 117.1 mmoles) in
anhydrous CH,Cl» (400 mL) at 0°C. Add EtsN (24.3 mL, 175.6 mmoles), DMAP (2.14 g,
17.5 mmol), and dropwise Tf,0 (49.5 g, 175.6 mmoles). Stir the mixture at room
temperature for 2 hours. Concentrate the mixture under reduced pressure and subject
residue to silica gel chromatography eluting hexane/EtOAc 4:1, to obtain 34.99 g of ethyl
3-cyano-4-trifluoromethanesulfonyloxy-benzoate (92% yield). MS(ES): m/z = 190.0 [M-
H].

Preparation 4
2-Phenyl-1-propylamine HCl

Charge to an autoclave hydrogenation apparatus under nitrogen water-wet 5%
palladium on carbon (453 g), ethanol (6.36 L), 2-phenylpropionitrile (636 g, 4.85 moles)
and finally concentrated (12M) hydrochloric acid (613g, 5.6 mole). Stir the mixture
rapidly and pressurize to 75 to 78 psi with hydrogen. Heat the mixture 50 °C to 64°C for
3 hours. Depressurize and filter the reaction mixture to afford two lots of filtrate.
Concentrate filtrates under reduced pressure to approximately 400 mL each. Add methyl
tert-butyl ether (MTBE) (2.2 L each) to each lot. Stir the precipitate overnight. Filter and
wash solids with fresh MTBE (100 mL) and dry overnight. Combine the lots to afford 2-
phenyl-1-propylamine HCI (634.4 g, 76.2%) as a white powder.

IH NMR analysis of the free base: IH NMR (CDCI3, 300 MHz) 6 7.32 (m, 2H), 7.21 (m,
3H), 2.86 (m, 2H), 2.75 (m, 1H), 1.25 (d, 3H, J=6.9), 1.02 (br s, 2H).

Preparation 5
(2R)-2-phenylpropylamine malate

H
HOZC /\/CO2
OH
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Charge 2-phenyl-1-propylamine HCI (317.2 g, 1.85 moles), dry ethanol (2.0 L)
and NaOH beads (75.4 g, 1.89 moles) washed with additional ethanol (500 mL) to a dry
3-L round bottom flask under nitrogen. Stir the mixture for 1.6 hours. Filtcr and add a
solution of L-malic acid (62.0 g, 0.462 molc, 0.25 cquivalents) in cthanol (320 mL)
dropwisc to the yellow filtrate. Heat the solution to 75°C, then stir at 75°C for 30
minutes. Remove heat and allow the solution to cool slowly. Allow the resulting thick
precipitate to stir overnight. Filter the precipitate, rinse with cthanol (325 mL) and dry
undcr reduced pressurce to afford (2R)-2-phenylpropylamine malate (147.6 g, 39.5%) as a
white crystalline solid. Chiral GC analysis of the free base, 2-phenyl-1-propylamine
reveals 83.2% e.e. enriched in the R-isomer. (Configuration is assigned via spectrometric
comparison with commercial 2-phenyl-1-propylamine.) 1H NMR (CDCls, 300 MHz) &
7.32 (m, 2H), 7.21 (m, 3H), 2.86 (m, 2H), 2.75 (m, 1H), 1.25 (d, 3H, 1=6.9), 1.02 (brs,
2H).

Heat a slurry of (2R)-2-phenylpropylamine malate (147.1 g, 83.2% e.e.) in 1325
mL ethanol and 150 mL deionized water to reflux (approximately 79.2 °C) until the solids
dissolve. Allow the homogeneous solution to slowly cool with stirring overnight. Cool
the precipitate (0 °C to 5 °C) and filter. Collect solids, rinse with ethanol (150 mL), and
dry at 35°C to afford (2R)-2-phenylpropylamine malate (125.3 g, 85.2% recovery) as a
white powder. Chiral GC analysis of the free base, (2R)-2-phenylpropylamine, reveals
96.7% e.e. enriched in the R-isomer. 1H NMR (CD:0D, 300 MHz) & 7.32 (m, 10 H),
4.26 (dd, 1H, J=3.6, 9.9), 3.08 (m, 6H), 2.72 (dd, 1H, J=9.3, 15.3), 2.38 (dd, 1H, J=9.3,
15.6), 1.33 (d, 6H, J=6.6).

Preparation 6
Preparation of ((2R)-2-phenylpropyD)[(methylethyl)sulfonyl]amine

3

H,"'CH3 n 9 CH
1 N_ﬁ

0o CH;

Add 1.0 N NaOH (1050 mL, 1.05 moles) to a stirred slurry of (2R)-2-
phenylpropylamine malate (200 g, 0.494 moles) in CH,Cl, (1000 mL). Stir the mixture at
room temperature for 1 hour. Separate the organic phase and gravity filter intoa 3.0 L
round-bottom flask with a CH,Cl; rinse (200 mL). Dry the resulting free base, (2R)-2-

phenylpropylamine via azeotropic distillation. Concentrate the clear filtrate to a volume
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of 600 mL at atmospheric pressure via distillation through a simple distillation head.
Add heptane (1000 mL), then concentrate the solution again at atmospheric pressure to
600 mL using a nitrogen purge to incrcasc the rate of distillation, with a final pot
tecmperature of 109°C.

Cool the solution to room tecmpcrature under nitrogen with stirring to give a clcar,
colorless heptane solution (600 mL) of (2R)-2-phenylpropylamine. To this solution add
4-dimcthylaminopyridine (6.04 g, 0.0494 molcs), tricthylaminc (200 g, 1.98 molcs), and
CH,Cl, (500 mL). Stir thc mixturc at room tcmperature until a clear solution is obtained.
Cool the solution to 5 °C. While stirring, add a solution of isopropylsulfonyl chloride
(148 g, 1.04 moles) in CH,Cl, (250 mL) dropwise over 2 hours. Allow the mixture to
warm gradually to room temperature over 16 hours.

Cool the stirred mixture to 8 °C, then add 2 N HCI (500 mL) dropwise. Separate
the organic phase and extract with water (1 x 500 mL) and saturated NaHCOs (1 x 500
mL). Isolate the organic phase, dry with (Na;SO,), and gravity filter. Concentrate the
filtrate under reduced pressure to provide ((2R)-2-
phenylpropyl)[(methylethyl)sulfonyl]amine (230g, 96%) as a pale yellow oil. 1H NMR
(CDCl3, 300 MHz) 6 7.34 (m, 2H), 7.23 (m, 3H), 3.89 (br t, 1H, J=5.4), 3.36 (m, 1H),
3.22 (m, 1H), 3.05 (m, 1H), 2.98 (m, 1H), 1.30 (d, 3H, ]=7.2), 1.29 (d, 3H, J=6.9), 1.25
(d, 3H, ]=6.9).

Preparation 7
[(2R)-2-(4-10odophenyDpropyl][(methylethyDsulfonyl]amine

1T, CH, g & o
3 1y
o CH;

I
Treat a stirred room tempcraturc solution of ((2R)-2-

phenylpropyl)[(methylethyl)sulfonyl]amine (37.1 g, 0.154 moles) in glacial acetic acid
(185 mL) with concentrated H,SO4 (16.0 g, 0.163 molcs), added dropwisc in a slow
strcam, followed by a H>O rinsc (37 mL). Add HsIO¢ (8.29 g, 0.0369 molcs), followed
by iodine (17.9 g, 0.0707 moles) to this solution. Heat the resulting reaction mixture and
allow it to stir for 3 hours at 60 °C. Analyze starting material consumption by HPLC

analysis, then cool the reaction mixture to 30°C. Add a 10% aqueous solution of NaHSO;
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(220 mL) dropwise while maintaining the temperature between 25°C and 30 °C. Cool to
0°C to 5°C to obtain solids.

Suction filter solids and rinsc with H,O to afford 61.7 g of crudc solids.
Redissolve solids into warm MTBE (500 mL). Extract this solution with H,O (2 x 200
mL) and saturated NaHCO; (1 x 200 mL). Isolate and dry the organic phase with
MgSQ,, filter, and concentrate under reduced pressure to a volume of approximately 200
mlL.. Add heptanc (100 mL) dropwisc to the product solution with slow stirring until
crystallization begins. Add an additional 100 mL of heptanc. Allow the resulting
suspension to stir slowly overnight at room temperature. Cool the mixture to 0 °C and
filter. Rinse the collected solids with heptane. Air-dry the solids to afford[(2R)-2-(4-
iodophenyl)propyl][(methylethyl)sulfonyl]amine (33.7 g, 59.8%) as a white powder.
Chiral Chromatography indicates 100 % e.e.

'H NMR (CDCl;, 300 MHz) & 7.66 (d, 2H, J=8.1), 6.98 (d, 2H, J=8.4), 3.86 (br t, 1H,
J=5.1), 3.33 (m, 1H), 3.18 (m, 1H), 3.06 (m, 1H), 2.92 (m, 1H), 1.30 (d, 3H, J=6.6), 1.27
(d, 6H, J=6.6).

Preparation 8
(2R)-Propane-2-sulfonic acid {2-[4-(4.4,5.5-tetramethyl-[1.3.2]dioxaborolan-2-yl)-

phenvl]-propyl}-amide

Combine [(2R)-2-(4-lodophenyl)propyl][(methylethyl)sulfonylJamine (0.787 g,
2.14 mmol) bis(pinacolate) diboron (0.599 g, 2.36 mmoles), PdCI; (dppf), CH,CI; (0.052
g, 0.064 mmol) and KOAc (0.630 g, 6.42 mmol) in DMF (40 mL) and heat at 80°C under
nitrogen for 10 hours. Pour the resultant dark brown mixture into a EtOAc and wash with
H,O and saturated aq. sodium chloride solution. Isolate and dry the organic layer with
(MgSO04). Filter and evaporate the filtrate, then subject residue to chromatographic
elution to provide the title compound (1.0 g, 78%) as a white solid.
Analysis: Theory: C, 58.86; H, 8.23; N, 3.81. Found: C, 58.84; H, 8.25; N, 3.96
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EXAMPLES

Example 1
1-(R)-2-Cyano-4'-[1-mcthyl-2-(propanc-2-sulfonylamino)-cthyl]-biphcnyl-4-

carboxylic acid

1T

No //O
4

O

HOOC

Stir a solution of (2R)-propanc-2-sulfonic acid {2-[4-(4,4,5,5-tctramcthyl-
[1,3,2]dioxaborolan-2-yl)-phenyl]-propyl} -amide (50 g, 136.2 mmol), Ethyl 3-Cyano-4-
trifluoromethanesulfonyloxy-benzoate (40 g, 123.8 mmol), PdC12(dppf)-DCM (3.03 g,
3.71 mmol) and KOAc (36.43 g, 371.4 mmol) in DME:EtOH:H20
(200mL/200mL/200mL) under nitrogen at 80°C for 50 minutes. Pour the reaction
mixture into ice-water and extract it with EtOAc. Wash the organic layer with water and
saturated aq. sodium chloride solution, dry over MgSO4, filter and concentrate it in
vacuo. Subject residue to silica gel chromatography eluting with hexane/EtOAc 4:1 to
3:1. Triturate the product in hexane, filter and dry, to yield 37.95 g of 1-(S)-Ethyl 2-
Cyano-4'-[1-methyl-2-(propane-2-sulfonylamino)-ethyl]-biphenyl-4-carboxylate (74%).
MS(ES): m/z =413.1 [M-H].

Stir 1-(R)-ethyl 2-cyano-4'-[1-methyl-2-(propane-2-sulfonylamino)-ethyl]-
biphenyl-4-carboxylate (37.95 g, 91.7 mmoles) in EtOH and aqueous NaOH 2N (458 mL,
916 mmoles) at room temperature for 3 hours. Remove the EtOH and wash the aqueous
with Et;0. Acidify the aqueous layer using HCI 1N and then extract it with EtOAc.
Wash the organic layer with water and saturated aq. sodium chloride solution, dry over
MgSOQ,, filter and concentrate it in vacuo. Triturate the solid in hexane: MTBE 9:1, to
yield 28.4 g of 1-(R)-2-Cyano-4'-[ 1-methyl-2-(propane-2-sulfonylamino)-ethyl]-biphenyl-
4-carboxylic acid (80%).

MS(ES): m/z =385.1 [M-H].



10

15

20

25

30

WO 2008/073789 PCT/US2007/086567

-11-

The ability of the compound of Formula I to potentiate glutamate receptor-
mediated response can be determined by one of ordinary skill in the art. For example, see
U.S. Patent No. 6,303,816. In particular, the following test may be utilized:

HEK?293 cells stably expressing human iGluR4 (obtained as described in
Europcan Patent Application Publication No. EP-A1-0583917) arc used in the
electrophysiological characterization of AMPA receptor potentiators. The extracellular
rccording solution contains (in mM): 140 NaCl, 5 KCl, 10 HEPES, 1 MgCl,, 2 CaCl,, 10
glucosc, pH = 7.4 with NaOH, 295 mOsm kg-1. The intraccllular recording solution
contains (in mM): 140 CsCl, 1 MgCl,, 10 HEPES, (N-[2-hydroxyethyl]piperazine-N1-[2-
ethanesulfonic acid]) 10 EGTA (ethylene-bis(oxyethylene-nitrilo)tetraacetic acid), pH =
7.2 with CsOH, 295 mOsm kg-1. With these solutions, recording pipettes have a
resistance of 2-3 MQ. Using the whole-cell voltage clamp technique (Hamill et
al.(1981)Pfliigers Arch., 391: 85-100), cells are voltage-clamped at -60mV and control
current responses to | mM glutamate are evoked. Responses to 1 mM glutamate are then
determined in the presence of test compound. Compounds are deemed active in this test
if, at a test concentration of 10 uM or less, they produce a greater than 10% increase in
the value of the current evoked by 1 mM glutamate.

In order to determine the potency of the test compound, the concentration of the
test compound, both in the bathing solution and co-applied with glutamate, is increased in
half log units until the maximum effect is seen. Data collected in this manner are fit to
the Hill equation, yielding an ECsg value, indicative of the potency of the test compound.
Reversibility of test compound activity is determined by assessing control glutamate
ImM responses. Once the control responses to the glutamate challenge are re-
cstablished, the potentiation of these responses by 100 uM cyclothiazide is determined by
its inclusion in both the bathing solution and the glutamate-containing solution. In this
manncr, the cfficacy of the test compound relative to that of cyclothiazide can be
determined. The compound described in Example 1 was tested essentially as described
above and found to have an activity of 187.8 £ 15.3 nM. As such, the compound
described in Example 1 is a potent AMPA potentiator.

In addition, certain behavioral despair animal models, which can be practiced by
one of ordinary skill in the art to evaluate compounds of the present invention, are

predictive of antidepressant activity in man, such as the Forced Swim Test and the Tail
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Suspension Test. For example, see “Experimental Approaches to Anxiety and
Depression”, Edited by J.M. Elliott, et al., (1992), John Wiley & Sons Ltd., Chapter 3,
Bchavioural Modecls of Depression, Porsolt and Lencgre, pages 73-85.

Pharmaccutical compositions of the present invention arc preparcd by known
procedures using well-known and readily available ingredients. In making the
compositions of the present invention, the active ingredient will usually be mixed with a
carricr, or diluted by a carricr, or encloscd within a carricr, and may be in the form of a
capsulc, sachct, paper, or other container. When the carricr scrves as a diluent, it may be
a solid, semi-solid, or liquid material which acts as a vehicle, excipient, or medium for the
active ingredient. The compositions can be in the form of tablets, pills, powders,
lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, aerosols,
ointments containing, for example, up to 10% by weight of active compound, soft and
hard gelatin capsules, suppositories, sterile injectable solutions, and sterile packaged
powders.

Some examples of suitable carriers, excipients, and diluents include lactose,
dextrose, sucrose, sorbitol, mannitol, starches, gum, acacia, calcium phosphate, alginates,
tragcanth, gelatin, calcium silicate, micro-crystalline cellulose, polyvinylpyrrolidone,
cellulose, water syrup, methyl cellulose, methyl and propyl hydroxybenzoates, talc,
magnesium stearate, and mineral oil. The formulations can additionally include
lubricating agents, wetting agents, emulsifying and suspending agents, preserving agents,
sweetening agents, or flavoring agents. Compositions of the invention may be formulated
0 as to provide quick, sustained, or delayed release of the active ingredient after
administration to the patient by employing procedures well known in the art.

The compositions are preferably formulated in a unit dosage form, each dosage
containing from about 0.1 mg to about 300 mg, preferably about 0.1 mg to about 100 mg,
and most preferably about 1.0 to about 100 mg of compound of Formula I. The term
"unit dosage form" refers to a physically discrete unit suitable as unitary dosages for
human subjects and other mammals, each unit containing a predetermined quantity of
active material calculated to produce the desired therapeutic effect, in association with a
suitable pharmaceutical carrier, diluent, or excipient.

As used herein the term "patient” refers to a mammal, such as a mouse, guinea

pig, rat, dog or human. It is understood that the preferred patient is a human.
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As used herein, the terms “treating” or “to treat” or “treatment” each mean to alleviate
symptoms, eliminate the causation either on a temporary or permanent basis, or to prevent
or slow the appcarance of symptoms of thc named disorder. As such, the mcthods of this
invention encompass both therapcutic and prophylactic administration.

As uscd herein, the term “cffective amount” refers to the amount of a compound
of Formula I which is effective, upon single or multiple dose administration to a patient,
in trcating the patient suffcring from the named disorder.

An cffective amount can be readily determined by the attending diagnostician, as
one skilled in the art, by the use of known techniques and by observing results obtained
under analogous circumstances. In determining the effective amount or dose, a number
of factors are considered by the attending diagnostician, including, but not limited to: the
species of mammal; its size, age, and general health; the specific disease or disorder
involved; the degree of or involvement or the severity of the disease or disorder; the
response of the individual patient; the particular compound administered; the mode of
administration; the bioavailability characteristics of the preparation administered; the
dose regimen selected; the use of concomitant medication; and other relevant
circumstances.

The compound of Formula I can be administered by a variety of routes including
oral, rectal, transdermal, subcutancous, intravenous, intramuscular, bucal or intranasal
routes. Alternatively, the compound of Formula I may be administered by continuous
infusion. A typical daily dose will contain from about 0.005 mg/kg to about 10 mg/kg of
the compound of Formula I. Preferably, daily doses will be about 0.005 mg/kg to about 5
mg/kg, more preferably from about 0.005 mg/kg to about 2 mg/kg.

The dosages of the drugs used in the combinations set forth herein, must also, in
the final analysis, be set by the physician in charge of the case, using knowledge of the
drugs, the properties of the drugs in combination as determined in clinical trials, and the
characteristics of the patient, including diseases other than that for which the physician is
treating the patient.

The inert ingredients and manner of formulation of the adjunctive pharmaceutical
compositions are conventional. The usual methods of formulation used in pharmaceutical
science may be used here. All of the usual types of compositions may be used, including

tablets, chewable tablets, capsules, solutions, parenteral solutions, intranasal sprays or
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powders, troches, suppositories, transdermal patches and suspensions. In general,
compositions contain from about 0.5% to about 50% of the compounds in total,
depending on the desired doscs and the type of composition to be used. The amount of
thc compounds, howcver, is best defined as the cffective amount, that is, the amount of
cach compound which provides the desired dosc to the paticnt in need of such treatment.
For example, a formulation may include 1% carboxymethylcellulose sodium,
0.25% polysorbatc 80 and 0.05% Dow Corning® Antifoam 1510-US in purificd watcr)
through the oral routc. For the IV administration, a numbecr of formulations may be uscd,
such as a composition of of 5% Pharmasolve, 1.8% 1N NaOH, 93.2% of 5% dextrose in
water or a composition of 5% Pharmasolve, 2:1 molar ratio of NaOH : active ingredient

in 5% dextrose.
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The claims defining the invention are as follows:

1. A compound of the formula:

or a pharmaceutically acceptable salt thereof.

2. A pharmaceutical formulation comprising a compound of the formula:

or a pharmaceutically acceptable salt thereof in combination with a pharmaceutically
acceptable carrier, diluent or excipient.

3. The compound of Claim 1, or a pharmaceutically acceptable salt thereof, for
use as a pharmaceutical.

4.  The use of a compound of Claim 1, or a pharmaceutically acceptable salt
thereof, for the manufacture of a medicament for treating Parkinson’s disease.

5. The use of a compound of Claim 1, or a pharmaceutically acceptable salt
thereof, for the manufacture of a medicament for treating depression.

6. The use of a compound of Claim 1, or a pharmaceutically acceptable salt
thereof, for the manufacture of a medicament for treating schizophrenia.

7. A method of potentiating glutamate receptor function in a mammal
comprising administering to a mammal in need of such treatment an effective amount of a
compound of Claim 1 or a pharmaceutically acceptable salt thereof.

8. A method of treating Parkinson’s disease in a mammal comprising
administering to a mammal in need of such treatment an effective amount of a compound
of Claim 1 or a pharmaceutically acceptable salt thereof.

9. A method of treating depression in a mammal comprising administering to a
mammal in need of such treatment an effective amount of a cc;mpound of Claim 1 or a

pharmaceutically acceptable salt thereof.
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10. A method of treating schizophrenia in a mammal comprising administering to
a mammal in need of such treatment an effective amount of a compound of Claim 1 or a

pharmaceutically acceptable salt thereof.
Dated 15 May, 2009
Eli Lilly and Company

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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