(12) STANDARD PATENT (11) Application No. AU 2009279756 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(74)

(56)

Title
PDE10 inhibitors and related compositions and methods

International Patent Classification(s)
A61K 31/54 (2006.01)

Application No: 2009279756 (22) Date of Filing:  2009.08.04
WIPO No:  WO10/017236

Priority Data

Number (32) Date (33) Country
61/086,406 2008.08.05 us
61/118,088 2008.11.26 us
61/218,311 2009.06.18 us
Publication Date: 2010.02.11

Accepted Journal Date: 2015.01.29

Applicant(s)
Omeros Corporation

Inventor(s)
Cutshall, Neil S.;Gage, Jennifer Lynn;Wheeler, Neil Thomas

Agent / Attorney
Davies Collison Cave, Level 15 1 Nicholson Street, MELBOURNE, VIC, 3000

Related Art
GILCHRIST, T. L. ET AL: Journal of Chemical Society, 1987, pages 2517-2522
WO 2008/064342 A2




WO 20107017236 A 1IN0 00 00 0O A0

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

(19) World Intellectual Property Organization

. I”'
International Burcau [
:‘__. ]

(43) International Publication Datc

(10) International Publication Number

11 February 2010 (11.02.2010) PCT WO 2010/017236 Al
(51) International Patent Classification: (74) Agents: WAGNER, Emily, W. et al;; Seed Intellectual
A6IK 31/54 (2006.01) Property Law Group PLLC, Suite 5400, 701 Fifth Av-
ttle, WA 98104-7064 .
(21) International Application Number: ene, Seattle, 7064 (US)
PCT/US2009/052754 (81) Designated States (unless otherwise indicated, for every
) I ational Filine Date: kind of national protection available): AE, AG, AL, AM,
(22) International Filing Date: A 2009 (04.08.2009 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
ugust 2009 (04.08.2009) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. . HN, HR, HU, ID, IL, IN, IS, JP, KL, KG, KM, KN, KP,
(26) Publication Language: Engllsh KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
61/086,406 5 August 2008 (05.08.2008) Us NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
61/118,088 26 November 2008 (26.11.2008) Us SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
61/218,311 18 Junc 2009 (18.06.2009) Us TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): (84) Designated States (unless otherwise indicated, for every

(72)
(75)

OMEROS CORPORATION [US/US]; 1420 Fitth Av-
enue, Suite 2600, Seattle, WA 98101 (US).

Inventors; and

Inventors/Applicants (for US only): CUI'SHALL, Neil,
S. [US/US]; 3817 165th Avenue Southeast, Snohomish,
WA 98290 (US). GAGE, Jennifer, Lynn [US/US];
15318 62nd Place Northeast, Kenmore, WA 98028 (US).
WHELLER, Neil, Thomas [US/US]; 8605 Wood Lawn
Drive, Raleigh, NC 27613 (US).

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Lurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
LS, FI, FR, GB, GR, HR, HU, [E, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

[Continued on next page]

(54) Title: PDE10 INHIBITORS AND RELATED COMPOSITIONS AND METHODS

(57) Abstract: Compounds that inhibit PDE10

Reduction of Hyperactivity by 12-63
3500+
3000- —e—veh + PCP
£ 2500- —-o--12-683 + PCP
2
5 2000
f =4
S 1500-
5
~* 10001 I
500- e s,
INT1 INT2 INT3 INT4 INTS

are disclosed that have utility in the treatment of
a variety of conditions, including (but not limit-
ed to) psychotic, anxiety, movement disorders
and/or neurological disorders such as Parkin-
son's disease, Huntington's disease, Alzheimer's
disease, enccphalitis, phobias, epilepsy, aphasia,
Bell's palsy, cerebral palsy, sleep disorders,
pain, Tourettc's syndrome, schizophrenia, delu-
sional disorders, drug-induced psychosis and
panic and obscssive-compulsive disorders. Phar-
maceutically acceptable salts, stereoisomers,
solvates and prodrugs of thc compounds arc also
provided. Also disclosed are compositions con-
taining a compound in combination with a phar-
maceutically acceptable carrier, as well as meth-
ods rclating to the use thercof for inhibiting
PDEI10 in a warm-blooded animal in need of the
same.
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PDE10 INHIBITORS AND RELATED COMPOSITIONS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. §119(e) of U.S.
Provisional Patent Application No. 61/086,406, filed August 5, 2008, U.S. Provisional
Patent Application No. 61/118,088, filed November 26, 2008, and U.S. Provisional
Patent Application No. 61/218,311, filed June 18, 2009, which applications are

incorporated herein by refercnce in their cntireties.

BACKGROUND

Technical Field

This invention relates generally to compounds having activity as PDE10
inhibitors, and to compositions containing the same, as well as to methods of treating
various disorders by administration of such compounds to a warm-blooded animal in

need thereof.

Description of the Related Art

Cyclic nucleotide phosphodicstcrases (PDEs) are reprcsented by a large
superfamily of enzymes. PDEs are known to possess a modular architecture, with a
conserved catalytic domain proximal to the carboxyl terminus, and regulatory domains
or motifs often near the amino terminus. The PDE superfamily currently includes more
than twenty different gencs subgrouped into cleven PDE families (Lugnier, C., “Cyclic
nucleotide phosphodiesterase (PDE) superfamily: a new target for the development of
specific therapeutic agents.” Pharmacol Ther. 2006 Mar; 109(3):366-98).

A recently described PDE, PDE10, was reported simultaneously by three
independent groups (Fujishige et al., “Cloning and charactcrization of a novcl human
phosphodiesterase that hydrolyzes both cAMP and cGMP (PDE10A),” J Biol Chem
1999, 274:18438-18445; Loughney et al., “Isolation and characterization of PDEI0A, a
novel human 3’, 5'-cyclic nucleotide phosphodiesterase,” Gene 1999, 234:109-117;

Soderling et al., “Isolation and characterization of a dual-substrate phosphodiesterase
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gene family: PDE10A,” Proc Natl Acad Sci USA 1999, 96:7071-7076). PDE10 has the
capacity to hydrolyzc both cAMP and c¢GMP; howcver, the K, for cAMP is
approximately 0.05 uM, whereas the K, for cGMP is 3 uM. In addition, the V. for
cAMP hydrolysis is fivefold lower than for cGMP. Because of these kinetics, cGMP
hydrolysis by PDE10 is potently inhibited by cAMP ir vitro, suggesting that PDE10
may function as a cAMP-inhibited cGMP phosphodiesterase in vivo. Unlike PDE8 or
PDE9, PDEIO is inhibited by IBMX with an ICsy (50% inhibitory concentration) of 2.6
uM. (See Soderling and Beavo, “Regulation of cAMP and ¢cGMP signaling: new

phosphodiesterases and new functions,

12:174-179.)

Current Opinion in Cell Biology, 2000,

PDEI0 contains two amino-terminal domains that are similar to the
cGMP-binding domains of PDE2, PDES and PDE6, which are domains conserved
across a wide variety of proteins. Because of the wide conservation of this domain, it is
now referred to as the GAF domain (for the GAF proteins: cGMP binding
phosphodiesterases; the cynobacterial Anabaena adenylyl cyclase; and the Escherichia
coli transcriptional regulator fhlA). Although in PDE2, PDES and PDE6 the GAF
domains bind ¢cGMP, this is probably not the primary function of this domain in all
cases (e.g., E. coli are not thought to synthesize cGMP). Interestingly, in vitro binding
studies of PDE10 indicate the dissociation constant (Ky) for cGMP binding is well
above 9 uM. As in vivo concentrations of cGMP are not thought to reach such high
levels in most cells, it sccms likely that cither the affinity of PDE10 for cGMP is
increased by regulation, or that the primary function of the GAF domain in PDE10 may
be for something other than cGMP binding.

Inhibitors of the PDE family of enzymes have widely been sought for a
broad indication of therapeutic uses. Reported therapeutic uses of PDE inhibitors
include allergies, obtrusive lung disease, hypertension, renal carcinoma, angina,
congestive heart failure, depression and erectile dysfunction (WO 01/41807 A2). Other
inhibitors of PDE have been disclosed for treatment of ischemic heart conditions (U.S.
Pat. No. 5,693,652). More specifically, inhibitors of PDE10 have been disclosed for

treatment of certain neurological and psychiatric disorders including, Parkinson’s
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disease, Huntington’s disease, schizophrenia, delusional disorders, drug-induced
psychosis and panic and obsessive-compulsive disorders (U.S. Patent Application No.
2003/0032579). PDE10 has been shown to be present at high levels in neurons in areas
of the brain that are closely associated with many neurological and psychiatric
5 disorders. By inhibiting PDE10 activity, levels of cAMP and ¢cGMP are increased
within neurons, and the ability of these neurons to function properly is thereby
improved. Thus, inhibition of PDE10 is believed to be useful in the treatment of a wide
variety of conditions or disorders that would benefit from increasing levels of cAMP
and ¢cGMP within neurons, including those neurological, psychotic, anxiety and/or

10 movement disorders mentioned above.
While advances have been made with regard to inhibition of PDE10,
there remains a need in the field for inhibitors of PDE10, as well as the need to treat

various conditions and/or disorders that would benefit from the same.

15 BRIEF SUMMARY
In brief, this invention is generally directed to compounds that have
activity as PDE10 inhibitors, as wcll as to mcthods for their preparation and use, and to
pharmaceutical compositions containing the same.

In one embodiment, the compounds have the following general structure

20 (I):
XR R. Rs
LA
R; \N/ Rs
0
()

including pharmaceutically acceptable salts, stercoisomers, solvates and prodrugs
25 thereof, wherein X, Ry, Ry, Rz, R4 and Rs are as defined below.
In another embodiment, the compounds have the following general

structure (IV):
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Ry T4 RS
N )\
R, ~ N R3
0
(Iv)

including pharmaceutically acceptable salts, stercoisomers, solvates and prodrugs
thereof, wherein R, Ry, R3, R4 and Rs are as defined below.

The compounds of this invention have utility over a wide range of
therapeutic applications, and may be used to treat a wide variety of conditions or
disorders that would benefit from increasing levels of cAMP and ¢cGMP, especially
within neurons, including (but not limited to) neurological disorders, such as psychotic
disorders, anxiety disorders, movement disorders and/or neurological disorders such as
Parkinson’s disease, Huntington’s disecase, Alzheimer’s disease, encephalitis, phobias,
epilepsy, aphasia, Bell’s palsy, cerebral palsy, sleep disorders, pain, Tourette’s
syndrome, schizophrenia, delusional disorders, bipolar disorders, post-traumatic stress
disorders, drug-induced psychosis, panic disorders, obsessive-compulsive disorders,
attention-deficit disorders, disruptive behavior disorders, autism, depression, dementia,
cognitive disorders, cpilcpsy, insomnias and multiple sclerosis.

The methods of this invention include administering an effective amount
of a compound of the foregoing structures, typically in the form of a pharmaceutical
composition, to a mammal in need thereof, including a human. Thus, in a further
cmbodiment, pharmaccutical compositions are discloscd containing one or morc
compounds of the foregoing structures in combination with a pharmaceutically
acceptable carrier or diluent.

These and other aspects of the invention will be apparent upon reference
to the following detailed description. To this end, various references are set forth herein
which describe in more detail certain background information, procedures, compounds

and/or compositions, and are each hereby incorporated by reference in their entirety.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates that Compound 12-63 of the present invention (as
identified in Table 1 of Example 12) significantly reduces hyperactivity of mice in a
psychostimulant (PCP)-induced model of psychosis as compared to vehicle control.

FIGURE 2 illustrates that Compound 12-55 of the present invention (as
identified in Table 1 of Example 12) significantly reduces hyperactivity of mice in the
PCP-induced model of psychosis as compared to vehicle control.

FIGURE 3 illustrates that Compound 12-60 of the present invention (as
identified in Table 1 of Example 12) significantly reduces hyperactivity of mice in the
PCP-induced model of psychosis as compared to vehicle control.

FIGURE 4 illustrates that Compound 12-44 of the present invention (as
identified in Table 1 of Example 12) significantly reduces a conditioned avoidance
response (CAR) in mice trained in a CAR model of psychosis as compared to vehicle
control.

FIGURES 5A and 5B illustrate that Compound 12-63 of the present
invention (as identified in Table 1 of Example 12) significantly reduces hyperactivity of
mice in the PCP-induced model of psychosis as compared to vehicle control (FIGURE
5A) and significantly reduces a conditioned avoidance response (CAR) in mice trained
in a CAR model of psychosis as compared to vehicle control (FIGURE 5B).

FIGURES 6A and 6B illustratc that Compound 12-104 of the present
invention (as identified in Table 1 of Example 12) significantly reduces hyperactivity of
mice in the PCP-induced model of psychosis as compared to vehicle control (FIGURE
6A) and significantly reduces a conditioned avoidance response (CAR) in mice trained
in a CAR model of psychosis as compared to vehicle control (FIGURE 6B).

FIGURES 7A and 7B illustrate that Compound 12-114 of the present
invention (as identified in Table 1 of Example 12) significantly reduces hyperactivity of
mice in the PCP-induced model of psychosis as compared to vehicle control (FIGURE
7A) and significantly reduces a conditioned avoidance response (CAR) in mice trained

in a CAR model of psychosis as compared to vehicle control (FIGURE 7B).
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FIGURES 8A and 8B illustrate that Compound 12-132 of the present
invention (as identificd in Table 1 of Example 12) significantly reduces hypcractivity of
mice in the PCP-induced model of psychosis as compared to vehicle control (FIGURE
8A) and significantly reduces a conditioned avoidance response (CAR) in mice trained
in a CAR model of psychosis as compared to vehicle control (FIGURE §B).

FIGURES 9A and 9B illustrate that Compound 12-134 of the present
invention (as identified in Table 1 of Example 12) significantly reduces hyperactivity of
mice in the PCP-induced model of psychosis, in dose-dependent fashion, as compared
to vehicle control (FIGURE 9A) and significantly reduces a conditioned avoidance
response (CAR) in mice trained in a CAR model of psychosis, in dose-dependent
fashion, as compared to vehicle control (FIGURE 9B).

FIGURES 10A and 10B illustrate that Compound 12-115 of the present
invention (as identified in Table 1 of Example 12) significantly reduces hyperactivity of
mice in the PCP-induced model of psychosis, in a dose-dependent fashion, as compared
to vehicle control (FIGURE 10A) and significantly reduces a conditioned avoidance
response (CAR) in mice trained in a CAR model of psychosis as compared to vehicle
control (FIGURE 10B).

FIGURES 11A and 11B illustrate that Compound 12-140 of the present
invention (as identified in Table 1 of Example 12) significantly reduces hyperactivity of
mice in the PCP-induced model of psychosis, in a dose-dependent fashion, as compared
to vehicle control (FIGURE 11A) and significantly reduccs a conditioned avoidance
response (CAR) in mice trained in a CAR model of psychosis, in a dose-dependent
fashion, as compared to vehicle control (FIGURE 11B).

FIGURES 12A and 12B illustrate that Compound 12-142 of the present
invention (as identified in Table 1 of Example 12) significantly reduces hyperactivity of
mice in the PCP-induced model of psychosis as compared to vehicle control (FIGURE
12A) and significantly reduces a conditioned avoidance response (CAR) in mice trained

in a CAR model of psychosis as compared to vehicle control (FIGURE 12B).
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DETAILED DESCRIPTION
As mentioned above, the present invention is dirccted gencrally to
compounds useful as PDE10 inhibitors, as well as to methods for their preparation and

use, and to pharmaceutical compositions containing the same.

5 In one embodiment, the PDE10 inhibitors have the following structure
(1):
XR4 R, Rs
N )\
Ry \N R;
O
Y
10  or a pharmaceutically acceptable salt, stereoisomer, solvate or prodrug thereof,
wherein:
X 1s-O-or -S-;

Ry is Cisalkyl, Ci.shaloalkyl, C.earalkyl, aryl,
-(CH,),O(CH),,CHj3 or -(CH,),N(CH3)y;
15 R; and Rj are the same or different and independently substituted
or unsubstituted heterocyclyl, or substituted or unsubstituted aryl;
R4 and Rs arc the same or diffcrent and independently hydrogen,
Ciealkyl or Cghaloalkyl;
nis1,2,3,4,5o0r6;and
20 mis0,1,2,3,4,5o0r6.
In another embodiment, the PDEI10 inhibitors have the following

structure (IV):

Ry T4 Rs
N )\
Ry Ny Rs
0O
Iv)
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or a pharmaceutically acceptable salt, stereoisomer, solvate or prodrug thereof,
whercin:

R; is hydrogen, Cigsalkyl, Cjchaloalkyl, C,saralkyl, aryl,
-(CH;),0(CH3),,CHj3 or -(CH,),N(CH3),;

R; is substituted or unsubstituted aryl;

R; is substituted or unsubstituted heterocyclyl, or substituted or
unsubstituted aryl; and

R4 and Rs are the same or different and independently hydrogen,
Ciealkyl or C,shaloalkyl;

nisl,2,3,4,5o0r6;and

mis0,1,2,3,4,5o0r6.

As used herein, the above terms have the following meaning:

“Amino” refers to the -NH, radical.

“Cyano” refers to the -CN radical.

“Hydroxy” or “hydroxyl” refers to the -OH radical.

“Imino” rcfers to the =NH substituent.

“Nitro” refers to the -NO, radical.

“Oxo0” refers to the =O substituent.

“Thioxo” refers to the =S substituent.

“Ciealkyl” mcans a straight chain or branched, noncyclic or cyclic,
unsaturated or saturated aliphatic hydrocarbon radical containing from 1 to 6 carbon
atoms. Representative saturated straight chain alkyls include methyl, ethyl, n-propyl, n-
butyl, n-pentyl, n-hexyl, and the like; while saturated branched alkyls include isopropyl,
sec-butyl, isobutyl, terz-butyl, isopentyl, and the like. Representative saturated cyclic
alkyls include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like; while
unsaturated cyclic alkyls include cyclopentenyl and cyclohexenyl, and the like.
Unsaturated alkyls contain at least one double or triple bond between adjacent carbon
atoms (referred to as an “alkenyl” or “alkynyl”, respectively). Representative straight

chain and branched alkenyls include ethylenyl, propylenyl, 1-butenyl, 2-butenyl,
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isobutylenyl, 1-pentenyl, 2-pentenyl, 3-methyl-1-butenyl, 2-methyl-2-butenyl, 2,3-
dimcthyl-2-butenyl, and thc like; while reprcsentative straight chain and branched
alkynyls include acetylenyl, propynyl, 1-butynyl, 2- butynyl, 1-pentynyl, 2-pentynyl, 3-
methyl-1-butynyl, and the like.

“Cjalkylene” or “C;salkylene chain” refers to a straight or branched
divalent hydrocarbon chain linking the rest of the molecule to a radical group,
consisting solely of carbon and hydrogen, which is saturated or unsaturated (i.e.,
contains one or more double and/or triple bonds), and having from one to six carbon
atoms, e.g., methylene, cthylene, propylene, n-butylene, ecthenylene, propenylene,
n-butenylene, propynylene, n-butynylene, and the like. The alkylene chain is attached
to the rest of the molecule through a single or double bond and to the radical group
through a single or double bond. The points of attachment of the alkylene chain to the
rest of the molecule and to the radical group can be through one carbon or any two
carbons within the chain.

“C.¢alkoxy” refers to a radical of the formula -OR, where R, is an alkyl
radical as defined above, for example, methoxy, ethoxy and the like.

“Aryl” mcans a hydrocarbon ring system radical comprising hydrogen, 6
to 18 carbon atoms and at least one aromatic ring. The aryl radical may be a
monocyclic, bicyclic, tricyclic or tetracyclic ring system, which may include fused or
bridged ring systems. Aryl radicals include, but are not limited to, aryl radicals derived
from accanthrylenc, accnaphthylenc, accphenanthrylene, anthracene, azulenc, benzenc,
chrysene, fluoranthene, fluorene, as-indacene, s-indacene, indane, indene, naphthalene,
phenalene, phenanthrene, pleiadene, pyrene, and triphenylene.

“Ciearalkyl” means a radical of the formula -R,-R. where Ry is an
alkylene chain as defined above and R. is one or more aryl radicals as defined above,
for example, benzyl, diphenylmethyl and the like.

“Cycloalkyl” or ‘*‘carbocyclic ring” refers to a stable non-aromatic
monocyclic or polycyclic hydrocarbon radical consisting solely of carbon and hydrogen
atoms, which may include fused or bridged ring systems, having from three to fifteen

carbon atoms, preferably having from three to ten carbon atoms, and which is saturated
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or unsaturated and attached to the rest of the molecule by a single bond. Monocyclic
radicals include, for cxample, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and cyclooctyl. Polycyclic radicals include, for example, adamantyl,
norbornyl, decalinyl, 7,7-dimethyl-bicyclo[2.2.1]heptanyl, and the like.

“Halo” or “halogen” refers to bromo, chloro, fluoro or iodo.

“Cyehaloalkyl” refers to a C,ealkyl radical, as defined above, that is
substituted by one or more halo radicals, as defined above, e.g., trifluoromethyl,
difluoromethyl, trichloromethyl, 2,2,2-trifluoroethyl, 1,2-difluoroethyl,
3-bromo-2-fluoropropyl, 1,2-dibromoethyl, and the like.

“Heterocycle” or “heterocyclyl” means a 4- to 7-membered monocyclic,
or 7- to 10-membered bicyclic, heterocyclic ring which is either saturated, unsaturated
or aromatic, and which contains from 1 to 4 heteroatoms independently selected from
nitrogen, oxygen and sulfur, and wherein the nitrogen and sulfur heteroatoms may be
optionally oxidized, and the nitrogen heteroatom may be optionally quaternized,
including bicyclic rings in which any of the above heterocycles are fused to a benzene
ring. The heterocycle may be attached via any heteroatom or carbon atom. An
aromatic hcterocycle is refcrred to herein as a “heteroaryl”, and includes (but is not
limited to) furyl, benzofuranyl, thiophenyl, benzothiophenyl, pyrrolyl, indolyl,
isoindolyl, azaindolyl, pyridyl, quinolinyl, isoquinolinyl, oxazolyl, isooxazolyl,
benzoxazolyl, pyrazolyl, imidazolyl, benzimidazolyl, thiazolyl, benzothiazolyl,
isothiazolyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, cinnolinyl, phthalazinyl,
oxadiazolyl, thiadiazolyl, benzisoxazolyl, triazolyl, tetrazolyl, indazolyl and
quinazolinyl. In addition to the heteroaryls listed above, heterocycles also include
morpholinyl, pyrrolidinonyl, pyrrolidinyl, piperidinyl, piperazinyl, and the like. In
addition, heterocycles also include benzothiophen-2-yl, 2,3-dihydrobenzo-1,4-dioxin-6-
yl, benzo-1,3-dioxol-5-yl and the like.

The term ““substituted” as used herein (for example, in the context of a
substituted heterocyclyl or substituted aryl) means that at least one hydrogen atom is
replaced with a substituent. ““Substituents” within the context of this invention include

halogen, hydroxy, oxo, cyano, nitro, imino, thioxo, amino, alkylamino, dialkylamino,

10
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alkyl, alkoxy, alkylthio, haloalkyl, aryl, aralkyl, heteroaryl, heteroarylalkyl, heterocycle
and hetcrocyclealkyl, as well as -NR,R,, -NR,C(=O)R, -NR,C(=O)NR,NR,, -
NR,C(=0)OR; -NR.SO;R;, -C(=0)R,, -C(=0)OR,, -C(=0O)NR.R;,, -OC(=O)NRRy, -
OR,, -SR,, -SOR,, -S(=0),R,, -OS(=0);R,, -S(=0),0R,, =NSO;R, and -SO,NR,R;,. In
5 the foregoing, R, and Ry, in this context may be the same or different and independently
hydrogen, alkyl, haloalkyl, cycloalkyl, aryl, aralkyl, heterocyclyl. In addition, the
foregoing substituents may be further substituted with one or more of the above

substituents.

10 In further embodiments of structure (I), X is -O- and the compound has

the following structure (II):

OR; Rs Rs
N )\
R; N R,
(0]
(1)
15 In more specific embodiments of structure (II):

R, 18 Csalkyl, C,shaloalkyl, Cearalkyl, aryl,
-(CH3),O(CH2),,CH3; or -(CH;),N(CHz)2;
R, is substituted or unsubtituted heterocyclyl, substituted phenyl,
or substituted or unsubstituted naphthyl;
20 R; is substituted or unsubstituted heterocyclyl, or substituted or
unsubstituted aryl; and
R4 and Rs are the same or different and independently hydrogen,
Ciealkyl or Cghaloalkyl;
nisl,2,3,4,5o0r6;and
25 mis0,1,2,3,4,50r6.
In further more specific embodiments of structure (II), R4 and Rs are the
same or different and independently hydrogen or C,gsalkyl (such as, for example,

hydrogen), R is Cigalkyl (such as, for example, methyl, ethyl or isopropyl), Rz is

11



10

15

20

25

WO 2010/017236 PCT/US2009/052754

substituted phenyl (such as, for example, 3,4,5-trimethoxyphenyl or 4-bromo-3,5-
dimethoxyphenyl) and/or R, is substituted or unsubstitutcd phenyl (such as, for
example, 4-morpholinophenyl or 4-(1H-pyrazol-1-yl)phenyl), substituted or
unsubstituted naphthyl, or substituted or unsubstituted heteroaryl.

In other further embodiments of structure (I), X is -S- and the compound

has the following structure (I111):

SR, R, Rs
N )\
R, \N R,
0
(111)

In more specific embodiments of structure (I1I):

R, is Cigealkyl, C;¢haloalkyl, -(CH,),O(CH,),CH; or
-(CH2).N(CHa):;

R, and Rj; are the same or different and independently substituted
or unsubstituted heterocyclyl, or substituted or unsubstituted aryl; and

R4 and Rs are the same or different and independently hydrogen,
Cisalkyl or C ghaloalkyl;

nis1,2,3,4,5 or 6, and

mis0,1,2,3,4,5or6.

In further more specific embodiments of structure (III), R4 and Rs are the
same or different and independently hydrogen or C;calkyl (such as, for example,
hydrogen), R; is Ciealkyl (such as, for example, methyl, ethyl or isopropyl), Rs is
substituted phenyl (such as, for example, 3,4,5-trimethoxyphenyl or 4-bromo-3,5-
dimethoxyphenyl) and/or R, is substituted or unsubstituted phenyl (such as, for
example, 4-morpholinophenyl or 4-(1H-pyrazol-1-yl)phenyl), substituted or
unsubstituted naphthyl, or substituted or unsubstituted heteroaryl.

In more specific embodiments of structure (IV):

12
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R; is hydrogen, C,salkyl, C,shaloalkyl, C,saralkyl, aryl,
-(CH,),0(CH,),,CHj3 or -(CH,),N(CHa)y;

R2 is
2

Raa
, wherein
5 Ry, 1s -N(R2uR,c) or a heterocyclic ring containing at least
one N ring atom, and
Ry, and Ry are the same or different and independently

hydrogen, C,.salkyl, C,shaloalkyl, C;_saralkyl or aryl;

R3 is
éf R3a

Rap

10 Rsc , wherein

Ria is -Cy salkoxy,
Ry is halogen, and
R;. is -C) salkoxy;
R4 and Rs are the same or different and independently hydrogen,
15 C,salkyl or C,shaloalkyl;
nisl,2,3,4,5o0r6;and
mis0,1,2,3,4,50r6.
In other more specific embodiments of structure (IV):
R; is hydrogen, Cisalkyl, Cishaloalkyl, C,saralkyl, aryl,
20 -(CH3),0(CH,),,.CH; or -(CH3),N(CHz3),;
R, 18

13
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, wherein
R2a 18 -N(R2R2c) or a heterocyclic ring containing at least
one N ring atom, providcd that Ry, is not 1H-tctrazol-1-yl, and
R,, and R, are the same or different and independently

hydrogen, C,alkyl, C,chaloalkyl, C, aralkyl or aryl;

Rsis 55

Rac
, wherein

R3, is -Cy_salkoxy, and

R is -C)salkoxy;
R4 and Rs are the same or different and independently hydrogen,

Ciealkyl or C,shaloalkyl;

nisl,2,3,4,5o0r6;and
mis0,1,2,3,4,5o0r6.

In other more specific embodiments of structure (IV), R4 and Rs are
hydrogen or Cysalkyl (such as, for example, hydrogen), R, is hydrogen or C,salkyl
(such as, for example, methyl, ethyl, isopropyl or cyclopropyl), R is substituted phenyl
(such as, for example, 3,4,5-trimethoxyphenyl or 4-bromo-3,5-dimethoxyphenyl) and/or
R; is substituted or unsubstituted phenyl (such as, for example, 4-morpholinophenyl or
4-(1H-pyrazol-1-yl)phenyl) or substituted or unsubstituted naphthyl.

The compounds of the present invention may be prepared by known
organic synthesis techniques, including the methods described in more detail in the
Examples, or in some instances may be obtained from commercially available sources.

In general, the compounds of structures (I) and (IV) above may be made by the

14
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following reaction schemes, wherein all substituents are as defined above unless

indicated otherwisc.

Reaction Scheme 1

5
Ri~ Ri~
0 R,OH 0 oH MeOH Q o H,NNH,
L G
1 2O 30
X
Ri~ R
o R R ™o Re Rs
N. N
Rz/Hf NH, RZ/H( ~N’)\R3

c)(")

Compounds of formula 1 can be obtained commercially or synthesized
through standard literature methods. Compounds of formula 1 can be reacted with a
variety of alcohols using the method disclosed in U.S. Patent No. 7,129,238 (which is

10 incorporated herein by reference in its cntirety) to provide compounds of formula 2.
Compounds of formula 2 can be heated with a variety of alcohols under acidic
conditions to provide compounds of formula 3. Compounds of formula 3 can then be
heated to reflux in the presence of hydrazine hydrate in an alcoholic solvent to provide
compounds of formula 4. Compounds of formula 4 can be reacted with aldehydes or

15  ketones of formula 5 to provide compounds of structure (II).

Reaction Scheme 2

15
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R1\ R1\ R1\
S NCS S ACl S H,NNH,
H(O\ —_— ON§ B—» RZ)YO\ .
0 o) enzene o)
1 2 3
R 0 R
s PS s R, Rs
N R g R N A
Rg)ﬁ( “NH, RQ)ﬁ( N7 R,
o] o)
(i
4

Compounds of formula 1 can be obtained commercially or synthesized

through standard litcraturc methods. Compounds of formula 1 can be rcacted with a

ts such as NCS to provide compounds of formula 2.

Compounds of formula 2 can be reacted with aromatic compounds under Friedel-Crafts

Compounds of formula 3 can then be

of hydrazine hydratc in an alcoholic solvent to providc

compounds of formula 4. Compounds of formula 4 can be reacted with aldehydes or

S variety of halogenating reagen
conditions to provide compounds of formula 3.

hcated to reflux in the presence

10  ketones of formula 5 to provide

MeOH

compounds of structure (III).

Reaction Scheme 3

A~ Ri HoNNH,
o R X_ 2,
R Y Y
o) o)
2 3
o
R3)J\ R5 R1 R4 R5
s NN
R; NTOR,
o)
(v)
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Compounds of formula 1 can be obtained commercially or synthesized
through standard litcraturc mcthods. Compounds of formula 1 can be rcacted with a
variety of alcohols under acidic conditions to provide compounds of formula 2.
Compounds of formula 2 can be treated with a variety of bases and alkylating reagents
to provide compounds of formula 3. Compounds of formula 3 can then be heated to
reflux in the presence of hydrazine hydrate in an alcoholic solvent to provide
compounds of formula 4. Compounds of formula 4 can be reacted with aldehydes or

ketones of formula 5 to provide compounds of structure (IV).

The compounds of the present invention may generally be utilized as the
free acid or free base. Alternatively, the compounds of this invention may be used in
the form of acid or base addition salts. Acid addition salts of the free amino compounds
of the present invention may be prepared by methods well known in the art, and may be
formed from organic and inorganic acids. Suitable organic acids include maleic,
fumaric, benzoic, ascorbic, succinic, methanesulfonic, acetic, trifluoroacetic, oxalic,
propionic, tartaric, salicylic, citric, gluconic, lactic, mandelic, cinnamic, aspartic,
stcaric, palmitic, glycolic, glutamic, and benzencsulfonic acids. Suitable inorganic
acids include hydrochloric, hydrobromic, sulfuric, phosphoric, and nitric acids. Base
addition salts included those salts that form with the carboxylate anion and include salts
formed with organic and inorganic cations such as those chosen from the alkali and
alkalinc carth mctals (for cxamplc, lithium, sodium, potassium, magncsium, barium and
calcium), as well as the ammonium ion and substituted derivatives thereof (for example,
dibenzylammonium, benzylammonium, 2-hydroxyethylammonium, and the like).
Thus, the term “pharmaceutically acceptable salt” of structures (I) through (IV) is
intended to encompass any and all acceptable salt forms.

In addition, prodrugs are also included within the context of this
invention. Prodrugs are any covalently bonded carriers that release a compound of
structures (I) through (IV) in vivo when such prodrug is administered to a patient.
Prodrugs are generally prepared by modifying functional groups in a way such that the

modification is cleaved, either by routine manipulation or in vivo, yielding the parent
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compound. Prodrugs include, for example, compounds of this invention wherein
hydroxy, aminc or sulfhydryl groups arc bondcd to any group that, when administercd
to a patient, cleaves to form the hydroxy, amine or sulfhydryl groups. Thus,
representative examples of prodrugs include (but are not limited to) acctate, formate
and benzoate derivatives of alcohol and amine functional groups of the compounds of
structures (I) through (IV). Further, in the case of a carboxylic acid (-COOH), esters
may be employed, such as methyl esters, ethyl esters, and the like.

In addition, prodrugs having the following structures (I-A), (I-B), (IV-A)

and (IV-B) are included within the scope of this invention:

0 Rig
XR4 Rs XR, Y Re
N
~ /k N )\
R; ZN Rs Ry \N/ Rs
o

OTRW
(e}
(I-A) (I-B)
0 Rio
Ry Rs R, Y Re
. A Py
Ry =z \N/ Rs R, N\N/ Ry
OTR” 0
o
(IV-A) (IV-B)

wherein Ryg 1s Csalkyl, aryl, -OC,salkyl, -O-aryl or -NC, salkyl. Enolic prodrugs of
structure (I-A) and (IV-A) may be prepared by treating a compound of structure (I) or
structure (IV), respectively, with a base, such as triethylamine, in a solvent, such as
dichloromethane, followed by the addition of an electrophile, such as acetyl chloride.
N-acylated prodrugs of structure (I-B) and (IV-B) may bc prepared via thermal
rearrangement by heating a prodrug of structure (I-A) or (IV-A), respectively, in a

solvent, such as toluene. See, e.g., Carpino et al., J. Org. Chem., 53, 6047-6053 (1988);
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Geita et al., Zhurnal Organicheskoi Khimii, 13(7), 1461-1465 (1977) (translation
availablc from Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR,
1346-1350); Maroulis et al., J. Heterocyclic Chem., 21, 1653-1656 (1984), Monge et
al., J. Heterocyclic Chem., 21, 397-400 (1984); and Singh et al., Tetrahedron Letters,
29,2711-2714 (1973).

With regard to stereoisomers, the compounds of structures (I) through
(IV) may have chiral centers and may occur as racemates, racemic mixtures and as
individual enantiomers or diastereomers. All such isomeric forms are included within
the present invention, including mixtures thereof. Furthermore, some of the crystalline
forms of the compounds of structures (I) through (IV) may exist as polymorphs, which
are included in the present invention. In addition, some of the compounds of structures
(D through (IV) may also form solvates with water or other organic solvents. Such
solvates are similarly included within the scope of this invention.

In another embodiment of the invention, pharmaceutical compositions
containing one or more compounds of structures (I) through (IV) are disclosed. For the
purposes of administration, the compounds of the present invention may be formulated
as pharmaccutical compositions. Pharmaceutical compositions of thc present invention
comprise one or more compounds of the present invention and a pharmaceutically
acceptable carrier and/or diluent. The PDE10 inhibitor is present in the composition in
an amount which is effective to treat a particular disorder--that is, in an amount
sufficicnt to achieve desired PDE10 inhibition, and preferably with acceptablce toxicity
to the warm-blooded animal. Typically, the pharmaceutical compositions of the present
invention may include a PDEI10 inhibitor in an amount from 0.1 mg to 250 mg per
dosage depending upon the route of administration, and more typically from 1 mg to 60
mg. Appropriate concentrations and dosages can be readily determined by one skilled
in the art.

In general terms, a typical daily dosage might range from about 1 ug/kg
to 100 mg/kg, preferably 0.01-100 mg/kg, more preferably 0.1-70 mg/kg, depending on
the type and severity of the disecase whether, for example, by one or more separate

administrations. For repeated administrations over several days or longer, depending
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on the condition, the treatment is sustained until a desired suppression of discase
symptoms occurs. Howcver, other dosage regimens may be uscful. The progress of
this therapy can be monitored by standard techniques and assays. The specification for
the dosage unit forms of the invention are dictated by and directly dependent on the
unique characteristics of the active compound and the particular therapeutic effect to be
achieved, and the limitations inherent in the art of compounding such an active
compound for the treatment of individuals.

Pharmaceutically acceptable carrier and/or diluents are familiar to those
skilled in the art. For compositions formulated as liquid solutions, acceptable carriers
and/or diluents include saline and sterile water, and may optionally include
antioxidants, buffers, bacteriostats and other common additives. The compositions can
also be formulated as pills, capsules, granules, or tablets which contain, in addition to a
PDEI0 inhibitor, diluents, dispersing and surface active agents, binders, and lubricants.
One skilled in this art may further formulate the PDEI10 inhibitor in an appropriate
manner, and in accordance with accepted practices, such as those disclosed in
Remington's Pharmaceutical Sciences, Gennaro, Ed., Mack Publishing Co., Easton, PA
1990.

In another embodiment, the present invention provides a method for
treating diseases such as (but not limited to) psychotic disorders, anxiety disorders,
movement disorders and/or neurological disorders such as Parkinson’s disease,
Huntington’s discase, Alzheimer’s discase, cncephalitis, phobias, cpilepsy, aphasia,
Bell’s palsy, cerebral palsy, sleep disorders, pain, Tourette’s syndrome, schizophrenia,
delusional disorders, bipolar disorders, post-traumatic stress disorders, drug-induced
psychosis, panic disorders, obsessive-compulsive disorders, attention-deficit disorders,
disruptive behavior disorders, autism, depression, dementia, cognitive disorders,
epilepsy, insomnias and multiple sclerosis as discussed above. Such methods include
administering of a compound of the present invention to a warm-blooded animal in an
amount sufficient to treat the condition. In this context, “treat” includes prophylactic
administration. Such methods include systemic administration of a PDE10 inhibitor of

this invention, preferably in the form of a pharmaceutical composition as discussed
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above. As used herein, systemic administration includes oral and parenteral methods of
administration, including subcutancous, intramuscular, intracranial, intraorbital,
ophthalmic, intraventricular, intracapsular, intraarticular, intraspinal, intracisternal,
intraperitoneal, intranasal, acrosol, intravenous, intradermal, inhalational, transdermal,
transmucosal, and rectal administration.

For oral administration, suitable pharmaceutical compositions of PDE10
inhibitors include powders, granules, pills, tablets, and capsules as well as liquids,
syrups, suspensions, and emulsions. These compositions may also include flavorants,
preservatives, suspending, thickening and emulsifying agents, and other
pharmaceutically acceptable additives and excipients. For parenteral administration,
the compounds of the present invention can be prepared in aqueous injection solutions
which may contain, in addition to the PDEI10 inhibitor, buffers, antioxidants,
bacteriostats, and other additives and excipients commonly employed in such solutions.
Compositions of the present invention may be carried in a delivery system to provide
for sustained release or enhanced uptake or activity of the therapeutic compound, such
as a liposomal or hydrogel system for injection, a microparticle, nanopartical or micelle
systcm for oral or parenteral delivery, or a staged capsule system for oral delivery.

In a further advantage of the present invention, compounds of structures
(I) through (IV) are expected to avoid or reduce metabolic side effects associated with
conventional antipsychotics, in particular the incidence of therapeutically induced
obesity.  For cxample, chronic use of olanzapinc (Zyprexa®), thc most widely
prescribed medication to treat schizophrenia, and related atypical antipsychotics is
associated with significant metabolic side effects including obesity and associated
conditions such as diabetes.

In animals, subchronic treatment with olanzapine stimulates food intake
and increases body weight, consistent with human situations. Furthermore, olanzapine
acutely lowers blood leptin levels. Leptin is a satiety hormone produced from adipose
tissues, and decrease of leptin level stimulates appetite. It is theorized that olanzapine
could stimulate food intake at least partly by reducing leptin levels. Acute

administration of olanzapine also changes the animal’s response in glucose and insulin
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levels in glucose tolerance tests, which may also be directly linked to olanzapine’s
effcct in food intake and body weight gain. Examination of the acute effcct of PDEL0
inhibitors of the present invention on metabolism, such as leptin, insulin and glucose
changes during a metabolic challenge in standard animal models, as well as the chronic
effect of PDE10 inhibitors of the present invention in food intake, body weight and
energy homeostasis, in comparison with olanzapine should provide evidence to the
pharmaceutical advantage of PDE10 inhibitors as antipsychotics in terms of less side-
effect concerns.

The compositions of the present invention may be administered in
combination with one or more additional therapeutic agents, in combination or by
concurrent or sequential administration. Suitable additional agents (i.e., adjuvants) may
include typical antipsychotics that block dopamine-D, receptors and serotonin SHT,
receptors, e.g., haloperidol, fluphenazine, chlorpromazine, and atypical antipsychotics,
e.g., clozapine, olanzapine, risperidone, quetiapine, ziprasidone.

Compounds of this invention may be assayed to determine their ICsg
values by a modification of the two-step method of Thompson and Appleman
(Biochemistry 10; 311-316; 1971). In short, cCAMP is spiked with (*H)cAMP and
incubated with PDE10 and various concentrations of a compound of structure (I). After
the appropriate incubation time, the reaction is terminated by heating. The mixture is
then subjected to treatment with snake venom phosphatase. The phosphatase
hydrolyzes any AMP in the mixture, but lcaves unrcactcd cCAMP intact. Thus, by
separating CAMP from the mixture and determining its concentration (by radiography),
the percent of inhibition can be determined. ICsy, values can be calculated by
performing the experiment at several concentrations using standard graphical means. A
detailed description of the actual technique used for ICs assays as set forth in following
Examples. To this end, PDE10 inhibitors of the invention have an ICsy of 100uM or
less, generally less than 10 uM, and typically less than 1 pM.

The following examples are provided for purposes of illustration, not

limitation.
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EXAMPLES

Example 1
Synthesis of (E)-2-Methoxy-2-(naphthalen-2-y1)-N'-(3.4.5-

5 trimethoxybenzylidene)acetohydrazide

2-Hydroxy-2-(naphthalen-2-yl)acetic acid

@) OH

OH
O H  CHCl,, NaOH O
o)
‘ BTEAC, heat ‘

A solution of 2-naphthaldchyde (2.0 g, 1.0 cq), benzyltriethylammonium
chloride (BTEAC) (0.13 g), and 50% aqueous NaOH (2.3 mL), and B-cyclodextrin

10

(0.10 g) in chloroform (10 mL) was heated at 55 °C for 12 hours. The mixture was then
poured into water and the solution washed with EtOAc. The aqueous layer was then
15 acidified to pH | by dropwise addition of HCI (conc.). This was extracted with EtOAc,
dried over Na,SO,, filtered and concentrated under reduced pressure to yield a yellow

oil (0.75 g, 29%) that was not further purified.

Methyl 2-hydroxy-2-(naphthalen-2-yl)acetate

O OH MeOH, H,SO, O O
r r

To a stirred solution of 2-hydroxy-2-(naphthalen-2-yl)acetic acid (0.75 g,

20

1 eq) in dry McOH was added sulfuric acid (0.1 mL) dropwise and hcated to reflux.

25 Stirring was then continued for 2 hours. The reaction mixture was then cooled and
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poured into saturated aqueous NaHCO; and extracted with EtOAc. The combined
organic fractions werc dried over Na,SQ,, filtered, and concentrated under reduccd

pressure to yield an oil (0.63 g, 78%) that was not further purified.

5  Methyl 2-methoxy-2-(naphthalen-2-yl)acetate

0
~ NaH. Mel N
o @
O DMF O 0

To a stirred solution of methyl 2-hydroxy-2-(naphthalen-2-yl)acetate

10 (0.63g, 1 eq) in dry DMF was added NaH (0.45g, 4 eq) and methyl iodide (0.74 mL, 4.1
eq). Stirring was then continued for 24 hours. The reaction mixture was then poured

into ethyl acetate and washed with H,O. The combined organic fractions were dried
over Na;SOq, filtered, and concentrated under reduced pressure to yield an oil that was
purified by column chromatography using ethyl acetate and hexanes to yield an oil

15 (0.358 g, 53%).

2-Methoxy-2-(naphthalen-2-yl)acetohydrazide

20
A stirred solution of mecthyl 2-methoxy-2-(naphthalen-2-yl)acctate
(0.358 g, 1 eq) and hydrazine hydrate (4 mL) was heated to reflux for 1 hour. The
reaction mixture was then cooled and the solvents removed under reduced pressure.

The crude oil was diluted with EtOAc and washed with H,O and the organic phase
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dried over Na,SQOy, filtered, and the solvents removed under reduced pressure to yield a

ycllow oil (0.17 g, 47%) that was used without further purification.

(E)-2-Methoxy-2-(naphthalen-2-y1)-N'-(3.4.5-trimethoxybenzylidene)acetohydrazide

o)
N O =
NH, - N-\ O
(o] (@] e
O EtOH, HOAG O 0

(1-1)

In a round-bottom glass flask equipped with a magnctic stir bar methyl
2-methoxy-2-(naphthalen-2-yl)acetohydrazide (0.17g, 1 eq) was dissolved in ethanol
10 (10 mL) at room temperature. To this well stirred solution, acetic acid (10 mL) and
3,4,5-trimethoxy-benzaldehyde (0.145 g, 1 eq) were added, and the reaction mixture
was heated at 90 °C for 2 hours. The mixture was then cooled and the crude product
was diluted with Et,;O and filtered and the solid was washed thoroughly with Et;O to
yield 0.176 g, 58% of the product (1-1) as a white solid.
15

Example 2
Svnthesis of (£)-2-(2.3-Dihydrobenzo[b][1.4]dioxin-6-yl)-2-methoxy-N'-(3.4.5-

trimethoxybenzylidene) acetohydrazide

20 2-(2.3-Dihydrobenzo[b][1.4]dioxin-6-yl)-2-methoxvacetic acid

0 o~
9y KOH, MeOH OH
————————————————
o CHBr, o 0
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To a stirred solution of 2,3-dihydrobenzo[b][1,4]dioxine-6-carbaldehyde

(3.0 g, 1.0 ¢q) and bromoform (2.0 mL, 1.27 eq) in MeOH (18 mL) and dioxanc (18
mL) was added dropwise a solution of potassium hydroxide (5.1 g, 5.0 eq) in MeOH
(18 mL) over 15 minutes. Stirring was then continued for 24 hours. The mixture was

5 then poured into water and the solution washed with EtOAc and acidified to pH 1 by
dropwise addition of HCI (conc.). This was extracted with EtOAc, dried over Na,;SOy,
filtered and concentrated under reduced pressure to yield a yellow oil (4.1 g) that was

not further purified.

10 Methyl 2-(2.3-dihydrobenzo[b][1.4]dioxin-6-yl)-2-methoxyacetate

o~ o~ |
OH MeOH O
H,SO
o (0] 200U, o (@]

O N

To a stirred solution of 2-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-2-
15 methoxyacetic acid (18.3 mmol) in dry MeOH was added sulfuric acid (2.5 mL)
dropwise and heated at 90 °C. Stirring was then continued for 3 hours. The reaction
mixture was then cooled and poured into saturated aqueous NaHCOj; and extracted with
EtOAc. The combined organic fractions were dricd over Na;SQ., filtered, and
concentrated under reduced pressure to yield an oil (3.7 g) that was not further purified.
20
2-(2,3-Dihydrobenzo[b][1.4]dioxin-6-yl)-2-methoxyacetohydrazide

~ e
o T
o HoNNH, N
2
—_—
o O EtOH 0 ©
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To a stirred solution of methyl 2-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-
2-mcthoxyacctatc (18.3 mmol) in anhydrous EtOH (150 mL) was addcd hydrazine
hydrate (73.2 mmol, 4 eq) and heated to 90 °C. Stirring was then continued for 24
hours. The reaction mixture was then cooled and the solvents removed under reduced
pressure. The crude oil was diluted with EtOAc and washed with H,O and the organic
phase dried over Na,SQO,, filtered, and the solvents removed under reduced pressure to

yield a yellow oil (3.5 g) that was used without further purification.

(E)-2-(2.3-Dihydrobenzo[b][1.4]dioxin-6-yl)-2-methoxy-N'-(3.4.5-

trimethoxybenzylidene) acetohydrazide

ZT
/

“NH, ? H

o N. = 0
pd
ol A
Lo EtOH, HOAC o ! ?

(2-1)

In a round-bottom glass flask equipped with a magnetic stir bar 2-(2,3-
dihydrobenzo[b][1,4]dioxin-6-yl)-2-mcthoxyacetohydrazide (1 eq., 1.1 mmol; 260 mg)
was dissolved in ethanol (10 mL) at room temperature. To this well stirred solution,
acetic acid (~3 drops) and 3, 4, 5-trimethoxy-benzaldehyde (1.2 eq, 1.3 mmol; 260 mg)
were added, and the reaction mixture was heated for 12 hours. The mixture was then
cooled and the crude product was diluted with Et,O and filtered and the solid was

washed thoroughly with Et,0 to yield: 300 mg (65%) of (2-1).
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Example 3
Synthesis of (£)-2.2-Diphenyl-N'-(3.4.5-trimcthoxybenzylidene)acctohydrazide

Methyl 2.2-diphenylacetate

MeOH/H2804 |

O OH reflux O
© O 0

To a stirred solution of 2,2-diphenylacetic acid (1 gram, 1 equiv) in dry

MeOH (50 mL) was added sulfuric acid (0.4 mL) dropwise and heated to reflux.

10 Stirring was then continued for 3 hours. The reaction mixture was then cooled and

poured into saturated aqueous NaHCO; and extracted with EtOAc. The combined

organic fractions were dried over Na,SQ,, filtered, and concentrated under reduced

pressure to yield an oil (1.0 g, 93%) that was not further purified.

15 2.2-Diphenylacetohydrazide

O HoNNH, O

| H

N.
O EtOH NH,
o) o)

To a stirred solution of methyl 2,2-diphenylacetate (0.5 g, 1 equiv) in
20  anhydrous EtOH (150 mL) was added hydrazine hydrate (8 mL) and heated to reflux.

Stirring was then continued for 1 hour. The reaction mixture was then cooled and the

solvents removed under reduced pressure. The crude oil was diluted with EtOAc¢ and

washed with H,O and the organic phase dried over Na,SQO., filtered, and the solvents

removed under reduced pressure to yield a yellow oil (0.97g, 97%) that was used

25  without further purification.
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(£)-2.2-Diphcnyl-N'-(3.4.5-trimcthoxybenzylidenc)acctohydrazide

Q |
C L C
0 |
H [ H
o) N. = o)
NN, - O N
0 0 o

EtOH, HOAc |
_0O

(-1

5 In a round-bottom glass flask equipped with a magnetic stir bar 2,2-

diphenylacetohydrazide (0.33 g, 1 equiv) was dissolved in ethanol (20 mL) at room

temperature. To this well stirred solution, acetic acid (1.4 mL) and 3, 4, 5-

trimethoxybenzaldehyde (0.29 g, 1 equiv) were added, and the reaction mixture was

heated to reflux for 2 hours. The mixture was then cooled and the crude product was

10 diluted with Et,O and filtered and the solid was washed thoroughly with Et,O to yield
the product (3-1) (0.056 g, 10%).

Example 4
Synthesis of (E)-N'-(3.4-Dimethoxybenzylidene)-2-(methylthio)-2-

15 phenylacetohydrazide

Methyl 2-chloro-2-(methylthio)acetate

O

(0]
Cl
Ao desea e

S -
20
Methyl 2-chloro-2-(methylthio)acetate can be synthesized according to
literature procedures (Boehme, H.; Krack, W.; Justus Liebigs Annalen der Chemie;

1977; 51-60. Iwama, Tetsuo; Harutoshi, Matsumoto; Tadashi, Kataoka; Journal of the
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Chemical Society, Perkin Transactions 1: Organic and Bio-Organic Chemistry (1972-

1999); 1997; 835-844).

Methyl 2-(methylthio)-2-phenylacetate

o Q AlCI, Q
ﬁ/U\O/ o/
Benzene

S S

In a round-bottom glass flask equipped with a magnetic stir bar methyl
2-chloro-2-(methylthio)acetate (1.3 g, 1 equiv) was dissolved in benzene (20 mL) and
aluminum chloride (3.36 g, 2.8 equiv) added in one portion and heated to reflux for 3
hours. The mixture was then cooled and washed with H,O, brine, and dried over
MgSO,. The organic layer was concentrated under reduced pressure to yield a yellow

oil that was used without further purification (0.56 g, 35 %).
2-(Methylthio)-2-phenylacetohydrazide

©\HCJ)\ e @i
~ _NH,
© EtOH H

S S

To a stirred solution of methyl 2-(methylthio)-2-phenylacetate (0.300 g,
1 equiv) in anhydrous EtOH (5 mL) was added hydrazine hydrate (0.15 mL, 2 equiv)
and heated to reflux. Stirring was then continued for 18 hours. The reaction mixture
was then cooled and the solvents removed under reduced pressure. The crude oil was
diluted with EtOAc and washed with H,O and the organic phase dried over Na,SO,,
filtered, and the solvents removed under reduced pressure to yield a yellow oil which
was purified by flash chomatography on silica gel using ethyl acetate and hexanes. The

purified product was a white solid (193 mg, 66%).
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(E)-N'-(3.4-Dimethoxybenzylidene)-2-(methylthio)-2-phenylacetohydrazide

0]
H
7 57y
0] /O N, =
_NH, N
N o
H
S EtOH, HOAc (@]
- |
O
(4-1)

In a round-bottom glass flask equipped with a magnetic stir bar 2-

5 (methylthio)-2-phenylacetohydrazide (0.132 g, 1 equiv) was dissolved in ethanol (5

mL) at room temperature. To this well stirred solution, acetic acid (2 drops) and 3, 4-

dimethoxybenzaldehyde (0.111 g, 1 equiv) were added, and the reaction mixture was

heated to reflux for 12 hours. The mixture was then cooled and the crude product was

diluted with Et,O and filtered and the solid was washed thoroughly with Et,O to yield

10 the product (4-1) (0.120 g, 52%).

Example 5
Svynthesis of (/Z, N'E)-2-Methoxy-2-(naphthalen-1-y1)-NM'-(3 4. 5-

trimethoxybenzylidene)acetohydrazonic pivalic anhydride

|
C|)K¢/ Et3N
CH,Cl,

(5-1)

An oven dried flask was charged with (£)-2-methoxy-2-(naphthalen-1-

yD)-N-(3, 4, S-trimethoxybenzylidene)acetohydrazide (0.1 g, 0.25 mmol) (prepared

according to the foregoing procedures) and put under argon.  Anhydrous

20  dichloromethane (20 mL), tricthylamine (0.17 mL, 1.2 mmol), and pivaloyl chloride

(0.081 mL, 0.67 mmol) were added and the mixture was stirred at room temperature for

18 hours. The mixture was poured into H,O and the resulting aqueous layer was
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extracted with dichloromethane twice. The combined organics were washed with water
and brine, dricd over Na,SQy, filtcred and concentrated in vacuo. Purification by
chromatography (ethyl acetate-hexanes) gave the product (5-1) as a light yellow solid
(0.12 g, 100%).

Example 6
Svynthesis of (E)-2-Methoxy-2-(quinolin-5-y1)-NV'-(3.4.5-trimethoxybenzylidene)-

acetohydrazide

) Q  KON.NHCI [ N
N B ——
Et,0-H,0 CN

A suspension of quinoline-5-carboxaldehyde (3.12 g, 19.9 mmol) in
diethyl ether (42 mL) was cooled over an ice bath. Cold solutions of NH4Cl (1.09 g,
18.7 mmol) in water (4.5 mL) and KCN (1.34 g, 20.5 mmol) in water (4.5 mL) were
added successively. The mixture was allowed to warm gradually to room temperature
with rapid stirring. After 1.75 hours total rcaction time, the mixturc was cooled over an
ice bath and the tan solid was collected on a Biichner funnel, rinsed with water, a small
amount of methanol, and diethyl ether. The product was dried under vacuum to give a

tan solid (2.6 g, 76% yield). The compound was used without further purification.

HCI EtOH;
HZO heat

A suspension of 2-hydroxy-2-(quinolin-5-yl)acetonitrile (2.56 g, 13.9
mmol) in absolute ethanol (70 mL) was cooled over an ice bath. HCI was bubbled
slowly through the mixture for 1 hour then it was stirred for 15 minutes over ice. The
ice bath was removed and water (5 mL) was cautiously added to the reaction. The

mixture was heated at 60°C for 15 minutes, 50 °C for 2 hours, and it was allowed to
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cool to room temperature. Water was added to the reaction mixture and it was made
basic with thc slow addition of solid KOH, solid NaHCO; and saturatcd aqucous
NaHCOj until the pH = 9. The mixture was extracted with EtOAc three times and the
combined organics were washed with water and brine, dried over Na,SO4 and
concentrated in vacuo to give ethyl 2-hydroxy-2-(quinolin-5-yl)acetate as a brown oil

(2.39 g, 74% yield).

| A OH
N o~
O

Mel, NaH

THF

To a solution of ethyl 2-hydroxy-2-(quinolin-5-yl)acetate (1.5 g, 6.5
mmol) in anhydrous THF in an oven-dried flask under argon was added iodomethane
(1.2 mL, 19.2 mmol) and the mixture was cooled over an ice bath. NaH (60% in oil;
0.26 g, 6.5 mmol) was added and the mixture stirred for 1 hour over ice. After
removing the ice bath, stirring was continued for an additional 3.25 hours, and more
NaH (60%; 0.030 g, 0.75 mmol) was added. Thc mixture was stirred for 45 minutcs
then the reaction was quenched with brine and further diluted with water. The aqueous
mixture was extracted with EtOAc and the combined organics were washed with water
three times, brine once, dried over Na,SO4 and concentrated in vacuo. Purification by
chromatography (50% EtOAc-hexanes) gave cthyl 2-mcthoxy-2-(quinolin-5-yl)acctate
as a yellow oil (0.9 g, 57% yield).

NHNH,-H,0

EtOH

To a solution of ethyl 2-methoxy-2-(quinolin-5-yl)acetate (0.9 g, 3.67
mmol) in absolute ethanol (25 mL) was added hydrazine hydrate (1.0 mL, 20.5 mmol)

and the mixture was heated at 85 °C for 18.5 hours. After cooling to room temperature,

33



15

20

25

WO 2010/017236 PCT/US2009/052754

the mixture was poured into ice-water (~150 mL) then concentrated in vacuo. The
rcsiduc was taken up in EtOAc, washed with diluted brine once, watcr twice then brine.
The organics were dried over Na,SOj4 and concentrated in vacuo to give 2-methoxy-2-
(quinolin-5-yl)acetohydrazide as an off-white foam (0.651 g, 77% yield) that was used

without further purification.

(6-1)

To a mixture of 2-methoxy-2-(quinolin-5-yl)acetohydrazide (0.149 g,
0.65 mmol) and 3, 4, 5-trimethoxybenzaldehyde (0.138 g, 0.70 mmol) in absolute
ethanol (5 mL) was added acetic acid (1 drop). The mixture was heated at 60 °C for 17
hours. Aftcr cooling to room temperature, the solid was collccted on a Blichner funnel
and rinsed with ethanol and diethyl ether then dried in vacuo to give (£)-2-methoxy-2-
(quinolin-5-yl)-N'-(3,4,5-trimethoxybenzylidene)acetohydrazide (6-1) as a white
powder (0.197 g, 75% yield).

Example 7
Synthesis of (E)-2-(4-(Dimethylamino)phenyl)-2-methoxy-N'-(3.4.5-

trimethoxybenzylidene) acetohydrazide

OTMS

CHO  TMSCN,
o -
N
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To a suspension of 4-(dimethylamino)benzaldehyde (5.05 g, 33.85
mmol) in dicthyl cther (60 mL) in an oven-dried flask under argon was added Znl,
(0.325 g, 1.0 mmol). Trimethylsilyl cyanide (5.00 mL, 40.0 mmol) was added slowly
and the mixture was stirred at room temperature for 1.75 hours. The solution was

5 diluted with EtOAc and washed with saturated aqueous NaHCOj3, water and brine then
dried over Na,SO,. After concentration in vacuo, 2-(4-(dimethylamino)phenyl)-2-

(trimethylsilyloxy)acetonitrile was obtained as a grey solid (8.3 g, 99% yield).

OTMS OH

OKCN _mHC @KCN
\N THF \N

I |
10

To a solution of 2-(4-(dimethylamino)phenyl)-2-(trimethylsilyloxy)
acetonitrile (7.19 g, 28.9 mmol) in THF (35 mL) was added 1 M aqueous HCI (1 mL)
and the mixture was stirred for 1 hour. Additional 1 M HCI (1 mL) was then added and
the reaction mixture was stirred for an additional 50 minutes. The mixture was made
15 basic with solid NaHCO; then diluted with EtOAc and water. The layers were
separated and the organics were washed with saturated aqueous NaHCOs, water and
brine. The solution was dried over Na,SO4 and concentrated in vacuo to give 2-(4-
(dimethylamino)phenyl)-2-hydroxyacetonitrile as an off-white solid (5.2 g, quantitative

yield). The product was used without further purification.

20
OH OH

/@)\CN HCI, EtOH; mOv
~N H,0, heat >N O

An  ice-cold  suspension of  2-(4-(dimethylamino)phenyl)-2-
hydroxyacetonitrile (5.7 g, 32.3 mmol) in absolute ethanol (60 mL) was bubbled with
25 HCI for 15 minutes. All solids went into solution; the ice bath was removed and the

mixture stirred for 15 minutes. Water (5 mL) was added and the mixture was stirred for
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40 minutes then heated at 60 °C for 1.5 hours. The mixture was diluted with additional
water then made basic with the addition of NaHCQO;: until the pH was 9-10. The
aqueous mixture was extracted with EtOAc twice and the combined organics were
washed with water and brine, dried over Na,SQ4, vacuum filtered through Celite and

5 concentrated in vacuo. Purification by chromatography (25-50% EtOAc-hexanes) gave
ethyl 2-(4-(dimethylamino)phenyl)-2-hydroxyacetate as a light yellow solid (2.32 g,
32% yield).

OH ~o

mov Mel, NaH O\/
SN 0] THF NN O

10
Ethyl 2-(4-(dimethylamino)phenyl)-2-methoxyacetate was synthesized
from ethyl 2-(4-(dimethylamino)phenyl)-2-hydroxyacetate according to the method
used for the preparation of Example 6. The product, isolated after extractive workup,
was an orange oil (0.675 g, 65% yield) and was used without further purification.
15

\O \O

mOV NHQNHQ-HQO /©)\(NHNH2
EtOH
~N (0] SN 0]

To a solution of ethyl 2-(4-(dimethylamino)phenyl)-2-methoxyacetate

(0.675 g, 2.84 mmol) in absolute c¢thanol (20 mL) was added hydrazine hydrate (0.8

20 mL, 16.4 mmol) and the mixture was heated at reflux for 22 hours. Additional
hydrazine hydrate (1.0 mL, 20.6 mmol) was added and the heating continued for 7
hours. After cooling to room temperature, the mixture was concentrated in vacuo. The
residue was dissolved in EtOAc and washed with water and brine, dried over Na,SO4

and concentrated in vacuo. The solid product was stirred with hot diethyl ether then

25 hexanes were added. After cooling to room temperature, the solids were collected on a

Biichner funnel and rinsed with 50% diethyl ether-hexanes then dried under vacuum to
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give 2-(4-(dimethylamino)phenyl)-2-methoxyacetohydrazide as an orange solid (0.246
g). Additional product was isolatcd from thc mother liquor by chromatography (80-
100% EtOAc-hexanes, then 5% methanol-EtOAc) to give an off-white solid (0.173 g,
66% yield total).

HOAc
\N (0] \N 0 O/

| EtOH |

(7-1)
(E)-2-(4-(Dimethylamino)phenyl)-2-methoxy-N'-(3,4,5-trimethoxy

benzylidene)acetohydrazide was synthesized from 2-(4-(dimethylamino)phenyl)-2-

methoxyacetohydrazidc according to the method used for the preparation of Examplc 6.

The product (7-1) was obtained as a white solid (0.0626 g, 34% yield).

Example 8
Synthesis of (£)-2-(Benzo[b]thiophen-2-y1)-2-methoxy-N'-(3.4.5-

trimethoxybenzylidene) acetohydrazide

S _CHO KCN oH
@j — e
THF-H,0

To a solution of benzo[b]thiophene-2-carbaldehyde (2.19 g, 13.5 mmol)
in anhydrous THF (200 mL) was added a solution of NaHSOs (6.18 g, 59.4 mmol) in
water (50 mL). KCN (3.248 g, 49.9 mmol) was added and the mixture was stirred at
room temperature for 22 hours. The reaction mixture was then heated at 45 °C for 1
hour. After cooling to room temperature, the mixture was diluted with water and brine
and extracted with EtOAc three times. The combined organics were washed with brine,

dried over Na,;SO,4 and concentrated in vacuo. Purification by chromatography (0-25%
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EtOAc-hexanes) gave 2-(benzo[b]thiophen-2-yl)-2-hydroxyacetonitrile as an off-white
solid (1.09 g, 46% yicld).

OH OH o
s ;N LI S OH M504 S o<
MeOH-H,0 /- MeOH /-
60°C
5 A mixture of 2-(benzo[b]thiophen-2-yl)-2-hydroxyacetonitrile (5.76

mmol) in 3 M aqueous HCI (20 mL) and methanol (8 mL) was heated at 60°C for 10
minutes then at 80 °C for 20 hours. Concentrated HCI (10 mL) was then added and
heating was continucd for 5 hours. After cooling to room temperature, the volatiles
were removed in vacuo. The residue was extracted with EtOAc and the combined
10 organics were washed with water and brine, dried over Na,SO4 and concentrated in
vacuo to give 2-(benzo[b]thiophen-2-yl)-2-hydroxyacetic acid as a brown oil (1.20 g)
which was used with further purification.
To a solution of 2-(benzo[b]thiophen-2-yl)-2-hydroxyacetic acid (1.20 g,
approx. 5.76 mmol) in anhydrous methanol (10 mL) was added concentrated H,SO4
15 (0.25 mL). The mixture was heated at 60 °C for 19 hours. The heat was increased to
70°C and stirred for 3.5 hours. After cooling to room temperature, the mixture was
diluted with water and extracted with EtOAc. The combined organics were washed
with dilute aqueous NaHCO; and brine then dried over Na,SO4 and concentrated in
vacuo. Purification by chromatography (10-25% EtOAc-hexanes) gave methyl 2-
20  (benzo[b]thiophen-2-yl)-2-methoxyacetate (0.464 g, 35%).

S ] O\ NHyNH,-H,0 S l NHNH,
B ——_

o EtOH o

To a solution of methyl 2-(benzo[b]thiophen-2-yl)-2-methoxyacetate
25 (0.174 g, 0.74 mmol) in absolute ethanol (3 mL) was added hydrazine hydrate (0.14

mL, 2.87 mmol) and the mixture was heated at 50 °C for 20 hours. After cooling to
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room temperature, the solution was concentrated in vacuo. The residue was dissolved
in EtOAc and washcd with watcr and brine, dricd over Na,SO4 and concentrated in
vacuo to give 2-(benzo[b]thiophen-2-yl)-2-methoxyacetohydrazide as a colorless oil

(0.182 g, quantative yield).

S NHNH, O s ’ N\ O
EtOH
(8-1) d
(E)-2-(Benzo[b]thiophen-2-yl)-2-methoxy-N'-(3,4,5-trimethoxy
benzylidene)acetohydrazide was synthesized from 2-(4-(dimethylamino)phenyl)-2-

methoxyacetohydrazide according to the method used for the preparation of Example 6.

The product (8-1) was obtaincd as a whitc solid (0.089 g, 60% yicld).

Example 9
Synthesis of (E)-N-(3.4-Dimethoxybenzylidene)-3-methyl-2-phenylbutanehydrazide

Methyl 2-phenylacetate

OH " MeOH/H,S0, OMe
O reflux m

To a stirred solution of 2-methyl-2-phenylacetate (10g, 1 eq) in dry

MeOH was added sulfuric acid (1.0 mL) dropwise and heated to reflux. Stirring was
then continued for 2 hours. The reaction mixture was then cooled and poured into
saturated aqucous NaHCOj; and extracted with EtOAc. The combined organic fractions
were dried over Na,;SQy, filtered, and concentrated under reduced pressure to yield an

oil (10.5 g, 95%) that was not further purified.

Mcthyl 3-methyl-2-phcnylbutanoatc
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C/\’ro'v'e LHMDS/HMPA OMe
@ Isopropyl bromide 0]

To a stirred solution of methyl 3-methyl-2-phenylbutanoate (0.5g, 1 eq)
in dry THF was added HMPA (1 eq), LIHMDS (1 ¢q), and 2-bromopropane at -40 to 0
°C for 1 h. The reaction mixture was quenched with water and extracted with EtOAc.
The combined organic fractions were dried over Na,SOs, filtered, and concentrated
under reduced pressure to yield an oil that that was purified by column chromatography

using silica gel to provide the product (0.24 g, 34%).

3-Methyl-2-phenvlbutanchydrazide

H3C._CHj HsC _CHj
NH.-NH.+H,O H
OMe e N\NH
o 2
o) 110°C 0

A stirred solution of methyl 3-methyl-2-phenylbutanoate (0.87g, 1 eq)
and hydrazine hydrate (10 mL) was heated at 110 °C for 12 h. The reaction mixture
was then cooled and the solvents removed under reduced pressure. The crude oil was
diluted with EtOAc and washed with H,O and the organic phase dried over Na,SQ,,
filtered, and the solvents removed under reduced pressure to yield a yellow oil (0.17 g,

47%) that was purified by column chromatography over silica gel to yield the product

0.61 g).

(E)-N'-(3.4-Dimethoxybenzylidene)-3-methyl-2-phenylbutanehydrazide
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HsC CHs OHC\C[OMG H3C CHs
H
H\ OMe N N/ OMe
NH, >
O ACOH/EIOH © OMe
90°C (9_1)

(E)-N'-(3,4-Dimethoxybenzylidene)-3-methyl-2-phenylbutanchydrazide
was synthesized from 3-methyl-2-phenylbutanehydrazide according to the method used
for the prcparation of Example 1. The product (9-1) was purificd by column
chromatography over silica gel using ethyl acetate/hexanes to provide a solid (0.109 g,

10% yield).

Example 10
Svynthesis of (E)-N'-(3, 4-Dimethoxybenzylidene)-2-methoxy-N-methyl-2-
phenvlacetohydrazide
OMe OMe |\|/Ie
— Mel No =~
(0] 0]
OMe OMe

(12-70)
(E)-N'-(3,4-Dimethoxybenzylidene)-2-methoxy-N-methyl-2-

phenylacetohydrazide (12-70) was synthesized according to the method used for the
preparation of Example 6. To a solution of (FE)-N'-(3,4-dimethoxybenzylidene)-2-
mcthoxy-2-phenylacetohydrazide (12-21) (0.56g) in anhydrous DMF in an oven-dried
flask under argon was added iodomethane (1 eq) then NaH (60% in oil; 1.1 eq) was
added and the mixture stirred for 2 hours. The reaction was quenched with brine and
further diluted with water. The aqueous mixture was extracted with EtOAc and the
combined organics were washed with water three times, brine once, dried over Na;SO4

and concentrated in vacuo. Purification by chromatography provided the product (12-

70) (0.4 g, 70%).
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Example 11
Synthesis of (£)-2-(4-(1H-pyrazol-1-y)phenyl)-N'-(4-bromo-3.5-

dimethoxybenzylidene)-2-methoxy-N-(2.2 2-trifluoroethylacetohydrazide

mN‘N/ o< |/\/CF3 mN\Nl SN
(o] o (0]
N- Br NaH, DMF <N/r,\1 Br

-0 (11-1)

To a solution of (E)-2-(4-(1H-pyrazol-1-yl)phenyl)-N'-(4-bromo-3,5-
dimethoxybenzylidene)-2-methoxyacetohydrazide (0.167 g, 0.35 mmol) in anhydrous
DMEF (3.0 mL) was added a 60% dispersion of NaH in mineral oil (0.017 g, 0.43 mmol)
under argon and stirred for 10 min. 1,1,1-trifluoro-3-iodopropane (0.042 mL, 0.43
mmol) was added and thc mixture was stirred at room tempcrature for 24 hours then
heated to 100 °C for 10 days and then additional 1,1,1-trifluoro-3-iodopropane (0.042
mL, 0.43 mmol) added and the reaction heated to 150 °C for 1 hour. After cooling to
room temperature, the mixture was diluted with water and brine and extracted with
EtOAc times. Thc combined organics were washed with brinc, dried over Na;SO4 and
concentrated in vacuo. Purification by chromatography (20-50% EtOAc-hexanes) gave

of product (11-1) as a light yellow solid (0.0543 g, 28% yield).

Examplec 12

Svynthesis of Further Representative Compounds

The following representative compounds in Table 1 were synthesized
according to (i) the foregoing procedures by selecting appropriate starting materials (for
example, 4-fluoro mandelic acid derivatives (e.g., examples 12-1 and 12-3) were
synthesized using commercially available 4-fluoromandelic acid) and (ii) known
organic synthesis techniques (for example, treatment of commercially available o-
phenylacetic acid methyl ester with hydrazine hydrate in ethanol under with heating
provides phenyl-acetic acid hydrazide (see, ¢.g., Pandeye, S. N.; Manjula, H.; Stables, J.
P.; Pharmazie; 2001, 56, 121-124) and treatment of phenyl acetic acid hydrazide with a
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substituted benzaldehyde in ethanol with heating and in the presence of catalytic acetic

acid provides the corresponding substituted phenyl-acctic acid benzylidenchydrazide

(see, e.g., Stephanidou-Stephanatou, J.,

Chemistry; 1982; 19; 705-711.0)).

Table 1

Lefkopoulou, S;

Example
Structure MW
No.
\O
i o
-1 OO ! A@(/ 408.168
°~
~o
H
- a
0\
3-1 N\"/ | 404174
(o) 0/
4-1 O)Y /\Oi 344 433
5-1 49223
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Example
Structure MW
No.
6-1 409.44
7-1 401.46
8-1 414.12
9-1 340.42
11-1 555.34
12-1 1 424.043
/0
\0
N\/ 0.
12-2 I j 454.029
Lo
\O
H\N / B
12-3 F ! - 424.043
/0
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Example
Structure MW
No.
\0
N o
12-4 | 440.014
Br |
\0
E\N/ 0.
12-5 0 /\@(j 410.08
Cl |
\0
N\N/ O\
12-6 I 396.064
Lo
\0
n\N/ 0.
12-7 O /\C[j 376.119
|
\O
12-8 /O)\“/"\/\Oj\ 346.108
\O
N\N/\(:[OW
12-9 b ° T 400.43
\0
12-10 m”\/\cf\ 362.103
Cl ° O/
\O
12-11 /Q)\,("\/\C[O\ 350.083
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Example
Structure MW
No.
G
12-12 440.014
/0
% O\
12-13 | 40168
.
m g
N
o
H
O\
12-15 . 3 392.83
/0
0/
H\N/
1 LY | o
|
OMe
ﬂ\/ OMe
N
12-17 ! /\(FE 35839
OMe
OMe
0/
i~ o
12-18 /\C(\Q 432205
i
N\N/ ,OMe
12-19 AC( 35839
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Example
Structure MW
No.
\C)
12-20 | 312.37
N
0/
N 0
12-21 O)\’( \N/\C[\ 328.368
[e] 0/
~o
H
O\
12-22 T 357.088
C \\N
o
H
Z a_
1223 OO I W\CE 378.158
(0]
I
ove
H
= Qve
12-24 W 34437
ave
“\N/ OMe
12-25 1 32837
\0 °
12-26 P 356.42
\/"jg)
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Example
Structure MW
No.
B
\O =
12-2 N ,
\
o O\/\
12-28 N . 370.49
°~ )
o
ope
HN\IN O/
12-29 k@ 328.37
O\
H
fae
3 |
12-30 j@\ 358.39
6]
| |
N
/
o; f X
H
12-31 o 391.23
(o)
0o
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