wo 2014/128585 A 1[I N0F V0 O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

28 August 2014 (28.08.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/128585 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:

CO7D 471/04 (2006.01) A61P 25/22 (2006.01)
A61K 31/437 (2006.01) A61P 25/24 (2006.01)
A61K 31/444 (2006.01) A61P 25/28 (2006.01)
A61P 25/16 (2006.01) A61P 37/08 (2006.01)
A61P 25/18 (2006.01)

International Application Number:
PCT/IB2014/058840

International Filing Date:
6 February 2014 (06.02.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/766,268 19 February 2013 (19.02.2013) US

Applicant: PFIZER INC. [US/US]; 235 East 42nd Street,
New York, New York 10017 (US).

Inventors: CHAPPIE, Thomas Allen; 59 Hemlock Hill
Road, Carlisle, Massachusetts 01741 (US). HAYWARD,
Matthew Merrill; 3 Pyrus Court, Old Lyme, Connecticut
06371 (US). PATEL, Nandini Chaturbhai; 70 Hope Av-
enue, Apt. 205, Waltham, Massachusetts 02453 (US).
VERHOEST, Patrick Robert; 23 Calvin Road, Newton,
Massachusetts 02460 (US).

Agent: OLSON, A. Dean; Pfizer Inc., Eastern Point Road
MS8260-2141, Groton, Connecticut 06340 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, 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, IL, IN, IR, IS, JP, KE, KG, 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, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

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

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i1))

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

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

Published:

with international search report (Art. 21(3))

(54) Title: AZABENZIMIDAZOLE COMPOUNDS AS INHIBITORS OF PDE4 ISOZYMES FOR THE TREATMENT OF CNS
AND OTHER DISORDERS

N
X

F
0

(Rs)a_

N/R

1

/

N

N—RS®
/

R?

(57) Abstract: The present invention is directed to compounds of formula (I): or a pharmaceutically acceptable salt thereof, wherein
the substituents are as defined 5 herein. The compounds of formula I are useful as inhibitors of PDE4 for the treatment of CNS and
other disorders.



10

15

20

25

30

35

WO 2014/128585 PCT/IB2014/058840
AZABENZIMIDAZOLE COMPOUNDS AS INHIBITORS OF PDE4 ISOZYMES
FOR THE TREATMENT OF CNS AND OTHER DISORDERS

Field of the Invention

The present invention relates to azabenzimidazole compounds of formula I, which
are inhibitors of PDE4 isozymes, especially with a binding affinity for the PDE4B isoform,
and to the use of such compounds in methods for treating certain central nervous system

(CNS), metabolic, autoimmune and inflammatory diseases or disorders.

Background of the Invention

Phosphodiesterases (PDEs) are a class of intracellular enzymes involved in the
hydrolysis of the nucleotide cyclic adenosine monophosphate (CAMP) into adenosine 5'-
monophosphate (AMP). The cyclic nucleotide cAMP is synthesized by adenylyl cyclase, and

serves as a secondary messenger in various cellular pathways.

cAMP functions as a second messenger regulating many intracellular processes
within the body. An example is in the neurons of the central nervous system, where the
activation of cAMP-dependent kinases and the subsequent phosphorylation of proteins is
involved in acute regulation of synaptic transmission as well as neuronal differentiation and
survival. The complexity of cyclic nucleotide signaling is indicated by the molecular diversity
of the enzymes involved in the synthesis and degradation of CAMP. There are at least ten
families of adenylyl cyclases, and eleven families of phosphodiesterases. Furthermore,
different types of neurons are known to express multiple isozymes of each of these classes,
and there is good evidence for compartmentalization and specificity of function for different

isozymes within a given neuron.

A principal mechanism for regulating cyclic nucleotide signaling is via
phosphodiesterase-catalyzed cyclic nucleotide catabolism. The 11 known families of PDEs
are encoded by 21 different genes; each gene typically yields multiple splice variants that
further contribute to the isozyme diversity. The PDE families are distinguished functionally
based on cyclic nucleotide substrate specificity, mechanism(s) of regulation, and sensitivity
to inhibitors. Furthermore, PDEs are differentially expressed throughout the organism,
including in the central nervous system. As a result of these distinct enzymatic activities and
localization, different PDEs' isozymes can serve distinct physiological functions.
Furthermore, compounds that can selectively inhibit distinct PDE isozymes may offer

particular therapeutic effects, fewer side effects, or both (Deninno, M., Future Directions in
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Phosphodiesterase Drug Discovery. Bioorganic and Medicinal Chemistry Letters 2012, 22,
6794-6800).

The present invention relates to compounds having a binding affinity for the fourth
family of PDEs (i.e., PDE4A, PDE4B, PDE4C, and PDE4D), and, in particular, a binding
affinity for the PDE4B isoform. In addition to affinity for the PDE4B isoform, the compounds

of the present invention also have affinity for the PDE4A and PDE4C isoforms.

The PDE4 isozymes are characterized by selective, high-affinity hydrolytic
degradation of the second messenger cyclic adenosine 3',5'-monophosphate (cAMP), and
by sensitivity to inhibition by Rolipram™ (Schering AG); beneficial pharmacological effects
resulting from that inhibition have been shown in a variety of disease models. A number of
other PDE4 inhibitors have been discovered in recent years. For example, Roflumilast
(Daliresp®), marketed by Forest Pharmaceuticals, Inc., is approved for severe chronic
obstructive pulmonary disease (COPD) to decrease the number of flare-ups or the
worsening of COPD symptoms (exacerbations). Apremilast (Celgene Corp.) is in Phase |l
development and clinical trials have shown apremilast to be effective for the treatment of
psoriasis (Papp, K. et al., Efficacy of apremilast in the treatment of moderate to severe
psoriasis: a randomized controlled trial. Lancet 2012; 380(9843):738-46).

While beneficial pharmacological activity of PDE4 inhibitors has been shown, a
common side-effect of these treatments has been the induction of gastrointestinal side
effects such as nausea, emesis, and diarrhea, which is currently believed to be associated
with inhibition of the PDE4D isoform. Attempts were made to develop compounds with an
affinity for the PDE4B isoform over the PDE4D isoform (See: Donnell, A. F. et al,
Identification of pyridazino[4,5-bjindolizines as selective PDE4B inhibitors. Bioorganic &
Medicinal Chemistry Letters 2010; 20:2163-7; and Naganuma, K. et al., Discovery of
selective PDE4B inhibitors. Bioorganic & Medicinal Chemistry Letters 2009; 19:3174-6).
However, there remains a need to develop PDE4 inhibitors, especially those having an
affinity for the PDE4B isoform. In particular, there remains a need to develop compounds
that have enhanced binding affinity for the PDE4B isoform over the PDE4D isoform for the
treatment of various diseases and disorders of the central nervous system (CNS). The
discovery of selected compounds of the present invention addresses this continued need,
and provides additional therapies for the treatment of various diseases and disorders of the
central nervous system (CNS), as well as metabolic, autoimmune and inflammatory
diseases or disorders. Such diseases and disorders include, but are not limited to,

neurodegenerative or psychiatric disorders, including psychosis, impaired cognition,
2
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schizophrenia, anxiety, depression (e.g., major depressive disorder), dementia, Alzheimer's
disease, Huntington’s disease, multiple sclerosis, muscular dystrophy, sickle cell disease

and diabetes.

Treatment with the PDE4B inhibitors of the present invention may also lead to a
decrease in gastrointestinal side effects (e.g., nausea, emesis and diarrhea) believed to be
associated with inhibition of the PDE4D isoform (Robichaud, A. et al.,, Deletion of
Phosphodiesterase 4D in Mice Shortens «a2-Adrenoreceptor-Mediated Anesthesia, A
Behavioral Correlate of Emesis. Journal of Clinical Investigation 2002, Vol. 110, 1045-1052).

In addition to the development of compounds having affinity for the PDE4B isoform,
there remains a need to develop compounds having an affinity for the PDE4A and PDE4C
isoforms. The discovery of selected compounds of the present invention having affinity for
the PDE4A and PDEA4C isoforms also provides for the treatment of various diseases and
disorders of the central nervous system (CNS), as well as treatment for various metabolic,

autoimmune and inflammatory diseases or disorders.

Summary of the Invention

The present invention is directed to compounds of formula I

R1
N\ N/ O
(R%) —lK >—{
a7| /
F N N—RS®
| /
R?

or a pharmaceutically acceptable salt thereof, wherein:

R' is represented by a substituent selected from the group consisting of (Cs-
Cio)cycloalkyl, a (4- to 10-membered)heterocycloalkyl, (Ce-Cio)aryl, and a (5- to 10-
membered) heteroaryl; wherein said (Cs-Cio)cycloalkyl, (Cs-Cio)aryl and (5- to 10-
membered)heteroaryl are optionally substituted with (R?,; and said (4- to 10-
membered)heterocycloalkyl is optionally substituted at one to five carbon atoms with a
substituent independently selected from the group consisting of halogen, (C4-Cg)alkyl,
halo(C:-Ce)alkyl, (C:-Ce)alkoxy, halo(C;-Ce)alkoxy, (C4-Cs)alkylthio, -C(O)NR*R®, hydroxy,

and cyano, and optionally substituted at each available nitrogen with (C;-Cg)alkyl;
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R? is represented by a substituent independently selected from the group consisting
of halogen, (C-Cg)alkyl, halo(C,-Cg)alkyl, (C4-Cg)alkoxy, halo(C,-Cg)alkoxy, (C+-Cg)alkylthio;
-C(O)NR*R?®, hydroxy, and cyano;

R®, if present, at each occurrence is represented by a substituent independently
selected from the group consisting of halogen, (C;-Cg)alkyl, halo(C4-Cg)alkyl, (C4-Cs)alkoxy,
halo(C;-Cg)alkoxy, (C:-Cg)alkylthio, -C(O)NR*R?®, hydroxy, and cyano;

R* and R® are each represented by a substituent independently selected from the

group consisting of hydrogen, (C4-Cs)alkyl, and (C;-Cg)cycloalkyl;

R® and R’ are each represented by a substituent independently selected from the
group consisting of hydrogen, (C4-Cg)alkyl, -(CH2)m-(Cs-Cyo)cycloalkyl, -(CHz)m-(4- to 10-
membered)  heterocycloalkyl,  -(CHy)m-(Ce-Cig)aryl, and  -(CHp)m-(5- to  10-
membered)heteroaryl; wherein said (C4-Cg)alkyl, (Cs-Cqo)cycloalkyl, (Ce-Cig)aryl, and (5- to
10-membered)heteroaryl are optionally substituted with one to five substituents
independently selected from the group consisting of halogen, (C-Cg)alkyl, halo(C,-Cg)alkyl,
(C4-Ce)alkoxy, halo(C+-Cs)alkoxy, (C:-Ce)alkylthio, -C(O)NR*R®, hydroxy, and cyano; and
said (4- to 10-membered)heterocycloalkyl is optionally substituted at one to five carbon
atoms with a substituent independently selected from the group consisting of halogen, (Cs-
Ce)alkyl, halo(Cs-Ce)alkyl, (C-Cs)alkoxy, halo(C+-Ce)alkoxy, (Ci-Ce)alkylthio, -C(O)NR*R®,
hydroxy, and cyano, and optionally substituted at each available nitrogen with (C;-Cg)alkyl;
or R® and R’ taken together with the nitrogen to which they are attached form a (4- to 10-
membered)heterocycloalkyl, wherein said (4- to 10-membered)heterocycloalkyl is optionally
substituted at one to five carbon atoms with a substituent independently selected from the
group consisting of halogen, (C4-Cg)alkyl, halo(C4-Cg)alkyl, (C4-Ce)alkoxy, halo(C4-Cg)alkoxy,
(C4-Cg)alkylthio, -C(O)NR*R®, hydroxy, and cyano;

a is represented by an integer selected from 0, 1, 2 or 3;
b is represented by an integer selected from 0, 1, 2, 3, 4 or 5; and
m is represented by an integer selected from 0, 1, 2, or 3.

Compounds of the invention include Examples 1-92 or a pharmaceutically acceptable

salt thereof as described herein.
The compounds of formula | are inhibitors of the PDE4B isoform.

In addition, the compounds of formula | are inhibitors of the PDE4A and PDE4C

isoforms.
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The compounds of formula | are useful for treating or preventing neurodegenerative
or psychiatric disorders, including, but not limited to, cognitive dysfunction, psychosis,
schizophrenia, depression, dementia, anxiety, bipolar affective disorder, Parkinson’'s
disease, Alzheimer’s disease (AD), Huntington’s disease (HD), multiple sclerosis (MS), and
neuroinflammatory disorders as well as a host of other diseases or disorders in a mammal
associated with PDE4B isoform activity. Additional diseases and disorders include, but are
not limited to, pain, cancer, immunodeficiency diseases (e.g., psoriasis and arthritis),
inflammation, asthma, chronic obstructive pulmonary disease (COPD), diabetes, muscular
dystrophy, sickle cell disease, cardiovascular diseases, cerebral vascular disease, stroke

and allergic conjunctivitis.

The present invention is also directed to the use of a compound of the present
invention, or a pharmaceutically acceptable salt thereof, in the preparation of a medicament
for the treatment or prevention of a condition amenable to modulation of the PDE4B gene
family (i.e., PDE4B enzymes) which consists of various splice variants such as PDE4B1, B2,
B3, PDE4B4, and B5 protein. Examples of conditions include, but are not limited to,
cognitive dysfunction, psychosis, schizophrenia, depression, dementia, anxiety, bipolar
affective disorder, Parkinson’s disease, Alzheimer’'s disease (AD), Huntington's disease
(HD), multiple sclerosis (MS), and neuroinflammatory disorders as well as a host of other
diseases or disorders in a mammal associated with PDE4B isoform activity, such as, but not
limited to, pain, cancer, immunodeficiency diseases (e.g., psoriasis and arthritis),
inflammation, asthma, chronic obstructive pulmonary disease (COPD), diabetes, muscular
dystrophy, sickle cell disease, cardiovascular diseases, cerebral vascular disease, stroke

and allergic conjunctivitis.

The present invention is also directed to pharmaceutically acceptable formulations
containing an admixture of a compound(s) of the present invention and at least one excipient
formulated into a pharmaceutical dosage form. Examples of such dosage forms include
tablets, capsules, solutions/suspensions for injection, aerosols for inhalation and

solutions/suspensions for oral ingestion.

Detailed Description of the Invention

The headings within this document are only being utilized to expedite its review by

the reader. They should not be construed as limiting the invention or claims in any manner.
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Definitions and Exemplifications

As used throughout this application, including the claims, the following terms have
the meanings defined below, unless specifically indicated otherwise. The plural and singular

should be treated as interchangeable, other than the indication of number:

“(C4-Ce)alkyl” as used herein, refers to a branched- or straight-chain alkyl group
containing from 1to 6 carbon atoms, such as, but not limited to, methyl, ethyl, n-propvl,

isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, isopentyl, neopentyl, and n-hexyl.

“halo” or “halogen” as used herein, refers to a chlorine, fluorine, bromine, or iodine

atom.

“halo(C+-Ce)alkyl” as used herein, refers to a (C4-Cg)alkyl group, as defined above,
wherein at least one hydrogen atom is replaced with a halogen, as defined above.
Representative examples of a halo(C,-Cg)alkyl include, but are not limited to, chloromethyl,

2-fluoroethyl, trifluoromethyl, pentafluoroethyl, and 2-chloro-3-fluoropentyl.

“(C4-Ce)alkoxy” as used herein, refers to a (C4-Cg)alkyl group, as defined above,
attached to the parent molecular moiety through an oxygen atom. Representative examples
of a (C4-Cs)alkoxy include, but are not limited to, methoxy, ethoxy, propoxy, 2-propoxy,

butoxy, tert-butoxy, pentyloxy, and hexyloxy.

“halo(C+-Cg)alkoxy” as used herein, refers to a (C4-Cg)alkoxy group, as defined
above, wherein at least one hydrogen atom is replaced with a halogen, as defined above.
Representative examples of a halo(C;-Cg)alkoxy include, but are not limited to,

chloromethoxy, 2-fluoroethoxy, trifluoromethoxy, and pentafluoroethoxy.
“thio” as used herein, means —S (sulfur).

“(C4-Ce)alkylthio” as used herein, means a (C,-Cg)alkyl group, as defined herein,
attached to the parent molecular moiety through a sulfur atom. Representative examples of
a (C4-Ce)alkylthio include, but are not limited to, methylthio, ethylthio, propylthio, and
butylthio.

“(C5-Cqo)cycloalkyl” as used herein, refers to a saturated or partially saturated
monocyclic, bicyclic, bridged bicyclic or tricyclic alkyl radical wherein the cyclic framework
has 3 to 10 carbons. Examples of monocyclics include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl and cyclodecyl. Alternatively, a cycloalkyl
may be a bicyclic ring such as a bicycloalkyl. The bicycloalkyl may be a fused system, such

as bicyclo[1.1.0]butane, bicyclo[2.1.0]pentane, bicyclo[2.2.0]hexane, bicyclo[3.1.0]hexane,

6
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bicyclo[3.2.0]heptane, and bicyclo[3.3.0]octane. The term *“bicycloalkyl” also includes
bridged bicycloalkyl systems such as, but not limited to, bicyclo[2.2.1]heptane and
bicyclo[1.1.1]pentane. The cycloalkyl may also be a bicyclic ring such that a monocyclic ring
is fused to an aryl or heteroaryl ring. In this case, a group having such a fused cycloalkyl
group as a substituent is bound to a carbon atom of the saturated or partially saturated ring.

For example, a cycloalkyl moiety may include, but is not limited to, 2,3-dihydro-1H-inden-2-

yl.

“heterocycloalkyl,” as used herein, refers to a substituent obtained by removing a
hydrogen from a saturated or partially saturated ring structure, wherein at least one of the
ring atoms is a heteroatom selected from oxygen, nitrogen or sulfur. For example, as used
herein, the term “(4- to 6-membered)heterocycloalkyl” means the substituent contains a total
of 4 to 6 ring atoms. A “(4- to 10-membered)heterocycloalkyl” means the substituent
contains a total of 4 to 10 ring atoms. A heterocycloalkyl may be a single ring with up to 10
total members. Alternatively, a heterocycloalkyl as defined above may comprise 2 or 3 rings
fused together, wherein at least one such ring contains a heteroatom as a ring atom (i.e.,
nitrogen, oxygen, or sulfur). In a group that has a heterocycloalkyl substituent, the ring atom
of the heterocycloalkyl substituent that is attached to the group may be the at least one
heteroatom, or it may be a ring carbon atom, where the ring carbon atom may be in the
same ring as the at least one heteroatom or where the ring carbon atom may be in a
different ring from the at least one heteroatom. Similarly, if the heterocycloalkyl substituent is
in turn substituted with a group or substituent, the group or substituent may be bound to the
at least one heteroatom, or it may be bound to a ring carbon atom, where the ring carbon
atom may be in the same ring as the at least one heteroatom or where the ring carbon atom

may be in a different ring from the at least one heteroatom.

The term “heterocycloalkyl” also includes substituents that are fused to a C4-Cyg
aromatic ring or a (5- to 10-membered)heteroaromatic ring, wherein a group having such a
fused heterocycloalkyl group as a substituent is bound to a heteroatom of the
heterocycloalkyl group or to a carbon atom of the heterocycloalkyl group. When such a fused
heterocycloalkyl group is substituted with one or more substituents, the one or more
substituents, unless otherwise specified, are each bound to a heteroatom of the
heterocycloalkyl group or to a carbon atom of the heterocycloalkyl group. The fused Cg-Cio
aromatic ring or a (5- to 10-membered)heteroaromatic ring may be optionally substituted
with halogen, (Ci-Ce)alkyl, (C;-Cqo)cycloalkyl, (C4-Ce)alkoxy or =0. Examples of
heterocycloalkyl substituents include, but are not Ilimited to, tetrahydroquinolyl,

dihydrobenzofuryl and the like. Other heterocycloalkyl rings include: azetidinyl,



10

15

20

25

30

35

WO 2014/128585 PCT/IB2014/058840
dihydrofuranyl, tetrahydropyranyl, dihydrothiophenyl, pyrrolidinyl, tetrahydrofuranyl,
tetrahydrothiophenyl, piperidinyl, piperazinyl, azepane, azocane, morpholinyl, isochromyl,
tetrahydrotriazine, tetrahydropyrazole, dihydro-1H-isoindole, tetrahydro-oxazolyl, tetrahydro-
oxazinyl, thiomorpholinyl, tetrahydropyrimidinyl, octahydrobenzofuranyl,

octahydrobenzimidazolyl, and octahydrobenzothiazolyl.

“(Ce-Cig)aryl” refers to an aromatic substituent containing from 6 to 10 carbon atoms,
including one ring or two fused rings such as phenyl, or naphthyl,. The term “aryl” also
includes substituents such as phenyl and naphthyl that are fused to a (C4-Cs)cycloalkyl or
(C4-Cqo)heterocycloalkyl, wherein a group having such a fused aryl group as a substituent is
bound to an aromatic carbon of the aryl group. When such an aryl group is substituted with
one or more substituents, the one or more substituents, unless otherwise specified, are each
bound to an aromatic carbon of the fused aryl group. The fused (C;-Cs)cycloalkyl or (Cg4-
Cig)heterocycloalkyl ring may be optionally substituted with halogen, (C:-Cg)alkyl, (Cs-
Cig)cycloalkyl, or = O. Examples of aryl groups include, but are not limited to, phenyl,
naphthyl, indanyl (e.g., 2,3-dihydro-1H-inden-5-yl), indenyl and dihydrobenzofuranyl (e.g.,
1,3-dihydro-2-benzofuran-5-yl), .

“(5- to 10-membered)heteroaryl” refers to an aromatic ring having from 5 to 10 ring
atoms in which at least one of the ring atoms is a heteroatom (i.e., oxygen, nitrogen, or
sulfur), with the remaining ring atoms being independently selected from the group
consisting of carbon, oxygen, nitrogen, and sulfur. A heteroaryl may be a single ring or 2 or
3 fused rings. In a group that has a heteroaryl substituent, the ring atom of the heteroaryl
substituent that is bound to the group may be the at least one heteroarom, or it may be a
ring carbon atom, where the ring carbon atom may be in the same ring as the at least one
heteroatom or where the ring carbon atom may be in a different ring from the at least one
heteroatom. Similarly, if the heteroaryl substituent is in turn substituted with a group or
substituent, the group or substituent may be bound to the at least one heteroarom, or it may
be bound to a ring carbon atom, where the ring carbon atom may be in the same ring as the
at least one heteroatom, or where the ring carbon atom may be in a different ring from the at

least one heteroatom.

The term “heteroaryl” also includes substituents such as pyridyl and triazolyl that are
fused to a (C4-Cig)cycloalkyl group, or to a (4- to 10-membered)heterocycloalkyl group,
wherein a group having such a fused heteroaryl group as a substituent is bound to an
aromatic carbon of the heteroaryl group or to a heteroatom of the heteroaryl group. When
such a fused heteroaryl group is substituted with one or more substituents, the one or more

substituents, unless otherwise specified, are each bound to an aromatic carbon of the

8
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heteroaryl group or to a heteroatom of the heteroaryl group. The fused (C4-Cqp)cycloalkyl
group or (4- to 10-membered)heterocycloalkyl group may be optionally substitued with
halogen, (C-Cg)alkyl, (Cs-Cqo)cycloalkyl, or =O. Examples of heteroaryls include, but are
not limited to, 6-membered ring substituents such as pyridyl, pyrazyl, pyrimidinyl and
pyridazinyl; 5-membered heteroaryls such as triazolyl, imidazolyl, furanyl, isoxazolyl,
isothiazolyl, 1,2,3-, 1,2,4-, 1,2,5-, or 1,3,4-oxadiazolyl, oxazolyl, thiophenyl, thiazolyl, and
pyrazolyl. Representative examples of bicyclic heteroaryls include, but are not limited to,
benzimidazolyl, benzofuranyl, benzothienyl, benzoxadiazolyl, benzothiazolyl (e.g., 1,3-
benzothiazol-6-yl and 2-methyl-1,3-benzothiazol-6-yl), benzothiofuranyl, isobenzothiofuranyl,
benzisoxazolyl, benzoxazolyl, 1,4-benzoxazinyl, cinnolinyl, furopyridinyl, indazolyl, indolyl,
isoquinolinyl, naphthyridinyl, purinyl, quinolinyl, quinazolinyl, 5,6,7,8-tetrahydroquinolinyl,
thienopyridinyl, and triazolopyridinyl (e.g., 5,6,7,8-tetrahydro[1,2,4]triazolo[1,5-a]pyridin-2-yl).

“hydroxy” or “hydroxyl” as used herein, means an -OH group.

“cyano” as used herein, means a -CN group, which also may be depicted:§ ="
“optionally substituted” as used herein, means that substitution is optional and
therefore includes both unsubstituted and substituted atoms and moieties. A “substituted”
atom or moiety indicates that any hydrogen on the designated atom or moiety can be
replaced with a selection from the indicated substituent group (up to and including that every
hydrogen atom on the designated atom or moiety is replaced with a selection from the
indicated substituent group), provided that the normal valency of the designated atom or
moiety is not exceeded, and that the substitution results in a stable compound. For
example, if a methyl group (i.e., CH,) is optionally substituted, then up to 3 hydrogen atoms

on the carbon atom can be replaced with substituent groups.

As used herein, unless specified, the point of attachment of a substituent can be from
any suitable position of the substituent. For example, pyridinyl (or pyridyl) can be 2-pyridinyl

(or pyridin-2-yl), 3-pyridinyl (or pyridin-3-yl), or 4-pyridinyl (or pyridin-4-yl).

When a bond to a substituent is shown to cross a bond connecting two atoms in a
ring, then such substituent may be bonded to any of the ring-forming atoms in that ring that
are substitutable (i.e., bonded to one or more hydrogen atoms). For example, as shown in
formula la below, R> may be bonded to any ring-forming atom that is substitutable (i.e.,

bonded to one or more hydrogen atoms).
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“Therapeutically effective amount” refers to that amount of the compound being
administered which will relieve to some extent one or more of the symptoms of the disorder

being treated.

“‘Patient” refers to warm blooded animals such as, for example, pigs, cows, chickens,
horses, guinea pigs, mice, rats, gerbils, cats, rabbits, dogs, monkeys, chimpanzees, and

humans.

"Treating" or “treat”, as used herein, unless otherwise indicated, means reversing,
alleviating, inhibiting the progress of, or preventing the disorder or condition to which such
term applies, or one or more symptoms of such disorder or condition. The term "treatment",
as used herein, unless otherwise indicated, refers to the act of treating as "treating" is
defined immediately above. The term “treating” also includes adjuvant and neo-adjuvant

treatment of a subject.

“‘Pharmaceutically acceptable” indicates that the substance or composition must be
compatible, chemically and/or toxicologically, with the other ingredients comprising a

formulation, and/or the mammal being treated therewith.
“Isoform” means any of several different forms of the same protein.

“Isozyme” or “isoenzyme” means a closely related variant of an enzyme that differs in

amino acid sequence but catalyzes the same chemical reaction.
“Isomer’ means “stereocisomer” and “geometric isomer” as defined below.

“Stereoisomer” refers to compounds that possess one or more chiral centers, which
may each exist in the R or S configuration. Stereoisomers include all diastereomeric,

enantiomeric and epimeric forms as well as racemates and mixtures thereof.

“Geometric isomer” refers to compounds that may exist in cis, trans, anti, entgegen

(E), and zusammen (Z) forms as well as mixtures thereof.

This specification uses the terms “substituent” “radical,” and “group”

interchangeably.

If substituents are described as being “independently selected” from a group, each
instance of a substituent is selected independent of the other. Each substituent therefore

may be identical to or different from the other substituent(s).

As used herein the terms “formula I” and “formula Ia” may be hereinafter referred to

as a “compound(s) of the invention.” Such terms are also defined to include all forms of the
10
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compound of formulas |, and la, including hydrates, solvates, isomers, crystalline and non-
crystalline forms, isomorphs, polymorphs, and metabolites thereof. For example, the
compounds of the invention, or pharmaceutically acceptable salts thereof, may exist in
unsolvated and solvated forms. When the solvent or water is tightly bound, the complex will
have a well-defined stoichiometry independent of humidity. When, however, the solvent or
water is weakly bound, as in channel solvates and hygroscopic compounds, the
water/solvent content will be dependent on humidity and drying conditions. In such cases,

non-stoichiometry will be the norm.

The compounds of the invention may exist as clathrates or other complexes.
Included within the scope of the invention are complexes such as clathrates, drug-host
inclusion complexes wherein the drug and host are present in stoichiometric or non-
stoichiometric amounts. Also included are complexes of the compounds of the invention
containing two or more organic and/or inorganic components, which may be in stoichiometric
or non-stoichiometric amounts. The resulting complexes may be ionized, partially ionized, or
non-ionized. For a review of such complexes, see J. Pharm. Sci., 64 (8), 1269-1288 by
Haleblian (August 1975).

The compounds of the invention have asymmetric carbon atoms. The carbon-carbon

),

a solid wedge (—="8) or a dotted wedge (""""II). The use of a solid line to depict bonds

bonds of the compounds of the invention may be depicted herein using a solid line (

to asymmetric carbon atoms is meant to indicate that all possible stereocisomers (e.g.,
specific enantiomers, racemic mixtures, etc.) at that carbon atom are included. The use of
either a solid or dotted wedge to depict bonds to asymmetric carbon atoms is meant to
indicate that the sterecisomer shown is present. When present in racemic compounds, solid
and dotted wedges are used to define relative stereochemistry, rather than absolute
stereochemistry. Racemic compounds possessing such indicated relative stereochemistry
are marked with (+/-). For example, unless stated otherwise, it is intended that the
compounds of the invention can exist as stereocisomers, which include cis and trans isomers,
optical isomers such as R and S enantiomers, diastereomers, geometric isomers, rotational
isomers, conformational isomers, atropoisomers, and mixtures thereof (such as racemates
and diastereomeric pairs). The compounds of the invention may exhibit more than one type
of isomerism. Also included are acid addition or base addition salts wherein the counterion
is optically active, for example, D-lactate or L-lysine, or racemic, for example, DL-tartrate or

DL-arginine.

When any racemate crystallizes, crystals of two different types are possible. The first
type is the racemic compound (true racemate) referred to above wherein one homogeneous
11
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form of crystal is produced containing both enantiomers in equimolar amounts. The second
type is the racemic mixture or conglomerate wherein two forms of crystal are produced in

equimolar amounts each comprising a single enantiomer.

The compounds of this invention may be used in the form of salts derived from
inorganic or organic acids. Depending on the particular compound, a salt of the compound
may be advantageous due to one or more of the salt's physical properties, such as
enhanced pharmaceutical stability in differing temperatures and humidities, or a desirable
solubility in water or oil. In some instances, a salt of a compound also may be used as an

aid in the isolation, purification, and/or resolution of the compound.

Where a salt is intended to be administered to a patient (as opposed to, for example,
being used in an in vitro context), the salt preferably is pharmaceutically acceptable. The
term "pharmaceutically acceptable salt" refers to a salt prepared by combining a compound
of the present invention with an acid whose anion, or a base whose cation, is generally
considered suitable for human consumption. Pharmaceutically acceptable salts are
particularly useful as products of the methods of the present invention because of their

greater aqueous solubility relative to the parent compound.

Suitable pharmaceutically acceptable acid addition salts of the compounds of the
present invention when possible include those derived from inorganic acids, such as, but not
limited to, hydrochloric, hydrobromic, hydrofluoric, boric, fluoroboric, phosphoric, meta-
phosphoric, nitric, carbonic, sulfonic, and sulfuric acids, and organic acids such as acetic,
benzenesulfonic, benzoic, citric, ethanesulfonic, fumaric, gluconic, glycolic, isothionic, lactic,
lactobionic, maleic, malic, methanesulfonic, trifluoromethanesulfonic,  succinic,
toluenesulfonic, tartaric, and trifluoroacetic acids. Suitable organic acids generally include
but are not limited to aliphatic, cycloaliphatic, aromatic, araliphatic, heterocyclic, carboxylic,

and sulfonic classes of organic acids.

Specific examples of suitable organic acids include but are not limited to acetate,
trifluoroacetate, formate, propionate, succinate, glycolate, gluconate, digluconate, lactate,
malate, tartrate, citrate, ascorbate, glucuronate, maleate, fumarate, pyruvate, aspartate,
glutamate, benzoate, anthranilate, stearate, salicylate, p-hydroxybenzoate, phenylacetate,
mandelate, embonate (pamoate), methanesulfonate, ethanesulfonate, benzenesulfonate,
pantothenate, toluenesulfonate, 2-hydroxyethanesulfonate, sufanilate, cyclohexylamino-
ulfonate, algenic acid, B-hydroxybutyric acid, galactarate, galacturonate, adipate, alginate,
butyrate, camphorate, camphorsulfonate, cyclopentanepropionate, dodecylsulfate,

glycoheptanoate, glycerophosphate, heptanoate, hexanoate, nicotinate, 2-naphthalene-
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sulfonate, oxalate, palmoate, pectinate, 3-phenylpropionate, picrate, pivalate, thiocyanate,

and undecanoate.

Furthermore, where the compounds of the invention carry an acidic moiety, suitable
pharmaceutically acceptable salts thereof may include alkali metal salts, e.g., sodium or
potassium salts; alkaline earth metal salts, e.g., calcium or magnesium salts; and salts
formed with suitable organic ligands, e.g., quaternary ammonium salts. |n another
embodiment, base salts are formed from bases which form non-toxic salts, including
aluminum, arginine, benzathine, choline, diethylamine, diolamine, glycine, lysine,

meglumine, olamine, tromethamine and zinc salts.

Organic salts may be made from secondary, tertiary or quaternary amine salts, such
as tromethamine, diethylamine, N, ,N-dibenzylethylenediamine, chloroprocaine, choline,
diethanol- amine, ethylenediamine, meglumine (N-methylglucamine), and procaine. Basic
nitrogen- containing groups may be quaternized with agents such as lower alkyl (C;-Cg)
halides (e.g., methyl, ethyl, propyl, and butyl chlorides, bromides, and iodides), dialkyl
sulfates (e.g., dimethyl, diethyl, dibutyl, and diamyl sulfates), long chain halides (e.g., decyl,
lauryl, myristyl, and stearyl chlorides, bromides, and iodides), arylalkyl halides (e.g., benzyl

and phenethyl bromides), and others.

In one embodiment, hemisalts of acids and bases may also be formed, for example,

hemisulphate and hemicalcium salts.

Certain compounds of the invention may exist as geometric isomers. The
compounds of the invention may possess one or more asymmetric centers, thus existing as
two, or more, stereocisomeric forms. The present invention includes all the individual
sterecisomers and geometric isomers of the compounds of the invention and mixtures
thereof. Individual enantiomers can be obtained by chiral separation or using the relevant

enantiomer in the synthesis.

In addition, the compounds of the present invention can exist in unsolvated as well as
solvated forms with pharmaceutically acceptable solvents such as water, ethanol and the
like. In general, the solvated forms are considered equivalent to the unsolvated forms for the
purposes of the present invention. The compounds may also exist in one or more crystalline
states, i.e., polymorphs, or they may exist as amorphous solids. All such forms are

encompassed by the claims.

Also within the scope of the present invention are so-called “prodrugs” of the

compound of the invention. Thus, certain derivatives of the compound of the invention that
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may have little or no pharmacological activity themselves can, when administered into or
onto the body, be converted into the compound of the invention having the desired activity,
for example, by hydrolytic cleavage. Such derivatives are referred to as “prodrugs.” Further
information on the use of prodrugs may be found in “Pro-drugs as Novel Delivery Systems,
Vol. 14, ACS Symposium Series (T. Higuchi and W. Stella) and “Bioreversible Carriers in
Drug Design,” Pergamon Press, 1987 (ed. E. B. Roche, American Pharmaceutical
Association). Prodrugs in accordance with the invention can, for example, be produced by
replacing appropriate functionalities present in the compounds of the present invention with
certain moieties known to those skilled in the art as “pro-moieties” as described, for example,

in “Design of Prodrugs” by H. Bundgaard (Elsevier, 1985).

This invention also encompasses compounds of the invention containing protective
groups. One skilled in the art will also appreciate that compounds of the invention can also
be prepared with certain protecting groups that are useful for purification or storage and can
be removed before administration to a patient. The protection and deprotection of functional
groups is described in “Protective Groups in Organic Chemistry”, edited by J. W. F. McOmie,
Plenum Press (1973) and “Protective Groups in Organic Synthesis”, 3rd edition, T. W.
Greene and P. G. M. Wuts, Wiley-Interscience (1999).

The present invention also includes all pharmaceutically acceptable isotopically-
labeled compounds, which are identical to those recited in formulas | and la, wherein one or
more atoms are replaced by an atom having the same atomic number, but an atomic mass
or mass number different from the atomic mass or mass number which predominates in
nature. Examples of isotopes suitable for inclusion in the compounds of the present
invention include, but are not limited to, isotopes of hydrogen, such as 2H, *H; carbon, such
as "'C, *C, and '*C; chlorine, such as **CI: fluorine, such as '®F; iodine, such as '®| and "I
nitrogen, such as "N and "°N; oxygen, such as O, 'O, and "®O; phosphorus, such as **P;
and sulfur, such as **S. Certain isotopically-labeled compounds of the present invention, for
example, those incorporating a radioactive isotope, are useful in drug and/or substrate tissue
distribution studies (e.g., assays). The radioactive isotopes tritium, i.e., *H, and carbon-14,
i.e., "*C, are particularly useful for this purpose in view of their ease of incorporation and
ready means of detection. Substitution with heavier isotopes such as deuterium, i.e., 2H,
may afford certain therapeutic advantages resulting from greater metabolic stability, for
example, increased in vivo half-life or reduced dosage requirements and, hence, may be
preferred in some circumstances. Substitution with positron emitting isotopes, such as ''C,
*F 10 and "N, can be useful in positron emission tomography (PET) studies for examining

substrate receptor occupancy. Isotopically-labeled compounds of the present invention can
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generally be prepared by conventional techniques known to those skilled in the art or by
processes analogous to those described in the accompanying Schemes and/or in the
Examples and Preparations using an appropriate isotopically-labeled reagent in place of the
non-labeled reagent previously employed. Pharmaceutically acceptable solvates in
accordance with the invention include those wherein the solvent of crystallization may be
isotopically substituted, e.g., D,O, acetone-ds, or DMSO-ds. Compounds of formula | and
formula 1a, as well as the compounds exemplified in Examples 1-92 described below,
include isotopically-labeled versions of these compounds, such as, but not limited to, the

deuterated and tritiated isotopes and all other isotopes discussed above.

Compounds

The present invention is directed to azabenzimidazole compounds of formula | as
described above. In certain embodiments, the pyridine ring of the imidazopyridine core does
not contain any substitutions on the ring. In these instances the “a” of the (R%), substituent is

represented by the integer 0.

To further elucidate the compounds of the present invention, the following subgenus

is described below.

Formula la depicted below is a subset of formula | as depicted, wherein R’ is
represented by a phenyl optionally substituted with (R?),; and a is represented by the integer
0. In formula la, b is represented by an integer selected from 0, 1, 2, or 3; each R2, if
present, is represented by a substituent independently selected from the group consisting of
fluoro, chloro, cyano, methyl, trifluoromethyl, methylthio, methoxy, and trifluoromethoxy; R®
and R’ are each independently selected from the group consisting of hydrogen, (C-Cs)alkyl,
-(CH2)m-(C3s-Cyp)cycloalkyl, and -(CHy)m-(5- to 10-membered)heteroaryl, wherein said (Cs-
Ce)alkyl, (Cs-Cqp)cycloalkyl, and (5 to 10-membered)heteroaryl are optionally substituted with
one to three substituents independently selected from the group consisting of halogen, (Cs-
Ce)alkyl, halo(Cs-Ce)alkyl, (C-Cs)alkoxy, halo(C+-Ce)alkoxy, (Ci-Ce)alkylthio, -C(O)NR*R®,
hydroxy, and cyano; or R® and R’ taken together with the nitrogen to which they are attached
form a (4- to 6-membered)heterocycloalkyl, wherein said heterocycloalkyl is optionally
substituted at one to three carbon atoms with a substituent independently selected from the
group consisting of halogen, (C+-Cs)alkyl, halo(C4-Cg)alkyl, (C4-Cg)alkoxy, halo(C4-Cs)alkoxy,
(C+-Ce)alkylthio, -C(O)NR®R®, hydroxy, and cyano; wherein R* and R® are each
independently selected from the group consisting of hydrogen and (C;-Cg)alkyl; and m is

represented by an integer 0, 1, or 2:
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(R),
/
N\ N /o)
/ N N_R6
la R’

In certain embodiments of the invention, in formula la as depicted above, b is
represented by an integer selected from 0, 1, 2, or 3; each R?, if present, is represented by a
substituent independently selected from the group consisting of chloro, fluoro, methyl and
cyano; one of R® and R’ is represented by hydrogen, and the other is represented by a
substituent selected from the group consisting of (C4-Ce)alkyl, -(CH2)m-(Cs-C1o)cycloalkyl,
and -(CH,)m-(5- to 10-membered)heteroaryl, wherein said (C;-Cg)alkyl, (Cs-Cqo)cycloalkyl,
and (5 to 10-membered)heteroaryl are optionally substituted with one to three substituents
independently selected from the group consisting of halogen, (C,-C¢)alkyl, halo(C,-Cg)alkyl,
(C4-Cg)alkoxy, halo(C;-Cg)alkoxy, (C4-Ce)alkylthio, -C(O)NR*R?®, hydroxy, and cyano.

In certain embodiments of the invention, in formula la as depicted above, b is an
integer selected from 0, 1, 2, or 3; each R?, if present, is represented by a substituent
independently selected from the group consisting of chloro, fluoro, methyl, and cyano; one of
R® and R’ is represented by hydrogen, and the other is represented by (C:-Ce)alkyl optionally
substituted with one to three substituents independently selected from the group consisting
of halogen, (C,-Cg)alkyl, halo(C,-Cg)alkyl, (C4-Cg)alkoxy, halo(C;-Cg)alkoxy, (C4-Cg)alkylthio,
hydroxy, and cyano. In certain embodiments, one of R® and R’ is represented by hydrogen,
and the other is represented by a substituent selected from the group consisting of ethyl and
propyl. In certain embodiments, one of R® and R’ is represented by hydrogen, and the other

is represented by propyl.

In certain other embodiments of the invention, in formula la as depicted above, b is
represented by an integer selected from 0, 1, 2, or 3; each R?, if present, is represented by a
substituent independently selected from the group consisting of chloro, fluoro, methyl, and
cyano; one of R® and R’ is represented by hydrogen, and the other is represented by -
(CH2)m-(C3s-Cqo)cycloalkyl optionally substituted with one to three substituents independently
selected from the group consisting of halogen, (C,-Cg)alkyl, halo(C+-Cg)alkyl, (C4-Cs)alkoxy,
halo(C+-Cs)alkoxy, (C4-Ce)alkylthio, hydroxy, and cyano; and m is represented by an integer
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selected from 0, 1, or 2. In certain embodiments, one of R® and R’ is represented by

hydrogen, and the other is represented by cyclopropyl.

In certain other embodiments of the invention, in formula la as depicted above, b is
represented by an integer selected from 0, 1, 2, or 3; each R? if present, is represented by a
substituent independently selected from the group consisting of chloro, fluoro, methyl, and
cyano; one of R® and R’ is represented by hydrogen, and the other is represented by -
(CH2)m-(5- to 10-membered)heteroaryl optionally substituted with one to three substituents
independently selected from the group consisting of halogen, (C,-C¢)alkyl, halo(C,-Cg)alkyl,
(C4-Ce)alkoxy, halo(C4-Cg)alkoxy, (C4-Cg)alkylthio, hydroxy, and cyano, wherein m is
represented by an integer selected from 0, 1, or 2. In certain embodiments, one of R® and R’
is represented by hydrogen, and the other is represented by pyrazolyl optionally substituted
by a (Ci-Ce)alkyl. In certain embodiments, one of R® and R’ is represented by hydrogen,

and the other is represented by N-methylpyrazolyl (e.g., N-methylpyrazol-3-yl).

In certain embodiments of the invention, in formula la, b is represented by an integer
selected from 0, 1, 2, or 3; each R?, if present, is represented by a substituent independently
selected from the group consisting of fluoro, chloro, cyano, methyl, trifluoromethyl,
methylthio, methoxy, and trifluoromethoxy; R® and R’ taken together with the nitrogen to
which they are attached form a (4- to 6-membered)heterocycloalkyl optionally substituted at
one to three carbon atoms with a substituent independently selected from the group
consisting of halogen, (C-Cg)alkyl, halo(C,-Ceg)alkyl, (C4-Cg)alkoxy, halo(C4-Cg)alkoxy, (Cs-
Ce)alkylthio, -C(O)NR*R®, hydroxy, and cyano, wherein R* and R® are each independently

selected from the group consisting of hydrogen and (C-Cg)alkyl.

In certain other embodiments of the invention, in formula la as depicted above, b is
represented by an integer selected from 0, 1, 2, or 3; each R if present, is represented by a
substituent independently selected from the group consisting of chloro, fluoro, methyl and
cyano; and R® and R’ taken together with the nitrogen to which they are attached form an
azetidine ring optionally substituted with one to three halogen. In certain embodiments R®

and R’ taken together with the nitrogen to which they are attached form 3-fluoro-azetidin-1-

yl.

In another embodiment, selected compounds of the present invention may be useful
for treating a PDE4B-mediated disorder, comprising administering to a mammal (preferably
a human) in need thereof a therapeutically effective amount of a compound of the invention
effective in inhibiting PDE4B activity;, more preferably, administering an amount of a

compound of the invention having improved binding affinity for PDE4B while at the same
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time possessing less inhibitory activity toward PDE4D.

In another embodiment, selected compounds of the present invention may be useful
for treating a PDE4A-mediated disorder, comprising administering to a mammal (preferably
a human) in need thereof a therapeutically effective amount of a compound of the invention
effective in inhibiting PDE4A activity.

In yet another embodiment, selected compounds of the present invention may be
useful for treating a PDE4C-mediated disorder, comprising administering to a mammal
(preferably a human) in need thereof a therapeutically effective amount of a compound of

the invention effective in inhibiting PDE4C activity.

In certain other embodiments, selected compounds of the present invention may
exhibit a binding affinity for the PDE4A, PDE4B and PDE4C isoforms or combinations
thereof.

In certain embodiments, the compounds of the present invention have an enhanced
binding affinity for the PDE4B isoform over the PDE4D isoform such that the compounds
display about a 2-fold to about a 120-fold binding affinity for the PDE4B isoform over the
PDE4D isoform. In certain other embodiments, the compounds of the present invention
display about a 35-fold to about a 75-fold binding affinity for the PDE4B isoform over the
PDE4D isoform. In certain embodiments, the compounds of the present invention display at
least about a 2-fold binding affinity for the PDE4B isoform over the PDE4D isoform. In
certain embodiments, the compounds of the present invention display at least about a 5-fold
binding affinity for the PDE4B isoform over the PDE4D isoform. In certain embodiments, the
compounds of the present invention display at least about a 10-fold binding affinity for the
PDE4B isoform over the PDE4D isoform. In certain embodiments, the compounds of the
present invention display at least about a 20-fold binding affinity for the PDE4B isoform over
the PDE4D isoform. In certain other embodiments, the compounds of the present invention
display at least about a 40-fold binding affinity for the PDE4B isoform over the PDE4D
isoform. In certain other embodiments, the compounds of the present invention display at
least about a 50-fold binding affinity for the PDE4B isoform over the PDE4D isoform. The
binding affinities of the compounds of the present invention for the PDE4B and PDE4D

isoforms are shown in Table 4 of the Experimental Section below.

In another embodiment, the present invention provides a pharmaceutical composition
comprising a compound of the present invention, or a pharmaceutically acceptable salt

thereof, in admixture with at least one pharmaceutically acceptable excipient.
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In yet another embodiment, administration of the compounds of the present invention
to a patient in need thereof may also lead to a decrease in gastrointestinal discomfort such
as emesis, diarrhea, and nausea, which is currently believed to be associated with
administration of compounds having binding affinity for other PDE4 isoforms, especially the
PDE4D isoform, resulting in an increase in patient compliance as well as overall treatment

outcome.

In another embodiment, the present invention provides a method of treating central
nervous system (CNS), metabolic, autoimmune and inflammatory diseases or disorders.
comprising administering to the mammal, particularly a human, in need of such treatment a
therapeutically effect amount of a compound of the present invention, or a pharmaceutically

acceptable salt thereof.

In another embodiment, the present invention provides the use of a compound of the
present invention, or a pharmaceutically acceptable salt thereof, in the manufacture of a
medicament for treating central nervous system (CNS), autoimmune and inflammatory

diseases or disorders.

Pharmacology

Phosphodiesterases (PDEs) of the PDE4 family are characterized by selective, high-
affinity hydrolytic degradation of the second messenger cyclic nucleotide, adenosine 3',5'-
cyclic monophosphate (CAMP). The PDE4A, PDE4B and PDE4D subtypes are known to be
widely expressed throughout the brain, with regional and intracellular distribution for the
PDE4A, PDE4B and PDE4D subtypes being distinct, whereas the PDE4C subtype is
expressed at lower levels throughout the central nervous system (See; Siuciak, J. A. et al.,
Antipsychotic profile of rolipram: efficacy in rats and reduced sensitivity in mice deficient in
the phosphodiesterase-4B (PDE4B) enzyme, Psychopharmacology (2007) 192:415-424).
The location of the PDE4 subtypes makes them an interesting target for exploring new
treatments for central nervous system diseases and disorders. For example, PDE4B has
been identified as a genetic susceptibility factor for schizophrenia (See: Millar, J. K. et al.,
Disrupted in schizophrenia 1 and phosphodiesterase 4B: towards an understanding of
psychiatric illness, J. Physiol. 584 (2007) pp. 401-405).

The PDE4 inhibitor rolipram has been shown to be useful in treating or reversing Ap-
induced memory deficits via the attenuation of neuronal inflammation and apoptosis-
mediated cAMP/CREB signaling, and is a potential target for treatment of cognitive deficits

associated with AD. (See: Wang, C. et al., The phosphodiesterase-4 inhibitor rolipram
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reverses AB-induced cognitive impairment and neuroinflammatory and apoptotic responses

in rats, International Journal of Neuropsychopharmacology (2012), 15, 749-766).

PDE4 inhibitors have also been shown to possess antidepressant effects by
decreasing brain levels of PDE4 in individuals with major depressive disorder (MDD) (See:
Fujita, M. et al., C-(R-)-Rolipram Positron Emission Tomography in Major Depressive
Disorder, Biological Psychiatry, 71, 2012, 548-554).

Furthermore, PDE4 inhibitors have been shown to possess therapeutic activity with
implications for the treatment of multiple sclerosis (See: Sun, X. et al., Rolipram promotes
remyelination possibly via MEK-ERK signal pathway in cuprizone-induced demyelination

mouse, Experimental Neurology 2012; 237:304-311).

In view of the above, in certain embodiments, the compounds of the present
invention have a wide range of therapeutic applications for the treatment of conditions or
diseases of the central nervous system including, but not limited to, Niemann-Pick type C;
Batten Disease; neurological disorders (such as headache, migraine; epilepsy; Alzheimer’s
disease; Parkinson’s disease; brain injury (TBI); stroke; cerebrovascular diseases (including
cerebral arteriosclerosis, cerebral amyloid angiopathy, hereditary cerebral hemorrhage, and
brain hypoxia-ischemia); cognitive disorders (including amnesia, senile dementia, HIV-
associated dementia, Alzheimer’s disease, Huntington’s disease, Lewy body dementia,
vascular dementia, drug-related dementia, tardive dyskinesia, myoclonus, dystonia, delirium,
Pick's disease, Creutzfeldt-Jacob disease, HIV disease, Gilles de la Tourette's syndrome,
epilepsy, muscular spasms and disorders associated with muscular spasticity or weakness
including tremors, and mild cognitive impairment); mental deficiency (including spasticity,
Down syndrome and fragile X syndrome); sleep disorders (including hypersomnia, circadian
rhythm sleep disorder, insomnia, parasomnia, and sleep deprivation) and psychiatric
disorders such as anxiety (including acute stress disorder, generalized anxiety disorder,
social anxiety disorder, panic disorder, post-traumatic stress disorder, agoraphobia, and
obsessive-compulsive disorder); factitious disorders (including acute hallucinatory mania);
impulse control disorders (including compulsive gambling and intermittent explosive
disorder); mood disorders (including bipolar | disorder, bipolar Il disorder, mania, mixed
affective state, major depression, chronic depression, seasonal depression, psychotic
depression, premenstrual syndrome (PMS) premenstrual dysphoric disorder (PDD), and
postpartum depression); psychomotor disorders; psychotic disorders (including
schizophrenia, schizoaffective disorder, schizophreniform, and delusional disorder); drug

dependence and abuse (including narcotic dependence, alcoholism, amphetamine and

20



10

15

20

25

30

35

WO 2014/128585 PCT/IB2014/058840
methamphetamine dependence, opioid dependence, cocaine addiction, nicotine
dependence, and drug withdrawal syndrome, and relapse prevention); eating disorders
(including anorexia, bulimia, binge eating disorder, hyperphagia, obesity, compulsive eating
disorders and pagophagia); sexual dysfunction disorders, urinary incontinence (e.g., bladder
overactivity); neuronal damage disorders (including ocular damage, retinopathy or macular
degeneration of the eye, tinnitus, hearing impairment and loss, and brain edema) and
pediatric  psychiatric  disorders (including attention deficit disorder, attention
deficit/hyperactive disorder, conduct disorder, and autism) in a mammal, preferably a
human, comprising administering to said mammal a therapeutically effective amount of a

compound of the present invention or a pharmaceutically acceptable salt thereof.

In certain embodiments, the present invention is directed to methods for the
treatment of schizophrenia by administration of a therapeutically effective amount of an

azabenzimidazole compound of the present invention to a patient in need thereof.

In certain other embodiments, the invention is further directed to a method for the
treatment of cognitive impairment associated with schizophrenia by administration of a
therapeutically effective amount of an azabenzimidazole compounds of the present invention

to a patient in need thereof.

In addition to the central nervous system disorders mentioned above, there is
extensive literature in the art describing the effects of PDE inhibitors on various inflammatory
cell responses, which in addition to cAMP increase, include inhibition of superoxide
production, degranulation, chemotaxis and tumor necrosis factor (TNF) release in
eosinophils, neutrophils and monocytes. Therefore, the azabenzimidazole compounds of the
present invention may be useful for treating autoimmune and Inflammatory diseases. (See:
Schett, G. et al., Apremilast: A novel PDE4 Inhibitor in the Treatment of Autoimmune and
Inflammatory Diseases, Ther. Adv. Musculoskeletal Dis. 2010; 2(5):271-278). For example,
the compounds of the present invention may be useful for treatment of oral ulcers associated
with Behget’'s disease (Id.). The compounds of the present invention may also be useful for
the treatment of pain associated with arthritis (See: Hess, A. et al., Blockade of TNF-a
rapidly inhibits pain responses in the central nervous system, PNAS, vol. 108, no. 9, 3731-
3736 (2011) or for the treatment of psoriasis or psoriatic arthritis (See: Schafer, P.,
Apremilast mechanism of action and application to psoriasis and psoriatic arthritis, Biochem.
Pharmacol. (2012), 15;83(12):1583-90). Accordingly, the azabenzimidazole compounds of
the present invention may also be useful for treatment of ankylosing spondylitis [see: Patan,
E. et al., Efficacy and safety of apremilast, an oral phosphodiesterase 4 inhibitor, in

ankylosing spondylitis, Ann. Rheum. Dis. (Sep. 14, 2102)]. Other conditions treatable by
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administration of the compounds of the present invention include, but are not limited to,
multiple sclerosis, burns, sepsis, asthma, chronic or acute bronchoconstriction, chronic
bronchitis, bronchiectasis, small airways obstruction, emphysema, obstructive or
inflammatory airways diseases, pneumoconiosis, seasonal allergic rhinitis or perennial
allergic rhinitis or sinusitis, allergic conjunctivitis, acute respiratory distress syndrome
(ARDS), acute lung injury (ALI), arthritis (e.g., rheumatoid arthritis and osteoarthritis) gout,
and fever and pain associated with inflammation, eosinophil-related disorders, dermatitis or
eczema, urticaria, conjunctivitis, uveitis, psoriasis, inflammatory bowel disease, Crohn’s
disease, septic shock, liver injury, pulmonary hypertension, bone loss disease, neuropathy,

and infection.

In yet another embodiment, the compounds of the present invention may be useful
for treating cancer and tumors. For example, the compounds of the present invention may
be useful for treatment of brain cancer (e.g., medulloblastoma) (See: Schmidt, A. L., BDNF
and PDE4, but not GRPR, Regulate Viability of Human Medulloblastoma Cells, J. Mol.
Neuroscience (2010) 40:303-310). The compounds of the present invention may also be
useful for treating melanoma (See: Marquette, A. et al., ERK and PDE4 cooperate to induce
RAF isoform switching in melanoma, Nature Structural & Molecular Biology, vol. 18, no. 5,
584-91, 2011). In certain embodiments, the compounds of the present invention may be
useful for treating leukemia, e.g., chronic lymphocytic leukemia, (See: Kim, D. H. et al., Type
4 Cyclic Adenosine Monophosphate Phosphodiesterase as a Therapeutic Target in Chronic
Lymphocytic Leulemia, Blood Journal of The American Society of Hematology, October 1,
1998, vol. 92, no. 7 2484-2494).

In certain other embodiments, the compounds of the present invention may be useful
for treating diabetes or conditions associated with diabetes (See: Vollert, S. et al., The
glucose-lowering effects of the PDE4 inhibitors roflumilast and roflumilast-N-Oxide in db/db
mice, Diabetologia (2012) 55:2779-2788. Wouters, E. F. M. et al.,, Effect of the
Phosphodiesterase 4 Inhibitor Roflumilast on Glucose Metabolism in Patients with
Treatment-Naive, Newly Diagnosed Type 2 Diabetes Mellitus, Journal of Clinical
Endocrinology and Metabolism 2012, 97, 1720-1725). In certain embodiments, the
compounds of the present invention may be useful for treating diabetic macular edema
(DME) and diabetic neuropathy (DN).

Formulations

The compounds of the invention may be administered orally. Oral administration

may involve swallowing, so that the compound enters the gastrointestinal tract, or buccal or
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sublingual administration may be employed by which the compound enters the blood

stream directly from the mouth.

In another embodiment, the compounds of the invention may also be administered
directly into the blood stream, into muscle, or into an internal organ. Suitable means for
parenteral administration include intravenous, intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrasternal, intracranial, intramuscular and subcutaneous.
Suitable devices for parenteral administration include needle (including microneedle)

injectors, needle-free injectors and infusion techniques.

In another embodiment, the compounds of the invention may also be formulated
such that administration topically to the skin or mucosa (i.e., dermally or transdermally)
leads to systemic absorption of the compound. In another embodiment, the compounds of
the invention can also be formulated such that administration intranasally or by inhalation
leads to systemic absorption of the compound. In another embodiment, the compounds of
the invention may be formulated such that administration rectally or vaginally leads to

systemic absorption of the compound.

The dosage regimen for the compounds and/or compositions containing the
compounds is based on a variety of factors, including the type, age, weight, sex and
medical condition of the patient; the severity of the condition; the route of administration;
and the activity of the particular compound employed. Thus the dosage regimen may vary
widely. Dosage levels of the order from about 0.01 mg to about 100 mg per kilogram of
body weight per day are useful in the treatment of the above-indicated conditions. In one
embodiment, the total daily dose of a compound of the invention (administered in single or
divided doses) is typically from about 0.01 to about 100 mg/kg. In another embodiment, the
total daily dose of the compound of the invention is from about 0.1 to about 50 mg/kg, and
in another embodiment, from about 0.5 to about 30 mg/kg (i.e., mg compound of the
invention per kg body weight). In one embodiment, dosing is from 0.01 to 10 mg/kg/day.
In another embodiment, dosing is from 0.1 to 1.0 mg/kg/day. Dosage unit compositions
may contain such amounts or submultiples thereof to make up the daily dose. In many
instances, the administration of the compound will be repeated a plurality of times in a day
(typically no greater than 4 times). Multiple doses per day typically may be used to

increase the total daily dose, if desired.

For oral administration, the compositions may be provided in the form of tablets
containing 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 75.0, 100, 125, 150,
175, 200, 250 and 500 milligrams of the active ingredient for the symptomatic adjustment
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of the dosage to the patient. A medicament typically contains from about 0.01 mg to about
500 mg of the active ingredient, or in another embodiment, from about 1 mg to about 100
mg of active ingredient. Intravenously, doses may range from about 0.1 to about 10

mg/kg/minute during a constant rate infusion.

Suitable subjects according to the present invention include mammalian subjects.
Mammals according to the present invention include, but are not limited to, canine, feline,
bovine, caprine, equine, ovine, porcine, rodents, lagomorphs, primates, and the like, and
encompass mammals in utero. In one embodiment, humans are suitable subjects. Human

subjects may be of either gender and at any stage of development.

In another embodiment, the invention comprises the use of one or more
compounds of the invention for the preparation of a medicament for the treatment of the

conditions recited herein.

For the treatment of the conditions referred to above, the compounds of the
invention can be administered as compound per se. Alternatively, pharmaceutically
acceptable salts are suitable for medical applications because of their greater aqueous

solubility relative to the parent compound.

In another embodiment, the present invention comprises pharmaceutical
compositions. Such pharmaceutical compositions comprise a compound of the invention
presented with a pharmaceutically acceptable carrier. The carrier can be a solid, a liquid, or
both, and may be formulated with the compound as a unit-dose composition, for example,
a tablet, which can contain from 0.05% to 95% by weight of the active compounds. A
compound of the invention may be coupled with suitable polymers as targetable drug

carriers. Other pharmacologically active substances can also be present.

The compounds of the present invention may be administered by any suitable
route, preferably in the form of a pharmaceutical composition adapted to such a route, and
in a dose effective for the treatment intended. The active compounds and compositions,

for example, may be administered orally, rectally, parenterally, or topically.

Oral administration of a solid dose form may be, for example, presented in discrete
units, such as hard or soft capsules, pills, cachets, lozenges, or tablets, each containing a
predetermined amount of at least one compound of the present invention. In another
embodiment, the oral administration may be in a powder or granule form. In another
embodiment, the oral dose form is sub-lingual, such as, for example, a lozenge. In such

solid dosage forms, the compounds of the present invention are ordinarily combined with
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one or more adjuvants. Such capsules or tablets may contain a controlled-release
formulation. In the case of capsules, tablets, and pills, the dosage forms also may

comprise buffering agents or may be prepared with enteric coatings.

In another embodiment, oral administration may be in a liquid dose form. Liquid
dosage forms for oral administration include, for example, pharmaceutically acceptable
emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents commonly
used in the art (e.g., water). Such compositions also may comprise adjuvants, such as

wetting, emulsifying, suspending, flavoring (e.g., sweetening), and/or perfuming agents.

In another embodiment, the present invention comprises a parenteral dose form.
"Parenteral administration" includes, for example, subcutaneous injections, intravenous
injections, intraperitoneal injections, intramuscular injections, intrasternal injections, and
infusion. Injectable preparations (i.e., sterile injectable aqueous or oleaginous
suspensions) may be formulated according to the known art using suitable dispersing,

wetting, and/or suspending agents.

In another embodiment, the present invention comprises a topical dose form.
"Topical administration” includes, for example, transdermal administration, such as via
transdermal patches or iontophoresis devices, intraocular administration, or intranasal or
inhalation administration.  Compositions for topical administration also include, for
example, topical gels, sprays, ointments, and creams. A topical formulation may include a
compound that enhances absorption or penetration of the active ingredient through the
skin or other affected areas. When the compounds of this invention are administered by a
transdermal device, administration will be accomplished using a patch either of the
reservoir and porous membrane type or of a solid matrix variety. Typical formulations for
this purpose include gels, hydrogels, lotions, solutions, creams, ointments, dusting
powders, dressings, foams, films, skin patches, wafers, implants, sponges, fibers,
bandages and microemulsions. Liposomes may also be used. Typical carriers include
alcohol, water, mineral oil, liquid petrolatum, white petrolatum, glycerin, polyethylene glycol
and propylene glycol. Penetration enhancers may be incorporated - see, for example,
Finnin and Morgan, J. Pharm. Sci., 88 (10), 955-958 (1999).

Formulations suitable for topical administration to the eye include, for example, eye
drops wherein the compound of this invention is dissolved or suspended in a suitable
carrier. A typical formulation suitable for ocular or aural administration may be in the form
of drops of a micronized suspension or solution in isotonic, pH-adjusted, sterile saline.

Other formulations suitable for ocular and aural administration include ointments,
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biodegradable (e.g., absorbable gel sponges, collagen) and non-biodegradable (e.g.,
silicone) implants, wafers, lenses and particulate or vesicular systems, such as niosomes
or liposomes. A polymer such as crossed-linked polyacrylic acid, polyvinyl alcohol,
hyaluronic acid, a cellulosic polymer, for example, hydroxypropylmethyl cellulose,
hydroxyethyl cellulose, or methyl cellulose, or a heteropolysaccharide polymer, for
example, gelan gum, may be incorporated together with a preservative, such as

benzalkonium chloride. Such formulations may also be delivered by iontophoresis.

For intranasal administration or administration by inhalation, the active compounds
of the invention are conveniently delivered in the form of a solution or suspension from a
pump spray container that is squeezed or pumped by the patient or as an aerosol spray
presentation from a pressurized container or a nebulizer, with the use of a suitable
propellant. Formulations suitable for intranasal administration are typically administered in
the form of a dry powder (either alone; as a mixture, for example, in a dry blend with
lactose; or as a mixed component particle, for example, mixed with phospholipids, such as
phosphatidylcholine) from a dry powder inhaler or as an aerosol spray from a pressurized
container, pump, spray, atomizer (preferably an atomizer using electrohydrodynamics to
produce a fine mist), or nebulizer, with or without the use of a suitable propellant, such as
1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoropropane. For intranasal use, the

powder may comprise a bioadhesive agent, for example, chitosan or cyclodextrin.

In another embodiment, the present invention comprises a rectal dose form. Such
rectal dose form may be in the form of, for example, a suppository. Cocoa butter is a

traditional suppository base, but various alternatives may be used as appropriate.

Other carrier materials and modes of administration known in the pharmaceutical
art may also be used. Pharmaceutical compositions of the invention may be prepared by
any of the well-known techniques of pharmacy, such as effective formulation and
administration procedures. The above considerations in regard to effective formulations
and administration procedures are well known in the art and are described in standard
textbooks.  Formulation of drugs is discussed in, for example, Hoover, John E.,
Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton, Pennsylvania, 1975;
Liberman et al., Eds., Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y.,
1980; and Kibbe et al., Eds., Handbook of Pharmaceutical Excipients (3rd Ed.), American

Pharmaceutical Association, Washington, 1999.

The compounds of the present invention can be used, alone or in combination with

other therapeutic agents, in the treatment of various conditions or disease states. The
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compound(s) of the present invention and other therapeutic agent(s) may be administered
simultaneously (either in the same dosage form or in separate dosage forms) or
sequentially. An exemplary therapeutic agent may be, for example, a metabotropic

glutamate receptor agonist.

The administration of two or more compounds “in combination” means that the two
compounds are administered closely enough in time that the presence of one alters the
biological effects of the other. The two or more compounds may be administered
simultaneously, concurrently or sequentially. Additionally, simultaneous administration
may be carried out by mixing the compounds prior to administration or by administering the
compounds at the same point in time but at different anatomic sites or using different

routes of administration.

The phrases “concurrent administration,” “co-administration,” “simultaneous
administration,” and “administered simultaneously” mean that the compounds are

administered in combination.

The present invention includes the use of a combination of a PDE4 inhibitor
compound of the present invention and one or more additional pharmaceutically active
agent(s). If a combination of active agents is administered, then they may be administered
sequentially or simultaneously, in separate dosage forms or combined in a single dosage
form.  Accordingly, the present invention also includes pharmaceutical compositions
comprising an amount of: (a) a first agent comprising a compound of the present invention or
a pharmaceutically acceptable salt of the compound; (b) a second pharmaceutically active

agent; and (c) a pharmaceutically acceptable carrier, vehicle or diluent.

Various pharmaceutically active agents may be selected for use in conjunction with
the compounds of the present invention, depending on the disease, disorder, or condition to
be treated. Pharmaceutically active agents that may be used in combination with the

compositions of the present invention include, without limitation:

(i) acetylcholinesterase inhibitors, such as donepezil hydrochloride (ARICEPT,
MEMAC), physostigmine salicylate (ANTILIRIUM), physostigmine sulfate (ESERINE),
metrifonate, neostigmine, ganstigmine, pyridostigmine (MESTINON), ambenonium
(MYTELASE), demarcarium, Debio 9902 (also known as ZT-1; Debiopharm), rivastigmine
(EXELON), ladostigil, NP-0361, galantamine hydrobromide (RAZADYNE, RIMINYL,
NIVALIN), tacrine (COGNEX), tolserine, velnacrine maleate, memoquin, huperzine A (HUP-
A; NeuroHitech), phenserine, edrophonium (ENLON, TENSILON), and INM-176;
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(i) amyloid-B (or fragments thereof), such as ABRi.45 conjugated to pan HLA DR-
binding epitope (PADRE), ACC-001 (Elan/Wyeth), ACI-01, ACI-24, AN-1792, Affitope AD-
01, CAD106, and V-950;

(i)  antibodies to amyloid-B (or fragments thereof), such as ponezumab,
solanezumab, bapineuzumab (also known as AAB-001), AAB-002 (Wyeth/Elan), ACI-01-
Ab7, BAN-2401, intravenous |g (GAMMAGARD), LY2062430 (humanized m266; Lilly),
R1450 (Roche), ACU-5A5, huC091, and those disclosed in International Patent Publication
Nos WO04/032868, WO05/025616, WO06/036291, WO06/069081, WO06/118959, in US
Patent Publication Nos US2003/0073655, US2004/0192898, US2005/0048049,
US2005/0019328, in European Patent Publication Nos EP0994728 and 1257584, and in US
Patent No 5,750,349;

(iv) amyloid-lowering or -inhibiting agents (including those that reduce amyloid
production, accumulation and fibrillization) such as dimebon, davunetide, eprodisate,
leuprolide, SK-PC-B70M, celecoxib, lovastatin, anapsos, oxiracetam, pramiracetam,
varenicline, nicergoline, colostrinin, bisnorcymserine (also known as BNC), NIC5-15
(Humanetics), E-2012 (Eisai), pioglitazone, clioquinol (also known as PBT1), PBT2 (Prana
Biotechnology), flurbiprofen (ANSAID, FROBEN) and its R-enantiomer tarenflurbil
(FLURIZAN), nitroflurbiprofen, fenoprofen (FENOPRON, NALFON), ibuprofen (ADVIL,
MOTRIN, NUROFEN), ibuprofen lysinate, meclofenamic acid, meclofenamate sodium
(MECLOMEN), indomethacin (INDOCIN), diclofenac sodium (VOLTAREN), diclofenac
potassium, sulindac (CLINORIL), sulindac sulfide, diflunisal (DOLOBID), naproxen
(NAPROSYN), naproxen sodium (ANAPROX, ALEVE), ARC031 (Archer Pharmaceuticals),
CAD-106 (Cytos), LY450139 (Lilly), insulin-degrading enzyme (also known as insulysin), the
gingko biloba extract EGb-761 (ROKAN, TEBONIN), tramiprosate (CEREBRIL,
ALZHEMED), eprodisate (FIBRILLEX, KIACTA), compound W  (3,5-bis(4-
nitrophenoxy)benzoic acid), NGX-96992, neprilysin (also known as neutral endopeptidase
(NEP)), scyllo-inositol (also known as scyllitol), atorvastatin (LIPITOR), simvastatin
(ZOCOR), KLVFF-(EEX)3, SKF-74652, ibutamoren mesylate, BACE inhibitors such as ASP-
1702, SCH-745966, JNJ-715754, AMG-0683, AZ-12304146, BMS-782450, GSK-188909,
NB-533, E2609 and TTP-854; gamma secretase modulators such as ELND-007; and RAGE
(receptor for advanced glycation end-products) inhibitors, such as TTP488 (Transtech) and
TTP4000 (Transtech), and those disclosed in US Patent No 7,285,293, including PTI-777;

(v) alpha-adrenergic receptor agonists, such as guanfacine (INTUNIV, TENEX),
clonidine (CATAPRES), metaraminol (ARAMINE), methyldopa (ALDOMET, DOPAMET,
NOVOMEDOPA), tizanidine (ZANAFLEX), phenylephrine (also known as neosynephrine),
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methoxamine, cirazoline, guanfacine (INTUNIV), lofexidine, xylazine, modafinil (PROVIGIL),
adrafinil, and armodafinil (NUVIGIL);

(vi) beta-adrenergic receptor blocking agents (beta blockers), such as carteolol,
esmolol (BREVIBLOC), labetalol (NORMODYNE, TRANDATE), oxprenolol (LARACOR,
TRASACOR), pindolol (VISKEN), propanolol (INDERAL), sotalol (BETAPACE, SOTALEX,
SOTACOR), timolol (BLOCADREN, TIMOPTIC), acebutolol (SECTRAL, PRENT), nadolol
(CORGARD), metoprolol tartrate (LOPRESSOR), metoprolol succinate (TOPROL-XL),
atenolol (TENORMIN), butoxamine, and SR 59230A (Sanofi);

(vii) anticholinergics, such as amitriptyline (ELAVIL, ENDEP), butriptyline,
benztropine mesylate (COGENTIN), trihexyphenidyl (ARTANE), diphenhydramine
(BENADRYL), orphenadrine (NORFLEX), hyoscyamine, atropine (ATROPEN), scopolamine
(TRANSDERM-SCOP), scopolamine methylbromide (PARMINE), dicycloverine (BENTYL,
BYCLOMINE, DIBENT, DILOMINE), tolterodine (DETROL), oxybutynin (DITROPAN,
LYRINEL XL, OXYTROL), penthienate bromide, propantheline (PRO-BANTHINE), cyclizine,
imipramine hydrochloride (TOFRANIL), imipramine maleate (SURMONTIL), lofepramine,
desipramine  (NORPRAMIN), doxepin (SINEQUAN, ZONALON), trimipramine
(SURMONTIL), and glycopyrrolate (ROBINUL);

(viii)  anticonvulsants, such as carbamazepine (TEGRETOL, CARBATROL),
oxcarbazepine (TRILEPTAL), phenytoin sodium (PHENYTEK), fosphenytoin (CEREBYX,
PRODILANTIN), divalproex sodium (DEPAKOTE), gabapentin (NEURONTIN), pregabalin
(LYRICA), topirimate (TOPAMAX), valproic acid (DEPAKENE), valproate sodium
(DEPACON), 1-benzyl-5-bromouracil, progabide, beclamide, zonisamide (TRERIEF,
EXCEGRAN), CP-465022, retigabine, talampanel, and primidone (MYSOLINE);

(ix) antipsychotics, such as lurasidone (LATUDA, also known as SM-13496;
Dainippon Sumitomo), aripiprazole (ABILIFY), chlorpromazine (THORAZINE), haloperidol
(HALDOL), iloperidone (FANAPTA), flupentixol decanoate (DEPIXOL, FLUANXOL),
reserpine  (SERPLAN), pimozide (ORAP), fluphenazine decanoate, fluphenazine
hydrochloride, prochlorperazine (COMPRO), asenapine (SAPHRIS), loxapine (LOXITANE),
molindone (MOBAN), perphenazine, thioridazine, thiothixine, trifluoperazine (STELAZINE),
ramelteon, clozapine (CLOZARIL), norclozapine (ACP-104), risperidone (RISPERDAL),
paliperidone (INVEGA), melperone, olanzapine (ZYPREXA), quetiapine (SEROQUEL),
talnetant, amisulpride, ziprasidone (GEODON), blonanserin (LONASEN), and ACP-103

(Acadia Pharmaceuticals);
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(x) calcium channel blockers such as lomerizine, ziconotide, nilvadipine (ESCOR,
NIVADIL), diperdipine, amlodipine (NORVASC, ISTIN, AMLODIN), felodipine (PLENDIL),
nicardipine (CARDENE), nifedipine (ADALAT, PROCARDIA), MEM 1003 and its parent
compound nimodipine (NIMOTOP), nisoldipine (SULAR), nitrendipine, lacidipine (LACIPIL,
MOTENS), lercanidipine (ZANIDIP), lifarizine, diltiazem (CARDIZEM), verapamil (CALAN,
VERELAN), AR-R 18565 (AstraZeneca), and enecadin;

(xi) catechol O-methyltransferase (COMT) inhibitors, such as nitecapone, tolcapone
(TASMAR), entacapone (COMTAN), and tropolone;

(xii) central nervous system stimulants, such as atomoxetine, reboxetine, yohimbine,
caffeine, phenmetrazine, phendimetrazine, pemoline, fencamfamine (GLUCOENERGAN,
REACTIVAN), fenethylline (CAPTAGON), pipradol (MERETRAN), deanol (also known as
dimethylaminoethanol), methylphenidate (DAYTRANA), methylphenidate hydrochloride
(RITALIN), dexmethylphenidate (FOCALIN), amphetamine (alone or in combination with
other CNS stimulants, e.g., ADDERALL (amphetamine aspartate, amphetamine sulfate,
dextroamphetamine saccharate, and dextroamphetamine sulfate)), dextroamphetamine
sulfate (DEXEDRINE, DEXTROSTAT), methamphetamine (DESOXYN), lisdexamfetamine
(VYVANSE), and benzphetamine (DIDREX);

(xiii) corticosteroids, such as prednisone (STERAPRED, DELTASONE),
prednisolone (PRELONE), predisolone acetate (OMNIPRED, PRED MILD, PRED FORTE),
prednisolone sodum phosphate (ORAPRED ODT), methylprednisolone (MEDROL);
methylprednisolone acetate (DEPO-MEDROL), and methylprednisolone sodium succinate
(A-METHAPRED, SOLU-MEDROL);

(xiv) dopamine receptor agonists, such as apomorphine (APOKYN), bromocriptine
(PARLODEL), cabergoline (DOSTINEX), dihydrexidine, dihydroergocryptine, fenoldopam
(CORLOPAM), lisuride (DOPERGIN), terguride spergolide (PERMAX), piribedil
(TRIVASTAL, TRASTAL), pramipexole (MIRAPEX), quinpirole, ropinirole (REQUIP),
rotigotine (NEUPRO), SKF-82958 (GlaxoSmithKline), cariprazine, pardoprunox and

sarizotan;

(xv) dopamine receptor antagonists, such as chlorpromazine, fluphenazine,
haloperidol, loxzpine, resperidone, thioridazine, thiothixene, trifluoperazine, tetrabenazine
(NITOMAN, XENAZINE), 7-hydroxyamoxapine, droperidol (INAPSINE, DRIDOL,
DROPLETAN), domperidone (MOTILIUM), L-741742, L-745870, raclopride, SB-277011A,
SCH-23390, ecopipam, SKF-83566, and metoclopramide (REGLAN);
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(xvi) dopamine reuptake inhibitors such as bupropion, safinamide, nomifensine
maleate (MERITAL), vanoxerine (also known as GBR-12909) and its decanoate ester DBL-

583, and amineptine;

(xvii) gamma-amino-butyric acid (GABA) receptor agonists, such as baclofen
(LIORESAL, KEMSTRO), siclofen, pentobarbital (NEMBUTAL), progabide (GABRENE), and

clomethiazole;

(xviii)  histamine 3 (H3) antagonists such as ciproxifan, tiprolisant, S-38093,
irdabisant, pitolisant, GSK-239512, GSK-207040, JNJ-5207852, JNJ-17216498, HPP-404,
SAR-110894, trans-3-fluoro-3-(3-fluoro-4-pyrrolidin- 1-ylmethyl-phenyl)-cyclobutane
carboxylic acid ethylamide (PF-3654746 and those disclosed in US Patent Publication Nos
US2005-0043354, US2005-0267095, US2005-0256135, US2008-0096955, US2007-
1079175, and US2008-0176925; International Patent Publication Nos W02006/136924,
WO02007/063385, W02007/069053, WO2007/088450, WO2007/099423, W0O2007/105053,
WO02007/138431, and W0O2007/088462; and US Patent No 7,115,600);

(xix) immunomodulators such as glatiramer acetate (also known as copolymer-1;
COPAXONE), MBP-8298 (synthetic myelin basic protein peptide), dimethyl fumarate,
fingolimod (also known as FTY720), roquinimex (LINOMIDE), laquinimod (also known as
ABR-215062 and SAIK-MS), ABT-874 (human anti-IL-12 antibody; Abbott), rituximab
(RITUXAN), alemtuzumab (CAMPATH), daclizumab (ZENAPAX), and natalizumab
(TYSABRI);

(xx) immunosuppressants such as methotrexate (TREXALL, RHEUMATREX),
mitoxantrone (NOVANTRONE), mycophenolate mofetil (CELLCEPT), mycophenolate
sodium (MYFORTIC), azathioprine (AZASAN, IMURAN), mercaptopurine (PURI-NETHOL),
cyclophosphamide (NEOSAR, CYTOXAN), chlorambucil (LEUKERAN), cladribine
(LEUSTATIN, MYLINAX), alpha-fetoprotein, etanercept (ENBREL), and 4-benzyloxy-5-((5-
undecyl-2H-pyrrol-2-ylidene)methyl)-2,2'-bi-1H-pyrrole (also known as PNU-156804);

(xxi) interferons, including interferon beta-1a (AVONEX, REBIF) and interferon beta-
1b (BETASERON, BETAFERON);

(xxii) levodopa (or its methyl or ethyl ester), alone or in combination with a DOPA
decarboxylase inhibitor (e.g., carbidopa (SINEMET, CARBILEV, PARCOPA), benserazide
(MADOPAR), a-methyldopa, monofluromethyldopa, difluoromethyldopa, brocresine, or m-
hydroxybenzylhydrazine);
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(xxiii) N-methyl-D-aspartate (NMDA) receptor antagonists, such as memantine
(NAMENDA, AXURA, EBIXA), amantadine (SYMMETREL), acamprosate (CAMPRAL),
besonprodil, ketamine (KETALAR), delucemine, dexanabinol, dexefaroxan,
dextromethorphan, dextrorphan, traxoprodil, CP-283097, himantane, idantadol,
ipenoxazone, L-701252 (Merck), lancicemine, levorphanol (DROMORAN), LY-233536 and
LY-235959 (both Lilly), methadone, (DOLOPHINE), neramexane, perzinfotel, phencyclidine,
tianeptine (STABLON), dizocilpine (also known as MK-801), EAB-318 (Wyeth), ibogaine,
voacangine, tiletamine, riluzole (RILUTEK), aptiganel (CERESOTAT), gavestinel, and
remacimide;

(xxiv) monoamine oxidase (MAOQ) inhibitors, such as selegiline (EMSAM), selegiline
hydrochloride (I-deprenyl, ELDEPRYL, ZELAPAR), dimethylselegilene, brofaromine,
phenelzine (NARDIL), tranylcypromine (PARNATE), moclobemide (AURORIX, MANERIX),
befloxatone, safinamide, isocarboxazid (MARPLAN), nialamide (NIAMID), rasagiline
(AZILECT), iproniazide (MARSILID, IPROZID, IPRONID), CHF-3381 (Chiesi Farmaceutici),
iproclozide, toloxatone (HUMORYL, PERENUM), bifemelane, desoxypeganine, harmine
(also known as telepathine or banasterine), harmaline, linezolid (ZYVOX, ZYVOXID), and
pargyline (EUDATIN, SUPIRDYL);

(xxv) muscarinic receptor (particularly M1 subtype) agonists, such as cevimeline,
levetiracetam, bethanechol chloride (DUVOID, URECHOLINE), itameline, pilocarpine
(SALAGEN), NGX267, arecoline, L-687306 (Merck), L-689660 (Merck), furtrethonium iodide
(FURAMON, FURANOL), furtrethonium benzensulfonate, furtrethonium p-toluenesulfonate,
McN-A-343, oxotremorine, sabcomeline, AC-90222 (Acadia Pharmaceuticals), and
carbachol (CARBASTAT, MIOSTAT, CARBOPTIC);

(xxvi) neuroprotective drugs such as bosutinib, condoliase, airmoclomol, lamotrigine,
perampanel, aniracetam, minaprime, viluzole 2,3,4,9-tetrahydro-1H-carbazol-3-one oxime,
desmoteplase, anatibant, astaxanthin, neuropeptide NAP (e.g., AL-108 and AL-208; both
Allon Therapeutics), neurostrol, perampenel, ispronicline, bis(4-p-D-
glucopyranosyloxybenzyl)-2-p-D-glucopyranosyl-2-isobutyltartrate (also known as
dactylorhin B or DHB), formobactin, xaliproden (XAPRILA), lactacystin, dimeboline
hydrochloride (DIMEBON), disufenton (CEROVIVE), arundic acid (ONO-2506, PROGLIA,
CEREACT), citicoline (also known as cytidine 5'-diphosphocholine), edaravone (RADICUT),
AEOL-10113 and AEOL-10150 (both Aeolus Pharmaceuticals), AGY-94806 (also known as
SA-450 and Msc-1), granulocyte-colony stimulating factor (also known as AX-200), BAY-38-
7271 (also known as KN-387271; Bayer AG), ancrod (VIPRINEX, ARWIN), DP-b99 (D-
Pharm Ltd), HF-0220 (17-R-hydroxyepiandrosterone; Newron Pharmaceuticals), HF-0420
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(also known as oligotropin), pyridoxal 5'-phosphate (also known as MC-1), microplasmin, S-
18986, piclozotan, NP031112, tacrolimus, L-seryl-L-methionyl-L-alanyl-L-lysyl-L-glutamyl-
glycyl-L-valine, AC-184897 (Acadia Pharmaceuticals), ADNF-14 (National Institutes of
Health), stilbazulenyl nitrone, SUN-N8075 (Daiichi Suntory Biomedical Research), and

zonampanel,

(xxvii) nicotinic receptor agonists, such as epibatidine, bupropion, CP-601927,
varenicline, ABT-089 (Abbott), ABT-594, AZD-0328 (AstraZeneca), EVP-6124, R3487 (also
known as MEM3454; Roche/Memory Pharmaceuticals), R4996 (also known as MEM63908;
Roche/Memory Pharmaceuticals), TC-4959 and TC-5619 (both Targacept), and RJR-2403;

(xxviii) norepinephrine (noradrenaline) reuptake inhibitors, such as atomoxetine
(STRATTERA), doxepin (APONAL, ADAPIN, SINEQUAN), nortriptyline (AVENTYL,
PAMELOR, NORTRILEN), amoxapine (ASENDIN, DEMOLOX, MOXIDIL), reboxetine
(EDRONAX, VESTRA), viloxazine (VIVALAN), maprotiline (DEPRILEPT, LUDIOMIL,
PSYMION), bupropion (WELLBUTRIN), and radaxafine;

(xxix) phosphodiesterase (PDE) inhibitors, including but not limited to, (a) PDE1
inhibitors (e.g., vinpocetine (CAVINTON, CERACTIN, INTELECTOL) and those disclosed in
US Patent No 6,235,742, (b) PDE2 inhibitors (e.g., erythro-9-(2-hydroxy-3-nonyl)adenine
(EHNA), BAY 60-7550, and those described in US Patent No. 6,174,884), (c) PDES
inhibitors (e.g., anagrelide, cilostazol, milrinone, olprinone, parogrelil, and pimobendan), (d)
PDE4 inhibitors (e.g., apremilast, ibudilastroflumilast, rolipram, Ro 20-1724, ibudilast
(KETAS), piclamilast (also known as RP73401), CDP840, cilomilast (ARIFLO), roflumilast,
tofimilast, oglemilast (also known as GRC 3886), tetomilast (also known as OPC-6535),
lirimifast, theophylline (UNIPHYL, THEOLAIR), arofylline (also known as LAS-31025),
doxofylline, RPR-122818, or mesembrine), and (e) PDES inhibitors (e.g., sildenafil (VIAGRA,
REVATIO), tadalafii (CIALIS), vardenafil (LEVITRA, VIVANZA), udenafil, avanafil,
dipyridamole (PERSANTINE), E-4010, E-4021, E-8010, zaprinast, iodenafil, mirodenafil, DA-
8159, and those disclosed in International Patent Applications WQ02002/020521,
WO02005/049616, W02006/120552, W0O2006/126081, WO2006/126082, W0O2006/126083,
and W02007/122466), (f) PDE7 inhibitors; (g) PDES8 inhibitors; (h) PDE9 inhibitors (e.g.,
BAY 73-6691 (Bayer AG) and those disclosed in US Patent Publication Nos
US2003/0195205, US2004/0220186, US2006/0111372, US2006/0106035, and USSN
12/118,062 (filed May 9, 2008)), (i) PDE10 inhibitor such as 2-[4-(1-Methyl-4-pyridin-4-yl-
1H-pyrazol-3-yl)phenoxymethyllquinoline (PF-2545920), and SCH-1518291; and (j) PDE11
inhibitors;
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(xxx) quinolines, such as quinine (including its hydrochloride, dihydrochloride,
sulfate, bisulfate and gluconate salts), chloroquine, sontoquine, hydroxychloroquine
(PLAQUENIL), mefloquine (LARIAM), and amodiaquine (CAMOQUIN, FLAVOQUINE);

(xxxi) B-secretase inhibitors, such as ASP-1702, SCH-745966, JNJ-715754, AMG-0683,
AZ-12304146, BMS-782450, GSK-188909, NB-533, LY-2886721, E-2609, HPP-854, (+)-
phenserine tartrate (POSIPHEN), LSN-2434074 (also known as LY-2434074), KMI-574,
SCH-745966, Ac-rER (N acetyl-D-arginyl-L-arginine), loxistatin (also known as E64d), and
CAQ074Me;

(xxxii) y-secretase inhibitors and modulators, such as BMS-708163 (Avagacest),
WO020060430064 (Merck), DSP8658 (Dainippon), ITI-009, L-685458 (Merck), ELAN-G,
ELAN-Z, 4-chloro-N-[2-ethyl-1(S)-(hydroxymethyl)butyl]benzenesulfonamide;

(xxxiii) serotonin (5-hydroxytryptamine) 1A (5-HT,4) receptor antagonists, such as
spiperone, levo-pindolol, BMY 7378, NAD-299, S(-)-UH-301, NAN 190, lecozotan;

(xxxiv) serotonin (5-hydroxytryptamine) 2C (5-HT2c) receptor agonists, such as

vabicaserin, and zicronapine;

(xxxv) serotonin (5-hydroxytryptamine) 4 (5-HT,) receptor agonists, such as PRX-
03140 (Epix);

(xxxvi) serotonin (5-hydroxytryptamine) 6 (5-HT¢) receptor antagonists, such as A-
964324, AVI-101, AVN-211, mianserin (TORVOL, BOLVIDON, NORVAL), methiothepin
(also known as metitepine), ritanserin, ALX-1161, ALX-1175, MS-245, LY-483518 (also
known as SGS518; Lilly), MS-245, Ro 04-6790, Ro 43-68544, Ro 63-0563, Ro 65-7199, Ro
65-7674, SB-399885, SB-214111, SB-258510, SB-271046, SB-357134, SB-699929, SB-
271046, SB-742457 (GlaxoSmithKline), Lu AE58054 (Lundbeck A/S), and PRX-07034

(Epix);

(xxxvii)  serotonin (5-HT) reuptake inhibitors such as alaproclate, citalopram
(CELEXA, CIPRAMIL), escitalopram (LEXAPRO, CIPRALEX), clomipramine (ANAFRANIL),
duloxetine  (CYMBALTA), femoxetine  (MALEXIL), fenfluramine  (PONDIMIN),
norfenfluramine, fluoxetine (PROZAC), fluvoxamine (LUVOX), indalpine, milnacipran (IXEL),
paroxetine (PAXIL, SEROXAT), sertraline (ZOLOFT, LUSTRAL), trazodone (DESYREL,
MOLIPAXIN), venlafaxine (EFFEXOR), zimelidine (NORMUD, ZELMID), bicifadine,
desvenlafaxine (PRISTIQ), brasofensine, vilazodone, cariprazine, neuralstem and

tesofensine;
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(xxxviii) trophic factors, such as nerve growth factor (NGF), basic fibroblast growth
factor (bFGF; ERSOFERMIN), neurotrophin-3 (NT-3), cardiotrophin-1, brain-derived
neurotrophic factor (BDNF), neublastin, meteorin, and glial-derived neurotrophic factor
(GDNF), and agents that stimulate production of trophic factors, such as propentofylline,
idebenone, PYM50028 (COGANE; Phytopharm), and AIT-082 (NEOTROFIN);

(xxxix) Glycine transporter-1 inhibitors such as paliflutine, ORG-25935, JNJ-
17305600, and ORG-26041;

(xI) AMPA-type glutamate receptor modulators such as perampanel, mibampator,
selurampanel, GSK-729327, N-{(3S,4S)-4-[4-(5-cyanothiophen-2-yl)phenoxy]tetrahydro-

furan-3-yl}propane-2-sulfonamide, and the like.

The present invention further comprises kits that are suitable for use in performing
the methods of treatment described above. In one embodiment, the kit contains a first
dosage form comprising one or more of the compounds of the present invention and a
container for the dosage, in quantities sufficient to carry out the methods of the present

invention.

In another embodiment, the kit of the present invention comprises one or more

compounds of the invention.

The compounds of the invention, or their pharmaceutically acceptable salts, may be
prepared by a variety of methods that are analogously known in the art. The reaction
schemes described below, together with synthetic methods known in the art of organic
chemistry, or modifications and derivatizations that are familiar to those of ordinary skill in
the art, illustrate six (6) methods for preparing the compounds. Others, including

modifications thereof, will be readily apparent to one skilled in the art.

The starting materials used herein are commercially available or may be prepared
by routine methods known in the art (such as those methods disclosed in standard
reference books such as the COMPENDIUM OF ORGANIC SYNTHETIC METHODS, Vol.
I-XII (published by Wiley-Interscience)). Preferred methods include, but are not limited to,

those described below.

During any of the following synthetic sequences, it may be necessary and/or
desirable to protect sensitive or reactive groups on any of the molecules concerned. This
can be achieved by means of conventional protecting groups, such as those described in
T. W. Greene, Protective Groups in Organic Chemistry, John Wiley & Sons, 1981; T. W.
Greene and P. G. M. Wuts, Protective Groups in Organic Chemistry, John Wiley & Sons,
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1991; and T. W. Greene and P. G. M. Wuts, Protective Groups in Organic Chemistry, John

Wiley & Sons, 1999, which are hereby incorporated by reference.

Compounds of the present invention or their pharmaceutically acceptable salts of
said compounds or tautomers and radioisotopes, can be prepared according to the
reaction Schemes discussed herein below. Unless otherwise indicated, the substituents in
the Schemes are defined as above. Isolation and purification of the products is

accomplished by standard procedures, which are known to a chemist of ordinary skKill.

One skilled in the art will recognize that in some cases, the compounds in Schemes 1
through 6 will be generated as a mixture of diastereomers and/or enantiomers; these may be
separated at various stages of the synthetic schemes using conventional techniques or a
combination of such techniques, such as, but not limited to, crystallization, normal-phase
chromatography, reversed phase chromatography and chiral chromatography, to afford the

single enantiomers of the invention.

It will be understood by one skilled in the art that the various symbols, superscripts
and subscripts used in the schemes, methods and examples are used for convenience of
representation and/or to reflect the order in which they are introduced in the schemes, and
are not intended to necessarily correspond to the symbols, superscripts or subscripts in the
appended claims. The schemes are representative of methods useful in synthesizing the
compounds of the present invention. They are not to constrain the scope of the invention

in any way.

Scheme 1 below illustrates one synthesis sequence for the preparation of
compounds of formula 1. The initial step in the synthesis, as depicted, utilizes 2-chloro-3-
nitropyridine of formula 1 as an initial starting material. The 2-chloro-3-nitropyridine 1
undergoes SyAr reactions with amine nucleophiles of formula 2 such as anilines, in the
presence of base as a proton scavenger, at temperatures from room temperature to 200°C,
to give aminonitropyridines of formula Il. During the initial SyAr reaction step the R'
substituent on the amine nucleophiles of formula 2 should be represented by the same
moiety as is desired in the final product, or a protected variation thereof. For example, the
final product of Example 1 (N-cyclopropyl-3-(3-fluoro-4-methylphenyl)-3H-imidazo[4,5-
b]pyridine-2-carboxamide) can be prepared utilizing reaction scheme 1, wherein R' of the

amine nucleophile of formula 2 is represented by 3-fluoro-4-methylphenyl.

The next step of the reaction is the reduction of the nitro group of formula Il to the

amine to give the diaminopyridine compounds of formula Ill. This step can be effected
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through palladium or nickel reduction in the presence of a hydrogen source or through

stoichiometric metal reductions, such as iron and zinc in the presence of mild acid.

In the next step, the half ester oxalamides of formula IV can be generated from

amines of formula 3’ (i.e., HNR®°R") displacement on a half ester of oxalyl chloride of formula

5 3. During the amine displacement step, the R® and R’ substituents on the amines of formula
3’ should be represented by the same moiety as is desired in the final product, or a
protected variation thereof. For example, for the final product of Example 1 mentioned
above, one of R® and R’ of the amines of formula 3’ is represented by hydrogen and the

other is represented by cyclopropyl.

10 Following the amine displacement step, the compounds of formula V can be
prepared by condensation of the diaminopyridines of formula Ill and the compounds of
formula IV under thermal conditions, with reaction rates being increased under basic

conditions.

In the final step of scheme 1, conversion of the compounds of formula V to the
15 compounds of formula | can be accomplished under dehydrating conditions such as heat,

treatment with a Lewis acid, or amide coupling conditions.

Scheme 1

N.__ClI
R7 3

R’ R’

1 N NH N NH
B R S B
L+, — L — X

f NO, 2 NO, NH,
Il 1]

7
O RN HN.RG O
/\O)kn/ ~R6 /\O)l\[rCI

v O 3 O
R’ R’
NN O N. _NH
N ~
l s 6 - I Z O 87
N N-R N N
R’ H RO
| \")
20 Scheme 2 below describes an alternative synthetic sequence for the preparation of

compounds of formula I. Oxalic acids of formula VI can be generated in two steps from the
treatment of half esters of oxalyl chloride of formula 3 with an amine of formula 3’ in the

presence of base, usually at room temperature or below. The resultant half ester
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oxalamides of formula IV can be hydrolyzed to the oxalic acids of formula VI by treatment

under acidic or basic aqueous conditions at temperatures from 0 °C to 150 °C.

Next, the diaminopyridines of formula Ill can be mixed with the oxalic acids of formula
VI in the presence of amide coupling/dehydrating reagents, such as 2,4,6-tripropyl-
1,3,5,2,4,6-trioxatriphosphinane 2,4,6-trioxide (T3P), O-(7-azabenzotriazol-1-yl)-N,N,N’ N~
tetramethyluronium hexafluorophosphate (HATU), dicyclohexylcarbodiimide (DCC), etc., at
temperatures ranging from -20 °C to 100 °C; subsequent heating up to 200 °C generates

compounds of formula I.

Scheme 2
1
N F'{NH Q A
S HO R6 NN O
|/ + N’ |/ Y
NH O R’ N 7N_R6
I Vi | R

f 2. NaOH or HCI

087

/\O/U\,( N *R6

IVO

3'
1 1. NHR8R?

O

Oy o

O 3

Scheme 3 below illustrates an alternative synthetic sequence for the preparation of
compounds of formula I. Diaminopyridines of formula Ill can be acylated by the nucleophilic
displacement of a leaving group on an ester-oxalate of formula 4 (wherein x is represented
by chloride, alkoxy, succinimide, etc.) to generate the aminopyridine aminooxoacetate

compounds of formula VII.

In the next step the compounds of formula VII can be cyclized under dehydrating
conditions such as heat, treatment with a Lewis acid, or amide coupling conditions such as
2,4, 6-tripropyl-1,3,5,2,4,6-trioxatriphosphinane 2,4,6-trioxide (T3P), O-(7-azabenzotriazol-1-
y)-N,N,N’,N-tetramethyluronium hexafluorophosphate (HATU), dicyclohexylcarbodiimide

(DCC), etc., to generate the imidazopyridine esters of formula VIII.
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Next, the conversion of imidazopyridine esters of formula VIl to amides of formula |
may be carried out via addition of an amine of formula 3’ to imidazopyridine esters of formula
VIl at temperatures from 20 °C to 200 °C in the presence or absence of solvent.
Additionally, this transformation can be accomplished through the addition of a base or
Lewis acid to the mixture of amine and imidazopyridine esters of formula VIII at

temperatures ranging from 20 °C to 200 °C or under microwave irradiation at applicable

temperatures.
Scheme 3
O
—_R6

LD Gh R R! S Ry
Ny NH o 4 Nse NS NeN O 3 N O
| % u | F N/ o: | Z>~N N-R®

NH2 ”/LS]/O\/ _\ R7
1T} vi © Vil I

Scheme 4 below illustrates another alternative synthetic sequence for preparation of
the compounds of formula | from the esters of formula VIII. In an initial step, esters of
formula VIII can be hydrolyzed to the corresponding imidazopyridine carboxylic acids of
formula IX under basic or acidic aqueous conditions. During the initial step, the R’
substituent on the esters of formula VIII should be represented by the same moiety as is

desired in the final product, or a protected variation thereof.

Next, the imidazopyridine acids of formula IX can be reacted with an appropriate
amine of formula 3’ using any of a variety of amide coupling reagents such as 2,4,6-tripropyl-
1,3,5,2,4,6-trioxatriphosphinane 2,4,6-trioxide (T3P), O-(7-azabenzotriazol-1-yl)-N,N,N’ N~
tetramethyluronium hexafluorophosphate (HATU), dicyclohexylcarbodiimide (DCC), etc., to

provide the compounds of formula 1.

Scheme 4
R1 R1 R1
DN Y N L W e W
p)
g N e} 4 N OH H7N—R6 4 N N_R6
_\ R R7
Vil IX '

3'

Scheme 5 below illustrates another alternative synthetic sequence for the preparation of
compounds of formula | from the diaminopyridine compounds of formula Ill. In the initial step,

compounds of formula Ill can be treated with methyl 2,2,2-trichloroacetimidate of formula 4’
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in the presence of mild acid to form trichloromethyl-substituted imidazo[4,5-b]pyridines of
formula X (see Venable, J. et al., Journal of Medicinal Chemistry 2005, 48, 8289).

Next, the compounds of formula X can be treated with amines of formula 3’ under

mild basic aqueous conditions to provide compounds of formula .

Scheme 5
6
R’ / HN R
N _NH o
s N HCI — L/\[ >—€C| R, KI .
= NH HN N R
I 4 X |

Scheme 6 below illustrates another synthetic sequence for the prepratation of the

compounds of formula | wherein R" is optionally substituted aryl.

In a first step, 2-amino-3-nitropyridine is coupled with a haloaryl compound of formula
5 in the presence of a metal catalyst (palladium, copper, rhodium, etc.), a ligand, and a base
at temperatures ranging from room temperature to ~200 °C, to generate anilinopyridine
structures of formula Xl. This general reaction is sometimes referred to as the Buchwald-
Hartwig amination. Similar couplings have been described previously (W02008/4117 A1 and
Org. Lett. 2009, 11, 5502-5505). During this reaction, the R' substituent on the haloaryl
compound of formula 5 should be represented by the same moiety as is desired in the final
product, or a protected variation thereof. For example, the final product of Example 7 [3-(4-
cyano-3-fluorophenyl)-N-cyclopropyl-3H-imidazo[4,5- b]pyridine-2-carboxamide] can  be
prepared utilizing reaction scheme 6, wherein R of the diaminopyridine is represented by 4-

cyano-3-fluorophenyl.

In the next step, reduction of the nitro group to an amine to give the compounds of
formula XIlI can occur through palladium or nickel reduction in the presence of a hydrogen
source, or through stoichiometric metal reductions, such as iron and zinc in the presence of

mild acid.

Next, compounds of formula XIl can be converted to compounds of formula | through
reaction of compounds of formula Xll and a compound of formula IV (Scheme 2) under basic
conditions, at temperatures ranging from room temperature to 200 °C followed by the room
temperature addition of a dehydrating reagent/amide coupling reagent 2,4,6-tripropyl-
1,3,5,2,4,6-trioxatriphosphinane 2,4,6-trioxide (T3P), O-(7-azabenzotriazol-1-yl)-N,N,N’ N~
tetramethyluronium hexafluorophosphate (HATU), dicyclohexylcarbodiimide (DCC), etc., and
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subsequent reaction via appropriate heating (room temperature to 200 °C) to generate
compounds of formula | wherein R' is optionally substituted aryl, wherein the optional

substituent is represented by (R?)s.

Scheme 6
R! R’
& ® ® R’
N. _NH 4 F
2 | Z F N\ N O
- TN Ne_NH 7 L/T\
N02 B N\ NH | O RI F N N_RB
N. =Y
° 5 Z>No, 7 NH, /\O/U\[f R®
XI Xil w © l

Experimental Procedures and Working Examples

The following illustrate the synthesis of various compounds of the present invention.
Additional compounds within the scope of this invention may be prepared using the methods
illustrated in these Examples, either alone or in combination with techniques generally
known in the art.

Experiments were generally carried out under inert atmosphere (nitrogen or argon),
particularly in cases where oxygen- or moisture-sensitive reagents or intermediates were
employed. Commercial solvents and reagents were generally used without further
purification. Anhydrous solvents were employed where appropriate (generally Sure-Seal™
products from the Aldrich Chemical Company, Milwaukee, Wisconsin, or solvents that had
been dried and distilled using procedures familiar to those skilled in the art). Products were
generally dried under vacuum before being carried on to further reactions or submitted for
biological testing. Mass spectrometry data is reported from either liquid chromatography-
mass spectrometry (LCMS), atmospheric pressure chemical ionization (APCI) or gas
chromatography-mass spectrometry (GCMS) instrumentation. Chemical shifts for nuclear
magnetic resonance (NMR) data are expressed in parts per million (ppm, ) referenced to

residual peaks from the deuterated solvents employed.

For syntheses referencing procedures in other Examples or Methods, reaction
conditions (length of reaction and temperature) may vary. In general, reactions were

followed by thin layer chromatography or mass spectrometry, and subjected to work-up
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when appropriate. Purifications may vary between experiments: in general, solvents and the
solvent ratios used for eluents/gradients were chosen to provide appropriate Rss or retention
times.

Preparation P1

Ethyl (cyclopropylamino)(oxo)acetate (P1).

0 "N o 4
N0 cl 5 /\OJ\H/N
TN IV

~No-
P1

A mixture of cyclopropylamine (1.39 g, 24.3 mmol) and triethylamine (3.5 g, 35 mmol)
was added drop-wise to a 0 °C solution of ethyl chloro(oxo)acetate (3.5 g, 26 mmol) in
tetrahydrofuran (25 mL). The reaction mixture was stirred at 0 °C for 10 minutes and filtered,;
the filtrate was concentrated in vacuo to afford the product as a yellow solid. Yield: 3.0 g, 19
mmol, 78%. '"H NMR (400 MHz, CDCl;) & 7.14 (br s, 1H), 4.34 (q, J=7.2 Hz, 2H), 2.78-2.86
(m, 1H), 1.38 (t, J=7.2 Hz, 3H), 0.83-0.90 (m, 2H), 0.59-0.65 (m, 2H).

Preparation P2

(Cyclopropylamino)(oxo)acetic acid (P2)

HoN
1) \V
O | - O H
N
/\OJ\H/CI N HOJH(NW
o) 2) NaOH o)

P2

Ethyl chloro(oxo)acetate (96 mL, 0.86 mol) was added over 10 minutes to a =20 °C
solution of cyclopropylamine (60 mL, 0.86 mol) and pyridine (70 mL, 0.86 mol) in
dichloromethane (740 mL), and the reaction mixture was stirred at 0 °C for 1 hour, then at 20
°C for 20 hours. The reaction mixture was washed with aqueous hydrochloric acid (1 M, 3 x
185 mL), then the organic layer was stirred with aqueous sodium hydroxide solution (1 M,
930 mL, 0.93 mol) for 30 minutes. The resulting aqueous layer was acidified to pH 1 with
concentrated hydrochloric acid (78 mL), treated with sodium chloride (100 g), and extracted
with dichloromethane (6 x 500 mL) and ethyl acetate (6 x 500 mL). The combined organic
layers were dried over magnesium sulfate, filtered, and concentrated in vacuo; the resulting
solid was mixed with ethyl acetate (150 mL) and warmed to reflux. After cooling to room
temperature over 16 hours with stirring, the solid was collected via filtration and washed with

ethyl acetate, affording the product as a sparkling white solid. Yield: 67.8 g, 0.525 mol, 61%.
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LCMS m/z 130.0 [M+H]*. "H NMR (400 MHz, DMSO-d) 5 13.73 (br s, 1H), 8.83 (br d, J=4.0
Hz, 1H), 2.68-2.77 (m, 1H), 0.61-0.68 (m, 2H), 0.54-0.61 (m, 2H).

Examples

Example 1
N-Cyclopropyl-3-(3-fluoro-4-methylphenyl)-3H-imidazo[4,5-b]pyridine-2-carboxamide (1)

F cho3
I
No2 NH4CI
/ NO, / NH,
c1 c2
/\o)j\n/ t-BuOK
o) Y
P1

F

F

NN O Ny NHO
@N/)—:{N% u"‘#“
" v
1 C3
10  Step 1. Synthesis of N-(3-fluoro-4-methylphenyl)-3-nitropyridin-2-amine (C1).
A mixture of 2-chloro-3-nitropyridine (4.76 g, 30.0 mmol), 3-fluoro-4-methylaniline
(3.75 g, 30.0 mmol) and potassium carbonate (8.29 g, 60.0 mmol) in dimethyl sulfoxide (30
mL) was stirred at 140 °C for 40 minutes. The reaction mixture was then cooled to room
temperature, diluted with water, and extracted with ethyl acetate. The combined organic
15 layers were washed with water, dried over magnesium sulfate, filtered, and concentrated in
vacuo to afford the product as a black solid. Yield: 6.78 g, 27.4 mmol, 91%. 'H NMR (400
MHz, CDClz) 6 10.11 (br s, 1H), 8.54 (dd, J=8.3, 1.8 Hz, 1H), 8.51 (dd, J=4.6, 1.8 Hz, 1H),
7.59-7.64 (m, 1H), 7.15-7.21 (m, 2H), 6.86 (dd, J=8.4, 4.6 Hz, 1H), 2.28 (d, J=2.0 Hz, 3H).

20  Step 2. Synthesis of N*-(3-fluoro-4-methylphenyl)pyridine-2,3-diamine (C2).
Zinc dust (14.3 g, 219 mmol) was added to a stirring mixture of N-(3-fluoro-4-
methylphenyl)-3-nitropyridin-2-amine (C1) (6.78 g, 27.4 mmol) and ammonium chloride (11.7

g, 219 mmol) in tetrahydrofuran (55 mL) and water (55 mL), which caused the temperature
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of the mixture to rise to 45 °C. The reaction mixture was stirred for 10 minutes, and then
filtered through a pad of Celite, rinsing with ethyl acetate. The organic layer from the filtrate
was further diluted with ethyl acetate, washed with agueous ammonium chloride solution and
with saturated aqueous sodium chloride solution, dried over magnesium sulfate, and filtered.
The filtrate was concentrated in vacuo to afford the product as a black solid (6.6 g), the bulk
of which was taken directly to the following step. LCMS m/z 218.1 [M+H]*. "H NMR (400
MHz, CDCly), characteristic product peaks: & 7.84 (dd, J=4.9, 1.6 Hz, 1H), 7.01 (dd, J=7.6,
1.6 Hz, 1H), 6.82 (br dd, J=8, 2 Hz, 1H), 6.77 (dd, J=7.6, 4.9 Hz, 1H), 2.20 (d, J=2 Hz, 3H).

Step 3. Synthesis of N-cyclopropyl-N'-{2-[(3-fluoro-4-methylphenyl)amino]pyridin-3-
yl}ethanediamide (C3).

Potassium tert-butoxide (4.54 g, 40.5 mmol) was added to a solution of N-(3-fluoro-
4-methylphenyl)pyridine-2,3-diamine (C2) (from the previous step, 5.87 g, <24.4 mmol) and
ethyl (cyclopropylamino)(oxo)acetate (P1) (6.36 g, 40.5 mmol) in 1-methylpyrrolidin-2-one
(27 mL). The reaction mixture was heated at 120 °C for 10 minutes, cooled to room
temperature and diluted with aqueous ammonium chloride solution. Tetrahydrofuran was
added to assist solubilization, followed by ethyl acetate. The organic layer was washed with
saturated aqueous sodium chloride solution, dried over magnesium sulfate, filtered, and
concentrated in vacuo to provide the crude product (13.0 g). A portion of this material was
used directly in the following step. LCMS m/z 329.0 [M+H]".

Step 4. Synthesis of N-cyclopropyl-3-(3-fluoro-4-methylphenyl)-3H-imidazo[4,5-b]pyridine-2-
carboxamide (1).

A mixture of N-cyclopropyl-N*-{2-[(3-fluoro-4-methylphenyl)amino]pyridin-3-yl}ethane-
diamide (C3) (from the preceding step, 8.86 g, <16.6 mmol) and ethane-1,2-diol (27 mL) was
stirred at 200 °C for 1 hour. After cooling to room temperature, the reaction mixture was
diluted with water (100 mL) and aqueous sodium hydroxide solution (1 M, 100 mL), then
extracted with ethyl acetate. The combined organic layers were washed with saturated
aqueous sodium chloride solution, dried over magnesium sulfate, filtered, and concentrated
under reduced pressure. Purification using silica gel chromatography (Gradient: 5% to 50%
ethyl acetate in heptane) was followed by recrystallization from 3:1 toluene / heptane, to
afford the product as a solid. Yield: 2.52 g, 8.12 mmol, 49% over three steps. LCMS m/z
311.0 [M+H]*. "H NMR (400 MHz, CDCls) & 8.50 (dd, J=4.7, 1.5 Hz, 1H), 8.13 (dd, J=8.1, 1.5
Hz, 1H), 7.68 (br s, 1H), 7.37 (dd, J=8.1, 4.7 Hz, 1H), 7.34-7.40 (m, 1H), 7.10-7.15 (m, 2H),
2.83-2.90 (m, 1H), 2.37 (br d, J=2 Hz, 3H), 0.83-0.89 (m, 2H), 0.67-0.72 (m, 2H).
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Example 2
3-Cyclopentyl-N-cyclopropyl-3H-imidazo[4,5-bJpyridine-2-carboxamide (2)

[ > Ho
N_Cl N N% Pd/C
NO,

H N._NH

| —_— /N —_— z
NH,
ca c5
i D
oy O l ~oN-
0

HN—<] Q

N N._NH
/N| N/ o) -— :I N/ EO - E\I o} .
b N
2 Cc7 Ccé

Step 1. Synthesis of N-cyclopentyl-3-nitropyridin-2-amine (C4).

Cyclopentanamine (2.7 g, 32 mmol) was added to a solution of 2-chloro-3-
nitropyridine (5.0 g, 32 mmol) in tetrahydrofuran (200 mL), and the reaction mixture was
stirred at reflux for 18 hours. After removal of solvent under reduced pressure, the residue
was purified via silica gel chromatography to give the product as a yellow solid. Yield: 5.5 g,
26 mmol, 81%. 'H NMR (400 MHz, CD,0D) & 8.42 (dd, half of ABX pattern, J=8.3, 1.8 Hz,
1H), 8.40 (dd, half of ABX pattern, J=4.5, 1.8 Hz, 1H), 6.69 (dd, J=8.3, 4.5 Hz, 1H), 4.51-
4.59 (m, 1H), 2.07-2.17 (m, 2H), 1.62-1.85 (m, 4H), 1.51-1.62 (m, 2H)

Step 2. Synthesis of N*-cyclopentylpyridine-2,3-diamine (C5).

To a solution of N-cyclopentyl-3-nitropyridin-2-amine (C4) (4.7 g, 23 mmol) in
methanol (100 mL) was added palladium on carbon (0.5 g), and the mixture was degassed
with hydrogen. After stirring under hydrogen at room temperature for 4 hours, the reaction
mixture was filtered; the filtrate was concentrated in vacuo to afford the product as a black
solid. Yield: 3.6 g, 20 mmol, 87%. "H NMR (400 MHz, DMSO-ds) & 7.35 (dd, J=5, 1 Hz, 1H),
6.63 (dd, J=7.3, 1.0 Hz, 1H), 6.30 (dd, J=7.3, 5.0 Hz, 1H), 5.31 (br d, J=6.3 Hz, 1H), 4.69 (br
s, 2H), 4.18-4.28 (m, 1H), 1.88-2.00 (m, 2H), 1.61-1.75 (m, 2H), 1.36-1.60 (m, 4H).

Step 3. Synthesis of ethyl {[2-(cyclopentylamino)pyridin-3-ylJamino}(oxo)acetate (C6).
To a solution of N?-cyclopentylpyridine-2,3-diamine (C5) (1.78 g, 10.0 mmol) and
triethylamine (1.52 g, 15.0 mmol) in dichloromethane (100 mL) was added ethyl

chloro(oxo)acetate (1.49 g, 10.9 mmol), and the reaction mixture was stirred at room
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temperature for 18 hours. Removal of volatiles in vacuo afforded the crude product (2 g) as a

brown solid, which was used in the next step without further purification.

Step 4. Synthesis of ethyl 3-cyclopentyl-3H-imidazo[4,5-b]pyridine-2-carboxylate (C7).

A solution of crude ethyl {[2-(cyclopentylamino)pyridin-3-ylJamino}(oxo)acetate (C6)
(from the previous step, 2 @) in toluene (100 mL) was stirred at reflux for 18 hours. The
reaction mixture was concentrated in vacuo and the residue was purified using silica gel
chromatography (Gradient: 9% to 50% ethyl acetate in petroleum ether) to provide the
product as a brown solid. Yield: 0.70 g, 2.7 mmol, 27% over 2 steps. '"H NMR (400 MHz,
CD;0OD) & 8.53 (dd, J=4.6, 1.4 Hz, 1H), 8.14 (dd, J=8.2, 1.4 Hz, 1H), 7.40 (dd, J=8.2, 4.7 Hz,
1H), 5.79-5.89 (m, 1H), 4.51 (q, J=7.1 Hz, 2H), 2.48-2.61 (m, 2H), 2.07-2.20 (m, 4H), 1.70-
1.83 (m, 2H), 1.46 (t, J=7.2 Hz, 3H).

Step 5. Synthesis of 3-cyclopentyl-N-cyclopropyl-3H-imidazo[4,5-b]pyridine-2-carboxamide
(2).

To a solution of ethyl 3-cyclopentyl-3H-imidazo[4,5-b]pyridine-2-carboxylate (C7)
(0.12 g, 0.46 mmol) in ethanol (10 mL) was added cyclopropylamine (0.55 g, 9.6 mmol), and
the reaction mixture was stirred at room temperature for 18 hours. After concentration in
vacuo, purification was effected via preparative thin layer chromatography on silica gel
(Eluent: 5:1 petroleum ether / ethyl acetate) to afford the product as a yellow solid. Yield: 36
mg, 0.13 mmol, 28%. LCMS m/z 270.9 [M+H]". "H NMR (400 MHz, CDCl) & 8.47 (dd, J=4.6,
1.5 Hz, 1H), 8.02 (br d, J=8 Hz, 1H), 7.85 (br s, 1H), 7.27 (dd, J=8.2, 4.6 Hz, 1H, assumed,;
partially obscured by solvent peak), 6.16-6.27 (m, 1H), 2.89-2.97 (m, 1H), 2.51-2.64 (m, 2H),
2.06-2.19 (m, 4H), 1.69-1.81 (m, 2H), 0.87-0.95 (m, 2H), 0.69-0.76 (m, 2H).
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Example 3
3-(4-Chlorophenyl)-N-cyclopropyl-3H-imidazo[4,5-bJpyridine-2-carboxamide (3)

Cl
Cl Cl
Ha
N | cl NH; Raney Ni
_— —_—
X NO, K,COs _N | NH _N | NH
N No, N NH,
Cc8 C9
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3 c10

NN O
‘s
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Step 1. Synthesis of N-(4-chlorophenyl)-3-nitropyridin-2-amine (C8).

(15.4 g, 97.1 in N,N-

dimethylformamide (100 mL) were added 4-chloroaniline (12.4 g, 97.2 mmol) and potassium

To a solution of 2-chloro-3-nitropyridine mmol)
carbonate (20 g, 140 mmol). The reaction mixture was stirred at 100 °C for 18 hours, and
then poured into ice-water (200 mL). The precipitate was collected via filtration and washed
with water (3 x 30 mL) to provide the product as a black solid. Yield: 15 g, 60 mmol, 62%. 'H
NMR (400 MHz, DMSO-de) § 9.97 (br s, 1H), 8.47-8.57 (m, 2H), 7.69 (d, J=8.8 Hz, 2H), 7.41
(d, J=8.8 Hz, 2H), 7.01 (dd, J=8.2, 4.6 Hz, 1H).

Step 2. Synthesis of N*-(4-chlorophenyl)pyridine-2,3-diamine (C9).

To a solution of N-(4-chlorophenyl)-3-nitropyridin-2-amine (C8) (2.68 g, 10.7 mmol) in
ethyl acetate (100 mL) was added Raney nickel (1.5 g), and the mixture was degassed with
hydrogen. After 6 hours of hydrogenation at room temperature, the reaction mixture was
filtered; concentration of the filtrate in vacuo afforded the product as a black solid. Yield: 1.8
g, 8.2 mmol, 77%. 'H NMR (400 MHz, DMSO-ds) § 7.88 (br s, 1H), 7.67 (d, J=8.9 Hz, 2H),
7.50 (br d, J=4 Hz, 1H), 7.25 (d, J=8.9 Hz, 2H), 6.91 (br d, J=7.5 Hz, 1H), 6.64 (dd, J=7.3,
4.8 Hz, 1H), 5.08 (br s, 2H).

Step 3. Synthesis of ethyl 3-(4-chlorophenyl)-3H-imidazo[4,5-b]pyridine-2-carboxylate (C10).
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A mixture of N?-(4-chlorophenyl)pyridine-2,3-diamine (C9) (1.8 g, 8.2 mmol) and
diethyl ethanedioate (18 g, 123 mmol) was stirred at 140 °C for 18 hours. Purification using
silica gel chromatography (Gradient: 16% to 50% ethyl acetate in petroleum ether) provided
the product as a brown solid, containing approximately 30% of a contaminant by '"H NMR
analysis. Yield: 250 mg, 0.83 mmol, 10%. 'H NMR (400 MHz, CD,0OD), product peaks only:
8 8.49 (dd, J=4.8, 1.5 Hz, 1H), 8.31 (dd, J=8.2, 1.4 Hz, 1H), 7.61 (br d, J=8.9 Hz, 2H), 7.52
(dd, J=8.2, 4.6 Hz, 1H), 7.49 (br d, J=8.9 Hz, 2H), 4.34 (q, J=7.2 Hz, 2H), 1.25 (t, J=7.2 Hz,
3H).

Step 4. Synthesis of 3-(4-chlorophenyl)-N-cyclopropyl-3H-imidazo[4,5-b]pyridine-2-
carboxamide (3).

Ethyl  3-(4-chlorophenyl)-3H-imidazo[4,5-b]pyridine-2-carboxylate  (C10) was
converted to the product using the method described for synthesis of 2 in Example 2. The
product was obtained as an off-white solid. Yield: 34.5 mg, 0.110 mmol, 28%. LCMS m/z
312.9 [M+H]*. "H NMR (400 MHz, CD,OD) & 8.42 (dd, J=4.8, 1.5 Hz, 1H), 8.24 (dd, J=8.2,
1.4 Hz, 1H), 7.58 (br d, J=8.8 Hz, 2H), 7.43-7.49 (m, 3H), 2.76-2.83 (m, 1H), 0.77-0.84 (m,
2H), 0.63-0.69 (m, 2H).

Example 4
3-(4-Chloro-3-fluorophenyl)-N-cyclopropyl-3H-imidazo[4,5-b]pyridine-2-carboxamide (4)

Cl Cl
Cl F Hs F
N\ Cl F Raney Ni
| + —_— —_—
Z>NO, N._NH N._NH
N ~
NH; |/ |/
NO, NH,
C11 C12
oy
HOJ\H/N =
o] J W _ cl Cl
F P2 -
O i
N N
— =
AN o o N_NH TN P
u +TOH Qo | o PR
Z NH, PPN | Rz NJSrN N HN—<]
O...
PS H 3 v
C12, tosylate salt $ 6] _ 4

Step 1. Synthesis of N-(4-chloro-3-fluorophenyl)-3-nitropyridin-2-amine (C11).
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4-Chloro-3-fluoroaniline (10.0 g, 68.7 mmol) was heated to 180 °C in an oil bath. 2-
Chloro-3-nitropyridine (11.0 g, 69.4 mmol) was added, and the resulting mixture was stirred
at 180 °C for 10 minutes. The reaction mixture was then cooled to 15 °C and washed with
petroleum ether, providing the product as a salmon-pink solid. Yield: 15 g, 56 mmol, 82%. 'H
NMR (400 MHz, CDClI3) 6 10.20 (br s, 1H), 8.57 (dd, J=8.3, 1.6 Hz, 1H), 8.54 (dd, J=4.6, 1.7
Hz, 1H), 7.90 (dd, J=11.3, 2.4 Hz, 1H), 7.38 (dd, J=8.5, 8.3 Hz, 1H), 7.23-7.28 (m, 1H,
assumed,; partially obscured by solvent peak), 6.94 (dd, J=8.3, 4.5 Hz, 1H).

Step 2. Synthesis of N*-(4-chloro-3-fluorophenyl)pyridine-2,3-diamine (C12).

A mixture of N-(4-chloro-3-fluorophenyl)-3-nitropyridin-2-amine (C11) (5.0 g, 19
mmol) and Raney nickel (3 g) in ethyl acetate (400 mL) was degassed three times with
hydrogen. The reaction mixture was then hydrogenated at room temperature for 20 hours.
After removal of the catalyst via filtration, the filtrate was concentrated in vacuo. Purification
via silica gel chromatography afforded the product as a gray solid. Yield: 3.1 g, 13 mmol,
68%. "H NMR (400 MHz, CDCl;) & 7.87 (dd, J=4.9, 1.6 Hz, 1H), 7.38 (dd, J=11.5, 2.5 Hz,
1H), 7.24 (dd, J=8.5, 8.4 Hz, 1H), 7.06 (dd, J=7.6, 1.6 Hz, 1H), 6.92 (ddd, J=8.7, 2.5, 1.0 Hz,
1H), 6.82 (dd, J=7.6, 4.9 Hz, 1H), 6.37 (br s, 1H), 3.38 (br s, 2H).

Step 3. Synthesis of 3-(4-chloro-3-fluorophenyl)-N-cyclopropyl-3H-imidazo[4,5-b]pyridine-2-
carboxamide (4).

A mixture of the mono-tosylate salt of N?-(4-chloro-3-fluorophenyl)pyridine-2,3-
diamine (C12) [prepared via treatment of C12 with p-toluenesulfonic acid monohydrate (1.5
equivalents) in ethanol at 80 °C, followed by cooling to room temperature and isolation via
filtration] (1.003 g, 2.447 mmol), (cyclopropylamino)(oxo)acetic acid (P2) (0.304 g, 2.35
mmol), 2,6-dimethylpyridine (0.91 mL, 0.84 g, 7.8 mmol), and 2-methyltetrahydrofuran (10
mL) was cooled to —10 °C and treated with 2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphinane
2,4,6-trioxide (50 weight% solution in ethyl acetate, 4.3 mL, 4.6 g, 7.2 mmol). The reaction
mixture was warmed to 0 °C and held for 1 hour, heated at reflux for 20 hours, and then
cooled to 0 °C and filtered, rinsing with 2-methyltetrahydrofuran. The filtrate was sequentially
washed with water (10 mL, 5 mL), with agueous ammonium hydroxide solution (15%, 3 x5
mL), with aqueous hydrochloric acid (0.1 M, 10 mL, 5 mL), and with water (10 mL). The
organic layer was distilled to a volume of approximately 4 mL, diluted with 2-
methyltetrahydrofuran (13 mL), and again distilled to approximately 4 mL, whereupon it was
cooled to 50 °C and treated with heptane (3 mL). The resulting slurry was stirred at 50 °C for
2 hours, cooled to 20 °C, and stirred for 12 hours. The solid was collected via filtration and

washed with a mixture of heptane and 2-methyltetrahydrofuran (2:1, 5 mL). The resulting
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material (0.488 g) was reslurried in a mixture of 2-propanol and ethyl acetate (9:1, 4.9 mL),
warmed to 40 °C, cooled to 20 °C, and stirred for 16 hours. Filtration and washing with 2-
propanol (3 mL) afforded the product as an off-white solid. Yield: 410 mg, 1.24 mmol, 53%.
LCMS m/z 330.9, 332.9 [M+H]*. "H NMR (400 MHz, DMSO-d,) & 9.17 (d, J=4.8 Hz, 1H),
8.45 (d, J=4.5 Hz, 1H), 8.27 (d, J=8.0 Hz, 1H), 7.71-7.80 (m, 2H), 7.47 (dd, J=8.0, 4.8 Hz,
1H), 7.40 (br d, J=8.5 Hz, 1H), 2.77-2.86 (m, 1H), 0.65-0.69 (m, 4H).

Example 5
3-(4-Chloro-3-fluorophenyl)-N-(1-methyl-1H-pyrazol-3-yl)-3H-imidazo[4, 5-b]pyridine-2-

carboxamide (5)

Cl Cl Cl
F O H2N
e o F \N F
Y Cie

N._NH NN O ——> N_N O

~ ‘s | ’
| LJ: X Al KI X Ny’
(;[NHZ X~ ~N O—\ PEANN XN HNU
C12 C13 5

Step 1. Synthesis of ethyl 3-(4-chloro-3-fluorophenyl)-3H-imidazo[4,5-b]pyridine-2-
carboxylate (C13).

Conversion of N?-(4-chloro-3-flucrophenyl)pyridine-2,3-diamine (C12) to the product
was effected using the method described for synthesis of C10 in Example 3. The product
was obtained as a brown solid. Yield: 700 mg, 2.2 mmol, 17%. 'H NMR (400 MHz, CDCl) &
8.55 (dd, J=4.6, 1.4 Hz, 1H), 8.29 (dd, J=8.2, 1.4 Hz, 1H), 7.61 (dd, J=8.3, 8.0 Hz, 1H), 7.42
(dd, J=8.2, 4.8 Hz, 1H), 7.29 (dd, J=8.9, 2.3 Hz, 1H, assumed; partially obscured by solvent
peak), 7.18-7.22 (m, 1H), 4.44 (q, J=7.2 Hz, 2H), 1.41 (t, J=7.1 Hz, 3H).

Step 2. Synthesis of 3-(4-chloro-3-fluorophenyl)-N-(1-methyl- TH-pyrazol-3-yl)-3H-
imidazof4,5-bjpyridine-2-carboxamide (5).

To a solution of ethyl 3-(4-chloro-3-fluorophenyl)-3H-imidazo[4,5-b]pyridine-2-
carboxylate (C13) (32 mg, 0.10 mmol) and 1-methyl-1H-pyrazol-3-amine (29 mg, 0.30 mol)
in toluene (3 mL) was added trimethylaluminum (2 M solution in toluene, 0.3 mL, 0.6 mmol)
at room temperature. The reaction mixture was irradiated in a microwave reactor at 150 °C
for 1 hour, whereupon it was partitioned between water (20 mL) and ethyl acetate (50 mL).
The organic layer was washed with saturated aqueous sodium chloride solution (20 mL),
dried over sodium sulfate, filtered, and concentrated in vacuo. Purification via reversed
phase HPLC (Column: Agella Venusil ASB-C18, 5 uym; Mobile phase A: 0.225% formic acid
in water; Mobile phase B: 0.225% formic acid in acetonitrile; Gradient: 33% to 63% B)
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afforded the product as a yellow solid. Yield: 2.0 mg, 5.4 ymol, 5%. LCMS m/z 371.1 [M+H]".
'H NMR (400 MHz, CD;OD) & 8.47 (br d, J=4.6 Hz, 1H), 8.32 (br d, J=8 Hz, 1H), 7.69 (dd,
J=8, 8 Hz, 1H), 7.48-7.56 (m, 3H), 7.35 (br d, J=8 Hz, 1H), 6.52-6.55 (m, 1H), 3.83 (s, 3H).

Example 6
3-(4-Chloro-3-fluorophenyl)-N-propyl-3H-imidazo[4,5-b]pyridine-2-carboxamide (6)
Cl Cl
HN— F
NN O NN O
‘s ’
@NHO Sy N/>_I$N
A\ N\
C13 6

n-Propylamine (148 mg, 2.5 mol) was added to a solution of ethyl 3-(4-chloro-3-
fluorophenyl)-3H-imidazo[4,5-b]pyridine-2-carboxylate (C13) (80 mg, 0.25 mmol) in ethanol
(5 mL) and the reaction mixture was stirred at room temperature for 18 hours. After
concentration under reduced pressure, the residue was purified by preparative thin layer
chromatography on silica gel (Eluent: 1:1 petroleum ether / ethyl acetate) to provide the
product as a pale yellow solid. Yield: 28 mg, 84 pymol, 34%. LCMS m/z 332.9 [M+H]*. 'H
NMR (400 MHz, CD,0OD) 6 8.43 (dd, J=4.8, 1.4 Hz, 1H), 8.26 (dd, J=8.2, 1.5 Hz, 1H), 7.67
(dd, J=8.4, 8.2 Hz, 1H), 7.45-7.50 (m, 2H), 7.30 (ddd, J=8.5, 2.3, 1.2 Hz, 1H), 3.28-3.34 (m,
2H, assumed; partially obscured by solvent peak), 1.58-1.68 (m, 2H), 0.96 (1, J=7.4 Hz, 3H).
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Example 7
3-(4-Cyano-3-fluorophenyl)-N-cyclopropyl-3H-imidazo[4,5-b]pyridine-2-carboxamide (7)
PPh2 PPh,
e O 0
Ny NH:2
L, e
Z>NO, Pd,(dba)s
Br Cs,CO3
N02
c14 7n
NH,CI
oy ‘
N
CN /\oJ}r CN
F RN v F
t-BuOK
NN O 0 N._NH
S \ /
N HN—] 0.p:0 NH,

N
7 $O C15

Step 1. Synthesis of 2-fluoro-4-[(3-nitropyridin-2-yl)amino]benzonitrile (C14).

A mixture of 3-nitropyridin-2-amine (3.44 g, 24.7 mmol), 4-bromo-2-fluorobenzonitrile
(4.95 g, 24.7 mmol), tris(dibenzylideneacetone)dipalladium(0) (226 mg, 0.247 mmol), 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene (XantPhos, 286 mg, 0.494 mmol) and cesium
carbonate (32.3 g, 99.0 mmol) in 1,4-dioxane (124 mL) was degassed, placed under
nitrogen and stirred at 100 °C for 30 minutes. The reaction mixture was filtered through a
pad of Celite using tetrahydrofuran, and the filtrate was concentrated in vacuo. A 1:1 mixture
of heptane and ethyl acetate was added to the residue, and the mixture was cooled in an
ice/water bath. The solid was collected via filtration and washed with cold 1:1 heptane / ethyl
acetate to afford the product as a gray solid. Yield: 6.2 g, 24 mmol, 97%. LCMS m/z 259.1
[M+H]". "H NMR (400 MHz, CDCl;) & 10.46 (br s, 1H), 8.60-8.63 (m, 2H), 8.16 (dd, J=11.8,
2.1 Hz, 1H), 7.59 (dd, J=8.5, 7.2 Hz, 1H), 7.40 (br dd, J=8.6, 2 Hz, 1H), 7.05-7.09 (m, 1H).

Step 2. Synthesis of 4-[(3-aminopyridin-2-yl)amino]-2-fluorobenzonitrile (C15).

To a solution of 2-fluoro-4-[(3-nitropyridin-2-ylyamino]benzonitrile (C14) (5.4 g, 21
mmol) in a 1:1 mixture of tetrahydrofuran and water (40 mL) was added ammonium chloride
(8.9 g, 170 mmol), followed by zinc (10.8 g, 165 mmol). The mixture was stirred at 60 °C for
30 minutes, whereupon it was filtered through a pad of Celite. The organic layer from the

filtrate was diluted with ethyl acetate, washed with saturated aqueous ammonium chloride
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solution, dried over sodium sulfate, filtered, and concentrated in vacuo; the residue was
washed with heptane to afford the product as a brown solid. Yield: 4.2 g, 18 mmol, 86%.
LCMS m/z 229.1 [M+H]*. "H NMR (400 MHz, DMSO-d;,) & 8.68 (br s, 1H), 7.82 (dd, J=13.6,
2.0 Hz, 1H), 7.66 (dd, J=8.4, 8.3 Hz, 1H), 7.61 (dd, J=4.8, 1.6 Hz, 1H), 7.37 (dd, J=8.8, 2.0
Hz, 1H), 7.03 (dd, J=7.8, 1.6 Hz, 1H), 6.82 (dd, J=7.8, 4.8 Hz, 1H), 5.24 (br s, 2H).

Step 3. Synthesis of 3-(4-cyano-3-fluorophenyl)-N-cyclopropyl-3H-imidazo[4,5-b]pyridine-2-
carboxamide (7).

To a mixture of 4-[(3-aminopyridin-2-ylyamino]-2-fluorobenzonitrile (C15) (3.9 g, 17
mmol) and ethyl (cyclopropylamino)(oxo)acetate (P1) (4.03 g, 256 mmol) in 1-
methylpyrrolidin-2-one (17 mL) was added potassium tert-butoxide (2.88 g, 25.7 mmol). The
reaction mixture was stirred at 120 °C for 30 minutes, cooled to room temperature, and
treated with 2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphinane 2,4,6-trioxide (T3P) (~50%
weight solution, 20.3 mL, 32 mmol). After the reaction mixture had been stirred at 120 °C for
18 hours, it was allowed to cool. Water (10 mL) was added and stirring was continued for 10
minutes. Saturated aqueous sodium bicarbonate solution (20 mL) was introduced, and the
mixture was extracted with ethyl acetate (3 x 50 mL). The combined organic layers were
washed with saturated aqueous sodium chloride solution, filtered, and concentrated in
vacuo. Silica gel chromatography (Gradient: 10% to 50% ethyl acetate in petroleum ether)
afforded the product as a white solid. Yield: 2.29 g, 7.13 mmol, 42%. LCMS m/z 322.2
[M+H]". "H NMR (400 MHz, CDCls) & 8.50 (dd, J=4.7, 1.4 Hz, 1H), 8.17 (dd, J=8.2, 1.5 Hz,
1H), 7.79-7.85 (m, 1H), 7.69 (br s, 1H), 7.38-7.45 (m, 3H), 2.83-2.90 (m, 1H), 0.87-0.93 (m,
2H), 0.68-0.73 (m, 2H).

Example 8
4-[2-(Azetidin-1-ylcarbonyl)-3H-imidazo[4,5-b]pyridin-3-yi]-2-fluorobenzonitrile (8)
CN o} CN O CN
F _©
\g)LCI F H - HC| F
N N
Ng -NH \ > | N O CaCl, ~ | N O
| ~ N~ A /: : Y ™ /: :
¥ N O N N
NH, _\ \( N~ Q
C15 C16 8

Step 1. Synthesis of ethyl 3-(4-cyano-3-fluorophenyl)-3H-imidazo[4,5-b]pyridine-2-
carboxylate (C16).
To a 0 °C solution of 4-[(3-aminopyridin-2-yl)amino]-2-fluorobenzonitrile (C15) (300

mg, 1.31 mmol) and triethylamine (270 mg, 2.67 mmol) in dichloromethane (20 mL) was
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added ethyl chloro(oxo)acetate (220 mg, 1.61 mmol), and the solution was stirred at 0 °C for
2 hours. After addition of water (20 mL), the mixture was extracted with dichloromethane (3 x
20 mL); the combined organic layers were washed with saturated aqueous sodium chloride
solution (20 mL), dried over sodium sulfate, filtered, concentrated under reduced pressure
and purified by preparative thin layer chromatography on silica gel (Eluent: 10:1
dichloromethane / methanol) to afford the product as a yellow solid. Yield: 40 mg, 0.13
mmol, 10%. '"H NMR (400 MHz, CDCl), characteristic peaks: 6 8.55 (d, J=5 Hz, 1H), 4.46
(9, J=7 Hz, 2H), 1.43 (t, J=7 Hz, 3H).

Step 2. Synthesis of 4-[2-(azetidin-1-ylcarbonyl)-3H-imidazo[4,5-b]pyridin-3-yl]-2-
fluorobenzonitrile (8).

A mixture of azetidine hydrochloride (120 mg, 1.3 mmol) and N N-
diisopropylethylamine (168 mg, 1.30 mmol) in methanol (2 mL) was stirred at room
temperature for 1 hour. At this point, ethyl 3-(4-cyano-3-fluorophenyl)-3H-imidazo[4,5-
b]pyridine-2-carboxylate (C16) (40 mg, 0.13 mmol) and calcium chloride (15 mg, 0.13 mmol)
were added, and the reaction mixture was stirred at room temperature for an additional 2
hours. After removal of solvents in vacuo, the residue was purified by reversed phase HPLC
(Column: DIKMA Diamonsil C18(2), 5 ym; Mobile phase A: 0.225% formic acid in water;
Mobile phase B: 0.225% formic acid in acetonitrile; Gradient: 15% to 45% B) to provide the
product as a yellow solid. Yield: 4.0 mg, 12 pymol, 9%. LCMS m/z 322.1 [M+H]*. '"H NMR
(400 MHz, CDCI;) 6 8.49 (dd, J=4.8, 1.3 Hz, 1H), 8.20 (dd, J=8.2, 1.4 Hz, 1H), 7.77-7.82 (m,
1H), 7.36-7.43 (m, 3H), 4.80-4.89 (m, 2H), 4.18-4.26 (m, 2H), 2.39-2.50 (m, 2H).
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Example 9
Azetidin-1-yl[3-(4-chioro-3,5-difluorophenyl)-3H-imidazo[4,5-bjpyridin-2-yljmethanone (9)

Cl Cl
F F F F
N.__Cl
Cl | =
F F Z>No, Zn
IN\ NH IN\ NH
CSQCO3 L;[ NH4C| =
NH, NO, NH.,
c17 c18
0
~o X N
~ N
o]
Cl
; &S Ny
F N -Hcl F

A

/N N O CaC|2 N N 0O
\r ~

Step 1. Synthesis of N-(4-chloro-3,5-difluorophenyl)-3-nitropyridin-2-amine (C17).

-~

9 Cc19

A mixture of 4-chloro-3,5-difluoroaniline (1.64 g, 10.0 mmol), 2-chloro-3-nitropyridine
(1.56 g, 9.84 mmol) and cesium carbonate (6.56 g, 20.1 mmol) in N,N-dimethylformamide
(30 mL) was stirred at 80 °C for 36 hours. The reaction mixture was cooled to room
temperature, diluted with water (200 mL) and extracted with ethyl acetate (3 x 200 mL). The
combined organic layers were washed with saturated aqueous sodium chloride solution (5 x
50 mL), dried over sodium sulfate, filtered, concentrated /n vacuo and purified by
chromatography on silica gel (Gradient: 0% to 5% ethyl acetate in petroleum ether) to
provide the product as a yellow solid. Yield: 200 mg, 0.70 mmol, 7%. 'H NMR (400 MHz,
CDCl;) 8 10.23 (br s, 1H), 8.55-8.61 (m, 2H), 7.52 (br d, J=9 Hz, 2H), 6.96-7.01 (m, 1H).

Step 2. Synthesis of N*-(4-chloro-3,5-difluorophenyl)pyridine-2,3-diamine (C18).

To a solution of N-(4-chloro-3,5-difluorophenyl)-3-nitropyridin-2-amine (C17) (100
mg, 0.35 mmol) in a 1:1 mixture of tetrahydrofuran and water (20 mL) was added ammonium
chloride (148 mg, 2.77 mmol) followed by zinc (182 mg, 2.78 mmol), and the reaction
mixture was stirred at room temperature for 2 hours. It was then diluted with water (10 mL)
and extracted with ethyl acetate (3 x 20 mL); the combined organic layers were washed with
saturated aqueous sodium chloride solution (20 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo to afford the product as a yellow solid. This material was used directly
in the following step. Yield: 80 mg, 0.31 mmol, 89%.
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Step 3. Synthesis of ethyl 3-(4-chloro-3,5-difluorophenyl)-3H-imidazo[4,5-b]pyridine-2-
carboxylate (C19).

N2-(4-Chloro-3,5-difluorophenyl)pyridine-2,3-diamine (C18) was converted to the
product using the method described for synthesis of C16 in Example 8. The product was
obtained as a yellow solid. Yield: 40 mg, 0.12 mmol, 41%. '"H NMR (400 MHz, CDCl,) & 8.56
(dd, J=4.7, 1.3 Hz, 1H), 8.30 (dd, J=8.1, 1.5 Hz, 1H), 7.44 (dd, J=8.2, 4.7 Hz, 1H), 7.11-7.15
(m, 2H), 4.46 (q, J=7.2 Hz, 2H), 1.43 (t, J=7.2 Hz, 3H).

Step 4. Synthesis of azetidin-1-yl[3-(4-chloro-3,5-difluorophenyl)-3H-imidazo[4,5-b]pyridin-2-
ylimethanone (9).

Ethyl 3-(4-chloro-3,5-difluorophenyl)-3H-imidazo[4,5-b]pyridine-2-carboxylate (C19)
was converted to the product using the method described for synthesis of 8 in Example 8.
The product was obtained as a yellow solid. Yield: 7.9 mg, 23 ymol, 39%. LCMS m/z 349.1
[M+H]". "H NMR (400 MHz, CDCl) & 8.50 (dd, J=4.7, 1.4 Hz, 1H), 8.19 (dd, J=8.1, 1.4 Hz,
1H), 7.39 (dd, J=8.1, 4.7 Hz, 1H), 7.10-7.15 (m, 2H), 4.80-4.85 (m, 2H), 4.19-4.25 (m, 2H),
2.40-2.49 (m, 2H).

Example 10
Azetidin-1-yl[3-(4-chioro-3-fluorophenyl)-3H-imidazo[4, 5-b]pyridin-2-yllmethanone (10)
Cl Cl Cl
F F
F
—o o  AcOH N -HCl
NONH ¢l N NN P
N HN  Cl SN F KoCO;3 | X
® | L »r—<c Z>N N
NH, N cCl Q
C12 C20 10

Step 1. Synthesis of 3-(4-chloro-3-fluorophenyl)-2-(trichloromethyl)-3H-imidazo[4,5-
bjpyridine (C20).

Methyl 2,2,2-trichloroethanimidoate (0.743 mL, 6.00 mmol) was added to a solution
of N?-(4-chloro-3-fluorophenyl)pyridine-2,3-diamine (C12) (951 mg, 4.00 mmol) in acetic acid
(4 mL), and the reaction mixture was stirred at room temperature for 5 hours. After
concentration in vacuo, the residue was purified via chromatography on silica gel (Gradient:
5% to 100% ethyl acetate in heptane) to afford the product as a white solid. Yield: 1.04 g,
2.85 mmol, 71%. LCMS m/z 366.0 [M+H]*. 'H NMR (400 MHz, CDCl,) & 8.49 (dd, J=4.7, 1.5
Hz, 1H), 8.27 (dd, J=8.1, 1.5 Hz, 1H), 7.64 (ddd, J=8.5, 7.8, 0.3 Hz, 1H), 7.42 (dd, J=8.1, 4.7
Hz, 1H), 7.39 (ddd, J=8.8, 2.4, 0.2 Hz, 1H), 7.32 (ddd, J=8.5, 2.4, 1.3 Hz, 1H).
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Step 2. Synthesis of azetidin-1-yl[3-(4-chloro-3-fluorophenyl)-3H-imidazo[4,5-b]pyridin-2-
ylimethanone (10).

3-(4-Chloro-3-fluorophenyl)-2-(trichloromethyl)-3H-imidazo[4,5-b]pyridine (C20) (50
mg, 0.14 mmol) was dissolved in a 3:1 mixture of acetonitrile and water (1.4 mL). Azetidine
hydrochloride (25.6 mg, 0.274 mmol) was added, followed by an aqueous solution of
potassium carbonate (4 M, 0.15 mL, 0.60 mmol), and the reaction mixture was heated at 50
°C for 22 hours, then at 80 °C for 3 hours, and finally at 100 °C for 18 hours. The layers were
separated, and the organic layer was concentrated in vacuo; purification via reversed phase
HPLC (Column: Waters Sunfire C18, 5 um; Mobile phase A: 0.05% trifluoroacetic acid in
water (v/v); Mobile phase B: 0.05% trifluoroacetic acid in acetonitrile (v/v); Gradient: 30% to
50% B) afforded the product. Yield: 17 mg, 51 ymol, 36%. LCMS m/z 331.1, 333.1 [M+H]".
'H NMR (600 MHz, DMSO-dj) & 8.45 (dd, J=4.6, 1.5 Hz, 1H), 8.30 (dd, J=7.9, 1.3 Hz, 1H),
7.76 (dd, J=8.3, 8.3 Hz, 1H), 7.73 (dd, J=10.1, 2.2 Hz, 1H), 7.46 (dd, J=8.1, 4.6 Hz, 1H),
7.40-7.43 (m, 1H), 4.64-4.68 (m, 2H), 4.02-4.07 (m, 2H), 2.29-2.35 (m, 2H).

Method A

Synthesis of Examples from 2-Chloro-3-nitropyridine and Amines

0...0
7n /\OJH]/NW P\
| N R NH,CI p1 ©

R']
NN O
~N
N
NO, +-BuOK N HN—<]

\

HoN

The requisite amine (0.20 mmol) was combined with a solution of 2-chloro-3-
nitropyridine (31.7 mg, 0.200 mmol) in tetrahydrofuran (0.1 mL) and polyethylene glycol 400
(PEG 400, 0.1 mL); if an amine salt was used, triethylamine (28 uL, 0.20 mmol) was also
added. The reaction mixture was shaken at 150 °C for 1 — 1.5 hours, then cooled to room
temperature. To this was added tetrahydrofuran (0.4 mL) and a solution of ammonium
chloride (85.6 mg, 1.60 mmol) in water (0.4 mL), followed by zinc (approximately 105 mg,
1.6 mmol). The reaction mixture was shaken at 65 °C for 1.5 hours, then partitioned between
water (1 mL) and ethyl acetate (2.5 mL). The organic layer was eluted through a 6 mL solid
phase extraction cartridge filled with sodium sulfate (approximately 1 g). This extraction was
repeated twice, and the combined eluates from the cartridge were concentrated in vacuo. To
the crude residue was added a solution of ethyl (cyclopropylamino)(oxo)acetate (P1) (47 mg,
0.30 mmol) in 1-methylpyrrolidin-2-one (0.2 mL) and a solution of potassium terf-butoxide in
tetrahydrofuran (1 M, 0.3 mL, 0.3 mmol); this reaction mixture was shaken at 120 °C for 30

minutes, then cooled to room temperature and treated with acetic acid (18 uL, 0.31 mmol).
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2,4,6-Tripropyl-1,3,5,2,4,6-trioxatriphosphinane 2,4,6-trioxide (T3P, 50% weight solution in
ethyl acetate, 254 mg, 0.40 mmol) was added, and the reaction mixture was shaken at 120
°C for 24 hours. The reaction mixture was then partitioned between ethyl acetate (2.5 mL)
and aqueous sodium hydroxide solution (1 M, 1.5 mL); the organic layer was eluted through
a 6 mL solid phase extraction cartridge filled with sodium sulfate (approximately 1 g). This
extraction was repeated twice, and the combined eluates from the cartridge were
concentrated in vacuo and purified via reversed phase HPLC using one of the following
systems: 1) Column: Waters XBridge C18, 5 um; Mobile phase A: 0.03% ammonium
hydroxide in water (v/v); Mobile phase B: 0.03% ammonium hydroxide in acetonitrile (v/v);
Gradient: 20% to 60% B or 10% to 100% B; 2) Column: Waters Sunfire C18, 5 um; Mobile
phase A: 0.05% trifluoroacetic acid in water (v/v); Mobile phase B: 0.05% trifluoroacetic acid
in acetonitrile (v/v); Gradient: 10% to 100% B.

Using the methodology described above for Examples 1-10, the compounds in Table

1 and Table 2 were also made (See Tables 1 and 2 for characterization data).

Table 1
Method of |
_ H NMR (400 MHz, CDCl,), & (ppm);
Preparation
Mass spectrum, observed ion m/z
Example : Non-
Structure _ [M+H]" or HPLC retention time'
Number commercial
) (minutes); Mass spectrum m/z
Starting
) [M+H]" (unless otherwise indicated)
Materials
'H NMR (600 MHz, DMSO-dj),
Cl 8.46 (dd, J=4.6, 1.5 Hz, 1H), 8.28
F (dd, J=8.1, 1.5 Hz, 1H), 7.81 (dd,
Example
11 5 J=8.3, 8.3 Hz, 1H), 7.74 (dd, J=10.1,
NN O 14 C12
| P H 2.2 Hz, 1H), 7.47 (dd, J=8.1, 4.6 Hz,
N N—
1H), 7.41-7.44 (m, 1H), 3.15 (s, 3H),
2.98 (s, 3H); 319.0, 321.0

58



WO 2014/128585

PCT/IB2014/058840

12

Cl

« CF,COOH

Example
10

'H NMR (600 MHz, DMSO-dy), §

8.46-8.49 (m, 1H), 8.32-8.36 (m, 1H),

7.90-7.96 (m, 2H), 7.47-7.51 (m, 1H),

4.71 (dd, J=7.7, 7.7 Hz, 2H), 4.06

(dd, J=7.7, 7.4 Hz, 2H), 2.30-2.37
(m, 2H); 349.1, 351.1

13

Cl

Example 6;
C10

characteristic peaks: 8.46-8.53 (m,

1H), 8.15 (br d, J=8 Hz, 1H), 7.63-

7.73 (brm, 1H), 7.53 (br d, J=8 Hz,

2H), 7.39 (br d, J=8 Hz, 2H), 3.33-

3.43 (m, 2H), 0.99 (t, J=7.3 Hz, 3H);
314.8

14

oy 4

10.09 (br s, 1H), 8.49 (dd, J=4.6, 1.5
Hz, 1H), 8.07 (dd, J=8.2, 1.5 Hz, 1H),
7.32 (d, J=2.3 Hz, 1H), 7.29 (dd,
J=8.2, 4.6 Hz, 1H), 6.78 (d, J=2.3
Hz, 1H), 6.22-6.33 (m, 1H), 3.87 (s,
3H), 2.55-2.67 (m, 2H), 2.08-2.21 (m,
4H), 1.70-1.83 (m, 2H): 311.0

15

Example 2

"H NMR (400 MHz, CD;OD), 5 8.47
(dd, J=4.7, 1.4 Hz, 1H), 8.09 (dd,
J=8.2, 1.4 Hz, 1H), 7.36 (dd, J=8.2,
4.6 Hz, 1H), 5.68 (tt, J=12, 4 Hz, 1H),
4.13 (dd, J=11.5, 4.5 Hz, 2H), 3.60
(ddd, J=12.4, 11.8, 1.5 Hz, 2H), 3.03-

3.15 (m, 2H), 2.89-2.96 (m, 1H),
1.81-1.89 (m, 2H), 0.83-0.90 (m, 2H),
0.69-0.76 (m, 2H); 286.9
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16

Cl

Example
10; C9

'H NMR (600 MHz, DMSO-d),
8.44 (dd, J=4.7, 1.3 Hz, 1H), 8.28
(dd, J=8.1, 1.3 Hz, 1H), 7.56 (br AB
quartet, J\g=8.7 Hz, Av,5=39.2 Hz,
4H), 7.45 (dd, J=8.1, 4.7 Hz, 1H),
4.63 (dd, J=7.8, 7.7 Hz, 2H), 4.04
(dd, J=7.8, 7.7 Hz, 2H), 2.28-2.35
(m, 2H); 313.1, 315.1

17

Cl

Example 7;
Cc12

8.52 (dd, J=4.7, 1.3 Hz, 1H), 8.19
(dd, J=8.2, 1.3 Hz, 1H), 7.59 (dd,
J=8.2, 8.2 Hz, 1H), 7.41 (dd, J=8.1,
4.7 Hz, 1H), 7.28-7.32 (m, 1H), 7.20-
7.24 (m, 1H): 290.8

18

Example 3*

8.49 (d, J=4.4 Hz, 1H), 8.15 (d, J=7.6
Hz, 1H), 7.31-7.38 (m, 2H), 7.10-
7.16 (m, 2H), 4.73-4.80 (m, 2H),

4.16-4.24 (m, 2H), 2.36 (s, 3H), 2.36-

2.45 (m, 2H): 311.0

19

Example 3*

8.45 (dd, J=4.8, 1.3 Hz, 1H), 8.30
(dd, J=8.2, 1.1 Hz, 1H), 7.38-7.49
(m, 3H), 7.23-7.27 (m, 1H), 5.49 (br
d, Jue=57 Hz, 1H), 4.93-5.05 (m, 1H),
4.63-4.76 (m, 1H), 4.32-4.44 (m, 1H),
4.04-4.16 (m, 1H), 2.33 (s, 3H);
329.0

20

Example 7

8.50 (dd, J=4.7, 1.5 Hz, 1H), 8.17
(dd, J=8.2, 1.5 Hz, 1H), 7.67 (br d,
1H), 7.44 (dd, J=8.1, 4.7 Hz, 1H),
7.21-7.25 (m, 2H), 2.83-2.90 (m, 1H),
0.88-0.94 (m, 2H), 0.69-0.74 (m, 2H);
340.1
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8.51 (dd, J=4.6, 1.2 Hz, 1H), 8.19
Cl (dd, J=8.2, 1.1 Hz, 1H), 7.57 (dd,
OF J=8.3, 8.0 Hz, 1H), 7.39 (dd, J=8.2,
. | 4.6 Hz, 1H), 7.27 (dd, J=8.8, 2.3 Hz,
21 NN O Example 3
g [ >« 1H), 7.16-7.22 (m, 1H), 5.33-5.54 (m,
N "Q JF=57 Hz, 1H), 5.08-5.20 (m, 1H),
F 4.85-4.98 (m, 1H), 4.40-4.52 (m, 1H),
4.23-4.36 (m, 1H); 348.9
ol 8.49 (dd, J=4.7, 1.4 Hz, 1H), 8.18
(dd, J=8.2, 1.4 Hz, 1H), 7.47 (dd,
F .| J=8.4,7.4 Hz, 1H), 7.37 (dd, J=8.1,
22 N Example 3
& N O 4.8 Hz, 1H), 7.28-7.35 (m, 2H), 4.69-
/> 2
XN Nk7 4.96 (br m, 2H), 4.16-4.26 (m, 2H),
2.37-2.47 (m, 2H); 331.0
8.50 (dd, J=4.8, 1.5 Hz, 1H), 8.15
Cl (dd, J=8.1, 1.4 Hz, 1H), 7.66 (br s,
1H), 7.45 (dd, J=9.0, 7.4 Hz, 1H),
23 F Example 3* | 7.40 (dd, J=8.1, 4.7 Hz, 1H), 7.31-
N
EINHO 7.37 (m, 2H), 2.83-2.89 (m, 1H),
NS
N HN 0.84-0.91 (m, 2H), 0.68-0.73 (m, 2H);
330.9
characteristic peaks: 9.94 (br s, 1H),
. 8.52 (dd, J=4.8, 1.5 Hz, 1H), 8.20
(dd, J=8.2, 1.4 Hz, 1H), 7.56 (br d,
Example 5;
24 J=8.8 Hz, 2H), 7.43 (br d, J=8.7 Hz,
No N O Cc10
@N/)—'{(N Noy 2H), 7.40 (dd, J=8.2, 4.6 Hz, 1H),
6.68 (d, J=2.1 Hz, 1H), 3.85 (s, 3H);
352.9
ol 8.51 (dd, J=4.8, 1.4 Hz, 1H), 8.20
(dd, J=8.2, 1.4 Hz, 1H), 7.46 (dd,
F J=8.4, 7.9 Hz, 1H), 7.39 (dd, J=8.2,
25 _N | N O Example 3* | 4.8 Hz, 1H), 7.29-7.37 (m, 2H), 5.33-
&IN’; zN 5.54 (m, Jur=57 Hz, 1H), 4.8-5.3 (v
Q br m, 2H), 4.40-4.54 (m, 1H), 4.23-
F 4.37 (m, 1H): 348.9
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8.49 (dd, J=4.8, 1.1 Hz, 1H), 8.15
(dd, J=7.9, 1.1 Hz, 1H), 7.66 (br s,
1H), 7.32-7.43 (m, 3H), 7.19 (d,

26 Example 3*
NN O J=8.2 Hz, 1H), 2.81-2.89 (m, 1H),
@N/: HZN<] 1.98 (s, 3H), 0.83-0.89 (m, 2H), 0.66-
0.71 (m, 2H); 327.0
Cl
Cl
27 Method A 2.97 minutes; 347.0, 349.0
Ny —N 0
| X
[):N HN—]
F
28 Q/ Method A 2.59 minutes; 311.1
| NN O
/> 2
Z=N HN—=]
29 Method A 2.51 minutes; 293.1
| NN O
/> (
L;EN HN—<]
e F
F
30 NeN O Method A 2.70 minutes; 333.0
| p
LlN HN—<]
» CF;COOH
F
CN
31 Method A 2.46 minutes; 322.1
| NN O
4
Z>N HN—<]
F
cl
32 Method A 2.53 minutes; 331.0, 333.0
| NN O
/.
@N HN—]
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®/Cl
33 N o Method A 2.90 minutes; 327.0, 329.0
N
| Z
N HN—]
cl 8.48 (dd, J=4.8, 1.5 Hz, 1H), 8.18
(dd, J=8.2, 1.4 Hz, 1H), 7.30-7.40
, | (M, 3H), 7.17 (d, J=8.3 Hz, 1H), 4.75-
34 Example 3
z | N O 4.92 (m, 2H), 4.15-4.22 (m, 2H),
/> (
XN NQ 2.36-2.46 (m, 2H), 1.99 (s, 3H);
327.0
presumed to be a mixture of
Cl rotamers; 8.50 (dd, J=4.6, 1.4 Hz,
/Q 1H), 8.20 (br d, J=8.0 Hz, 1H), 7.31-
. 7.42 (m, 3H), 7.14-7.19 (m, 1H),
35 NN O Example 3
“ | ,)—-’{ 5.32-5.52 (m, Jyr=57 Hz, 1H), 5.04-
N Nq 5.26 (m, 1H), 4.82-5.03 (m, 1H),
F 4.38-4.50 (m, 1H), 4.21-4.34 (m, 1H),
1.99 and 1.97 (2 s, total 3H); 345.0
8.51 (dd, J=4.6, 1.5 Hz, 1H), 8.15
Cl
F (dd, J=8.2, 1.5 Hz, 1H), 7.68 (br s,
F
1H), 7.41 (dd, J=8.2, 4.8 Hz, 1H),
36 Example 9
N_N ©O 7.11-7.16 (m, 2H), 2.82-2.90 (m, 1H),
N | N/; HZN<] 0.86-0.92 (m, 2H), 0.68-0.73 (m, 2H);
349.1
8.72 (d, J=2.0 Hz, 1H), 8.60 (d, J=2.1
Hz, 1H), 8.51 (dd, J=4.6, 1.4 Hz, 1H),
f;l N\\—Cl 8.16 (dd, J=8.2, 1.4 Hz, 1H), 7.86
= 5 | (dd, J=2.1,2.0 Hz, 1H), 7.69 (br s,
37 NN 0 Example 2
EI > /< 1H), 7.42 (dd, J=8.3, 4.6 Hz, 1H),
A /
N HN—] 2.83-2.91 (m, 1H), 0.86-0.92 (m, 2H),
0.68-0.73 (m, 2H); 314.1, 316.0
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8.69 (d, J=2.3 Hz, 1H), 8.56 (d, J=1.9
NNl Hz, 1H), 8.50 (dd, J=4.6, 1.3 Hz, 1H),
= Example | 8.20(dd, J=8.1, 1.3 Hz, 1H), 7.85-
38 NN O
@NH 37 7.88 (m, 1H), 7.40 (dd, J=8.2, 4.6 Hz,
/NJ 1H), 4.82-4.87 (m, 2H), 4.19-4.25 (m,
2H), 2.39-2.49 (m, 2H); 313.9, 315.9
8.84 (br d, J=2.4 Hz, 1H), 8.50 (dd,
J=4.7, 1.4 Hz, 1H), 8.18 (dd, J=8.2,
CN 1.4 Hz, 1H), 8.03 (dd, half of ABX
NN pattern, J=8.3, 2.4 Hz, 1H), 7.91 (dd,
39 \ = Example 7° half of ABX pattern, J=8.3, 0.5 Hz,
N O
QY 1H), 7.72 (br s, 1H), 7.44 (dd, J=8.2,
SN HN—]
4.8 Hz, 1H), 2.82-2.90 (m, 1H), 0.87-
0.93 (m, 2H), 0.68-0.73 (m, 2H):
305.1
8.50 (dd, J=4.9, 1.4 Hz, 1H), 8.17
. CN (dd, J=8.3, 1.3 Hz, 1H), 7.81-7.87
40 NN O Example 7 | (m, 2H), 7.68 (br s, 1H), 7.39-7.45
@N/HHN—Q (m, 2H), 2.82-2.89 (m, 1H), 0.86-0.92
(m, 2H), 0.68-0.74 (m, 2H); 322.2
ol 8.51 (dd, J=4.6, 1.5 Hz, 1H), 8.16
F (dd, J=8.0, 1.3 Hz, 1H), 7.64 (br s,
41 NF Example 77 | 1H), 7.32-7.43 (m, 3H), 2.83-2.90 (m,
>N 0O
| 4 1H), 0.85-0.92 (m, 2H), 0.68-0.74 (m,
Z>N HN—=<]
2H); 3491
CN
42 Q Method A 2.32 minutes; 304.1
I NN O
/> 2
L)\:N HN—]
F
43 F Method A 2.47 minutes; 315.1
D
/
@N HN—<]
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44

L
NoN O
L/IN»_F?N%

Method A

2.54 minutes; 311.1

45

Method A

2.44 minutes; 327.1

46

Method A

2.34 minutes; 309.1

47

Method A

3.25 minutes; 319.1

48

Method A

2.55 minutes; 315.0

49

Method A

2.66 minutes; 343.0, 345.0

50

Method A

2.60 minutes; 323.1

51

NaeN, O
| X
L):N/ HN—]

Method A

2.60 minutes; 323.1
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52 Method A 2.71 minutes; 307.1
| No—N. O
/> é
L):N HN—<]
CN
53 Ne N O Method A 2.30 minutes; 304.1
I p
Z>N HN—<]
Cl
54 NN O Method A 2.85 minutes; 327.1, 329.1
| T X
L):N HN—<]
F
EN
55 Method A 2.40 minutes; 327.1
| Ne—N O
/> 2
L):N HN—<]
CN
56 Method A 2.52 minutes; 318.1
| NN O
/> 2
E):N HN—<
57 NeN O Method A 2.13 minutes; 279.1
| y
Z>N  HN—=<]
O/
58 Method A 2.33 minutes; 309.1
| No-N. O
/> (
E):N HN—<]
59 Method A 2.74 minutes; 307.1
D¢
/
L):N HN—<]
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.| D

Method A

2.55 minutes; 311.1

61

Method A

2.10 minutes; 321.1

F
62

Method A

2.52 minutes; 315.0

63

Method A

3.06 minutes; 347.0, 349.0

64

Method A

2.83 minutes; 319.1

65 N.__N

Method A

2.39 minutes; 297.1

66

Method A

2.46 minutes; 339.1
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F
67 Method A 2.69 minutes; 311.1
N\ N e}
PR
N HN—]
F
68 Method A 2.35 minutes; 297.1
| NaN O
/> 2
8.50 (dd, J=4.8, 1.3 Hz, 1H), 8.14
Cl (dd, J=8.2, 1.1 Hz, 1H), 7.69 (br s,
. 1H), 7.47-7.53 (m, 2H), 7.45 (br s,
69 N. N 0 Example 7
| X ) 1H), 7.33-7.41 (m, 2H), 2.83-2.90 (m,
Z N HN—<] 1H), 0.83-0.90 (m, 2H), 0.67-0.73 (m,
2H); 312.9
70 Ne N O Method A 2.48 minutes; 293.1
| D
K)\:N HN—<]
N
71 Method A 2.13 minutes; 336.0
| Na-N O
/> 2
E):N HN—<]
S\
72 NeN O Method A 2.65 minutes; 325.0
I y
Z>N  HN—=]
s,)§ N
73 @ Method A 2.27 minutes; 350.0
NN 0
| X
K)\:N HN—<]
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Cl

74 Method A 2.85 minutes; 327.1, 329.0
N\ N 0O
| X

o)

N

CF;
75 N.__N 0 Method A 2.95 minutes; 363.0

76 Method A 2.71 minutes; 307.1

77 N.__N 0 Method A 2.88 minutes; 347.0

78 LNIN O Method A 2.79 minutes; 331.0, 333.0
=

N/>_|—/|<N%

* CF;COOH

Cl
F

79 ENIN’: /<O Method A 2.76 minutes: 331.0, 333.0

Z>N  HN—=<]

+ CF,COOH

N
A

o

No-N O
, N : 2,
K/IN/ HN—]
« CF,COOH

1. Conditions for analytical HPLC. Column: Waters Atlantis dC18, 4.6 x 50 mm, 5 um; Mobile

phase A: 0.05% trifluoroacetic acid in water (v/v); Mobile phase B: 0.05% trifluoroacetic

80 Method A 1.59 minutes; 330.1
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acid in acetonitrile (v/v); Gradient: 5.0% to 95% B, linear over 4.0 minutes; Flow rate: 2
mL/minute.

2. Ethyl (dimethylamino)(oxo)acetate was employed in place of ethyl
(cyclopropylamino)(oxo)acetate (P1).

3. Hydrolysis of C7 with lithium hydroxide afforded the corresponding carboxylic acid; this
was condensed with 1-methyl-1H-pyrazol-3-amine using 1-[3-(dimethylamino)propyl]-3-
ethylcarbodiimide hydrochloride and 1H-benzotriazol-1-ol.

4. N,N-Diisopropylethylamine was utilized in the final step.

5. The requisite N (5-chloropyridin-3-yl)pyridine-2,3-diamine was prepared via reaction of
2-chloro-3-nitropyridine with 5-chloropyridin-3-amine using palladium(ll) acetate and 4,5-
bis(diphenylphosphino)-9,9-dimethylxanthene, followed by treatment with Raney nickel.

6. 5-[(3-Nitropyridin-2-yl)amino]pyridine-2-carbonitrile was prepared by the method used for
synthesis of C17 in Example 9.

7. N-(4-Chloro-2,5-difluorophenyl)-3-nitropyridin-2-amine was prepared by the method used
for synthesis of C17 in Example 9.

8. N-(3-Chlorophenyl)-3-nitropyridin-2-amine was prepared by heating 2-chloro-3-

nitropyridine with 3-chloroaniline at 150 °C.
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Table 2
Method of
Example Struct Preparation; Non- | Mass spectrum, observed
ructure
Number commercial ion m/z [M+H]*
Starting Materials
N/
Cl
N\
81 NN O Example 2 302.0
Qe
N HN—\
FsC N
/ A\
82 = Example 72 348.2
/
Z >N HN
N=
)
83 Ng N 0 Example 7 309.9
| >~
Z=N HN
F
84 ¢! Method A 345.0, 347.0
IN\ N O
/> 2
@N HN
NN
85 = Method A 2941
® "
v/
Z>N HN
=N
\
N\
86 Method A 333.1
|N\ N O
4
Z>N HN—=]
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87 Q Method A 339.1
N HN—<]
cwg 5
88 Method A 327.1,329.0
Ny—~N 0
L
Z>N  HN—]
O/
89 /Q Method A 323.1
No-N, 9
N
PR
N HN—<]
/Q/F
cl
90 NN O Method A 331.0, 333.0
(L
N HN—=]
oI
91 NN O Method A 327.1,329.0
(T4
N HN—<]
CF,
92 Method A 347.1
NN 0
| y
Z=N  HN—=]

1. See footnote 5 i

n Table 1.

2. 3-Nitro-N-[2-(trifluoromethyl) pyridin-4-yl]pyridin-2-amine was prepared from 2-chloro-3-

nitropyridine and 2-(trifluoromethyl)pyridin-4-amine using the method for synthesis of C17 in

Example 9.

The binding affinity of the compounds in Examples 1-92 for the PDE4B isoform is
shown in column 2 of Table 3 below, and the affinity of these compounds for the PDE4D
isoform is shown in column 3. A review of the data shows that selected compounds have an

enhanced binding affinity for the PDE4B isoform over the PDE4D isoform. For example, the
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data for Examples 2, 15, 17, 81, 82, 83, 85, 90 and 91 shows that these compounds display
at least about a 2-fold selectivity over the PDE4D isoform. The data for Examples 13, 14, 21,
25, 35, 40, 47, 77, 88, 89 and 92 shows that these compounds display at least about a 5-fold
selectivity over the PDE4D isoform. The data for Examples 19, 20, 33, 38, 41, 44, 49, 57, 61,
72, 75, 79 and 87 shows that these compounds display at least about a 10-fold to selectivity
over the PDE4D isoform. The data for Examples 6, 9, 10, 11, 12, 22, 27, 31, 34, 37, 39, 43,
56, 59, 60, 63, 66, 69, 70, 73, 74, 78 and 80 shows that these compounds display at least
about a 20-fold selectivity over the PDE4D isoform. The data for Examples 4, 7, 18, 36, 46,
62, 67 and 71 shows that these compounds display at least about a 40-fold selectivity over
the PDE4D isoform. The data for Examples 1, 3, 8, 16, 23, 26, 28, 30, 32, 33, 42, 45, 48,
50, 51, 52, 54, 55, 58, 64, 65, 68 and 76 shows that these compounds display at least about
a 50-fold selectivity over the PDE4D isoform.

The PDE4B and PDE4D binding affinity for the compounds of the present invention

was determined utilizing the following biological assay(s):

Biological Assays

A portion of the human PDE4D3 coding sequence (amino acids 50 to 672 from the
sequence with accession number Q08499-2) was cloned into the baculovirus expression
vector pFastBac (Invitrogen) engineered to include a C-terminal His6 affinity tag to aid in
purification as described in Seeger, T. F. et al., Brain Research 985 (2003) 113-126. The
recombinant Bacmid was isolated and used to transfect insect cells to generate a viral stock.
To generate cell paste for purification, insect cells were infected and cells were harvested 72
hours after infection. Insect cell paste was lysed and after centrifugation, the supernatant
was chromatographed on Ni-NTA agarose (Qiagen) as described in Seeger, T. F. et al,
Brain Research 985 (2003) 113-126. Ni-NTA agarose eluting fractions containing PDE4
were pooled, diluted with Q Buffer A (50 mM Tris HCI pH 8, 4% glycerol, 100 mM NaCl, 1
mM TCEP, Protease inhibitors EDTA-free (Roche)) to reduce NaCl to ~200 mM, and loaded
on a Q Sepharose (GE Healthcare) column. After washing with Q buffer A to baseline,
PDE4D was eluted with a gradient from 10% to 60% of Buffer B (50 mM Tris HCI pH 8, 1 M
NaCl, 4% glycerol, 1 mM TCEP). PDEA4D fractions were analyzed by SDS-PAGE Coomassie

blue staining, pooled based on purity, frozen and stored at -80 °C.

Human PDE4B1 coding sequence (amino acids 122 to 736 from the sequence with
accession number Q07343) with the mutations resulting in the amino acid substitutions
S134E, S654A, SB659A, and S661A was cloned into the baculovirus expression vector

pFastBac (Invitrogen) engineered to include a N-terminal His6 affinity tag to aid in

73



10

15

20

25

30

WO 2014/128585 PCT/IB2014/058840
purification followed by a thrombin cleavage site. The recombinant Bacmid was isolated and
used to transfect insect cells to generate a viral stock. To generate cell paste for purification,
insect cells were infected with the virus stock and cells were harvested 72 hours after
infection as described in Seeger, T. F. et al., Brain Research 985 (2003) 113-126. Insect cell
paste was lysed and after centrifugation, the supernatant was chromatographed on Ni-NTA
agarose (Qiagen) as described in Seeger, T. F. et al., Brain Research 985 (2003) 113-126.
Ni-NTA agarose eluting fractions containing PDE4 were pooled, diluted with Q buffer A (20
mM Tris HCI pH 8, 5% glycerol, 1 mM TCEP) to reduce NaCl to ~100 mM and loaded on a
Source 15Q (GE Healthcare) column. After washing with Q buffer A/10% buffer B to
baseline, PDE4D was eluted with a gradient from 10% to 60% of Buffer B (20 mM Tris HCI
pH 8, 1 M NaCl, 5% glycerol, 1 mM TCEP). PDE4D fractions were analyzed by SDS-PAGE

Coomassie blue staining, pooled based on purity, frozen and stored at =80 °C.

The PDE4B and 4D assays use scintillation proximity assay (SPA) technology to
measure the inhibition of human recombinant PDE4B and PDE4D enzyme activity by
compounds in vitro. The PDE4B and 4D assays are run in parallel using identical
parameters, except for the concentration of enzyme (~32 pM PDE4B and ~16 pM PDE4D).
The assays are performed in a 384-well format with 50 uL assay buffer (50 mM Tris pH 7.5;
1.3 mM MgCl,; 0.01% Brij) containing enough PDE4B and PDEA4D to convert ~20% of
substrate (1 yM cAMP consisting of 20 nM *H-cAMP + 980 uM cold cAMP) and a range of
inhibitors. Reactions are incubated for 30 min at 25 °C. The addition of 20 yL of 8 mg/mL
yitrium silicate SPA beads (PerkinElmer) stops the reaction. The plates are sealed
(TopSeal, PerkinElmer) and the beads are allowed to settle for 8 hrs, after which they are

read on the Trilux Microbeta overnight.
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Table 3

Human Human
Example | PDE4B PDE4D
Number | FL; 1Cs5 | FL; ICso
(nM)? (MM)?

[UPAC Name

N-Cyclopropyl-3-(3-fluoro-4-methylphenyl)-3H-

1 31.8° 2.21°
imidazo[4,5-b]pyridine-2-carboxamide

9 426 1 o7b 3-Cyclopentyl-N-cyclopropyl-3H-imidazo[4,5-

' b]pyridine-2-carboxamide

3-(4-Chlorophenyl)-N-cyclopropyl-3H-

3 1315 2 g5b ( phenyl)-N-cyclopropy
imidazo[4,5-b]pyridine-2-carboxamide

3-(4-Chloro-3-fluorophenyl)-N-cyclopropyl-3H-
4 18.4° 0.908° ( Phenyl)-N-cyclopropy

imidazo[4,5-b]pyridine-2-carboxamide
3-(4-Chloro-3-fluorophenyl)-N-(1-methyl-1H-
5 541 5.64 pyrazol-3-yl)-3H-imidazo[4,5- b]pyridine-2-
carboxamide
3-(4-Chloro-3-fluorophenyl)-N-propyl-3H-

6 38.1° 0.778°
imidazo[4,5-b]pyridine-2-carboxamide
3-(4-Cyano-3-fluorophenyl)-N-cyclopropyl-3H-
7 40.8° 1.88° (“4-Cy phenyl)-N-cyclopropy
imidazo[4,5-b]pyridine-2-carboxamide
4-[2-(Azetidin-1-ylcarbonyl)-3H-imidazo[4,5-
8 16.0 0.910
b]pyridin-3-yl]-2-fluorobenzonitrile
Azetidin-1-yI[3-(4-chloro-3,5-difluorophenyl)-
9 14.2° 0.420° YIS Pheny)
3H-imidazo[4,5-b]pyridin-2-ylJmethanone
Azetidin-1-yl[3-(4-chloro-3-fluorophenyl)-3H-
10 15.2° 0.567° Y Pheny)
imidazo[4,5-b]pyridin-2-yllmethanone
3-(4-Chloro-3-fluorophenyl)-N, N-dimethyl-3H-
11 405 9.64
imidazo[4,5-b]pyridine-2-carboxamide
Azetidin-1-yl[3-(4-chloro-2,5-difluorophenyl)-
3H-imidazo[4,5-b]pyridin-2-ylmethanone,
12 99.4 1.52 [ Iy W
trifluoroacetate salt
3-(4-Chlorophenyl)-N-propyl-3H-imidazo[4,5-
13 944 6.64° b]pyridine-2-carboxamide
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3-Cyclopentyl-N-(1-methyl-1H-pyrazol-3-yl)-
14 822 4.38 yelopentyl-A-{ y Py ¥
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(tetrahydro-2 H-pyran-4-yl)-
15 1730 6.90 yclopropyl-3-( y Py yl)
3H-imidazo[4,5-b]pyridine-2-carboxamide
Azetidin-1-yI[3-(4-chlorophenyl)-3H-
16 196 5.50 IS pheny)
imidazo[4,5-b]pyridin-2-yllmethanone
3-(4-Chloro-3-fluorophenyl)-3H-imidazo[4,5-
17 8510 >30.0
b]pyridine-2-carboxamide
Azetidin-1-yI[3-(3-fluoro-4-methylphenyl)-3H-
18 48.7 214 o A o yipheny)
imidazo[4,5-b]pyridin-2-yllmethanone
(3-Fluoroazetidin-1-yN)[3-(3-fluoro-4-
19 281 5.28 methylphenyl)-3H-imidazo[4,5-b]pyridin-2-
yllmethanone
3-(4-Cyano-3,5-difluorophenyl)-N-cyclopropyl-
20 13.8 0.262° ( _y_ _p_ W-A-cy p_ by
3H-imidazo[4,5-b]pyridine-2-carboxamide
[3-(4-Chloro-3-fluorophenyl)-3H-imidazo[4,5-
21 42.6 0.316 o .
b]pyridin-2-yl](3-fluoroazetidin-1-yl)methanone
Azetidin-1-yl[3-(4-chloro-2-fluorophenyl)-3H-
22 273 5.59 o A4S o pheny)
imidazo[4,5-b]pyridin-2-yllmethanone
3-(4-Chloro-2-fluorophenyl)- N-cyclopropyl-3H-
23 632 >30.0 ( pheny) yelopropy
imidazo[4,5-b]pyridine-2-carboxamide
3-(4-Chlorophenyl)-N-(1-methyl-1H-pyrazol-3-
24 211 >24.1 ( phenyl)-A-{ Y Py
yh)-3H-imidazo[4,5-b]pyridine-2-carboxamide
[3-(4-Chloro-2-fluorophenyl)-3H-imidazo[4,5-
25 910 5.84 o .
b]pyridin-2-yl](3-fluoroazetidin-1-yl)methanone
3-(4-Chloro-2-methylphenyl)-N-cyclopropyl-
26 319 179 ( ylphenyl)-N-cyclopropy
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3,4-dichlorophenyl)-3H-
27 12.2° 0.511° _ y Propyl-3-( . P y)_
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(4-fluoro-3-methylphenyl)-3H-
28 114 8.23 yelopropyk-3-( yipheny)
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(4-methylphenyl)-3H-
b imidazo[4,5-b]pyridine-2-carboxamide
29 225 >28.0
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N-Cyclopropyl-3-(3,4,5-trifluorophenyl)-3H-
30 577 0.333 imidazo[4,5-b]pyridine-2-carboxamide,
trifluoroacetate salt
3-(3-Cyano-4-fluorophenyl)- N-cyclopropyl-3H-
31 87.5 2.55 (-Cy pheny) yelopropy
imidazo[4,5-b]pyridine-2-carboxamide
3-(3-Chloro-4-fluorophenyl)-N-cyclopropyl-3H-
32 15.7 0.886 ( o p. .y) yelop I_oy
imidazo[4,5-b]pyridine-2-carboxamide
3-(3-Chloro-4-methylphenyl)-N-cyclopropyl-
33 15.9 1.23° ( o yp_ _ yl-N-cyclop _py
3H-imidazo[4,5-b]pyridine-2-carboxamide
Azetidin-1-yl[3-(4-chloro-2-methylphenyl)-3H-
34 399 10.2 Y3 yipheny)
imidazo[4,5-b]pyridin-2-yllmethanone
3-(4-Chloro-2-methylphenyl)-3H-imidazo[4,5-
35 1130 8.28 [ (_ _ yP .y.) [
b]pyridin-2-yl](3-fluoroazetidin-1-yl)methanone
3-(4-Chloro-3,5-difluorophenyl)-N-cyclopropyl-
36 5.65 0.255 ( o .p. Y Y p. Py
3H-imidazo[4,5-b]pyridine-2-carboxamide
3-(5-Chloropyridin-3-yl)-N-cyclopropyl-3H-
37 409 10.7 ( Py yl)-N-cyclopropy
imidazo[4,5-b]pyridine-2-carboxamide
Azetidin-1-yI[3-(5-chloropyridin-3-yl)-3H-
38 466 6.67 I3 Py ¥
imidazo[4,5-b]pyridin-2-yllmethanone
3-(6-Cyanopyridin-3-yl)- N-cyclopropyl-3H-
39 163 10.2 (6-Cyanopy yl)-N-cyclopropy
imidazo[4,5-b]pyridine-2-carboxamide
3-(5-Cyano-2-fluorophenyl)- N-cyclopropyl-3H-
40 1710 15.2 (>-Cy pheny) yelopropy
imidazo[4,5-b]pyridine-2-carboxamide
3-(4-Chloro-2,5-difluorophenyl)-N-cyclopropyl-
41 100 1.17 ( pheny) yelopropy
3H-imidazo[4,5-b]pyridine-2-carboxamide
3-(4-Cyanophenyl)-N-cyclopropyl-3H-
42 7gb 590 4B (4-Cyanophenyl)-N-cyclopropy
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(2,4-difluorophenyl)-3H-
43 927 >26.6 yelopropyk-3-{ Pheny)
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(5-fluoro-2-methylphenyl)-3H-
44 1660 >29.0 yelopropyk-3-( yipheny)
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3-fluoro-4-methoxyphenyl)-
45 205 14.8 yclopropyl-3-( yphenyl)
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3-methoxyphenyl)-3H-
46 329 13.8 imidazo[4,5-b]pyridine-2-carboxamide
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N-Cyclopropyl-3-(2,3-dihydro-1H-inden-2-yl)-
47 1260 6.39 yelopropyk-3-{ y ¥
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3,5-difluorophenyl)-3H-
48 88.9 4.82 yelopropyk-3-{ pheny)
imidazo[4,5-b]pyridine-2-carboxamide
3-(3-Chloro-4-methoxyphenyl)-N-cyclopropyl-
49 629 123 ( yphenyl)-N-cyclopropy
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3-methoxy-4-methylphenyl)-
50 339 530.0 yclopropyl-3-( y ylphenyl)
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(4-methoxy-3-methylphenyl)-
51 207 13 yclopropyl-3-( y ylphenyl)
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3,4-dimethylphenyl)-3H-
52 271 25.8 _ y propyk-3-{ o yP y).
imidazo[4,5-b]pyridine-2-carboxamide
3-(3-Cyanophenyl)-N-cyclopropyl-3H-
53 g7 3.40 (3-Cyanophenyl)-N-cyclopropy
imidazo[4,5-b]pyridine-2-carboxamide
3-(5-Chloro-2-methylphenyl)-N-cyclopropyl-
54 39 19.2 ( ylphenyl)-N-cyclopropy
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(4-fluoro-3-methoxyphenyl)-
55 304 2037 yclopropyl-3-( yphenyl)
3H-imidazo[4,5-b]pyridine-2-carboxamide
3-(3-Cyano-4-methylphenyl)-N-cyclopropyl-
56 167 4.85 (3-Cy ylphenyl)-N-cyclopropy
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-phenyl-3H-imidazo[4,5-
57 1160 >19.7 yelopropyl-=rpheny [
b]pyridine-2-carboxamide
N-Cyclopropyl-3-(4-methoxyphenyl)-3H-
58 506 530.0 yclopropyl-3-( yphenyl)
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(2,4-dimethylphenyl)-3H-
59 1020 >30.0 yelopropyl-3- yieheny)
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(4-fluoro-2-methylphenyl)-3H-
60 1200 >30.0 yelopropyk-3-( yipheny)
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(1,3-dihydro-2-benzofuran-5-
61 1580 >30.0 yelopropyk-3-{ Y
yh)-3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3,4-difluorophenyl)-3H-
62 34.9 1.49° _ y propyk-3-( o P y)_
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3,5-dichlorophenyl)-3H-
63 68.0 2.55 yelopropyl-3-{ pheny)
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(2,3-dihydro-1H-inden-5-yl)-
64 206 15.7 yelopropyk-3-{ y ¥
3H-imidazo[4,5-b]pyridine-2-carboxamide
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N-Cyclopropyl-3-(3-fluorophenyl)-3H-

65 188 10.9 yelopropyl-3-{ pheny)
imidazo[4,5-b]pyridine-2-carboxamide

N-Cyclopropyl-3-(3,5-dimethoxyphenyl)-3H-

66 759 19.4 yelopropyl-3-( ypheny)

imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(2-fluoro-4-methylphenyl)-3H-

67 619 530.0 yclopropyl-3-( ylphenyl)
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(4-fluorophenyl)-3H-

68 219 11.9 yelopropyk-3-{ pheny)
imidazo[4,5-b]pyridine-2-carboxamide
3-(3-Chlorophenyl)-N-cyclopropyl-3H-

69 70.9° 1.91° _ ( P y_)_ yelopropy _
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3-methylphenyl)-3H-

70 421 14.9 yelopropyk-3-{ yipheny)
imidazo[4,5-b]pyridine-2-carboxamide

3-(1,3-Benzothiazol-6-yl)-N-cyclopropyl-3H-

71 155 6.34 (_ _ _ .y) yelop p)_/
imidazo[4,5-b]pyridine-2-carboxamide

N-Cyclopropyl-3-[3-(methylsulfanyl)phenyl]-
79 40.9 0.753 yclopropyl-3-[3-(methy yl)phenyl]
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(2-methyl-1,3-benzothiazol-6-
73 516 12.6 yelopropyk-3-( y
yh)-3H-imidazo[4,5-b]pyridine-2-carboxamide
3-(4-Chloro-3-methylphenyl)-N-cyclopropyl-
74 58.8 1.99 ( yipheny) yelopropy
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-[3-(trifluoromethoxy)phenyl]-
75 389 308 y. P pyl-3-[3-( u y)p .y]
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3,5-dimethylphenyl)-3H-
76 374 >18.8 yelopropyk-3-{ yipheny)
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-[3-(trifluoromethyl)phenyl]-
77 1150 8.64 yclopropyl-3-[3-( yl)phenyl]
3H-imidazo[4,5-b]pyridine-2-carboxamide
3-(3-Chloro-2-fluorophenyl)- N-cyclopropyl-3H-
78 387 11.4 imidazo[4,5-b]pyridine-2-carboxamide,
trifluoroacetate salt
3-(5-Chloro-2-fluorophenyl)- N-cyclopropyl-3H-

79 106 1.76 imidazo[4,5-b]pyridine-2-carboxamide,

trifluoroacetate salt
N-Cyclopropyl-3-(quinolin-6-yl)-3H-
imidazo[4,5-b]pyridine-2-carboxamide,

80 1470 >30.0

trifluoroacetate salt
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3-(5-Chloropyridin-3-yl)-N-ethyl-3H-

81 8270 >30.0
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-[2-(trifluoromethyl) pyridin-4-
82 6070 175 yclopropyl-3-[2-( yhpy
yl]-3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(5-methoxypyridin-3-yl)-3H-
83 13600 >29.3 yelopropyk-3-( Py %

imidazo[4,5-b]pyridine-2-carboxamide
3-(2-Chloro-4-fluoro-5-methylphenyl)- N-
84 16600 >30.0 cyclopropyl-3H-imidazo[4,5-b]pyridine-2-

carboxamide

N-Cyclopropyl-3-(6-methylpyridin-3-yl)-3H-

85 7730 >30.0
imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(1-methyl-1H-indazol-6-yl)-
86 24500 >30.0 yolopropyk-3-{ Y v
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(3,4-dimethoxyphenyl)-3H-
87 2720 >30.0 yclopropyk-3-{ yeheny)
imidazo[4,5-b]pyridine-2-carboxamide
3-(2-Chloro-4-methylphenyl)-N-cyclopropyl-
88 3700 >30.0 ( yipheny) yelopropy
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-(4-methoxy-2-methylphenyl)-
89 3520 2300 yclopropyl-3-( y ylphenyl)
3H-imidazo[4,5-b]pyridine-2-carboxamide
3-(2-Chloro-5-fluorophenyl)-N-cyclopropyl-3H-
90 9230 >30.0 ( pheny) yelopropy
imidazo[4,5-b]pyridine-2-carboxamide
3-(2-Chloro-5-methylphenyl)-N-cyclopropyl-
91 9420 >30.0 ( o yp. _ ¥ yelop .py
3H-imidazo[4,5-b]pyridine-2-carboxamide
N-Cyclopropyl-3-[4-(trifluoromethyl) phenyl]-
92 3110 530.0 yclopropyl-3-[4-( yl)phenyl]

3H-imidazo[4,5-b]pyridine-2-carboxamide

a. Values represent the geometric mean of 2 - 6 determinations.

b. Value represents the geometric mean of =7 determinations.
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What is claimed:

1. A compound of formula I:

(R3)a—| /

or a pharmaceutically acceptable salt thereof, wherein:

R' is represented by a substituent selected from the group consisting of (Cs-
Cig)cycloalkyl, a (4- to 10-membered)heterocycloalkyl, (Ce-Cqo)aryl, and a (5- to 10-
membered) heteroaryl; wherein said (Cs-Cig)cycloalkyl, (Ce-Cig)aryl and (5- to 10-
membered)heteroaryl are optionally substituted with (R?,; and said (4- to 10-
membered)heterocycloalkyl is optionally substituted at one to five carbon atoms with a
substituent independently selected from the group consisting of halogen, (C4-Cg)alkyl,
halo(C:-Cg)alkyl, (C:-Cg)alkoxy, halo(C,-Cg)alkoxy, (C4-Ce)alkylthio, -C(O)NR*R®, hydroxy,

and cyano, and optionally substituted at each available nitrogen with (C;-Cg)alkyl;

R? is represented by a substituent independently selected from the group consisting
of halogen, (C,-Cg)alkyl, halo(C,-Cg)alkyl, (C4-Cg)alkoxy, halo(C;-Cg)alkoxy, (C4-Cg)alkylthio;
-C(O)NR*R?®, hydroxy, and cyano;

R®, if present, at each occurrence is represented by a substituent independently
selected from the group consisting of halogen, (C,-Cg)alkyl, halo(C+-Cg)alkyl, (C4-Cs)alkoxy,
halo(C;-Ce)alkoxy, (C:-Ce)alkylthio, -C(O)NR*R?®, hydroxy, and cyano;

R* and R® are each represented by a substituent independently selected from the

group consisting of hydrogen, (C4-Cg)alkyl, and (C5-Cg)cycloalkyl;

R® and R’ are each represented by a substituent independently selected from the
group consisting of hydrogen, (Cs-Ce)alkyl, -(CH2)n-(Cs-Cyo)cycloalkyl, -(CH,)n-(4- to 10-
membered)-  heterocycloalkyl, -(CH2)n-(Ce-Cig)aryl, and -(CHy)n-(5- to  10-
membered)heteroaryl; wherein said (C4-Cg)alkyl, (C;-Cqo)cycloalkyl, (Ce-Cio)aryl, and (5- to
10-membered)heteroaryl are optionally substituted with one to five substituents
independently selected from the group consisting of halogen, (C,-C¢)alkyl, halo(C,-Cg)alkyl,
(C4-Cg)alkoxy, halo(C4-Cg)alkoxy, (C:-Ce)alkylthio, -C(O)NR*R®, hydroxy, and cyano; and
said (4- to 10-membered)heterocycloalkyl is optionally substituted at one to five carbon
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atoms with a substituent independently selected from the group consisting of halogen, (Cs-
Ce)alkyl, halo(Cs-Ce)alkyl, (C-Cs)alkoxy, halo(C+-Ce)alkoxy, (Ci-Ce)alkylthio, -C(O)NR*R®,
hydroxy, and cyano, and optionally substituted at each available nitrogen with (C;-Cg)alkyl;
or R® and R’ taken together with the nitrogen to which they are attached form a (4- to 10-
membered)heterocycloalkyl, wherein said (4- to 10-membered) heterocycloalkyl is optionally
substituted at one to five carbon atoms with a substituent independently selected from the
group consisting of halogen, (C+-Cs)alkyl, halo(C4-Cg)alkyl, (C4-Cg)alkoxy, halo(C4-Cs)alkoxy,
(C4-Cyg)alkylthio, -C(O)NR*Rs, hydroxy, and cyano;

a is represented by an integer selected from 0, 1, 2 or 3;
b is represented by an integer selected from 0, 1, 2, 3, 4 or 5; and
m is represented by an integer selected from 0, 1, 2, or 3.

2. The compound according to claim 1, or a pharmaceutically acceptable salt thereof,

wherein a is represented by the integer 0.

3. The compound according to claim 1 or 2, or a pharmaceutically acceptable salt
thereof, wherein R' is represented by a (5 to 10-membered)heteroaryl, optionally substituted

with one to three R?.

4 The compound according to claim 3, or a pharmaceutically acceptable salt thereof,
wherein R is represented by pyridinyl; wherein said pyridinyl is optionally substituted with
one to three R? independently selected from the group consisting of chloro, fluoro, methyl,

methoxy, trifluoromethyl, trifluoromethoxy, cyano, and methylthio.

5. The compound according to claim 4, or a pharmaceutically acceptable salt thereof,
wherein R is represented by the group consisting of 5-chloropyridin-3-yl, 6-methylpyridin-3-
yl, 5-methoxypyridin-3-yl, 2-trifluoromethylpyridin-4-yl, and 6-cyanopyridin-3-yl.

6 The compound according to claim 3, or a pharmaceutically acceptable salt thereof,
wherein R' is represented by 1-methyl-1H-indazol-5-yl, quinolin-6-yl, 1,3-benzothiazol-6-yl,
and 2-methyl-1,3-benzothiazol-6-yl.

7. The compound according to claim 1 or 2, or a pharmaceutically acceptable salt
thereof, wherein R’ is represented by (Cs-Cio)cycloalkyl, optionally substituted with one to
three R%
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8. The compound according to claim 7, or a pharmaceutically acceptable salt thereof,
wherein R' is represented by cyclopentyl; wherein said cyclopentyl is optionally substituted
with one to three R? independently selected from the group consisting of chloro, fluoro,

methyl, methoxy, trifluoromethyl, trifluoromethoxy, cyano, and methylthio.

5 9. The compound according to claim 1 or 2, or a pharmaceutically acceptable salt
thereof, wherein R' is represented by a (4 to 10-membered)heterocycloalkyl optionally
substituted at one to three carbon atoms with one to three R? independently selected from
the group consisting of halogen, (C;-Ce)alkyl, halo(C,-Cg)alkyl, (C;-Cg)alkoxy, halo(C;-
Ce)alkoxy, (C4-Ce)alkylthio, -C(O)NR*R®, hydroxy, and cyano, and optionally substituted at

10  each available nitrogen with a (C4-Cg)alkyl.

10. The compound according to claim 9 or a pharmaceutically acceptable salt thereof,
wherein R’ is represented by tetrahydropyranyl; in which up to three carbon atoms of said
tetrahydropyranyl is optionally substituted with one to three R? independently selected from
the group consisting of chloro, fluoro, methyl, methoxy, trifluoromethyl, trifluoromethoxy,

15 cyano, and methylthio.

11. The compound according to claim 1 or 2, or a pharmaceutically acceptable salt
thereof, wherein R’ is represented by (Ce-Cro)aryl, optionally substituted with one to three R?
independently selected from the group consisting of halogen, (C-Cg)alkyl, halo(C,-Cg)alkyl,
(C4-Cg)alkoxy, halo(C;-Cg)alkoxy, (C4-Ce)alkylthio, -C(O)NR*R?®, hydroxy, and cyano.

20 12 The compound of claim 11, wherein said (Ce-Cig)aryl is selected from the group

consisting of and 2,3-dihydro-1H-inden-5-yl and 1,3-dihydro-2-benzofuran-5-yl.

13. A compound of formula la:

/ N N_R6
/
R7
or a pharmaceutically acceptable salt thereof, wherein:

25 b is represented by an integer selected from 0, 1, 2, or 3;
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each R? if present, is represented by a substituent independently selected from the
group consisting of fluoro, chloro, cyano, methyl, trifluoromethyl, methylthio, methoxy, and

trifluoromethoxy;

R® and R’ are each independently selected from the group consisting of hydrogen,
(C4-Ce)alkyl, -(CH2)m-(C5-Cqo)cycloalkyl, and -(CH,)-(5- to 10-membered)heteroaryl; wherein
said (C4-Cg)alkyl, (C;-Cyp)cycloalkyl, and (5- to 10-membered)heteroaryl are optionally
substituted with one to three substituents independently selected from the group consisting
of halogen, (C,-Cg)alkyl, halo(C,-Cg)alkyl, (C4-Cg)alkoxy, halo(C;-Cg)alkoxy, (C4-Cg)alkylthio,
hydroxy, and cyano; or R® and R’ taken together with the nitrogen to which they are attached
form a (4 to 6-membered)heterocycloalkyl, in which up to three carbon atoms of said
heterocycloalkyl are optionally substituted with a substituent independently selected from the
group consisting of halogen, (C4-Cg)alkyl, halo(C4-Cg)alkyl, (C4-Ce)alkoxy, halo(C4-Cg)alkoxy,
(C4-Cg)alkylthio, -C(O)NR*R®, hydroxy, and cyano,

wherein R* and R® are each independently selected from the group consisting of

hydrogen and (C4-Cg)alkyl;
and m is represented by an integer selected from O, 1, or 2.

14. The compound according to claim 13, or a pharmaceutically acceptable salt thereof,
wherein R® and R’ taken together with the nitrogen to which they are attached form a (4- to
6-membered)heterocycloalkyl optionally substituted at one to three carbon atoms with

halogen.

15. The compound of claim 14, wherein R® and R’ taken together with the nitrogen to

which they are attached form azetidinyl, optionally substituted with one to three halogen.

16. The compound according to claim 15, wherein said azetidinyl is selected from

azetidin-1-yl or 3-fluoroazetidin-1-yl.

17. The compound according to claim 13, or a pharmaceutically acceptable salt thereof,
wherein b is represented by an integer selected from O, 1, 2, or 3; each R? if present, is
represented by a substituent independently selected from the group consisting of fluoro,
chloro, cyano, methyl, trifluoromethyl, methylthio, methoxy, and trifluoromethoxy; one of R®
and R’ is represented by hydrogen and the other represented by a substituent selected from
the group consisting of hydrogen, (C4-Cs)alkyl, -(CH2)m-(Cs-Cs)cycloalkyl, and -(CHy)m,-(5- to
10-membered)heteroaryl, wherein said (C:-Cg)alkyl, (Cs-Cig)cycloalkyl, and (5- to 10-
membered)heteroaryl are optionally substituted with one to three substituents independently
selected from the group consisting of halogen, (C4-Cg)alkyl, halo(Cs-Cg), (C4-Ce)alkoxy,
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halo(C:-Ce)alkoxy, (C+-Ce)alkylthio, hydroxy, and cyano; wherein R* and R° are each
independently selected from the group consisting of hydrogen and (C;-Cg)alkyl; and m is

represented by an integer selected from 0, 1, or 2.

18. The compound according to claim 17, or a pharmaceutically acceptable salt thereof,
wherein b is represented by an integer selected from 0, 1, 2, or 3; and each R? if present, is
represented by a substituent independently selected from the group consisting of chloro,
fluoro, methyl, and cyano; and one of R® and R’ is represented by hydrogen and the other is

represented by (C4-Ce)alkyl.

19. The compound according to claim 18, or a pharmaceutically acceptable salt thereof,
wherein one of R® and R’ is represented by hydrogen and the other is represented by the

group consisting of ethyl or propyl.

20. The compound according to claim 13, or a pharmaceutically acceptable salt thereof,
wherein b is represented by an integer selected from 0, 1, 2, or 3; and each R? if present, is
represented by a substituent independently selected from the group consisting of chloro,
fluoro, methyl, and cyano; and one of R® and R’ is represented by hydrogen and the other is

represented by -(CH,)m-(Cs-Ce)cycloalkyl.

21. The compound according to claim 20, or a pharmaceutically acceptable salt thereof,

wherein one of R® and R’ is represented by hydrogen and the other is represented by

cyclopropyl.

22. The compound according to claim 13, or a pharmaceutically acceptable salt thereof,
wherein b is represented by an integer selected from 0, 1, 2, or 3; and each R? if present, is
represented by a substituent independently selected from the group consisting of chloro,
fluoro, methyl, and cyano; and one of R® and R’ is represented by hydrogen and the other is
represented by -(CH,),-(5 -to 10-membered)heteroaryl optionally substituted by a (C;-
Ce)alkyl.

23. The compound according to claim 22, or a pharmaceutically acceptable salt thereof,

wherein R® is represented by pyrazolyl optionally substituted by methyl.

24. The compound according to claim 23, or a pharmaceutically acceptable salt thereof,
wherein one of R® and R’ is represented by hydrogen and the other is represented by N-1-

methyl-1H-pyrazol-3-yl.

25. A method of treating a patient suffering from a disease or condition mediated by the

PDE4B isoform, comprising administering to said patient in need of said treatment a
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therapeutically effective amount of a compound of formula | or a pharmaceutically

acceptable salt thereof.

26. The method of claim 25wherein said disease is selected from the group consisting of
schizophrenia, depression, anxiety, Alzheimer's disease, Parkinson’s disease, multiple
sclerosis, chronic obstructive pulmonary disease, inflammation, stroke, asthma, cerebral

vascular disease, and allergic conjunctivitis.

27. A pharmaceutical composition comprising a compound according to any of claims 1-
24, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable

excipient.

28. Use of a compound as defined according to any of claims 1-24, or a pharmaceutically
acceptable salt thereof, in the preparation of a medicament for the treatment of
schizophrenia, depression, anxiety, Alzheimer's disease, Parkinson’s disease, multiple
sclerosis, chronic obstructive pulmonary disease, inflammation, stroke, asthma, cerebral

vascular disease, and allergic conjunctivitis.
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Hrp

RYEHIE B BA N BRI R IR : (C4Cyp) FRMEHE. (4 2 10 T8 ) ZF kst (C-Cy) 5L
(5 & 1070 ) ZRAHE S HAP PR (C-C,) Hbrdk. (CC,) HHEM (52 10 Ju ) AT
g R HUR I E A (4 %10 J0) RIFAGERATIEMAE | 5 5 MR b iy ik
PUR BIBUAREE R s 3R (C,—Co) bk, ifR (C,—Co) Bk, (C,-Cp) Btk pifl (C,—Co) bt
AL (C-Cy) BEfmE, —C(O)NR'R 2RI UL, JF AAT IR M AE S — P I AR (C=C) HE
FEEUAR

R?FH ST b3 B PR IR R R OR (3R (C=Cy) Fidk. mifR (C,—Co) itk (C,=Cy) HE
I XA (C-Co) BRI (C,=C) Kl s—C () NR'R°, B2 AL

REETAFAE, WIAEAR R IR B A7 e B PR FBURIE R R 3. (C=C) Kedk. xR
(C=Cy) FEdk. (C,=Co) Hria Ik XifR (C,=Co) KTl Ik, (C,-Co) KRk, —C(O)NR'R, F2 S A
3t

RYFIT R °%% [ FH RO H BA R EREERR (AL (C,—Co) FEBEA (C-Cy) Hibedt

RFIT R "% H FH RS % H BA R B EEROR (A (C,—Cy) FEdk. - (CHy) ,— (C,=Cyp) FHE
.- (CHy),—(4 2 10 Ju ) FRFAFEHE, - (CH,) ,— (Co—Cyo) 5 H:A - (CH,) ,— (5 % 10 Ju ) =755 ;
HAPFTR (C,—Cy) Brdk. (C,—Cp) FREEEE. (C—Cyp) A 5 £ 10 g6 ) 5 ATty 1 &
5 ST e AT BUEURIE R (s 3 L (C—Cy) Fedk il (C—Co) etk (C,—Co) Hrsa .
AR (C,—Co) eI (C,=Cy) HERIL. —C(O)NR'R°RILAEIL s HFrid (4 £ 10 8) &5
ST AR 1 2 5 Mk JE b b e B BAR BEACEEAR s i 2= L (C,—Cy) Fidd, xifR
(C;=Co) HEdk. (C,—Co) BRI, HIL (C=Co) K. (C—Co) Kk, —C(0)NR'R', 2L A
B, F HAT S b/ 15— 7] FH M 24 (C,-Co) BEAERUR s B3 ROM R 'S g B — i
TERL (4 2 10 70 ) ZFfedt, b Bk (4 210 70 ) &L Tk | & 5 M4k
BT DL OB R, 2 (C,—Co) Bedk. it (C,—Co) HEdik (C=Cy) Fr It
& (C,—Co) FEHAIE. (C=Co) FEliHE. —C(O)NR'R’, F2 AN H I

a FHIEH 0.1.2 5L 3 MBHERR ;

b HIEH 0.1.2.3.4 80 5 (8 H#R  H

m FHIEH 0.1.2 8% 3 FBERIR.

2. BUFIEER 1 WAL A E H 252 Tz 1 3k, Horp a i3S 0 ROR.

3. BCRIER 18 2 b e L 252 Erl ez i 2k, b R B Tk b gl 1-3 4> R°HR
R (5 2210 6 ) FRFHKIR.

4. BURVEESR 3 (AL A 252 BTz () 3, Hodh R "H ke SRR s JL b Bk itk e
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FAT A, 1-3 D IST I 1 DL 0 RPERAR 50 B3 AL = P 0 L = 0 A
G AR

5. BRI ER 4 A BB L 2525 T 852 1 3k, P R T 5 &k -3- 2k .6 H A&
mEme -3- & 5- B FRIEnE -3- FE. 2- =R —4- FEA 6- FUALALE —3- FER.

6. BRI EER 3 (AL A WE L 252 T sz 3k, Horp RTEH 1- P2 —1H- Wi —5- 3,
MR —6— FE. 1, 3— JRFRMEME —6- JLAI 2- FRJE —1, 3- ZRJF 1M —6- FLRIR,

TORCRIER 180 2 Wb S 252 a2 i 2k, Horb R T H Tk b g 1-3 A~ R°HRL
R (C—Chy) FREIFIR

8. BUFIELR 7 AL AL 252% Ll 432 103k, Hodh R THIR R IR s Hodh Brid R %
FATHe b 1-3 AN % B LR B REUR (AL L AL UL =R At
FIEA R 2L

9. BUFIELR 1 8% 2 AL A 252 Bl 2 108k, o RTEH (4 % 10 o) Z8F kst
FoRm, R (4210 70) I EIATRHAE | 2 3 DMRIEFAb a1 2 3 ek 3 LR Y
RPEUAR (K (C,—Cy) Fedk . 4% (C,=Cy) HEdk. (C,—Co) FeEIL. MR (C,—Cy) ke (C,—Cy)
Felidt . —C (0) NR'R 3L fgl it , IF HAT e 50— m] A Abp (C,—Co) BedtBRAR

10. BUFIZLR 9 AL AP L 252 BTz ik, Horp R PO A 2 R os = g
DU LI L 2 3 ANl TAT e Al 1 2 3 a7 bk 13 DA R i RPEUAC 40, L. FR 2L,
AR =0 FR B = P U U A R

L1 BRI EER 18K 2 AL A e 255 L rT a2 4k, P RTH (C4C,p) HHREFIR,
FHE (Cs=Cyp) F5ILATEHAE 1 2 3 ATk 5 LU I RPEUR c 8. (C—Co) Jeddk, mift
(C,=Co) HEdk. (C,—Cy) BRI AR (C,=Cy) BRI (C,Co) et . —C(O)NR'R’ FRIL NI,

12, A EER 11 BIALE ), Horp ik (Co—Cyo) 75 E1E H 2, 3— & —1H- B -5- F: M
1, 3— =& —2- ZRIFIRIE —5- Jk.

13. 30 Ta ML BB 252 F 2 (10 3,

Hr

b FHIEH 0.1.2 5L 3 BEHERR ;

B REAFATAE, T AR ST M3 5 DA BRI ROR (980 S UL R 2L = U 3L L
BOREEM =R

ROFI R "% [ ST M35 1 &L (C,—Co) etk — (CH,) ,— (C,—Co) FREFEFN - (CH,) ,— (5 & 10
TC) I PR (C-Co) bk, (Co—Cyp) FRGEHEM (5 % 10 Jr ) eI A T dethip 1 £ 3
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ANPRST G I BLR BRI IR s xR (C=Co) etk xifX (C,=Co) etk (C,—Cy) HEiA AL
R (C=Co) B, (C,—Co) Feldk FRIMFIL ;o ROA R HHPrERNE —EEm (¢
F 6 70 ) FI e, R TR R I e R I B 2 3 AR I T M g b s ok B DA B9 EAR
FEHUR s xR (C—Co) HEdE HAR (C,—Co) i (C,—Co) KA MR (C,—C) FeidHE (C,—C)
el —C (0) NR'R*, B L g ik,

Hodp RYAT R ° % [ phor ik 3 &M (C,—Cy) et

HmiEH 0.1 8% 2 FEERIR.

14, BURIEER 13 LS 252% Ll iz i 3k, Hodh RO R "5 - i A i
TERAEEHIAE 1 2 3 MR 08 1= = BT (4 226 o) 3 kekk.

15, BURIER 14 FI4b&9, o ROAI RS HPTER M A — i R Tk gy 1 2 34
X 2 B BRI T £

16. BUFIZER 15 [46-E4), Hor ik 2800 30 T B0k B U T —1- FRER 3- AT
T -1- 3,

17 BRI EER 13 b A e L 252 mT 432 0, o b & 3 0.1.2 8 3 R %4
TR B R AEAE, W A % AR BRI R R 9 & AL 2L =P,
T PR =R P SRR R "2 — AR R B —F i A DU B R R AL
(C,=Co) Jedk—(CHy) = (C=Cyp) M FEAT - (CHy) ,— (5 2 10 Ju ) ZR75 3%, Hrpfirid (C,—Co) Fi
B (Cy=Chp) FRBEEEA (5 & 10 J ) &5 Tk 1 22 3 M7 HbiE B LR I EURIEEL
KR (C-Cy) Fidk, KR (C=Co) Fidk. (C=Co) btk mift (C,—Co) FrtFE. (C,-Cy) Jit
P R SL AL s Hodb RYFD R °%% E o ik &R (C—Co) et s Hom I H 0.1 8k 2 /)
BHER R

18. BURIESR 17 WA 2% ErT sz (i #h, b b lHIEH 0.1.2 B 3 FUEER
I s HAE— REEAFAE, W Ao ke B DLR (BRI SRR (& LA s A RAIR 2
—HERFHTH—FHH (C-C) LR,

19. BUFIER 18 LA 252 iz sk, b ROAIR 2 —HE R R A 5 —
TH OB ARERR

20. BUOREER 13 B S 2522 Erl42sz i sh, Hdh b ik H 0.1.2 8L 3 R
TN s HAE— REEAFAE, W e o e B DA (OB ROR (& AR s A RPAIR 2
—HAXRH Y —FH - (CH,),~ (C-C) RN,

21 BURIE SR 20 AL B L 252 BTz i, Hp ROFI R "2 — AR RS H A —
T HIAAREL R

22. BUMEER 13 Bk B 252 Erl4s2 i Eh, ot b ik H 0.1.2 B 3 [R5 EE
N s HAE— REEAFAE, W ST e B DA BRI RO (&L AU s HROFIR 2
— AR R B 53 ARG (C,-Co) KU —(CHy) - (5 2 10 Ju ) F5HERIR.

23. BURIELR 22 itk S sk 3L 245 Fml a2 (g 4, Jovh R O AT 38 Hh ol P 6 BRA G fr b e
BRI

24. BRI SR 23 Ak AL 252 Bl sz i, b ROFIR "2 — AR R H B —
FHH N-1— FJE —1H- m e -3- JEE IR

25. YA 97 [ B PDE4B MV AL A\ T 158 BOR 0 I B 3 10 J7 1, HA R ) 7R EL AT IR G T
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B F S 2T A RCE RN T ML E B 255 BTz 1.

26. BUMER 25 HIJ7 ik, Heth BTk Bom ik B A h 2 ZORE AR « AR FSURE L B R VK i BR
T3~ A <8 AR B ~ 22 IR B AL 15 1 BEL 28 P 9« J8AE o JXL < 28 Wi i I 9 R4 I 11 25

27. 9 AN, HAD SR ER 1 2 24 AT AP BOL 255 B R332 1 Eh A
ke Ik dih] nvianl

28. BUAMIEELR 1 2 24 o — T 2 ML S B 25 57 Bl 352 i shAE il % TR g7
PAN RO Z590 T RO RT3 <K A 73 ZOAE  SIRIAE £ FRAE L B ZR SR B < I < 4% B 2 R VEAE
A PR RE ZE PRI  JAE o X 2 M i I 5 AT AR L PR 5 R %
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14 PDE4 E B30 30 B T34 77 ONS FlE b s E O R L 3F
BRI 1L &4

(AR GiE]

[0001] AR Kol T RRZRIRIFRRIRAL 51 (0 PDE4 [F) DI 7, 45 5% PDE4B
WRLEAEERANE ) PR MSRIZS Y TR R e ks 2 40 (ONS) Ul B
B G K R NEBIR BORAE A9 T T I AL

[HEHA]

[0002] AR —HEGES (PDE) & — RS HEZHRIFIRTIR (cAMP) /KRR 5 — HEEER IR
(AMP) HIMLN . IPZAFIR cAMP 2 HH IR E IR ML B & i, BLAE &P M i VRS — (5
i,

[0003]  cAMP FIFEIAFEAE N FIVF 2 40 B N FE RO 58 —(F 40 . SEf R AE iR P 2 RS pp e
TG, o cAMP 38 PR IR R AL A B e B i B R AL 2 5 SR i A 356 1 = P T A DA K
P TT AW IATTE « L HIRIE G5 FIERIEZEHZ 5 cAMP 115 B AR 18 1) 2+
ZREMEIRR . AEAER D 10 MR RIS %R X 11 AR BRI . th4h, CAAE
A [ PR 48 TC AR AR X B 2 v (1) B — 3 1 22 B R D, EL25 8 P8 o Y IR AN [ 3] D16 2
RE IR 43 S e S AR AE R AR -

[0004]  VHFEIAZ AT RS 5 4% T 10 3 ZHLH]E 48 T ER BRI A0 ) PR A% 1 R o A Qe o
11 ANCVR1 PDE KR 2 H 21 DAL gahd s B — DR 7 A 2 A — DR [F Dl 2
FEVER B AR AR . 36T IR A% BR AL o e e M L VR ML B o 4101 59 O BB PR AE Dh B B IX 4
PDE ZJfk. 4t PDE FEEANHHE (BFEHRMAE RS ) PREAF . HTXLERAR
R 14 S 5B A, ASTF] PDE [ [F) Dy R AT A B AN [R] AR BRI R . kA, Al B 16 A [H] PDE [H]
DIt A el ke 2 v T 8 D BIE FHER =% (Deninno, M., Future Directions
in Phosphodiesterase Drug Discovery. Bioorganic and Medicinal Chemistry Letters
2012, 22, 6794-6800) »

[0005] AN HH &35 K AF 4 A PDE 2% ( B, PDE4A.PDE4B.PDEAC & PDEAD) H A7 454 S5H
T, % PDE4B WA HA 45 G of MR 54 o BRoXS PDEAB MV H A SERIPE AL, A% B )
{478 % PDE4A J% PDEAC V2R ELAT SR

[0006]  PDE4 [F]LhEEIIRAEAE T 55 —fF 37, 5" - IR R (cAMP) HUIEFEME misE Al MK
fifi B g A KW B Rolipram™ (Schering AG) [ (I BEUEME 5 CL7E 2 Bhoe s 45 28 e ]
AN A AN . TR ORI 2 P H e PDE4 #II57. 28417 5, HH Forest

Pharmaceuticals 2 =) &4 8 ¥ % 9 =) 45 (Daliresp ™) 4 it vfk: FH T 7™ 2 18 1k B 26 ¥ i 3

(COPD) Ak A AT R A Bk e COPD AEIR RS AL IR ) o Bl )5 (Apremi last) (Celgene
AT ) AT TTT A& How R 38 Ok B B i =) 45 °] G 06 J7 4R I8 % (Papp, K. 5%
N, Efficacy of apremilast in the treatment of moderate to severe psoriasis:a
randomized controlled trial.Lancet 2012 ;380 (9843) :738-46) .
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[0007] Y45 CLAIE W] PDE4 11 ] 1) (¥ A7 75 24 B V% P, (HIX 2836 97 10 8 WoRl 1k H il =
B W 8 AE L B %G Xk &% 55, B AR 15 5 PDE4D ME Y [ 4 AH 5% iR K B
% 5 PDE4D WP Y AH LL X PDE4B WP H A S MM L5 4 (2 W, :Donnell, A.F. 5§ A,
Tdentification of pyridazino[4, 5-b]indolizines as selective PDE4B inhibitors.
Bioorganic&Medicinal Chemistry Letters 2010 :;20:2163-7 ; A Naganuma, K. 2§ A,
Discovery of selective PDE4B inhibitors. Bioorganic&Medicinal Chemistry Letters
2009 ;19:3174-6) o SR, 7575 LB A PDE4 HII 57, 457 50l & 3 L8 %) PDE4B 3V 24 HL A7 S f 1k
Fo HARTE, 575 B0 LA 345 PDEAD WAL HH L X PDE4B W AL AT 9 K 45
SEAIME B TIRIT & P R4 R 4e (ONS) Foim SOmiE . AR IR Bk S K DA e
VMRS, O HAR AL T H TR T S A AR R R G (ONS) o Sm e AR ARE . B &
oI5 B R VEPIRBURAE R ESTE o« GIEPOR SO e G4 (H AN BT b 22 A8 Mo i BORS 117
TAE , ELFE RGO NS 45 G20 ZO0E L BB JBAE SIARAE (49140, B RESIARAE ) Ik o B 2R
WIFEOR 7 IR 2 K PEREAL VS F5A RAE BRI GHHLm S0 R -

[oo08] M| FH A< < B 1) PDEAB 1 il 7] () 36 97 78 °] 51 AL 95 15 55 PDE4D MV Y i) 4171 /1] AH ¢
18 B BIAE ), 2% oG IR & I8V ) (998 2> (Robichaud, A. %8 A, Deletion of
Phosphodiesterase 4D in Mice Shortens a 2-Adrenoreceptor-Mediated Anesthesia, A
Behavioral Correlate of Emesis. Journal of Clinical Investigation 2002, % 1104,
1045-1052) .

[0009]  [X] PDE4B VAL BA SR AR AL S YRR S, T5 75 L8 A6 PDE4A J¢ PDE4C 3IF.
B BA SRR S . K PDE4A J PDEAC MV 8 BLAT 25 A0 I A K BH (R e PR AL A4 5 R B0,
JRA]FTHRIT &M iR 4 240 (ONS) S50 SO e DAL TT 2 PR« B B i SR Ik
T4 SR E o

[oo10] R WIMEA]

00111 AKX T AW 2%l Hesz i 2,

[0012]

foo13] M.

[0014]  R'EHIEH L FIHUREER IR « (C,=C,p) FRLTHE. (4 & 10 76 ) RIS EE. (CoCyp) 4
B (5 & 10 g6 ) 5 H AP ATA (C-C) ik, (CCyp) M (5 2 10y ) JR A4
sl (R U s 3F BT (4 8 10 J0) ZRIR S TEHAE 1 5 5 AN F Ao i
e AR BB IEEUAR s i3 (C—Co) FEdE AR (C,—Co) HEdk. (C,—Co) HrdaFE At (C,—Co)
BEAEIE . (C—Co) FElmidk. —C(O)NR'R’, B2 AL, JF ATt /e f5—nl I b4 (C—Cy)
B 5



ON 105121439 A W BB B 3/58 7

[0015]  RPASZHBEE [ LR B IERIR (&K (C,=Cy) Fidk XX (C,—Co) Fidk. (C,—Cy)
BEAE L XA (C—Co) BRI (C,=C) Kl s—C(0) NR'R\ 2 H AL

[0016]  RPEAFAE, MIAERER H BT A7 s B DL BAR LR R (& (C,—Cy) Bk
KR (C=Cy) Kkt (C=Cy) K. 1R (C,—Cy) KT EE. (C,-Cp) Filiidk. —C(O)NR'R’\ J2 5k
T

[0017]  RYFTR°%% B H A7 ik 5 PR FIEURIERIR (AL (C=Cy) KedtAl (C,-Co) Hhrdt
[0018] R R "% H HHAZHEIE B PA R B RN (&AL (C~Co) Ktk —(CHy) ,— (C;Cyp)
sk (CHy) ,— (4 2 10 Ju ) FRIFSedE .~ (CHy) .~ (Co=Cyo) F5FERM —(CH,),— (5 £ 10 T6) 475
B HAPTA (C-Cy) Fedk. (C,-Cy) FGedE. (Co=Cyp) M (5 & 10 Ju ) &5 B T g
L& 5 Ao [ PA R FIBUREEEUC xR (C-Cy) Hidk. w18 (C,—Cp) Fidk. (C—Co) %t
AL KA (C—Co) BEEIE. (C,—Cy) FEhidt . —C(O) NR'R* BRI AL s JE BTk 4= 10 78)
PR GE TR AT 1 5 5 AN R AT Mo B DUR BRI B s g L (C—Cy) Jedk s
R (C=Co) KdE. (C—Co) Kl 1R (C,—-Co) KTl EE. (C,-Co) Jfidk. —C(O)NR'R’\ F2 5t
AEEE, IF B /e —n] A b (C—Co) BEREEAR ;3L ROFI R "5 H BT i 2 (1 2
—BILAR (4 F 10 78) ks, Hp g (4 £ 10 7o) ARG RATERIAE | & 5 MRIR
T % B DR EURIEER (i3, (C-C) BEdk. AR (C,=Co) k. (C—Co) KA
B AR (C=Co) FEHAIE. (C,-Co) BEliHE. —C(O)NR'R’, F2 S AU

[0019] a HHIE[H 0.1.2 B 3 B &R

[0020] b HHIEE 0.1.2.3.4 8% 5 fEER R 5 H.

[0021] mFHIEE 0.1.2 BL 3 R EH IR

[0022] AR AL A EFE A SR P SLiEf] 1-92 B 2522 E a2 .

[0023] X T IfLA42 PDE4B V7Y 1 771 o

[0024] 4, 30 T HI4L &AL PDE4A Bz PDEAC 3V 7Y (31 751 o

l0025] a0 1 Ik &9 m] T a7 BFIBH AP 448 PEBURES #m 0 E , A E AR Tl A2 fg
B0 K #H0E R R 4 2E AT S 1 2R R FERE L SURE I I B 5 R 4 8% TR B JR R0 R
J75 (AD) \ F WG (HD) « 2 R AL (MS) FIAh £ S e , LA AR L34 5 PDE4B
RUVEMEA DRIV 2 H B B BURE « 2 P00 SO B R EAN R T B S J b e
Jog (A, ARSI R OGHT 98 ) L JORE L BN 1B PR RE ZE PR (COPD) Bl JR 9% LS F2 A4S IRUBE
SBEIR AN A O HIL B9 B I 0 PP R A B PR 5 TG

[0026] AR EHIE ¥ B A R B (AL S B 25 2% 1n] 42252 1) R A5 il & F T16 7 BB
& T PDE4B ZE[R S0 (7RI, PDE4B B ) [FE 5 s L 24 R &, FriR 2R X %
FhETHEAR A (45201 PDE4B1.B2.B3.PDE4B4 % B5 B2 A ) 4Rk, 5 0 i S2 i B 7R E A TR T
NSO T BE RS RS A0 R 20 ZRE SRR IE 1 S A RRE L URH 175 B B A 1 4 2% B B
IRIUEERI (AD) 7 WG (HD) « 2 B AL (MS) et JOIE e, LA FLahd 5
PDE4B 2L yi% M AH 2C 19 VR 22 H B0 0 BORRE , 491 S {ECAS R T 8 S e e « S sk e ims (A1)
W, AR IR S IR 98 ) S IE BN Ak BE ZE VERTR (COPD) B J 73 « LES 3% A RLJE W etk 4
LR « O LA 0 T XL 0 P R B 7 7 M 85 R ¢

[0027] AR B JA B — PR 2 B oA R B ()40 B RN 22 /0 — BB 1) TR S 40 10 24
2 bl BEAZ I 7R, FL AR A 2 R T . SR AR SR R e R VR S VA TR
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)/ TR T RS 7 LA SR T DR B3 BRI A VR = 711

[0028] [k MATEAR]

[0020]  ASCH AR R TR 3 13038 R . JLAS AR DT AR 77 QR il AR BHBRORL
FIELR M

[0030] & N Sl

[0031]  HIAHIIEA S (AFEBCMERA) FrH, BRAES AP TR, SR ARER AT
SCHTE X Lo BEUR AL IR Ny n] B4, B fa 7m0 -

[0032]  HIASCHTH, “ (C—Co) #Edk 7 8EH 1 & 6 MRIEF 1S BEo B Bk 5L, Bl in{E A
FRT-FR S, 208 IETA 2 P I T 2 A T 28 5 T 2 VBT 2 DR G A B Ak
M IFE .

[0033]  HASSCHTH, “RIR” BB fR &l S IR B 5.

[0034]  HHASSCATA, “ M (C=Cy) kel ” $8n b SCHrE X (C=Cy) fidk, Hp & /b—A
SR SO E R R A iR (C,—Co) Ft i AR PR L 91 A 5 AR AN PRT U FF
2- FOHE R R O K 2- S -3- UK.

[0035]  GHASSCHTH,“ (C,—Co) e d 38 4R 48 FH 48U S i 2 BB A 430 3 (1 B S e
1) (C,=Cy) Fedko (C,—Co) HEAIEMIMR ML AFR AR T AL 8L A 2- T
SRR TR BT AR L R R S TR

[0036]  HHASSCATA, “ i (C,=Co) Kefal At ” 45t b SCAr @ LI (C—Cy) b2k, Hrp & /b
—MEJE R ESCHTE KR SR KR (C-Co) Bt AR P S FR AR T
AR - FOERE. CRFARERAR AR,

[0037]  HUASCHTH, “BRAR” Ede -S (B )

[0038]  GHASSCHTH,“ (C,—Co) el "R 16 28 HH I J 5 322 B RRAA 43350 43 B A S v B
5E LK (C=Cy) Bk (C,=Co) KEMi ik AR M SE B A FRHA R T AR IE . 200 TR L M
TR

[0039]  THASCATAL, « (C,=Cyo) IRKTIE” SR AN SR A VLRI () SR 3R  3R Ml B =3
fodk, PR SR A 3 & 10 Mk S SEFI A REIA P L IR T 2L IR R IR L R
e 3SR S 7 N S8 NG 7 5= S N 7 Y <8 i/ B 7 N 7 (1 7 Y <18 e 7 Y <8 Sl v e
RS0, B3 [1.1.0] T e Z3F [2.1.0] Jeke. 36 [2.2.0] CfE. 38 [3. 1. 0] 4.
TR [3.2.0] BEBE R R [3.3.0] EhE. AEC IR I BN IR R G,
EARIRT 3 [2. 2. 1] BEkE e =30 [1. 1. 1] . IRGe IR n] i SR aR g & 2 04 S a0
I T AEIIETE TS, HAT XA A A P e A D BT 1) 22 [ 5 1 AT BSR4 (e R 3
(B R F5R 4 . 25001 5 R il AR EA IR T 2, 3- & —1H- & —2- %,

[0040]  GHASSCHTH, “ A PR e Fi i MV A B 358 20 P R 1 PR 45 44 2 B AU 3R 1S I B
A, o /b — Aok B A BB & I 25001 5 WA SCHT A, REC (4 &
6 70 ) ZIbidk” MRS A AL 4 B 6 NIREF. “U4 E 10 6) kR Mg
REGH S 45 10 NIRRT BIAGRETNEA 2848 10 MR R, 303, W
P SRR AL AT 2 B 3 M AAE IR, Hodh B — AN SRR B 1 IR
SR B4 5 (TRED, 280 BN ) o 7E B A IR Ge B UL (1 [ v, 342 3] Pk 2 [A1 1 2%
e B (W IR S r] R 2 D — AR, B ORI R R 7, o iR 7l 5 %20

9
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— A RFEAAEFE I, B IR R ] 5 B D — AN R PR R S, 25 R IR
ot 25 B 2 S [ B A 2 HARC, ) ok 22 A B A T 5 & /b — AN R i i &, B L
A SR R RS, k] 5 20— DR E AR R — o, B R I S
DA IRFA AR

[0041]  ARIE“CIRIPLERL” LAFER 5 2 CoCl o A IRMEL (5 & 10 Ju ) Z5 R R HUAR L,
Forp B IR (RN B A J5t S AE i B 22 11 22 [ 5 2% B I 2 1) 2 Ji - B 2R B I 2 () Tk
RS . YRR A R IR b A — B A B BRI, BREE S A Ul B, 75 W Bk — B
ZABUREE B 5 R e B N 5 BURM e B (B IR 75845 . G CoC o 5 TRFAER (5
£ 10 70 ) RFRA ARG K2 . (C,—Co) Fidk. (C-Cy) Mtk (C-Cy) S Eni= 0
HUAR . 2 R At AR 1 S AR A AN PR T DU S v bk . ORIk 56 . e R
FEAHE SR IR T A AR | DU A g s A MRy B | Ik e L DY K R L D
SUMEMy S R IE JL L IR AR I L BRI ST (azepane) BUZRIRSE ST (azocane) M IHRIL | 54 19t
4 (isochromyl) \ PYE =& PUSMEME, 50 —1H- Sebg| W, DU S L | PY SRR L | B P ik
A DY e e |\ EOR R L L R R I f R JE R I

[0042]  “(CsCyp) HHE"IREA 6 2 10 MJFE 7 1 75 BRI, HAHE— IR E A
A, BN RFE B ER I . RAE I CEFEUNHA R (C,-Co) Mbiitak (C,-Cp) ZIkE
R [ R e R R R K B, Hrp HLA IRORE (BB 5 5 B Ay B 1) 2 (A1 -5 5 A ) o T e
4o AIXFE) 7 HAE — B2 AN BURSR AR, BRAE 55 U8, 15 W Bk — B 2 A B %
B 5 HE 75 B0 55 RS 4 o A (C—Co) BB (C,—Cyo) ZHIRSEHEIA P AR VR HIA 14 25
(C,=Co) ket (C4—Cyp) FRbEREE= 0 B, 755 B S O FRAH AR Tk 25 0 i it
(g, 2, 3— & —1H- B -5 gk ) (efi ik J EOR IR (B, 1, 3- A -2- RIFRR
M —5— £ ) .

[0043] “ (5 F 10 76 ) I B EAH 5 & 10 DR RIS ER, Hh &/ ANREFH
Fe R (IRRA, S BB ), AR IR AT IE B R A B . 455 3L AN IR ER
2 B0 3 MG I AEE A 05 B 1 B A v, B245 21 BT ik 2= A1 1 2% 75 e B QR (1 3 R
FACA R DA IRIE T, BRI R A, R E T S 2 AN RIE AR FR
o, B R IR IR R S D AN R IR AEA R ER o DI RE, 2 2R 5 R HAE SOk A [ B
HYARHE B, W0 it 22 A BROIAR IS 7T 5 2 /b — AN R 5 45, B AT 5 B0 )i 8 4, Hop
Wix i +n] 5 2 /b ADREAER -, B R R R ] 5 2 D DR E AR ER
o

[0044]  RiB“RAHE” MBI WHE R (C-Cy) HFHETL (4 2 10 o) IR FEAE L
WE e B = PR R [ ARG , L b AT SRR (R 5 2% 5 A D B 1) 2 [ 5 2% 7 5 1 5 R ik
B8 IF HE I R IR RS o X RE AR A 2k o e — B A R AR, BRAE S A UL, 5
WPk — B 2 A B 25 B 5 20 55 1R 05 R B 05 R I R SR 8 4G . ARG (C,-Cyp) FhkE
FEBL (4310 o) ISR TR X 2\ (C,—Cy) Kedk. (C,-Cpy) FRibidtEi= 0 BfR. 7%
75 42 B SR FR (AN PR T 26 JRERHUAR I, 18] dunnbt g i | bt v G | i Rk 2 A WR L 55 TR TS
B, ) T = PR IR IR | SRR | SRR L 1, 2, 3-01, 2,411, 2,5- B 1, 3, 4- IE
TR TR | DBRWY L | DERIR L G LRI TER AR5 LKA R MR SE B R AEAS R T 2R Ik
M | A Ik e L 2 IRy R | TR R e DR R EME L (R, 1, 3- 2 JFmEME —6- JE K

10
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2— FE —1, 3— JRIFMEME —6- S5 ) DR IRMEWy S | S OR R MRy L | DR I S I B | R |
1, 4~ 2R IR L | I R I | I g S M e s Wi e s | M| e | S I R | 2R i | WA R | ik
HE L WEMEIRIE 5, 6, 7, 8— VUSRI | MRy R e Bk A = M gR ke (4, 5, 6, 7, 8- PUE
[1,2,4] =M [1, 5-a] HErg -2- 3£ ).

[0045]  WIARSCATH, “Falk” =i -OH 4.

(00461 A1 ST, “ LA Rb —ON R, JLE T < S—omn

(00471  WIASCHT AL, “ATIE H B AR =4 HUA R A 228 1 EL PR b A0, 8 A e BRI A A
IR B 7o “AE U 7S B - FR R 8 2 R B 7 B & rT % B BT iR 7R 19
HACESEM (22 A E B s B2 54k B e s i SRR B4
A —ABIE TR E BB M IEE DY, RO AR G . 280 F, & B (I8
B, CHy) ATl AR, Mk i+ LR 2 3 NERF g B R B AR

[0048]  WIASCHT AT, BRAEFEBH , 15 WA AR B3 4% s Pl ok | A A & B A B o 2841
&, MEmE SR A] oy 2- mbne At (Embne —2- 2t ) (3 memedt (Eombme —3- 5 ) B 4- mhng k&
(ke —4- %) .

[0049] 4R 5 EUACEIE R B 5 SR FA T I AN S5 1) B 58 SO, TR () B 2 AT
iz p g BRI B A i s (R, 5—s 2 ANER 785 ) . 260 E, ik
2 Ta FHIR, ROAT S50 B T R 4o (JRR1, 5—EZEANEEFHE )
[0050]  “YRIT A AUE" F8W TG IT ROE I — B FOEIR AR 2 — B T 4 24 51
&

(00511  “g3&” Fu i sh, a0, & 28 08 B K R/ B R B VD BRJ S T ) IRV R
N,

[0052]  FRAEFIAMEE, f W WA SCHr 6977 B 10 R TIB G ATE Bir R FH 1 993 0
B {00 BRSS9 0 B 0 ) — B2 PR B | gk fg o BRAE 73 A B, 75 WA SCRT - AR
BT (treatment) ” R0 ESCRINIE L “¥09T (treating) ” FIALEFIE. RE“RIT”
AFE MR R AR IR TT A BT

[0053]  “Z4%7 B[ Es2 ) "Fe R B B A S i E AL 2 BA / B EE R A B SR A
Hem A/ BOH G R I 2R

[0054]  “MP A7 mARA— & A RS AR e

[0055]  “[A] Dyl ” BYC “ [F] TR 7 4 2 2L 1R 7 FAS [RIAEE AL (R A0 27 s IS PR T 1) 38 25 AH R
A

[0056]  “FpAlfd” FARUN T ST SCI “ LA T AaAgR” Je  TUATT bR

[0057]  “SPAR AR 45 HA — B2 AR % H LA R B S W RUAEAE I F I O LS
STAAS S KA AR A, 35 T AT A 00 B S A A SXof B S ) A R 22 1) S A AR T X DA S AV A B HL TR &
Mo

(00581  “JLAAf s A4 44 48 A LA 2K, S 3R e A7 (anti) 7 1l (entgegen, E) A [A] {1
(zusammen, Z) JE AN IR G L XAFLERIL B

[0059] A i BH A5 FL A I AE “ BUARER” A1 “J[F] (radical K group) 7.

[0060] % HRARIE A H ok oy “MSr e 5 7 S — R 2EL, DO ERCAC 22 (10— S 9140 1 ik 37 b 10

11
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PEo DAL, B — B AT 5 HL e B R AH R BAN A
[0061]  AICHTAIARECRK 17 J“5 Ta” /£ F TR AR “R KL EY 7. WA ER
B XONBEFE T ) Ta (b BT A TR B HKEW BRI EY) . ik, 4 i SRS
e 2 Rl AR 2 ) R A . 2800 5 AR T S B 255 b4z
Al PAARE I BB AR AR AE . MR A BUK R R, EaMa R A 5RE RN E
SO & SR, TSI BUK SR A5 95 N, W7EIEIEVA F 5 (channel solvate)
KMWE A, K/ ERI G B BT st FERXFERETE T, Bkt &
Zrebrdt.
[0062] AKHKNAW A ULAEYES L EESMERFA. ARHUMEENOEES
v, Bl s 2 - R aa 26 (b s E UMk it EE AR A B E
FAAE ) o SRS A PIFECE 2 Mg HL / BOEALA M KA K WG E S, ik
AN/ BEALA A AT DA st B BB R Tt E B A E. IR E AW S T 5
DETHBRE R RTHEE VLA, Z 0 J. Pharm. Sci. , 64(8), 1269-1288,
Haleblian (19754 8 H ).
[0063]  ARIHMIL A EA RIIRERR F o AR B B4 S PIRK — BREETE A SC b m] i
S22k ( D SRR () B 2 (Y 20K o SRR R AN KRR B A
(1) B AR TR B G % S5 AL 1 P A AT BB IR SEAR Al A (49 B, AR5 o o R S A A L AV T
REWE) o« SO BUR B AIY 2 78 A X TRk R+ 8 2 18 18 78 AR AL BT S AR i i
FEAFAE T AN BEA A W ), S5O SR MR TE FH T 8 SCRH R A AR, 251 A 206 S AR AL 2
HA KRR BI48 B AR AR 2 AP A SV (+/-) Fride 28601 &, BRAES1 480, &5
WA % B AL S Ak AT AN AR S db AT A7 A A 48 2 A e X e A 4 L e D't S A
(IR R fo S X we S fds ) AR08 Wl S Ab 4 LA e A A L e e S h A L 1) R e A | BELS e
& R HOREY) (B et S AR B A it ) o AR AT £8P LA FSRA
FI SRR G I AFE TR 0 A Eh BB Bl 2, b 5 7 B ek (9, D- FLIR Eh ek
L- fiZ R ) BOOMEREE (41, DL- A BR Eh Bk DL- M AR ) -
[0064]  EARTAMH BEARLS d iy, AT 7 A PR ANAS R 2R B ) A . 55— 3808 B KAl
St &) (CESEAME B ), Hoh = A2 A S5 TR IR & B PR AR e S Ay A4 () — Ao 28 5 1 2GR
mi. 5 IR M IEIR G ECR AN, Horh e A SR EE IR S B B R S A A4 )
PR A A
[0065] AR BRI & WA LAITAE H VLI B MLIR i Sh B 2N o #LAT E fb& i
SE MBI E T SR — B 2 PR R BT (90 AEAS [ RE S B v B3 o i 25 P e e
PEBCE AR KBGO B R E MR ) AR £ 2H 00T AL AV I Eh i w3 B A
AE AR/ B
[oo66]  FaAkin] A FH 42 Eh (BTN, SRR AET N FAE I ) » WPk Eh 0% 255 b m]
B2, AIE 8 BRTRSZ IR SR AR AL S S IR B (R 1 B B
(IR ES I AN E T ARG ) g6 mil& k. 205 ErTE2 0 T AR T 814
A BV R A s g P i A ) T FH AR AR R B B T R 77 o
[0067]  AKEHIAYINIE T 255 ERTEZIRINAER (57 68) BFE BT E g AT
[ AR, B H AR T Eh B2 SRR SRR IR A IR R IR L I T IR T R TR,
12
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TAMR SRR « S MR, B0 1R KT IR R R TR IR S TiIR & IR MR . O %
B2 F2 TR (isothionic acid) FLER. FLFEER 5 RER KRR . FRARR . — 7 IR  BE
R ORI A R X =R O IR . 18 B HA AL AR H AR T IR BR IR % 5 % . 5
NRIR B0 R IR R TR R A LR -

foo68] & E A NLER P AR SLH OFEAIR T 48R =M AR F IR NIR - IR L1
PR TR IR RIPR IR  FLIR - SF SRR VA TR AT IR IR - PR LR  # B IR . B oK IR & 1R
PIBRRR R A2 IR A 2 TR 7R IR L AR 2 AR R B IR IR /K IR W AT FR R R R L R LR
JRARER BPIR (XURZRIR ) - IR . LT IR ORI IR V2 IR FH ORI IR L 2— 20k IR X
TR A O F LR L IR . B - BT R PRI B AR R .. O R .
WEEEIR T R RN R A R R IR TR TR R b SR AR R R AR R L H U IR L PR IR
B2 MR« 2— ZETE IR  BLIR AR R SR ISR L 3— ZRILTA R « 15 R R « BT IR - IR AR M T — 45t
78

[0069]  IhAb, 5 AR B AL G405 A R 150 43, W HOE B 25 5% b aT 352 1 R R e ml 5,
FEI 4 g £ (BN ECE SR ) i E £ (B EhE RS ) s S E B A VLR TE
B (B = £ ) o 78 55— SEHa I, Bl Eh A8 I O B TR SR BT B, ELFE R 3 RS
AR FEFTHEZR (benzathine) #hJEEL. = 2, “EERE L H 2 B & Bz R 21
PR EERg VU] =B L

[0070]  AALER A AP RGBS ER TG & (Blne T =B O WN, N - R e
T RA AW LB T R R (N- R RS ) A SRR TR Al fE A
WILLR D S S e 5 20 A 2= e fb AR et (C,—Co) iy (g, FRRS . 2 0 L TR R
TR EN) A S AR ) IR R bR AR R (I, BRER R VIR IR — BRI R
THEE R BRER R ER ) KB i) (B, 220 AR R S I R R A i S A IR
A S A ) ) o5 e A (I, AR 3k SR R )

[0071]  FE—ANSEH T Z2 0, Jb ] T R LB~ £, A, SRR #h A ER

[0072]  ARKBHFLLA AV A] LU b iR T A7 A o AR EHmT A — s A
ASKEFR L, DR DA Pl B 22 P AR e iR T RAFAE o AR IS AR IR (K46 S 1 ) P
B 5 SEAR SRR S JUART S A A S FLVR A o 85 X0 W S A A ] e sk =7 Pk 0 B A 5 B A A A
FHI S Bk S A AR SR AT o

(00731 534, AR EIGA Y] BLAEE R T R DA A 5 255 B mT 352 s sm) (il an K.
LEESE) MM IE AR, — 5, BT AR B 8, R A8 S F T AR A
e WEWIET LA—BZ P qa (IRED, 28 ) AAAEB AT L Je e 2 A T 2047
TE o BURER 59 55 Fr A 128 2.

[0074] ARG YIIETE “AI 257 WAEAR K HEITE E N . BRI, 4% 5 7] g H A /)
2 TR MR B 2 B T B A K B A S M I R S T AR D AE 45 240 R ALAR W B LAR BN wT
k() KRR R A RSN AR B S Y. HRAT VB RRAE “Hl
27, RTEIZGME PR EE B S W “Pro-drugs as Novel Delivery Systems”,
2 14 4%, ACS Symposium Series(T.Higuchi M W.Stella) ;& “Bioreversible Carriers

in Drug Design”,Pergamon Press, 1987 (E.B. Roche 4% %, American Pharmaceutical

Association) o AKHIHIRIZR] (140 ) L IS LA USA AN K AT R LR PRy

13
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“HiE: ] (pre-moieties) ” SR AA K W B4 AW HH AR AE BTG 24 1B RE 1k ™ A=, il an
“Design of Prodrugs”, H. Bundgaard (Elsevier, 1985) H1fTik .

[0075]  AXK WG S5 & A R AR K AL E Y. RGUREAR N FZOE S EME, KK
BRI AK S 0 5 AT M) B S AR 4 B i 4, BT R4 B AT T 24k B OR A7 L AT A2 1) 8 4
IR, BB BIMR SR R4 B3R T LA R rp :“Protective Groups in Organic
Chemistry”, B J.W.F.McOmie %% %5, Plenum Press(1973) J “Protective Groups in
Organic Synthesis”, 28 3 fix, T. W. Greene J P. G. M. Wuts, Wiley—Interscience (1999) .
[0076]  AKIEEFEIA %% B2 R =L &4, HEIREAER T J Ta
Frik A A ], b — B2 AN R 4 B AR 205 B 28U =5 AT 3 9
Ftrph S by 1R T E B EHUG R B E A NAR KA E AL K
S EFHEARTARM R (B 1S H) sFESER (Bl e & H0) s& R (Fln
Cl) sEFANLER (Bl BF) siFEAIE (Bl T &) SEFEALER (B PN K PN) A
frg (Bl 0.0 & o) sBEFEILSr &= (B P) s RERFEALER (Bl *S) o Ak B R[]
SrEFRICEY) (AR N8 P RS = AL &4 ) T T 2940 / BURMI 423 5
AWFFE (B HT) e I FEAL R AR (JRRTCH) Bk -14 (FRR1 0 BT S TR
RO A T B 0. MRRERS R (B, 7880 ) FECE A Rtz
SE PR, AT AT RIS LGy T 7 A 34, 40140, A 1A 2 3 S0 1 3 0 B0 & 75 & k2D, DRI AE —
Seih il NI . M IE RS A (Bl MCLPFL 0 K BN) BEAT B AT AE IE FLF
RETH AR (PET) B A TR IS R 26 S A 2. KRS =P AR L &
iy AT S S AR A AN B R PR R AR R %, BORT T S ] R T o BT g 2 A
/ BCSE T 1 J il £ A8 A R SRALL R T VAT FE A 2 R FE A e i AR B S R I RO 3R AR
TR 28 o AR BH )25 2% BRI 452 IR 7516 B0, i TS 22 G v &85 i 5 7] T 8 () o 2 AR
(1), %1201, D,0 AT —dB DMSO—d 40 3K T A3 1a B EHI LA A T R St 1-92 w7 194k
EYAFEX A AE YA RS Z AR IC T, A EAS R T b Sk Rl A 2 X ES0Rik
T A e RN R

[0077] A5

[0078]  AK I ot ESCHTIA KA T B EURIR IR S 1) . AEFELESET Ty 2, R
FEMEIEAZ ML E R AE IR EAS AT AR . RISt R, (R JUREE ) “a” S 0 &
No

[0079] Nt ARG, T SO AT F2K.

[0080] R LRI Ta TR T WAL, Hb R BTk g (R?) HURHZEIEL
A Hoa HEH O RR. £ Tadh, b HIEH 0.1.2 803 IBHRR B — R 2L, N
FHMZ o B DA BOEARE R S R S B R U 2 AR 2 L AR A A = R A
BRI R & E NI IR AL (C,-Co) Krdk. - (CHy) ,— (C=Cyp) FRLeEA —(CH,),— (5 % 10
TG ) AF7HE, P TR (C-Co) Fdk. (C=C,p) FRLEdEM (5 2 10 Ju ) JRH7FATEHIH 1 2 3
ARSI B DR BRI s i 3R (C,-Cy) Feddk . xR (C,—Co) etk (C,—Co) Hria it
£ (C=Cy) B, (C,—Cy) FEMmL. —C(O)NR'R®FRILFNFIL ;33 RO R "5 HERHIA
—EIERL (4 26 J0 ) ZRM bR, Ho FriR R BB AT e AR 1 2 3 AN I A A d T ik
H LR BRI s 3. (C,—Cy) Frdik. 4R (C,—Co) ik, (C,—Co) btk it (C,—Co)

14
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B (C,=Cy) KEMidt . —C(0) NR'R®\FRILANGIL S Hodh RUAI R %% | BT Heid 5 & (C,—Cy)
fedk s Hom AL 041 B 2 B0 -
[0081]

[0082]  FEA K HHRM s 7 &b, £ B LR el Ta v, b B3 0.1.2 5K 3 (Y%
BRIR B — RO ATAE, W B AR ok B DL BRI R OR &L i R EUE SRR
Z—HEER, H5n—F ik B LN HUREER R  (C-Co) kit —(CHy) ,— (C,—C,p) FhJakk
AT —(CHy) ,— (5 2 10 Ju ) Zk7F5 4%, ik (C—Co) Kedk. (C,=C,p) FkdEAn (5 £ 10 Ju) A&
AT A 1 & 3 AN B DL BRI ki3 (C-Cy) Bl i (C-Cy) Kt
B (C=Cy) BRI 1L (C—Co) KEEIE. (C=Cy) Keidt. —CONR'R’ JRILFNFIL .

[0083]  FEAS & HH RSy b, R B SC4oR R Ta v, b oA HE 0.1.2 8K 3 (Y%
B A REAAFAE, WA % B DR BRI R R &0 A REEAREUE SRR 22—
AFoR, B —F Mk 1 2 3 ANk B PR BRI (C-Co) KidtEIR -
KR (C—Co) Jedk, pifR (C=Co) Bedk. (C,—Co) B, mifR (C=Co) Bl FE. (C—Co) Kl
FFRIEME I, AR R, ROAR 2 — AR, B — & Bk g 2R
EUAREE R R A 5 =, ROV R ' —HEER, BB —FHAEER.

[0084]  FEAN K FHRGFELE H B SR 7 2, £ F 4 m sl Ta W, b HIEH 0.1.2 B¢ 3
M BEBRIRN B REAZAE, T B 7 3 B DR BB R R &0 R RN R °fn

RZ —HALR, B —F dEkibgl 1 2 3 ADMar ik 5 DU B BUACIE B K - (cH )
o (C=C) MMRHER IR (0 FR L (C,—Co) s xifR (C,=Cy) Fedk. (C,—Co) etk ifl (C,—Co)
PeoE AR (C—C) brfmdd FR Mg e s Hom HIEE 0.1 B0 2 B EER R . AER LS 7 &
B, RATR 2 —HERR, BB —FHHAREERR.

[0085]  FEA K BB H B sl T 2 b, 7240 FOC R i3t Ta 1, b HHIE H 0412 B 3 1)
BRRIR B RAEAFAE, WS B DA R BRI RN (&L A ESE SRR
Z—HEXKMR, B A—F BTy 1 2 3 Mok 5 LR R EE R - (CHy) - (B
£ 10 76 ) HRFHERIR KR (C-Cy) Fedk i (C—=C) Fidk. (C,—=Co) btk i (C,—Co)
Pk (C,—Co) brlmddk BRI EURS, Hhm FHIE H 0.1 B 2 BEERIR . AE RSty &
H, ROFI R 22— HAE R, B — 3 BTG (C—Co) Be BRIt et ok, 78 fhuksk
M7, RO R 2 —HEARR, Ho5—3F i N- FIEnbmeIt (fan, N- B3k -3- 3t )

Koo

[0086]  fEAA BH RS 7y b, 8K Ta 1, b HHIEE 041.2 8% 3 (B R s — R’

15
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FAFAE, W ST ke 1 DA R B IE R L SRS PR =P 2L R P
A= B AL SRR R S A 8 — I AT - AT | & 3 AN R b e Bk S b
PUR IR (4 26 g0 ) FFREEdE (2 (C=Cy) Fedk. xift (C,—Cy) itk (C,=Cy)
Bea I KA (C—Cy) Fefa Ik, (C—Cp) Bt . —C(O)NR'R’ BRI AFIE, Hoh RUAT R % il
SEHE AT (C-Co) kit

[0087]  FEANK B L Hw S B, 7R a0 B X R fal Ta b, b FHIEH 04 1.2 8 3 (1)
BRRIR B RATAZAE, W7 % 5 DU BRI R R &L A R EE 5 B ROA
RS H AR — BT | 2 3 D R BRI IR T bedh . 785 sniti )y %
Hr, RO R "5 BT R 3- R - IR T -1

[0088]  7E 5 —SEiEr &, AN K B EI Tk AL AP m] Bl TVa 7 PDEAB A3 (99 E, LA HS
A A 7 I LAY (PRI AR SR20TT A = R S0 PDE4B J& PR 48R B 4k
G TR, 45 250 PDEAB ELAT ol 1 45 G 2 Ak [RIisf % PDEAD HLAT e/ NI v PR 19 4%
KA E .

[0089] 755 —SEHEJr &P, AR B BTk AL AP m] B TVa 97 PDEAA A5 (99 iE, LA
F) A 75 I LAY (PRI AR 20T A & R S0 PDE4A & PR 4R B 4k
a0

[0090]  7E N —SEhti /&b, AR B Tk A& Y] T YA 97 PDEAC A3 (e, JL A
A 7 I LA (RIS ) SR Z0 T A SR R S PDEAC J& PR A R B 1k
“W

[0091]  fESCLELILESEHETT 5 o, AR W I Fridepb & Ml f PDE4A PDE4B J PDEAC WA B
HAHARI &5 Ao

[0092]  7EHELLSE T P, AR B A% PDEAB SERLAHXS T PDEAD 3728 5 A 1 3 )
AR, DS TR AL A P %) PDE4B S Y AH XS T PDE4D T ZYR I £ 2 552 2 120 £5(1)
GG RN, AR HE ST 2, AR LA Y05 PDE4B MEALAH AT PDE4D WP AR
L) 35 554 75 5L A op At . 70 R sfE 7 rp, AR AL 590 %F PDE4B WF 7
AEXS T PDEAD W RLR L /02 2 fE & Ao fPE . fEREe STy 2 rp, AR A
X PDEAB V2R AH%F T PDEAD R ILH &2 /04 5 5 (S Ao M. 70 FELesf 7y ep, A
KA A%t PDE4B W AUHIX-T- PDEAD WP ARYR I 2 /D29 10 51045 o fith. a5t
SEHETT R, AR A A Yok PDEAB ME AL AH AT PDEAD WP R R IN HH 22 /02 20 45 505
FIE . FEREE HUE SLE 77 22, A K H M40 G404 PDEAB F ZAH AT PDE4D M Y 2R3 H 42
D2 A0 A S AR TR AE SR Y SR T R, AR BH I AL S 406 PDE4B E AL AH X
PDEAD WV 2 230 tH %2 /D 2 50 f5 25 G ok f itk o AR B A A 04T PDE4B J2 PDE4D 7 B! 25
Ao MMER T OCEB T HIR 4

[0093]  fE 3 —SEHE 7 Srh, A K IR G A S, A S AR KN K& e 255 |
A2 (3 5 2D — R 22 B2 RIE A IR AW -

[0094]  7E N —SLJt )7 B, A IR BB H A AR RN FILE YR 5 8 A
(R g | BV Bty R4 H 5 0k HoAth PDE4 IV 8445 1) & PDEAD W 78 B 5 A s ik
LA ZRADC ) Jelksl s W 51 AT £ 3 M 1 DA S AR I 97 485 SR I 1

[0095] 75—t 7 S Hh, AR BRI ALIA YT R ARAP Ry (ONS) AR H B Fu K 56 Tk
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PRI BURIE 1) 7 7%, Ho A4 1a) 75 S0 ST I LB R il R N R G 20T A B AR K
WA S 25 BRI

(00961  7E 53— SLHiti Jy G, AN R BRI A R W A S M B 2 25 b AT 4252 1) £ 78 /il £ H
TR IR R G0 (ONS) [ B 9% B R PEFIR BURAE K 2454 v () FH 3

[0097]  ZyFEZE

[0098]  PDE4 ZXJR MR —Ball (PDE) AURFIEAE T 58 ~fEEM X IR 37,5 - IR IR
(cAMP) F) 306 5 Pk i 25 AR K S P& . ©.%0 PDE4A. PDEAB K PDEAD WV AL 72 B AN opr )32
# i35, Hovh PDE4A. PDE4B K PDEAD SV A f [X 35k 73 A1 Ao 41 g N 7 Afi AS [5], 1t PDEAC 2 7%
AR R G LR K F R 1L (2 :Siuciak, J. A. 28 A, Antipsychotic profile
of rolipram:efficacy in rats and reduced sensitivity in mice deficient in
the phosphodiesterase—4B (PDE4B)enzyme, Psychopharmacology (2007) 192:415-424) .
PDE4 WV 284 i i B A 45 il o 3R 28 v AR Fl 48 3R 0 5 o A0 I R B YR 9T I A N SRR 1 81
bro 281 F , PDEAB L3S ARG 1 7> BERE AU 4% 2 KPR R 7 (Z 0L Millar, J.K. ZEA,
Disrupted in schizophrenia land phosphodiesterase 4B:towards an understanding
of psychiatric illness, J. Physiol. 584(2007) % 401-405 7T ) »

[0099] L 4IE W] PDE4 11 fill 57| g ) 3 == A 3 1 B 22 T % RE A 4 U T A 3 1 cAMP/
CREB {5 5 £ 5 FI I FH TR YT B 4% A B i S ciZ 8k, HoWH TRIT S AD FHCH)
TAHN BB B 7 AR ER bR. (UL :Wang, C. 28 A, The phosphodiesterase—4 inhibitor

rolipram reverses AB -induced cognitive impairment and neuroinflammatory and

apoptotic responses in rats, International Journal of Neuropsychopharmacolo
gy (2012), 15, 749-766) .

[o100] & L F W] PDE4 41 il ) 3 i 98 /> PDE4 78 & A #H E # AB 5E (MDD) K A
g 5y oK S T B A B4 AR & R (2 L cFujita, M. 5 A, C-(R-)—Rolipram
Positron Emission Tomography in Major Depressive Disorder,Biological
Psychiatry, 71, 2012, 548-554)

lot01]  Bth4h, COUE W] PDE4 11 5176 F TR 97 2 K MR AL U7 i B A7 sk (S0
Sun, X. 2 A, Rolipram promotes remyelination possibly via MEK-ERK signal
pathway in cuprizone—induced demyelination mouse, Experimental Neurology 2012 ;
237:304-311) ,

[0102] T DA ENEE, RS b, AR &Y EA e sk
NFEH PR 42 2R G0 LB B 2 Riaa 7 RLAT, FTid rh AR R 42 28 G D0 BB H 45 (H A
IRT c Mg & 5 (Niemann—Pick type C) ;ILEEH (Batten Disease) ;#HZFEAT (/4
WK AR KT BT B R MR 5 IR < AR B i (TBD) s Hh XU s L8 s (A
75 106 200 JK A A, o A ML A 9 AR 3B A% PR A A I A — R R R AL ) s A RN RRAS (AL
TETSIE EAE TR R HIV AH 9% AR50 2 B R PRI RO 5 A0 [0 i 2y A i & (Lewy  body
dementia) \ ML PRSI A WA 0 IO ok IR R VR I ) G L LR 2R 5K 77 R L i 228\ J e
395 (Pick’ s disease) T — #E [ (Creutzfeldt—Jacob disease) HIV i 77 221 o il
I EIFLEE1E (Gilles de la Tourette’s syndrome) AT < JULIRIEZE J2 5 LIRS 2R AR
BUR GGG HRE (BRI AR ) oOEEE (EFEREZRA . E IREE1E
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(Down syndrome) MJfEPE X Zi&4E (fragile X syndrome)) ;BEARFERG (EFEHEIRLEZ B
T AR PR A 2R RS L VR FERCIR AR S BRI F ) S8 o i , 491 0 A6 J8nE (B8 Bt RO
RE )2 PEAEJEAE | A1 A8 £ JBE B RIE L BU4% f5 RLB NG 3 BV EAE A BRIEAE ) i e TR
fEhG (RS SMELI D PEIAE ) s Bl FhS (DG SR I PR AT A ) B Ve R B AG ) 0 bS
bhG (BRSO T 2 BRGSO P 1T A4S B R AG BRI E VR A B BOIRAS L
HIAE 12 M HIASAE 225 PEAIHERE G R0 B AE 2 BT 28 S AE (PMS) £ 1 £E L& R4S (PDD)
JO JEAARE ) KSR TERRG S ERAT (ARSI 4 280E 17 I ME 43 200E RS A 43 S00E
FE K AERE ) 25 PH0 S T (B BRI ot M0 K v 25 22 A Al iy A2 R 2Rk 22 AR Ah i K
0L ISR P ARG AT R DR R JE T T AR A 2GR SR S AR S R TR ) R IR (dE
PRAEDE EAKTCRE B RORE VIR B & B JHEE | 5iE P i B A S UK ) s PR RR AT L IR
gk (Hlan, BEMOL RS S ) AT T RAE CALAE IR0 0 00 6 B MR 8 s i A P H-
W5 W 345 R e A ) s BN USRI e (B TE R sk RGBTk = /
T BIIE AT ARG S INIRAE ) , FCAL 4 18] B ik i AL 3 M 25 251697 A B A K BRI & P Bk
Hzyse BRI
[0103]  FEFREECSLE Ty R, AR P Kot w75 E B A 2R T A B A K
FR 228 A T KL S ) RAG T TR 0 BRE I T T
[0104]  FEHCLE ISy S b, AR Bt — b P SO A B R E W B R IR T A AL
S AR R BRI BRI S )RR T S5 R 7 REREAE DS A TR B A5 () 7025
[0105] [ b 3C P2 S 1) o MK b 42 28 G0 0 E A, A SIS A7 5 K &8 3 PDE 411 1] 71 % 22
Folt 98 RE 24 o B2 25 TR FH B0 SR, BT adk 28 RE 40 M B 25 B cAMP 38 i 471 3 A0, F5 4101 1) B8 2 A0 4
FEAE L RORL B R PR DL R IR BE IR F (TNF) 75 8 2 40 it v P 7 400 i B B0 A 40 i v 1)
R PR, A R ) ) R 2R IR K AL S 0P T TR 97 B & s KR TR w. (B0
Schett, G. ZE A, Apremilast:A novel PDE4Inhibitor in the Treatment of Autoimmune
and Inflammatory Diseases, Ther.Adv.Musculoskeletal Dis. 2010 ;2(5):271-278).
2 S, AR ARKAY T TRIT 5 N5 (Beheet’s disease) #HICHY M i 5t
B CRIAL) o AR A2 W0 o P T8 97 55 96 45 MO PO (2 0 cHess, A, %
N, Blockade of TNF—a rapidly inhibits pain responses in the central nervous
system, PNAS, 5% 108 &5, 5% 9 /I, 3731-3736 (2011)) B T-¥& 97 82 8 o8 BIOER JE 3 0 17 &
(20, :Schafer, P. , Apremilast mechanism of action and application to psoriasis
and psoriatic arthritis, Biochem. Pharmacol. (2012), 15 ;83(12) :1583-90) . [Xl ik, A%
KB 2R IR AL S e v] i st B AR [ &0 Patan, B. ZE N, Efficacy
and safety of apremilast,an oral phosphodiesterase 4inhibitor, in ankylosing
spondylitis, Ann. Rheum. Dis. (21024F 9 H 14 H ) 1. AlIEE SRR EWIEITH
Hem LR AR T 2 R PEAEAL L B WO AE | W A8 PR B a M SO U IR B ISR
B R SORE Y HRORE L /INAUTE FELZE S0 | FE ZE PR BCAORE T B R AR E L 2R I
PEBRBUF S PR B R BRSER BN R S EIFIE LA ME (ARDS) S PEIT
i (ALT) RAT 2% (1T, ERIBMEICTHT 2 SR R R ) TR SR A K5 REAH SR I 9%
I 5 VB TR A0 AT O% B IE « S R BRI 2 T RIE L 45 1 9% i 0 M % AR 0o« R IR A
i TR P BB PEAR T B i P e ML B 453 S 00 AP i A S B
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[o106]  7E X — Sl 7 &, AR A& W e H TR 7 e 0 A Mo, 2l 5, A
KA YR T 7 e (40 qn, 86 £F 4 a8 ) (2 W, :Schmidt, A. L., BDNF and
PDE4, but not GRPR, Regulate Viability of Human Medulloblastoma Cells, J.Mol.
Neuroscience (2010)40:303-310) o AKX AL ST TIHRIT B EORB (S W .
Marquette, A. ZE A, ERK and PDE4 cooperate to induce RAF isoform switching in
melanoma, Nature Structural&lolecular Biology, 38 18 %, 58 5 #f,584-91, 2011) . 7E
FE 6 S 7 b, AR K WAL A R TR 9T B LR 8 18 I A e B s (S
0L :Kim, D.H. 2% A, Type 4Cyclic Adenosine Monophosphate Phosphodiesterase as

a Therapeutic Target in Chronic Lymphocytic Leulemia, Blood Journal of The
American Society of Hematology,1998 4 10 H 1 H, 58 92 %, 38 7 #H, 2484-2494) .

[0107]  £E 86 & SEi U5 b, AR K WAL & W mT F T30 97 0 PO 505 0 SR A
T B m M (Z 0L Vollert,S. 2 A, The glucose—lowering effects of the PDE4
inhibitors roflumilast and roflumilast-N-Oxide in db/db mice,Diabetolog
ia(2012)55:2779-2788 ;Wouters, E. F. M. Z A, Effect of the Phosphodiesterase 4

Inhibitor Roflumilast on Glucose Metabolism in Patients with Treatment—Naive,

Newly Diagnosed Type 2 Diabetes Mellitus, Journal of Clinical Endocrinology and
Metabolism 2012, 97, 1720-1725) o fERELESLE T 2 b, AR A AT TR T7 8 R v
PEEPLAH (DME) KM R PEAFZE A (DN) o
[o108] il 71
[0109] AR EW A ORG24 TR 25718 B G MR DU AL S0 N B i, BA]
KA RECE T 424, # b A E B OIS #E A LT .
fo110]  fE 53 —sKHtJr Z2rh, AR IR S IR AT B ss 25 2 iR LR BN B8 B Hh o T
F T W 8 A5 25 10 77 SO 5 R K A BB A BRI B N O =5 L PRTE I IR P
WA S T 4525, &M T W B b a2 A BAass s =0 (A ) A8 e kg 45
FEFIAR
01111 A8 5 — K5 2, A K W B A P 75 AT 22 T il DAATE G JR) i 25 245 42 B2 Jok At s
(JRRA, ERRERE K ) BSR4 BRI 72 57— K7 b, AR S8 m] &
FC il DA B N BB A 45 25 REE A BRI 725 —SEE DT =, AR BTRIAL
G AR H] LT H BB E 45 25 S BUL S R4 B R
lo112]  fb &M/ BUE A GV A SRR RET 2 MR, OFEEFRIA,
SEWS R PR SR RO RO AR 25 A s LA R E LA BN T
I, FIE TR 2 AN 290, 01mg/ T AR E 22 100mg/ T 5ok H 577 & KF 7] H Th
57 EOCRRAR RO AE— SRR b, ARSI RS HE (LR IGH BB I
IR ) JHNY 0. 01mg/ ke 222 100mg/kgo £E 5 —SLHT7 S, AR WKL S VIR &
H &L 0. Img/kg 24 50mg/ke, HAE T —SEHi T Z 1 N2 0. 5mg/ke 24 30mg/keg ( IR
B0, & T mg AR INAEY) kg KT ) o £ DI ZH, FIE N 0. 01mg/kg/ KZE 10mg/
kg/ Ko FEJ—SEMi 7 %, &N 0. Img/kg/ K% 1. 0mg/kg/ Ko FIE LA HEW A&
AR ERRAHIARHRE. EF2IE0 T, WaWRS o — RN ERE R
(HEAZT 490 . HHE, FRZAHEW TR A E.

19



ON 105121439 A W BB B 15/58

[0113] T HRAHME, FTLAS A 0. 01 Z£52.0. 05 Z55.0. 1 2Z55.0. 5 25, 1. 0 257,
2. 527 5. 0 5. 10. 0 5. 15. 0 57,25, 0 £ 57.50. 0 57,75, 0 Z£ 55,100 ZE 70, 125 =&
T 150 250 175 250, 200 255 250 250 K 500 Z v i PEsitny (RPER IS A 2 B
IR ) B AR B 5. 2 54 0. 01mg 24 500mg V& MRy, BUAE 73—
SEWE T RN Y) Img B2 100mg 15 P4y . AETE SR, K 7 E R ML) 0. Img/
kg/ Db E Y 10mg/kg/ 5T

[0114] AR FE B MA BRI . AR L B R EA R T R
BRI BV E AR R R KK, HilE 5 AL
Mo fE—ASEETRH, AFONEEME. ABEMERT BG40 BTk RAE

BB
[0115]  ££ 55 —SKHETT S P, AR 5 — B MhA R W A9 AL S 1 4E i % F TR T AR SO
WU 25 B 38 .

[o116] X L SCHrR M BPRBLIKIETT I 5, A KW EIAL S YAl DAL S A B 4R 2.
o, 25 BTS2 1 Bk B T A T BRSO PR E T B S R

[0117] A5 —SKHETr &, AN OB ZGMA G REGMA GO S 5L Bl %
S HBAR R I AR I S P Bk n oA R A s 3, Hal a1 —ie
R A SRR S AW, Bt 7, Hrl 547 0. 05 & % % 95 & B MEME G . Ak
WAL S ] SAE ] #E 1R 29 S B R S B IR I AAE A e RS TR e .
[o118] AWk 5 4 Al AR AT O B R AR 40 24, i BLIE T X BRI f i 4L 54
T H DI UG 7 A S B 45 2 W TR S S S ml il 1k B S W B A B
IR

fot1o] [l fA 7R LX) VAR5 25 m] (foiltun ) AR TT (9] B Joie B 9o Js 8 L) el
FANEERIB 5, S B S HIE RN E D —RARWN LG ) R4t A5 %
RS 29 ] A SORI BRI R 3o 2 55— SERETT S, DGR s T A, e
FE SR [ A5R R o, AR B AL S 008 5 — B P AL . BESSRCEE T B 5 Al g
PRI o AERCZETN P 77 B LRI R 5 BT 700 L 7 A5 22 o 55 B ml ) P B s A 7
o

[0120] £ 55— SKHE 7 S, Mg 2l s . F T DOIRG: 25 i A n R e g (491
W) E A AU E R PR (B, 7)) 2557 B nl 3RS LR TG TR &)
T LB e SSALA Wm0 Al 7, ) A 7R FLAR TR BhE R ek n) (Al Sk
) A/ BT A

[0121] £S5 —SKHE &b, AR IR B AN . “Ha B AR 257 s (Bili) B RiE
SR ALY RS PR B S LAY R PR B A o AR SRR A& E
AR AT/ BB R SRC ) P S R C7RRI, Jo T IR S K e PRV 2R )
[0122]  fE55—SKHEs &b, AR AR R, « R aen 2y AR Bl s i 4l an 2 sz Ik
FIECH S T IE AR B I R 25 IR N 45 2 B B W BN S5 24 SRl A S Yic s
5 (BIan ) RSB ) 68 25 50 OB R LB 7R o e A ) A B 5 9 SR TR Ay 2 et B
B SR G X RGBS E A . A RIS il 20 e 36 B 25 2451, 248
At 12 % 2 L 2R (1 U 75 2] 42 32 J5 SR MG FRUoR SR 285 o 00 I 110 F S 2R ) 7 it e
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0 IR TR WE 7R G 3L 8 7S R R0 100 70 < SOk Y IR 5] BRI 791 oK 4%
it (wafer) AN g4n . 214k A S5 JR T AE I HR B A U2 (38 A B iR I
IKH P BARET T A LA H I R R R . AT BB ERER, S W (6
1 )Finnin A& Morgan, J. Pharm. Sci., 88(10), 955-958 (1999) .

[0123] & TRy IR AR =S BB 45 29 O R AE (it ) IR, e op oA B AL S v i B &
FTEEEE . @ TR 2 1 SR G50 R RS2 ) pH T I ShK
ok A B R R A e e il T2 IR AR A BB 2 25 R il 5r B A | ) ml A
Yokt (o, ml WS MEBERSH 49 R ) S AN A B i (ol Tk ) A Aok
AR b SR BGEIR 2248 (BIITHE A (niosome BY liposome)) o AR WIZZHRER
PURER 3R LI B R A R A (BN, Fea 2k AL A YR F0 LS AP 3 B R
BAYER ) BURZ RS (I, 2% ) MEREGWEPIER (B, K488 ) —&s
Ao BEIEHIFTR s B 5 B E IS I .

[0124] X TR AL BOEL AL 21 5, AR BRI VEA S 1077 (8 1 LAVA O Bk &
FTE 3 Hh A8 3 e IO B3 3 35 25 i Hh 38, B0 LR RImE 55 218 UM 75
NS A% A HDE B IR . ST R NS IHIFIEE LRGSR A T
RAAS Tk Bt S AEMR G (B, SRR TRY)) (BN RS A RR (4
an, St (BB AR ) R 5 ), BUAE R BN & R B A8 Ak Ay (PR
PR AR Bl 772 LA I 55 1 AL 2 ) BT 25 4 (K5 5mIme 25 (fa Y BASfo PO i
ALl 1, 1,1, 2- R KRR 1, 1, 1, 2, 3, 3, 3- B Ak ) . M TEANEHNS, AL
B ARG TR, B, 58 IR BRI

[0125]  FE 5 —SKHETr &, AR A ER A EREHAR 2 () e
Al ] R AR A e AL B, E S S ] 2 M B

[0126] 7RI A T 24 22 40U A 0 R e B AR M ot B 25 2 s AR B 29 A & 1)
A AR AT AR G BeR (B e i S 2B AR ) il %o ST A7 A il e 24
BAR I L3825 18 & O AU I i LI A T AR b . 29 dlig e T (4l

1 )Hoover, John E.,Remington’ s Pharmaceutical Sciences,Mack Publishing 2 &,

Easton, Pennsylvania, 1975 ;Liberman 25 A 4w%i%, Pharmaceutical Dosage Forms,Marcel
Decker, New York,N.Y., 1980 ; A Kibbe % A 4% #i, Handbook of Pharmaceutical
Excipients (28 3 it ), American Pharmaceutical Association, Washington, 1999 1,
[0127] AR FILEYIP] e S e v T A G T8 97 & Mo LB IR o — 8K
Z ARG S — B M e T AR R CRATR— BB DA IR ) 25 28K
WP dy. BIRTEIRIT RPN () AR R A 2R 8 52 AR a3 .

[0128]  PAFPER S Z L S “ UG 7 A 25 B FR X ML A ) (1) 45 24 Ik TR) 1) B /2 08 255
DI — 2 (A AECUE 5 — B AR RRL . IR B 2 Mk &P m] [F]I (simultaneously)
FFAT (concurrently) BUIKIT 4525, Si4h, IR 2R Zgn]amad DA R 77 A0S AR5 25 Rl &
VIR, B 7EAH R 18] fd AR AEAS [ e A B A AN Rl 45 2@ A kR AL S 45 25

[0129]  RiE“IHATH . “IL[FZ 7 (co—administration) 7. “[FIF 45 %) (simultaneous
administration) ” 2 “[FIF45745 (administered simultaneously)” EIgib SMHE LY,

[0130] Ak B ALHEAE I A K WY 1K PDE4 1 FIAL 540 5 — B2 Al g 29 W03 Ph il i 4L
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B o AT ZGIE TR LA, W AT DL AR (550 B4 e BRI N 25 25 B DA SR — R B & 25 24
I, AR AFEA A G, HAT — & : (a) F—47], LEFEAR KA EME
WA ZG 28 a0 5 (b) 58 2R s J (o) 2927 b2 (R 38 3K
MR o
(01311 MRIBAIGIT BI B W IE BOR O, ALk B P MR S AR L & M AH &
. al5ARHAEA A AR R EFEEART
[0132] (i) ZISEHEBRESBEHTHEF, 412 AR URSF R EL (ARTCEPT. MEMAC) . # j & 58K %
FgEh (ANTILIRTUM) - 2 & B8m 2 5 (ESERINE) 3% /B8 IS - 5 71 B | 58 B iy BH L ik e Hr 1)
Bf) (MESTINON) B fHf¢ (MYTELASE) \Hhi3E R4k (demarcarium) . Debio 9902 (JR#xfE ZT-1 ;
Debiopharm)  F| i i) B (EXELON) . $i7 2 & 7. NP-0361. i =% fih Bl &0 5L B2 2k (RAZADYNE,
RIMINYL, NIVALIN) . ft 5 #k (COGNEX) . FF B #2 L A & R (tolserine) \ Dy IR 4E MY BE 38
L% (memoquin) « A A2 1 FF (HUP-A ;NeuroHitech) . 7k 2 & % (phenserine) . K My & 4%
(ENLON, TENSILON) J% INM-176 ;
[0183] (i) WM A& H -8 (BUH A B ), #1532 HLA DR 45 & 3£ 7 (PADRE) .
ACC-001 (Elan/Wyeth) « ACI-01, ACI-24, AN-1792, Affitope AD-01. CAD106 ;% V-950 fEEk
E(J AB 1155
[0134]  (iii) vERFEEE A -8B (BUH A B ) WPk, il wis B ER .51 (ponezumab) | 75 =2
R EUCER 50 (IR FRME AAB-001) « AAB-002 (Wyeth/Elan) . ACI-01-Ab7. BAN-2401 .
i Bk P Tg (GAMMAGARD) | LY2062430 ( A 28 4k m266 ;Lilly) . R1450 (Roche) . ACU-5A5.
huC091 2 HB 4 PL R STk By A& FF 19« [ Br & ) A F L 58 W004/032868 5. 5 W005/025616
F. 5 W006/036291 5. 55 W006/069081 T\ 55 W006/118959 5. 3 [ £ F| A FF R F
US2003/0073655 5, 45 US2004,/0192898 =, 5 US2005,/0048049 ‘5. 55 US2005,/0019328 5 }%
Wi I A FF 22 55 EP0994728 5 J 4 1257584 5 J 35 [H L A5 5, 750, 349 5
[0135]  (iv) & ¥ i & 1 PR AR BT 77 (0468 A0 L8 9d /D v M e 81 1 7= AR BB e 4 4
P 5T ), 1 M 38 A% (dimebon) 38 5K 43 K 4K 27 V0 5L S5 TR i AR SK-PC-B7OM, ZE >k
H BT B R (anapsos) « B4y 05 HH M f7 H I AR JE 1525 B E A AL B R
T (colostrinin) . H X ZE #§ (bisnorcymserine) ( 7R FRAE BNC) » NIC5—15 (Humanetics) .
F-2012 (Bisai) - A% B &% ( JRFRAE PBT1) .PBT2 (Prana Biotechnology) « i LLi%&
55 (ANSAID. FROBEN) J¢ H R— % it S #4) 4 At 8L U /R (FLURTZAN) | A 225 JRUME ¥ 55 AR TR & 55
(FENOPRON.NALFON) . 4ii ¥ 2% (ADVIL.MOTRIN.NUROFEN) . £5i & 3 i s 6 &k . AR S0 25 R R . R &K
S IRER N (MECLOMEN) | 5|32 3% (INDOCIN) XS5 BREN (VOLTAREN) XU - B A | &7 AR IR
(CLINORIL) \&FMREEBRAL Y . — % JEM) (DOLOBID) 25354 (NAPROSYN) . ZE %4 4y (ANAPROX.
ALEVE) . ARC031 (Archer Pharmaceuticals).CAD-106 (Cytos)LY450139 (Lilly) & 2 F&
filel CTRPRAEI S R IEEE ) VARAY (gingko biloba) $2HEX4) EGb-761 (ROKAN, TEBONIN) | K
7D (CEREBRIL. ALZHEMED) %' #1 28 (FIBRILLEX. KIACTA) Ab&4 W (3, 5— X (4- fdk 2K
L) JRHER ) L NGX-96992. B ik Iy sk B VA By (IRARAE TR PR N KR (NEP)) & JLEE (8
FRAE scyllitol) BT FEARARYT (LIPITOR) \ 3= %At VT (ZOCOR) . KLVFF-(EEX) 3. SKF-74652.,
R ik 8 AP AR B5 4. BACE 11 il 71, 1 201 ASP-1702. SCH-745966. JNJ-715754, AMG-0683.
AZ-12304146. BMS-782450. GSK-188909., NB-533. E2609 % TTP-854 ; v 43 AR 18 35 71, 4l
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W1 ELND-007 5 J& RAGE ( /&7 20 B Ak 28 7= W 1) 52 A4 ) i) 5], 481 40 TTP488 (Transtech) J¢
TTP4000 (Transtech) A FFLe3E [E L4 7, 285, 293 ST AFFH (AFE PTI-777) ;

[0136]  (v) a—'& Il 2 B8 52 4k ¥ 3h 7, ) a0 I 7% 3% (INTUNIV. TENEX) . & & &
(CATAPRES) . [f] ¥ iz (ARAMINE) . 2 £ [ (ALDOMET. DOPAMET. NOVOMEDOPA)  # #L J& &
(ZANAFLEX) \ it 2B Bz (NRAERTHEAR) A L Ph hr enpk V%2 (INTUNTVY) Sy HEPS
B FRPIE . BIAAEJE (PROVIGIL) Rl e dEJE M ELdEJe (NUVIGIL) ;

[0187]  (vi) B— "B I JI¥ 2 G& 32 4k BE B 7 (B BE W %)), %1 a0~ & & /R, 37 & /R
(BREVIBLOC) - %7 U1 ¥%& /R (NORMODYNE. TRANDATE) . %47 ¥& /% (LARACOR. TRASACOR) . M| Wk 7%
/R (VISKEN) | ¥ 25 ¥ /R (INDERAL) . Z Ath 7% /R (BETAPACE. SOTALEX. SOTACOR) . M I % /R
(BLOCADREN, TIMOPTIC) . fii T %% /R (SECTRAL. PRENT) . 44 £ & /K (CORGARD) . i f7 1% £ 4T
#% /R (LOPRESSOR) « 3% 31 1R 3£ FE1& /R (TOPROL-XL) B %% & /R (TENORMIN) | 4G FE¥> B J& SR
59230A (Sanofi) ;

[0138]  (vii) HUAHBKRE 245, % A FAf oK %5 Ak (ELAVIL. ENDEP) « Afi &5 Ak BT iR O 4L 45
(COGENTIN) « 7K 2 (ARTANE) « 2% ¥ #i7 8] (BENADRYL) . B8 25 38 2 (NORFLEX)  BE 2% Bill« B
FE & (ATROPEN) | R B %5 Bk (TRANSDERM-SCOP) . ¥R f& FF 2 75 BE %5 Bl (PARMINE) | XU BA 4 K
(BENTYL.BYCLOMINE.DIBENT.DILOMINE) . ¥E4#%' %€ (DETROL) . B & i ‘7* (DITROPAN,LYRINEL
XL OXYTROL) . M5 E 4% , PR i Kbk (PRO-BANTHINE) | 2E 57 f7& L SRS A K8 (TOFRANIL) . &
REETA KIS (SURMONTIL) & aEMARH L £ i B (NORPRAMIN) | 25 ZE1- (SINEQUAN. ZONALON) .
KA (SURMONTIL) Ak B 7% (ROBINUL) ;

[0139]  (viii) Pl RZG, Bt 5 6°F (TEGRETOL.CARBATROL) « B8 PG (TRILEPTAL) «
oK % 3544 (PHENYTEK) . i 2K % 3% (CEREBYX. PRODILANTIN) . X{ 74 [X B8 4% (divalproex
sodium) (DEPAKOTE) . Jin B2 1% T~ (NEURONTIN) . 3% Ff EL 4k (LYRICA) . ¥L ML S (topirimate)
(TOPAMAX) « T R (DEPAKENE) « A 3 ER 41 (DEPACON) 1 % J& —5— J5LJIR & i | 5 %5 i fiz
DU w5 47 iz e JE b % (TRERIEF. EXCEGRAN) . CP-465022. i B i i Ath & 1A 45 & 31 K B
(MYSOLINE) ;

[o140]  (ix) Pu k5 4 5 24, 9] 41 & Hi 78 B (LATUDA, 78 #K /E SM-13496 ;Dainippon
Sumitomo)  Fi] 37. W M (ABILIFY) . & 78 & (THORAZINE) . % WR BE B (HALDOL) . £/ 4% W i
(FANAPTA) . Z$ T4 SR VR BEI (DEPTXOL.FLUANXOL) B F (SERPLAN) . JLE55% 45 (ORAP) \ B4
e i SR hEE NS hi e (COMPRO) L Fif ZE43°F (SAPHRIS) Ji&¥0F (LOXITANE) . 1%
Bl (MOBAN) . 25 i BRIk e  BETRENE (thiothixine) s = $Pi#E (STELAZINE) .8 3E /R
. EECE (CLOZARIL) 2= FHEUECE (ACP-104) A3 HR (RISPERDAL) « TAAFIWRER (INVEGA) .
FENRFE . BECF (ZYPREXA) (AR P (SEROQUEL)  fth 2338 . Ktk 4 K1) . 55 $7 PE i (GEODON) . Afi
bk (LONASEN) Sz ACP-103 (Acadia Pharmaceuticals) ;

[o141]  (x) 4518 18 FH Wi 570, 451 409 38 R W& | 5% 25 i ik Je £ 3 °F- (ESCOR. NIVADIL) . %%
Ik H 7 (diperdipine) . % &K Hb *F (NORVASC. ISTIN. AMLODIN) . 3F ¥& i ¥ (PLENDIL) .
JE - #1 °F (CARDENE) . /ity ZE Hb F (ADALAT. PROCARDIA) - MEM 1003 Az H: 4k 1k & ¥ Jé
55 H P (NIMOTOP) | J& 2 Hh *F (SULAR) . J& #f Hb ~F- fiz 74 #h > (LACIPIL. MOTENS) . 5%~
Hi 7 (ZANIDIP) . ) 2 B W& . Hb /R 5 52 (CARDIZEM) . 4k 57 4 2K (CALAN. VERELAN) . AR-R
18565 (AstraZeneca) MMKE 5T ;
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[0142]  (xi) JLZRMY O— FRILELALEG (COMT) 55, 4 i hs & -~ I3 BRI (TASMAR) | Btk
£ (COMTAN) J 3T

[0143]  (xii) " HRAHZE R Ge R, B A BT FEVE VT W B 6 VT B 5 52 oA 25 35 il
Z L EH 25, DUEEAK, 254K 758 (GLUCOENERGAN. REACTIVAN) « ZE TR i 2. 555 (CAPTAGON) .
WR R FFEE (MERETRAN) HuBi o ( JRFRVE AR E L 20 ) JORME S (DAYTRANA) | #h FR IR
B G (RITALIN) 45 WR FFE (FOCALIN) . 22 dEAth iy ( B 5 e ONS 3 5m) (491) s
ADDERALL (R4 &R e AEMth Ay IR ER 2 AR Ath iy 3k M IR A e 2 dEAh v (dextroamphetamine
saccharate) MIRERA ez by ) A& ) A e dEfh @ (DEXEDRINE.DEXTROSTAT) «
Rz Efthfy (DESOXYN) (FIAG 2K A i (VYVANSE) A RAEAR @y (DIDREX) ;

[0144]  (xiii) Bz Jsi3SIE A%, 41k JE¥s (STERAPRED. DELTASONE) . i% JE#4 16 (PRELONE) .
Z. BRIk Je #5 J& (OMNIPRED. PRED MILD. PRED FORTE) . % JE ¥4 J& 7% B2 44 (ORAPRED ODT) .
ik Je e (MEDROL) ; B B ik Jé J& (DEPO-MEDROL) A H ik Jé e BEH1IR 4 (A-METHAPRED,
SOLU-MEDROL) ;

[0145]  (xiv) 2 L& 52 A4 B0 sh 77, 41 an ki 4 g e (APOKYN) | #1255 (PARLODEL) | < %
£ Ak (DOSTINEX) « #1 3¢ /6 T (dihydrexidine) . XU & % i K& = dF ¥ £ ¥ (CORLOPAM) .
F) &7 IR (DOPERGIN) « %5 5 £ % 17 35 = | 45 (terguride spergolide) (PERMAX) . it Ul 3
/R (TRIVASTAL. TRASTAL) . % 47 75 2 (MIRAPEX) . FE It %', W' L J& %' (REQUIP) . %' # =i 7T
(NEUPRO) . SKF-82958 (GlaxoSmi thK1ine) £ FIWREE  MAZ2 518 Ly Srik 8

[o146]  (xv) 2 ELRESZARFE BN, B Q0 &R R g e o i s IR IE B 18 V0 °F (loxzpine) .
FI R (resperidone) B A 35 & | X BRI, = iR T 2= 0 (NITOMAN. XENAZINE) |
7- ¥ B B Yb S, FOUR A 2 (INAPSINE. DRIDOL. DROPLETAN) | % 3% 7. il (MOTILIUM) .
L-741742, L-745870. 8 &L F]. SB-277011A. SCH-23390, 4K L1 SKF-83566 Az F 4 &1
fi% (REGLAN) ;

[0147]  (xvi) 2 ELRG SR ENHM AR, 4 0 22 B AR L VD AERE . S R R WK 25 3% (MERITAL) .
Rt EI AR CIRFRPE GBR-12909) 2 HZEFRME DBL-583 JL &KAS T 5

[0148]  (xvii) y - 25T & (GABA) 24K, Bl &35 (LIORESAL. KEMSTRO) | Pi 5%,
2% (siclofen) R EL L2 (NEMBUTAL) -3 B /il f% (GABRENE) K 54,25 MEm: |

[0149]  (xviii) @ J& 3(H3) #EHLH, W 7525 (ciproxifan) . &% A4 . S-38093, 47 ik
W B (irdabisant) . UC % B 4 (pitolisant) . GSK—239512. GSK-207040. JNJ-5207852,
INJ-17216498. HPP-404. SAR-110894. Jz 7 —3— % —3—(3— # —4— Wk ng ke —1— 3L 9k %
) T BRIR B (PF-3654746 J HBELTE LR SCRR P AT A 2B TR AH R E
US2005-0043354 5. 55 US2005-0267095 5 . 5 US2005-0256135 5 . 55 US2008-0096955 5
5 US2007-1079175 5 J7 &5 US2008-0176925 = 5 [H 5 4 Fl A FF 22 45 W02006/136924 5, &5
W02007/063385 ‘5, &5 W02007,/069053 =, & W02007/088450 5. &5 W02007/099423 5, 4
W02007/105053 5 . &% W02007/138431 5 A 45 W02007/088462 5 ; 2 £ H R4 7, 115, 600
5

[0150]  (xix) Faysiffl 7 7], ] s s 2R (JRFRAESL IR Y —1 ;COPAXONE) \MBP-8298 (&
FERRE TR AR K ) & SR F R 55 s (JRFRE FTY720) 243 58 (LINOMIDE) i
Mg (JRFRYE ABR-215062 f2 SATK-MS)  ABT-874 ( A4 —1L-12 Ak ;Abbott) ) Z
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B (RITUXAN) (BiJ-O R8540 (CAMPATH) i ZR B4 (ZENAPAX) K RAthBR B4 (TYSABRI) ;
01511 (xx) #h % 40 4 70, % fn 2 B W v4 (TREXALL. RHEUMATREX) . kK 4% T g
(NOVANTRONE)  # 19y FR ' 7, [ (CELLCEPT) 22 %Wy 24 (MYFORTIC)  fifi PR PZE R4 (AZASAN,
IMURAN) #7104 (PURTI-NETHOL)  FRRABERE (NEOSAR.CYTOXAN) . 2K T BR & I+ (LEUKERAN) . 7%,
HiJEvE (LEUSTATIN.MYLINAX) « a — G858 VE (ENBREL) % 4- R4 -5-((5- +—
YEdk —2H- HEng —2- Wik ) AL ) -2, 2" - = —1H- g ( JRFRYE PNU-156804) ;

[0152]  (xxi) FHL &K, B FH K B -1a(AVONEX. REBIF) K FH#t % B —1b (BETASERON.
BETAFERON) ;

[0153]  (xxii) ZEheZ 2 (B FESELAEE ), BB S DOPA IR EE I &I77) (440, Rk
Z [ (SINEMET.CARBILEV.PARCOPA) .22 (MADOPAR) . a — AL Z 0, gL 2. 3
R 2 1 R SR B R LA ) A

[0154]  (xxiii)N- FHE -D- RAER (N\MDA) SZARFEH5, B an3E 4K (NAMENDA. AXURA.
EBIXA) « 4= Wil %5 % (SYMMETREL) - Fi] £% B8 (CAMPRAL) « 79 A % ¥ M1 /R (besonprodil) « 5%
Fil (KETALAR) - 575 P8 B | 1 2 Lo vl L G 2 oe A A RV 35 A MERE iR B kb, CP-283097,
>] 218 (himantane) . ff B fth /R (idantadol) . ffF 5% ¥b 5. L-701252 Merck) . = 7] ZE B
(lancicemine) « /& ME ¥ (DROMORAN) . LY-233536 5 LY-235959 ( — & & N Lilly). 3£ ¥
Bl (DOLOPHINE) \ 23 S A4\ B5 19 48 A S AR 58 E S5 YT (STABLON)  IBRAS UG ~F ( JRFRAE
MK-801) « EAB-318 (Wyeth) « AFFB fin R « & SR ACH 5 St il 1 L ) 25 ERE (RTLUTEK) il 5 i 4
(CERESOTAT) - i 7 %% 4% S 3 S oK ff (remacimide) s

[0155]  (xxiv) 5% Ji& %A fk Bl (MAO) 1 1 1), B 21 &) 57 35 Ak (EMSAM)) - # B2 =] 57 75 Ak
(1- #f % F5 J& /R ELDEPRYL. ZELAPAR)  — H J& &) 57 75 Ak IR VA % 8, 2K 2 JifF (NARDIL) «
R FR TR H (PARNATE) - "3 & DLl (AURORIX. MANERIX) . UL SR Vb il vb JEBE ik 5 F U it
(MARPLAN) . JE P $ & (NTAMID) « 85 ¥b 7% =% (AZILECT) . 5 A4 5 4 it (MARSILID. IPROZID.
IPRONID) . CHF-3381 (Chiesi Farmaceutici). 5 A & FL1& VP ER (HUMORYL. PERENUM) «
TORZEe EE U ET, (desoxypeganine) W /R B (IRFRAE F 35 A< 5 MR R B B 44 ok
(banasterine)) Mgy R F|ZS e (ZYVOX. ZYVOXID) A MA T Ak (EUDATIN, SUPTRDYL) ;
[0156]  (xxv) 7 SE0§Z 44k ( BAE T 5 M1V AL ) Ssh 57, 51 G o8 4E 255 Ak 2 205 05 8.
S UUJB % (DUVOID. URECHOLINE) | fF fih 3% #K. UL & K &t (SALAGEN) . NGX267. #5% H¥ il
L-687306 Merck) \L-689660 (Merck) WL Z il (FURAMON.FURANOL) - ZRHE i bk = FF 422  %of P
RN R = e - McN-A-343 AR BN Vo ] 384K, AC-90222 (Acadia Pharmaceuticals)
K AR AR (CARBASTAT MIOSTAT. CARBOPTIC) ;

[0157]  (xxvi) # & AR 3" 2540, B a0 ¥ #7 & Je. FR 2= 3€ Bt (condoliase) . ] 5& &
i (airmoclomol) « i B& = W&, ML & 1H 43 1ai $7 PG H. K KL 15 Bk (minaprime) . 35 & i
(viluzole)~2,3,4,9- V45 —1H- MM -3 Bl 5. 25 0 B B & L4, IR &= M & IR
NAP ( 141, AL-108 J2 AL-208 ; —F Kk H Allon Therapeutics) & Hi/R (neurostrol) .
A4S (perampenel) « 5 7R b 25 X0 (4~ B —D— MLk g ] 260 A 26 40 2L 5L ) —2—- B —D— Lk IRg
HE R —2- BT A RE (IFHAIEIAR: P JE B(dactylorhin B) B DHB) . L EE 1 %
(formobactin) «FLA) % & (XAPRILA) - L E R G H KA AR (dimeboline hydrochloride)
(DIMEBON) . #1%7 2538 (disufenton) (CEROVIVE) . Fi4&E (ONO-2506. PROGLIA. CEREACT) . Jitl
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WERETR, (TRARVEMDT 5 — BEBENRTL) KIS Hi 7 (RADICUT) \AEOL-10113 2 AEOL-10150 ( —
# )k H Aeolus Pharmaceuticals) . AGY-94806 ( 7IF FK /E SA-450 }2 Msc—1) « ¥7 20 iy 42
% B 8 H F (TRFRAE AX=-200) . BAY-38-7271 ( 78 #/E KN-387271 ;Bayer AG) . ¢ 7% Ml
(VIPRINEX. ARWIN) . DP-b99 (D-Pharm 4 R 28 7] ) . HF-0220 (17— B — #2 B 5 HE Fi ;Newron
Pharmaceuticals) . HF—0420 ( 78 B AE B F| 8Kk F (oligotropin)) 5’ — T G M WS % ( JRFR
P MC-1) B A4 . S—18986. ML & #4248, NPO31112. fith B 4. L- 22 % Bk -L— 99 % & BBk
HE - TN R - MR B -L- AR B - HE B -L- S . AC-184897 (Acadia
Pharmaceuticals) . ADNF-14 (National Institutes of Health). T& H 23§ ¥ & 4 A
(stilbazulenyl nitrone). SUN-N8075(Daiichi Suntory Biomedical Research) FM:wg
A%

[0158]  (xxvii) MK Bk 52 4 ¥k &) 57, ) 0 Hb ok bk 2%, 22 9E b fR. CP-601927. 1% 16 W
#K. ABT-089 (Abbott) « ABT-594, AZD-0328 (AstraZeneca) . EVP-6124, R3487( 78 #% AfE
MEM3454 ;Roche/Memory Pharmaceuticals). R4996( 78 #K {E MEM63908 ;Roche/Memory
Pharmaceuticals) . TC-4959 f TC-5619 ( & ¥k H Targacept) M RJR-2403 ;

[0159]  (xxviii) 2% ' b IR 2= o ek B4 ) 500, 49 40 ) 4% 74 VT (STRATTERA) | % 2E
*F- (APONAL. ADAPIN, STINEQUAN) . 2= F # #k (AVENTYL. PAMELOR. NORTRILEN) . B 3£ b
(ASENDIN. DEMOLOX. MOXIDIL) ¥ /G7] (EDRONAX. VESTRA) (#EJ&¥PZ& (VIVALAN) | Ty %
#K (DEPRILEPT. LUDIOMIL. PSYMION) . ZZ{EAth i (WELLBUTRIN) Atk 4 (radaxafine) ;

[o160]  (xxix) TEER —HEAG (PDE) 1 7), AFHHA PR T (a) PDEL #5740, K& P8
T" (CAVINTON, CERACTIN, INTELECTOL) A% #B%L/r 35 [ & FI2E 6, 235, 742 S Fr AF 1, (b)
PDE2 #IlI57) (5, 7- 2 -9- (2- $&4E —3— 4L ) JRMERS (EHNA) JBAY 60-7550 K HSLLfE 3¢
4 FI 45 6, 174, 884 S FF A FFIK, (c) PDES 40350 (41 201, K] AR A% 5 - PHI& fhmse L K 7 ¢
B AR EA% B R R DB SE2K HL ), (d) PDE4 #1741 (4604, B 3 =) 455 571 =) e 20 R A
(ibudilastroflumilast) \BEFL 2% Ro 20-1724. 5% T &4 (KETAS) MbF K74 (IRFRIE
RP73401) .CDP840. P w]HF (ARIFLO)  Z'# w7 ZAEm) e BUK A R: (JRFRAE GRC 3886)
BT (JRFRME 0PC-6535) Ak A) 47 (lirimifast) . 25H# (theophylline) (UNIPHYL.
THEOLAIR) « Fi] %' %5 Bl (arofylline) ( 78 #K /E LAS-31025) . £ & % B (doxofylline) .
RPR-122818 B H H{E5k ) A (e) PDES #IIffil 551 (4540, VA HEE (VIAGRA, REVATIO) \AfthikHi
AF (CTALIS) AR ARAE (LEVITRA.VIVANZA) SRR B4 AR Al XUk 55 (PERSANTINE) .
E-4010+ E-4021. E-8010. FL ¥ w] 5. 7 #h 3 4F (iodenafil) . 2K &' H HE. DA-8159 K #
B 78 [ Br & A H3E W02002/020521. W02005/049616. W02006/120552, W02006, 126081
W02006,/126082. W02006,/126083 A W02007,/122466 11 ft 2 F [ ), (£) PDE7 1 #1] 57 ; (g)
PDES #1171 ; (h) PDE9 #1155 ({5ltm, BAY 73-6691 (Bayer AG) Az HBLsqr 3 [ L F A F
US2003/0195205 5. 45 US2004,/0220186 = . 5 US2006,/0111372 5. 45 US2006/0106035 5 }%
% USSN 12/118,062 5 (T 2008 4F 5 H 9 HIZH H3E ) AT AF ), (i) PDELO #dil5,
1 2-[4- (1- B L —4- mb g —4- J& —1H- npbme —3— ) ZR4 L A 0L ] ek (PF-2545920)
J SCH-1518291 3 J¢ (j) PDELL 4114l 57 5

fo161]  (xxx) PR, {5 1 25 7= (AW HE I #h B8 £h . — $h B8 £ B B2 b 0 R & 6 % il B 1R
) E M, LS, B & % (PLAQUENIL) . FF M (LARTAM) J% Fi] 2 Hb i (CAMOQUIN,
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FLAVOQUINE) ;

[0162]  (xxxi) B — 43 Wb EG 4005 57, 451 2 ASP-1702., SCH-745966. JNJ-715754. AMG-0683.
AZ-12304146 BMS-782450, GSK-188909., NB-533. LY-2886721. E-2609., HPP-854, (+)— &
YRR A TR EL (POSIPHEN) . LSN-2434074 ( ZRFRAE LY-2434074) . KMI-574. SCH-745966.
Ac—rER (N~ Z Bt 5 -D- F5 & BE 3 -L- WRIR ) &R kT (loxistatin) (JRFR1E E64d) K
CAOT4Me ;

[0163]  (xxxii) y— 4> Wb B #1 77 & ¥ 5% 57, % @1 BMS-708163 (Avagacest) «
W020060430064 (Merck) « DSP8658 (Dainippon) « ITI-009, L-685458 (Merck) « ELAN-G.
ELAN-Z.4- & -N-[2- £BE -1 (S) - (A AL ) T2 ] RTis i

[0164]  (xxxiii)b- FEtufi% (5- FRIE AL ) 1A B-HT ) SZARIEHTA, B WIENREE | 72 e — W]
WS /K« BMY 7378, NAD-299, S (=) ~UH-301. NAN 190 kFE I ;

[0165]  (xxxiv) 5 taf% (5-FRFL L) 2C (5-HT2¢) SZAKBBN T, 440 % Eubk K 55 9% H0
F

[o166]  (xxxv)5- Fathfii (5- FRHLtaf )4 (5-HT,) SZARBN5, 441 PRX-03140 (Epix) ;
[0167]  (xxxvi)b5- FRtafiz (5- Jdkttufik ) 6 (5-HT,) SZARFEHUHA, U1 A-964324.AVI-101,
AVN-211, K 2 ff #k (TORVOL. BOLVIDON., NORVAL) . FF % # “F ( 7R K 1 P 475 68 e 25 ) L Al
1A 45 PR, ALX-1161. ALX-1175, MS—245. LY-483518 ( 7R & {E SGS518 ;Lilly) . MS-245. Ro
04-6790. Ro 43-68544. Ro 63-0563. Ro 65-7199. Ro 65-7674., SB-399885, SB-214111,
SB-258510. SB-271046, SB-357134. SB-699929, SB-271046 . SB-742457 (GlaxoSmi thKline)
Lu AE58054 (Lundbeck A/S) & PRX-07034 (Epix) ;

[o168]  (xxxvii)b— F& ik (5-HT) B 45 HU 40 il 77, 191 21 B iz 74T B V6 8K 7 == (CELEXA.
CIPRAMIL) 4 fth ¢ (LEXAPRO,CIPRALEX) & KHA R (ANAFRANIL) | € 7G7T (CYMBALTA) .
AES PO YT (MALEXIL) « 3 2K A JiZ (PONDIMIN) « 25 1 55 g fi B #& 78 7T (PROZAC) « AR ¥
B (LUVOX)  #5] 35 s oK 8 3% & (IXEL) « 3 % 76 7T (PAXIL. SEROXAT) . % fh A& (ZOLOFT,
LUSTRAL) . Hf M fi§ (DESYREL. MOLIPAXIN) . 3 47 2 ¥ (EFFEXOR). 3% 3& 5 (NORMUD.
ZELMID) \ b R 5 25 B SChivdisr (PRISTIQ) A1 2 2587 4E R VBl <RI UR W L 2 4% 0 JE 41
(neuralstem) MFHZEIFE |

[0169]  (xxxviii) EFRHF, Bl A KK F (NGF) I AT 4E40 i A K K7 (bFGF ;
ERSOFERMIN) \#f2 B IR & -3 (NT-3) VO BEE IR R —1 IR PEMP L E 3=+ (BDNF) L fi 4
B ER  EHEM (meteorin) « B AN MUY AR 225 77 K+ (GDNF) K HIBCE F= R+ A [ 2
7, 0 7 e 2 S R L PYM50028 (COGANE ;Phytopharm) Az AIT-082 (NEOTROFIN) ;
[0170]  (xxxix) HZAMRE iz & E -1 #6050, Gl ane R #IT (paliflutine) . ORG-25935,
INJ-17305600 %2 ORG-26041 ;

[0171]  (x1) AMPA 245 SR 52 44 i 9 751, 81 it & A 53 K EXH AR (mibampator) | 2 1 ik
Uk (selurampanel) \GSK-729327 .N-{(3S, 4S) —4-[4- (5— GUHEMENy —2— B2 ) R4 ] PUSE
W3- 2 } 9 -2 TRIBERG SR

[0172]  ARRAF—DEFHEH T Lt LIAGT kN &, E— D&y, ik
EOARE - BEMARKHBEYRE R K TEARER S, Ik s —mam
&2 DASEi A R B T2

27



ON 105121439 A W BB B 93/58 T

[0173]  7E5)— K7 R, AR & A S — B2 ARG .

[0174] AR EH B A WIECH: 2557 b AT 4552 1) 36wl I AR U SR AL CL RN 22 BT V1 4%
R S BB 25 A AL S AU A RN IR B R VR BRI B AR AU AR N AR A 2 AT
A — R & TR A PIITS (6) Phridk. RYUREEARNRESR R T ek (B
AN .

(01751 A< 3C Jir ) J 6L AT 17 5 3R 49 B AT i I AR 508 O &0 1 R s () o R e
Fr e 2 % 45 (5] 1 COMPENDIUM OF ORGANIC SYNTHETIC METHODS, %5 T-XIT % ( H
Wiley-Interscience) AR ) T ATFIIITE) Hil# . ILEKNEEREART T g
IR

[0176]  fEAF &N F5 B 1A, AT f5 A/ BB AR AE B kT o B R
B N PR ] H AT A B B OR G J2 SS I, P i R348 2 ) 5 T DA STk R 1)
HELL . T, W. Greene, Protective Groups in Organic Chemistry, John Wiley&Sons, 1981 ;
T.W.Greene Jfz P.G.M. Wuts, Protective Groups in Organic Chemistry, John
Wiley&Sons, 1991 3 & T.W.Greene 2 P.G.M. Wuts, Protective Groups in Organic
Chemistry, John Wiley&Sons, 1999, HAg5| AR H,

01771 AR RIS VB B SR 22 bR 45 52 1) #1550 H. AR S A A4 A2 TR0 P8 [R)vr
B AR T SCHTIR 1 S5 S il 4 o BRAR 3 AME I, A5 L e iR AR B S sE e 7
Wi 73 18 e 2 BAT I AR (A 2 TTAEE CA PR R 1 58 o

[0178]  ALUSHL AN RN RS, F£—LAHTE T, B2k 1 2 6 PRI AW AE NIRRT B
TR/ BN S MR R B9 7 A 51X SeiR -SR] LE-A B 8 AN [FI B B i B A
B EAR (B UEAR T4 i IEAH B SO 63l LTl ) MAAS U5 E, DS
BIA I BT B — 0 R S A A

[0179]  AGUHHLAR N AL T i, B2k 7 v S SERa ] v Bt I &M RF 5 . AR T FR AT
T RIS/ BSOS 5] N B A IR T3 AN A Z500S BT Pl BRSOR 2R 45 H i
Fig ERRECT bRe REEAAEEL T AT H T A ARG HIFA BT )
PR A A T

[o180]  OCEAZK | FREH Tl 2N T ISR — MG O . T 2os & e 8T
A A AL 2- & -3- AHFERLNE MR RTaG Rk . 2— S -3— FHAEMLIE 1 7EAE Y s kR
FIEIBLE AR T RIEE 200°CHIRE a5 2 KleEZ A (FlanzRiz ) 1 SAr
J82, A=A TT (MU A BE e . 7EATLA S\Ar S SR R], 20 2 B siedze i) i RVEAR
FE N W 24 7 ) v SHER A R B BB L R R AR TR R . 2801 T 5 SEEM] 1 R fe 7™
¥ (N- FRTA 2 —3-(3— Fi —4— 3L IR0 ) —3H- ke 3F [4, 5-b] mkig —2- FEERL ) v F &
JS2 2% 1 il 4%, Hoh 2 2 MRCEIZ AN R 3- 9 —4- R ROR.

[o181] SRR —B dg s I AL S5 i, LA TTT i) 2 EE kg A 5. Bt
A BT AR SR I A7 AR T 8 A BRI Ji i S IR R A 55 B (AT A N s AL 2 2 S Rl
JE (IR S8 ) TSk B

[0182]  7EF—:Dwh, Al H7ESR 3 HUEEBE SN 1S F AR 37 1l (JRED, HNRRY) B k=
A IV KRB B RG  E R B D BRIA R, 237 % B RO & R TEU R B B R A )
AR A A A B 2 R R TE RO . 2800 S, X T Bk SEfEf] 1 & m s, X
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3 IR R R R 2 —HEAR R S — & AR RN,

[0183]  {EfZEH PR G, nlHId /G R4 A 20 11T i = ke 520 1V b &9k
il &V B, S B AR 2R A TN I

[0184]  [ERRE: | LD IR, Al fE MK 26t (s, i 2 BB Ab 28 ) BUe A& AR e 5%
R SEI R V LA R A T AL S 1L .

[0185]
Bek 1
R R!
i N _NH N. _NH
-~ Y~
o, | I
NOp; o ZNO, Z NH,
i n 3
| o R HN. 6 Q
IVO 3 O
R1
Ny |I\'~1HO
5 o7
» R
NN N,
H I R
| v ©

[o186]  FICIKZE 2 AR T (AL AT & B ARA BIBUT « PIAEPIAN S0 B EHAE TR
FAAE NI T 2= IR BRI A ™ 237 e ab 38 5K 3 BB U~ sk AR U VT B
AL ER PE B K PE 2512 R T 0°C 42 150°C BT FE T AL RN 3K TV 0 15 1) Y Jis B 5 e
IKAE R VI I BER

[o187] 2Nk, AIAEBRRL ARG / B AKBH) (#an 2, 4, 6- =R -1, 3,5, 2,4, 6- =4~
ke 2,4, 6— =844 (2, 4, 6-tripropyl-1, 3,5, 2, 4, 6-trioxatriphosphinane2, 4, 6—tri
oxide, T3P) \0—(7T— BAHIF =M —1- J£)-N, N, N, N’ — P I iR $4/S bdeie £h (HATU) . —
O PR (DCC) 25 ) [IAFAE T T —20°CE 100°CIHIRE FHR 11T (1 & &g 5
VI BELEIR A B S INIE 200°C, =43l 1 &9,

[0188]
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[0189]  TFICRKZR 3 B I B SR & B G 7 . nld st 4 18E - SRS
(o x &P BRI SRR ) RIS L R BBt 11T ) 2
meme, PL= AR VIT [z e 28 A S IRBR L &4

[0190]  YER—sbHh, ATfER K & 18 (Bldndk, M 2 B iR b ¥ ) SRt LB B2k (1t
2,4,6- =R -1,3,5,2,4,6- =5 2 =Bt 2,4, 6- ZFH ALY (T3P) . 0-(7T- WA HRIF=
M —1— B ) -N, N, N7 N = DY BSR4 7S B R £h (HATU) L 3R 2k —EfZ (DCC) %5 )
AR VIT e 59, BLr= A VITT ke JEm me s

[o191] 2Rk, AL T 20°C & 200°C FIE K N AEAFAEBUAAZAEE A BIE O R A VITT
(IR s S i S AR N =t 37 AR ek Szt VITT ROmkRe ke B i =8 1 Bk iE 4. 5
Ab, JEAL AT B T 20°C 22 200°C B E T BRAE R e e S 0d AR B R 1A Jie Je s VI T T [k
WA L g T VR S A R AR N ER % 2 B R R R AT o

[0192]
BER 3
HN-R®
31 R" R, Ry
Ng ~NH N O 3 N 0
; " R
Vil O Vil |

[o198] T SCRF£k 4 AVREE SR VITL (ORI 455K T O A0 53— B AR A ROV . 154862
e, 2 VLI BT 7T SRR Pk P26 P KA ARG 028 X (ORI W e . 7
U632 SR, 5 VLT FEOR LR R A 2 1 0 o 2 A ) P R L 25
EHR
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[0194] Rk, AT H 2 PPk AR ICEGR] (B 2, 4, 6- =A% -1, 3,5, 2,4, 6- =414 —
BEGE 2, 4, 6— =AM (T3P)  0— (7T— AR FF =W —1- J ) -N,N,N” | N’ — P R85 7
WERR £ (HATU)  —3F CEH WP % (DCC) 55 ) Hr AT —Ff X IX Eﬁﬂ#ﬂiﬁﬂtb%&%ﬁ 3’
(3 i e 2, AR R T A4

[0195]
R’ R!
Ne-N © NN ©O
Ry, Xy~ /7
| 4  — X
R
Vil !

[o196] TFOCREZR S BRI IIT B A AN EWH & NI MG N —&
B By FERIIE LR, Al AESRIAAETHA 4L 12,2 2- =R 4B Wi
fis (2,2, 2-trichloroacetimidate) &b # = 111 F4L &9, LLIE Al 28 X B9 = & B 2 B A
i) Bk e I [4, 5-b] Wt Bg (2 WL Venable, J. 25 A, Journal of Medicinal Chemistry
2005, 48, 8289)

(01971  $2 Tk, RIFESST IR LA N 03 g b B X LA AR AL T AL &4
[0198]

Bk s
6
R /. R HN il
N NH g ¢
. T [\I/)—ém SRR .
~ NH, HN Cl 3 N R
1l 4 X

[0199]  "FOCPKZR 6 RSN T AL GG & 10 55— & BulT , K R ijifmﬁﬂxﬁﬂﬁ
755

[0200] FEZE— B, fE &R BALT] AR A B SR ) AR IR A7AE R T =4 200°C
(IR JE AT 2- 20 -3 AR E 5 5K 5 1 i A0 05 Bk A ARG, LA AR 2 XT R 2 B
e e &5 1. b — B e B2 A I #RAE Buchwald-Hartwig e fb . ALK A8 B 6 A A 10 2k
(W02008/4117 Al J Org. Lett. 2009, 11, 5502-5505) . £F e b BAIA], 28 5 (1) i fC 2% ik &
Yy 1 RUEARIE R B B & 7= W R BB (KA [ R A S S AR B R oRn . 280110 =, SR
B 7 W B ) [3- (4 FUE -3 MONE: ) -N- BRP 2 —3H- WK JF: [4, 5-b] HERE —2- FEL
fig 1 IR R RE 28 6 il 4, Forh & SEbne 1) R' B 4- U -3- | EROR.

[0201]  7EF—2wp, Al ARSI ATAE TN Ik 4T Bl AR Ji B3 7 55 R I 476 Ik Ak 2=t

EaEICE (B e ) RIGHEECIE %, LU A0 XTT &4,

[0202] 4T ok, Al R XIT ML AWM S X IV & (B84 2) /AT
T 2 2 200°C B9 R R, S8 2 0 B K R/ B A B R 2, 4, 6- =
5] %—1,3,5,2,4,6—:%@ Z = b 2,46 = L (T3P) . 0-(7T- & 2% R 3 =
M —1—JE ) -N, N, N7 N7 — DY R R ES 7S IR £h (HATU) - 3R 2 — WP f% (DCC) 598
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L& A (R 200°C ) MIBESE BB A T AL S, AR s XTT L a4 eie
Bl T S, Horh ROAEIG IR B 1055 28, Ho AR A e I EUARE B R R
[0203]

BELR 6
R1
|‘ % P
N Ny NH le\ |
Br | ‘ ~ )l\ﬂ/
27
8 s ZNo ZoNH, 70
Xl Xii

[0204]  SEIGHRAE A SL ]
[0205] N SCRERE 2 BhAS K BH AL AP A il o AR 2 BRYE T A B9 L B AL G ) mT T ix e s
] R T VE (R B AR GUR A AR A S ) kil &
[0206]  SEEGIHHAEME PR (BB ) T REAT , Hr AR F U U P B U MR X 77
B EAREFIEIE T o VAR SOl EE Regt— DAL BRI nI A . 2 3&E 2, R TCKE
# (@R E Aldrich Chemical A7), Milwaukee, Wisconsin [ Sure—Seal ™= &, 8¢ A# FH
TP A GTUREL AN 73 BN HERAE T3 I 2BV ) o 8 £ B S N8, AR G #hAT i3

— W S BLBCHEAT AN . RS HR RO L - B (LOMS) L KRB ES (APCT) BY
SAHETE - FTiE (GOMS) Al o ZHAER (NMR) HR A2 B 3R 7R N e Ji 3 (ppm,
6 ), Z Kk A BT FH AL & I AR AR U
[0207] T HESEHAI B E R G S F RN, RN FMF (RN E LR ) 7]
MR, MM E , RN JG 3 AT 2 BB A B IE T, HAAE i T e a8 . 204k ] ML sL 58
MR I &, R B T BE R / 86 B B9 77 S ) b AR AE5E 1 1 Res BROR BE IS (7]
[0208] il &4 P1
[0200]  (BFAAREEL ) (AMR) 4RO (P
[0210]

N

e

\,N\/

02111 A& (FAR) 4R LB (3. 5g, 26mmol) f@a%ﬂrﬁ (25mL> HH ) 0 °C YA B T
INFRT R (1. 39g, 24. 3mmol) M =Z.F% (3. 5g, 35mmol) IVEAW. ¥ NI AT 0°C it
P10 438 It 98 75 B 25 iR 48 D8 DATS B 5 (AR = . i :3. 0g, 19mmol, 78% o
"H NMR (400MHz, CDC1,) 8 7. 14 (br s, 1H), 4. 34(q, J = 7. 2Hz, 2H), 2. 78-2. 86 (m, 1H), 1. 38 (
t, J = 7. 2Hz, 3H), 0. 83-0. 90 (m, 2H), 0. 59-0. 65 (m, 2H) »

[0212] il &4 P2
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[0213]  (MAREEIL) (HAL) 41 (P2)
[0214]

o
/\O)kn/c:i _ " HOJ\(NW
2) NaOH o

P2

[0215] 22 10 %1 RIA A% (60mL, 0. 86mol) M ALEE (70mL, 0. 86mol) 7E ~F H k¢ (740mL)
I —20°CHE PR INE (AAR) BB (96mL, 0. 86mol) , I R SR AT 0°C i
FE 1 /NEE, BEE T 20°C T HHE 20 /. FHERER KA VR (1M, 3X 185mL) BEiE R MR A )
Va5 A AL S5 E AN KA (I, 930mL, 0. 93mol) —EHHE 30 4 8. g A ZEH
Wb (78mL) MRfk =z pHL, HIEALEN (100g) ALFE, 3 & H St (6 X500mL) f 4R B
(6X500mL) ZEHL. & A VLE LI EREE T8, ik pE I 2 B S ik 4 5 pr g [l ik 5 2,
g 2. lE (150mL) JBA FF AR . 7EfFE N4 16 /ANBAE B Z )5, 2 g s UL [ 4
HH 18 CBREEE 43 BN KR B 6 B AR Y. e 167, 8g, 0. 525mol, 61% . LCMS m/z
130. O[M+H] "+ "H NMR (400MHz, DMSO—d,) 6 13. 73 (br s, 1H), 8.83(br d, J = 4. 0Hz, 1H), 2. 6
8-2. 77 (m, 1H), 0. 61-0. 68 (m, 2H) , 0. 54-0. 61 (m, 2H) .

SLHE )

[0216]  sZjiEf 1

[0217]  N-FRTAFE —3-(3- F —4- FFALIREL ) -3H- KM JIf: [4, 5-b] mikng —2- HEERL (1)
[0218]

N _.Cl

(X

[0219] DR 1. N-(3— 98l —4— FIFEZRHEL ) -3— AHAEMLNE —2- ik (C1) WA Ak
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[0220]  f 2- & —-3- WSAENEE (4. 76g, 30. Ommol) \3— R —4— HIIEZERE (3. 75g, 30. Ommol)
Jo W TR B (8. 29g, 60. Ommo1) £E —- FF SE AKX (30mL) ' [ V& & %) T 140 'C K i€ #F 40 4
. BEER R MIEAMR AR EE, HKBBEIFH R OERFER. B4
= KR B, 28 T IR B g8, ok R IR AE B S ik 4, DAAS B R A AR . UK
6.78g, 27. 4mmol, 91 %. 'H NMR (400MHz, CDC1,) 6 10. 11 (br s, 1H),8.54(dd, ] =
8.3,1.8Hz, 1H),8.51(dd, ] = 4.6, 1. 8Hz, 1H), 7. 59-7. 64 (m, 1H), 7. 15-7. 21 (m, 2H), 6. 86 (
dd, ] = 8.4, 4. 6Hz, 1H), 2. 28(d, ] = 2. 0Hz, 3H) .

[0221]  SDUR 2. N (3- ) —4- HFHESRIL ) mkne -2, 3- % (C2) &k .

[0222]  [A] N-(3— 9 —4— FF 2 O Bk ) -3— 7F & b g —2- i (C1) (6. 78g, 27. 4mmol) & &K
e (11.7g, 219mmo1) 7E VY & PL g (55mL) M2 7K (55mL) Hr ) 4 $F V& & 4 Hh o I 8 #n
(14. 3g, 219mmo1) , B I S WML ETH & 45°C. ¥R MNIB SR HE 10 2 8h, HFE G4 H
ik ARG, R QBRI IR B A VLR IR QR FRE, H S B AV T B
AR ISR T, MR TR 8. EE SRS IR, LIS B B A 4R =
(6. 6g), e KEF D BT T —#4. LCMS m/z 218. 1[M+H] . 'H NMR (400MHz, CDC1,) , FF1E
FE g . 87.84(dd, J = 4.9, 1. 6Hz, 1H), 7.01(dd, J = 7.6, 1. 6Hz, 1H), 6.82(br dd, J =
8, 2Hz, 1H), 6. 77(dd, ] = 7.6, 4. 9Hz, 1H), 2. 20(d, ] = 2Hz, 3H) .

[0223] DR 3. N- BT JE -N —{2-[ (3— 3Rl —4- F AL OR0E ) 208 1 mbng -3- &} Zobe — W
fi& (C3) HIE Ak

[0224] ] N*-(3— # —4— HF 2 2% 6 ) mbme -2, 3- — fi% (C2) (K H #i ik & 3§, 5. 87¢,
< 24.4mmol) K (MAPHEZEIE ) (L) 4RO EE (P1) (6. 36g, 40. bmmol) 7£ 1- FHBEAL %
$5E —2- B (27mL) PR VAR AN I T AR (4. 54g, 40. 5mmol) o K MVE AT 120CF
InFe 10 43, Vo 5 2 %R I S KB R . AT DY Sk LS BA i, < e in &
TR BG. T A HLZE A EA AN K AR I SR BR B T4, 1 U8 FEAE B 25 TRk 4, DASR AL
=) (13.0g) o MR —H 2 EEH T F—2. LOMIS m/z 329. 0[M+H]".

[0225]  DU% 4. N- SR 3 -3- (3- F —4- FFFLIREE ) -3H- Bk JF [4, 5-b] MEmE —2- FEiA%
(1) BIE R

[0226] ¥ N- RN L -N' —{2-[ (3— 9 —4- AR OR 2 ) &8 ] mbme -3- & | & Bt %
(C3) (k EHIA IR, 8. 86g, < 16. 6mmol) J 2.5 —1, 2— —fF (27mL) RIVERAMYT 200CF
FEdE 1 /ey AR AR ZEG, B RMIEAAK (100mL) ZEEABKIER (1M, 100mL)
Moke, B Ja H G IR Gl 2EHL . 55 IR A N2 T A SN KB RS 5%, BB T8, il
P&, FFEWE T ik4s . [EHRERRGIE (BB AR 5% £ 50% LR AEg ) 4itk, 2 )5
M3: 1 FIZR / Befie b B4 g, DS BIFEAIR . JieZE <2, 52¢, 8. 12mmol, 48 3 P IR 49%
LCMS m/z 311. 0[M+H]"» '"H NMR (400MHz, CDC1,) & 8.50(dd, J = 4.7, 1. 5Hz, 1H), 8. 13(dd, J
= 8.1, 1. 5Hz, 1H), 7. 68 (br s, 1H),7.37(dd, J = 8.1, 4. THz, 1H), 7. 34-7. 40 (m, 1H), 7. 10—
7. 15 (m, 2H), 2. 83-2. 90 (m, 1H), 2. 37 (br d, J = 2Hz, 3H), 0. 83-0. 89 (m, 2H), 0. 67-0. 72 (m,
2H) .

[0227]  sEjEf) 2

[0228]  3— BRjRJE —N- BRTA L —3H- KM [4, 5-b] mEme —2- FEERE (2)

[0229]
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0
i S PA/C
N R e g
N0,
GI/H«Q\/
NN o =~—— N :l N o =~ ¢V
LJ:/>_/< 7 \NH S

[0230] DR 1. N- B0 -3- fg2Embne —2- iz (C4) WA AL
[0231]  [A] 2—- & —3- i LML wE (5. 0g, 32mmol) 7E VU & WL (200mL) A (1) ¥ ¥ s
W fE (2.7g, 32mmol) , 345 e RLVR A4 T IRl I 3 2 T B4k 18 /NI o FEIRUE T £ BRIE
RS , 28 R R C s AL ik A, B A B e AR P2 . IR <5, 5g, 26mmol, 81 % . 'H
NMR (400MHz, CD;0D) & 8. 42 (dd, ABX EIJE—F, J = 8. 3, 1. 8Hz, 1H), 8. 40 (dd, ABX EJE )
— ] =4.5,1.8Hz, 1H), 6.69(dd, ] = 8. 3, 4. 5Hz, 1H), 4. 51-4. 59 (m, 1H), 2. 07-2. 17 (m,
2H), 1.62-1. 85 (m, 4H), 1. 51-1. 62 (m, 2H)
[0232] LR 2. N*- BRIRIEMEmE -2, 3- ik (C5) MIA K
[0233]  [A] N- Bf [ 2 -3 fg S e e —2- 2 (C4) (4. Tg, 23mmol) 7& FF i (100mL) [
WREINEE / &k (0.5, FHFHREWHE RS AT TR THH: 4 /MG, T3k
RSB A s AE B2 PR AR eV DA B B B AR . i 3. 6g, 20mmol, 87 % . 'H
NMR (400MHz, DMSO-d,) 6 7. 35(dd, J = 5, 1Hz, 1H), 6. 63(dd, ] = 7. 3, 1. OHz, 1H), 6. 30 (dd, J
= 7.3,5.0Hz, 1H),5.31(br d, J] = 6. 3Hz, 1H), 4. 69 (br s, 2H), 4. 18-4. 28 (m, 1H), 1. 88-2.
00 (m, 2H), 1. 61-1. 75 (m, 2H), 1. 36-1. 60 (m, 4H) »
[0234]  JDUE 3. {[2- (BRIRHAEESE ) mine -3- L ] &t ) (HR) 2B (C6) HIA Mk
[0235] [ N°— BR R LA NE -2, 3— —fi% (C5) (1. 78g, 10. Ommol) K = Z.fi% (1. 52g, 15. Ommol)
FEZF M (100mL) W EERH ARG (HAK) SR CER (1. 49g, 10. 9mmol) , FFRr s TR
BT EE TR 18 /Ahf . FEE A ERIERY), AR G BRI (20) , HRZ#
— WAL ETAH T~ —2P.
[0236] DR 4. 3- PRI —3H- WKL [4, 5-b] MEWE —2- IR LB (CT) BIE R
[0237]  HEAEH ([2- (FREESE ) mbme -3- 3t ] 23, ) (AfR) 2R ZEs (Co) (RHE T
AR, 2g) FEFIR (100mL) VAT RIVEIER S T HHE 18 /o 78 3123 Rk 4 [ BLTR &
VDI AR (i (BEE AR WA 9% £ 50% LR ZER ) 4iAb kAW, DABR (L4 {4 [
WIRF=H . W :0. 70g, 2. Tmmol, 28 2 AP HR 27% . 'H NMR (400MHz, CD,0D) 8 8. 53 (dd, J =
4.6, 1.4Hz, 1H), 8. 14(dd, ] = 8.2, 1. 4Hz, 1H), 7. 40 (dd, J = 8. 2, 4. THz, 1H), 5. 79-5. 89 (m,
1H),4.51(q, ] = 7. 1Hz, 2H), 2. 48-2. 61 (m, 2H), 2. 07-2. 20 (m, 4H), 1. 70-1. 83 (m, 2H), 1. 46
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(t,J = 7.2Hz, 3H) .

[0238]  DUE 5. 3— BRJNHE -N- FRPA L —3H- BRME I [4, 5-b] HEmE —2— BEER (2) BIE AL
[0239]  [a] 3— B R 3L —3H- WAk I [4, 5-b] MEmE —2- FRER 215 (C7) (0. 12g, 0. 46mmol) 7F
ZEE (10mL) HEE R I IR TR % (0. 55g, 9. 6mmol) , F44 [ RIVR AW T = N i H: 18
AINEF o FE RS YR T A AR ] A& AL R A (PR 50 L AR/ 2R 4TS )
SEFRAEAY,, DAE B AR . U :36mg, 0. 13mmol,28% .. LCMS m/z 270. 9[M+H]".
'H NMR (400MHz, CDC1,) & 8.47(dd, J] = 4.6, 1. 5Hz, 1H), 8. 02(br d, J] = 8Hz, IH), 7. 85 (br
s, 1H),7.27(dd, J = 8. 2, 4. 6Hz, 1H, fBE ;¥ FIGEH 1R ) , 6. 16-6. 27 (m, 1H), 2. 89-2.
97 (m, 1H), 2. 51-2. 64 (m, 2H), 2. 06-2. 19 (m, 4H) , 1. 69—1. 81 (m, 2H), 0. 87-0. 95 (m, 2H) , 0. 69
~0. 76 (m, 2H) -

[0240]  SEjafhl 3

[0241]  3—(4— G EIE ) -N- BRI HE —3H- mkme I [4, 5-b] MmE —2- @ (3)

[0242]

¢l
< cl
NH, FiJB Ni 7
’ > N._NH
KsCO3 i |
e .
NHp
co
o
0 |
ci cl
O
No N - NN O
< _ NH -
R N HN—Q ~ O*\
3 c10

[0243]  DEE 1. N-(4- GEOKHE ) -3— R SEMENE —2- % (C8) (M5 Ak

[0244] [ 2- & —3— WYIERLIE (15. 4g, 97. lmmol) 78 N, N- — FFILFRBEAZ (100mL) I3
W 4- SO (12. 4g, 97. 2mmo1) RIKFREF (20g, 140mmol) « K MIEA 4T 100°C
THERE 18 /N, HFE R E kK (200mL) e 22 prad U AR UTTE R K (3 X 30mL)
B, DR A AR . E 1 15g, 60mmol, 62% . 'H NMR (400MHz, DMSO—d,) 8 9. 97 (br
s, 1H), 8. 47-8.57 (m, 2H), 7. 69(d, ] = 8.8Hz, 2H),7.41(d, ] = 8.8Hz, 2H),7.01(dd, ] =
8.2, 4. 6Hz, 1H) .

[0245] DR 2. N*- (4- GURIE ) MEme -2, 3- —fi% (C9) M4k

[0246]  [n] N—(4— & 2K i ) —3- By i m g —2- i (C8) (2. 68g, 10. Tmmol) 7£ Z. & Z. B
(100mL) HFIEB A INGL R 4R (1. 5g) , IR AMAHE SIS . TEER TNEMNK 6 /M5,
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It P8R SLVR G A8 B A R A DR, 15 B B A AR = ). leZE <1, 8g, 8. 2mmol, 77 % .
'H NMR (400MHz, DMSO-d,) 8 7. 88 (br s, 1H),7.67(d, ] = 8.9Hz, 2H),7.50(br d,J
= 4Hz, 1H), 7.25(d, ] = 8.9Hz, 2H),6.91(br d, ] = 7.5Hz, 1H),6.64(dd, ] =
7.3, 4.8Hz, 1H),5. 08 (br s, 2H) »

[0247]  JDUE 3. 3—(4- SURAL ) —3H- BRI [4, 5-b] MEHE —2- IR LB (C10) A K
[0248] % N'-(4- &1 28 L) mpomE -2, 3- — % (C9) (1.8g, 8. 2mmol) M Z. — W — 7. Ii§
(18g, 123mmo1) WIVR AT 140°C R HeHE 18 /NI o AT I RERR (41l (B JE <A A Jh Bk (1
16% % 50 % LR .15 ) 2ift, 348 AR =4, ik 'H NR 3 5 H 4 30%
(24 Fi. U 22 :250mg, 0. 83mmol, 10 % . 'H NMR (400MHz, CD,0D), X =404 : 6 8. 49 (dd, J
= 4.8, 1.5Hz, 11),8.31(dd, ] = 8.2, 1.4Hz, 1H), 7. 61 (br d, ] = 8.9Hz, 2H), 7. 52(dd, J
= 8.2,4.6Hz, 1H),7.49(br d,] = 8.9Hz, 2H),4.34(q, ] = 7.2Hz, 2H),1.25(t, ] =
7. 2Hz, 3H) .

[0249] R 4. 3—(4- &UFIE ) -N- BRTA 3L —3H- BkME T [4, 5-b] WEIE —2- BB (3) 4
5%

[0250]  fif FH % <€ 1 2 R B9 2 B9 B R B R 1 7 V5 R 3-(4- &R B ) -3H- Ik
I [4,5-b] MEwg —2- R L Be (CLO) AL = 4. 3R K A A EARR . U
34. 5mg, 0. 110mmol, 28% . LCMS m/z 312.9[M+H] . 'H NMR (400MHz, CD,0D) & 8. 42(dd, ] =
4.8, 1. 5Hz, 1H), 8. 24(dd, ] = 8. 2, 1. 4Hz, 1H), 7. 58 (br d, ] = 8. 8Hz, 2H), 7. 43-7. 49 (m, 3H
), 2.76-2. 83 (m, 1H), 0. 77-0. 84 (m, 2H) , 0. 63-0. 69 (m, 2H) .

[0251]  sLjafsl 4

[0252]  3-(4- & —3- F|AIL ) -N- IR FE —3H- KM IF [4, 5-b] WEmE —2- B (4)
[0253]

[0254]  DBR 1. N-(4- & —3— UREL ) -3 fHZENENE —2- fiZ (C11) K&K
[0255]  7E jihi ¥t o 4- & -3- A A& g (10. 0g, 68. Tmmol) N #2180 C. ¥ MM
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2- S -3- gAML uE (11, 0g, 69. 4mmol) , FF 45 Fr 3R &4 T 180°C ML # 10 4 #h. Bl
J& B S BV A Y HV E 15 °C IR FH A i TR P gk, AT AR A R AT £ [ AR . IR
% :15g, 56mmol, 82 % . 'H NMR (400MHz, CDC1,) & 10.20 (br s, 1H),8.57(dd, ] =
8.3,1.6Hz, 1H),8.54(dd, ] = 4.6, 1. THz, 1H),7.90(dd, ] = 11.3, 2. 4Hz, 1H), 7. 38(dd, J
= 8.5,8.3Hz, 1H),7.23-7.28(m, 1H, 15 = # V& 7 W& ¥ 4 ¥ #7),6.94(dd, ] =
8.3,4.5Hz, 1H) .

[0256]  SDUR 2. N (4- & —3- KAL) MEhe -2, 3- % (C12) AL

[0257] % N-(4- & -3- K 2 ) -3 fig A& b g -2- % (C11) (5. 0g, 19mmol) Jz $i J&
B (3g) fE 4R L HE (400mL) IR EMHE A=K MEBRMNBAY T ZET
24k 20 /N BT BREARNZ G, EESPIRGEIEHR. EHER AL, 15
B K 2 [ ARCR P2 . IR 23 1g, 13mmol, 68 % . 'H NMR (400MHz, CDC1,) 6 7.87(dd, J =
4.9, 1.6Hz, 1H),7.38(dd, J=11. 5, 2. 5Hz, 1H), 7. 24 (dd, ] = 8. 5, 8. 4Hz, 1H), 7. 06 (dd, ] =
7.6, 1.6Hz, 1H),6.92(ddd, J =8.7, 2.5, 1. OHz, 1H), 6. 82(dd, ] = 7. 6, 4. 9Hz, 1H), 6. 37 (br
s, 1H), 3. 38 (br s, 2H) .

[0258]  DER 3. 3-(4- & —3— FARIL ) -N- BRI JE —3H- BRI [4, 5-b] M iE —2— F Bt i
4) BIA Rk

[0259]  # N*— (4— &0 —3— AL ) MEnE -2, 3— —fi% (C12) RYBAFR ZEm e £k [t T 80°CF
H B o AT IR Sk 69 (1.5 & ) 4T C12, Z /R A & IR IFL i i Bk
il #& 1 (1. 003g, 2. 447Tmmo1) \ (PR HEZHL ) (HAR) S (P2) (0. 304g, 2. 35mmol) .2, 6- —
FRJENERE (0. 91mL, 0. 84g, 7. 8mmol) J% 2- FAZEPUSA LIS (10mL) FIVEAMAEIE -10°C, JF
H 2,4,6- =A% -1,3,5,2,4,6- = R=Wke 2,4, 6- =8 MY (FESTROBEEH Y 50 T
= % VA 4. 3mL, 4. 6g, 7. 2mmol) Kb, ¥ S IR A HIFHE E 0°C HARER 1/, T iR %
NInF 20 /NEF, B JEAEI R 0°C IR 9E, H 2- 2 DY AR e o K5 7K (10mL, 5mL)
SEMHEIKIBEW (156% , 3X5mL)  EREE /KA (0. 1M, 10mL, 5mL) K27k (10mL) Pk,
AHUEZER L) AnL 2 ARFL, H 2- BRAE VUSRI (13mL) # ke, FF R AR 2 4mL, H 50
HAEZ 50°CIHPEE (3mL) LH . TSI T 50°C FHH: 2 /NEF, A 212 20°C It
12 /B o 28 F kB WACER I A4 I FH B I 2— FRAEPUERIE (2:1, 5ml) IVRAMI¥EE:. FERT
2P (0.488g) T 2- NEE M LBR ZERHIIR AW (9:1, 4. 9mL) " EFHAL, FHEE 40°C, %
A 20°CHFAHE 16 /NFo I PEIF A 2- THEE (BmL) ek, 120K A A s 4ok ™. Yo .
410mg, 1. 24mmo1, 53% .LCMS m/z 330.9, 332. 9 [M+H] ".'H NMR (400MHz, DMSO—d,) 6 9. 17(d, J
= 4. 8Hz, 1H), 8. 45(d, ] = 4. 5Hz, 1H), 8. 27(d, ] = 8. OHz, 1H), 7. 71-7. 80 (m, 2H), 7. 47 (dd
,J =8.0,4.8Hz, 1H), 7. 40 (br d, J = 8. 5Hz, 1H), 2. 77-2. 86 (m, 1H), 0. 65—0. 69 (m, 4H) »
[0260]  SLjEfs] 5

[0261]  3—(4— & —-3— F 78 & ) -N-(1— F9 & —1H- ntf me —3— L ) —3H- mk M 3 [4, 5-b] Hit
W —2— B (5)

[0262]
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NN
X
c13
[0263] B8 1. 3-(4- & -3- F KL ) -3H- BKME I [4, 5-b] WEIE -2- RER 4 B8 (C13) &
5%

[0264] i I X =2 it B 3 7 (K CLO 1 A& AR P 3R 1 5 1k S BLN-(4- & -3- |
IR M wE -2,3- =k (Cl2) W PR . 3R B IE AR CR PR . U E
700mg, 2. 2mmol, 17 %. 'H NMR (400MHz, CDC1,) & 8.55(dd, ] = 4.6, 1. 4Hz, 1H), 8. 29 (dd, J
= 8.2, 1.4Hz, 1H), 7. 61(dd, ] = 8. 3,8. 0Hz, 1H), 7. 42(dd, J = 8. 2, 4. 8Hz, 1H), 7. 29 (dd, J
=8.9,2.3Hz, 1H, 18 & # v& 7 & 2 4> ¥ &), 7. 18-7.22(m, 1H), 4. 44(q, ] =
7.2Hz, 2H), 1. 41 (t, J = 7. 1Hz, 3H) »

[0265] IR 2. 3-(4- 5 -3 FAHE ) N-(1- F 3L —1H- mk e —3— 35 ) —3H- Bk IF [4, 5-b]
e —2- HEE (5) W& Rk

[0266] T =6 N IA) 3—(4— & —3- AL ) —3H- WK T [4, 5-b] HLIE —2- FREZ 208G (C13)
(32mg, 0. 10mmo1) J% 1— HAJE —1H- Mt —3— fi% (29mg, 0. 30mol) 7EFFZE (3mL) A (VAW iR
= AR (AP 2R OM YA, 0. 3mL, 0. 6mmol) o T+ 150°C ¥ i SE TR S W78 T e IS
AP EERE 1 /R, KRB HAEK onl) 5 4R 28 (GomL) 2 B AF. A HLEH BT
AANKIE WL (20mL) Peidk, LRRIREN -1, I U FFAE 12 HRIR i o 48 B RO HPLC (A :Agella
Venusil ASB-CIS8, 5 um ;JfizhAll A AEKF 0. 225% IR i shAl B AEZHEH Y 0. 225 %
R BRI :33% % 63% B) Zlifh, 19 B 5 (i (4R =4 . i :2. Omg, 5. 4 umol, 5% . LCMS
m/z 371. 1[M+H] . 'H NMR(400MHz, CD,0D) 6 8.47 (br d, ] = 4.6Hz, 1H),8.32(br d,J =
8Hz, 1H), 7. 69 (dd, ] = 8, 8Hz, 1H), 7. 48-7. 56 (m, 3H), 7. 35 (br d, ] = 8Hz, 1H), 6. 52-6. 55 (
m, 1H), 3. 83 (s, 3H) »

[0267]  sLjEfs) 6

[0268]  3—(4— & —3— AL ) -N- Ak —3H- BkMEIF [4, 5-b] AkiE —2— BB (6)

[0269]

cl

&
NN - o

c13 | 6
[0270]  [H] 3—-(4- & —3- F 7K AL ) -3H- K M JF [4,5-b] WL 0 -2- R B 2 BE (C13)
(80mg, 0. 25mmo1) 7£ Z, BiE (5Gml) " 1 ¥ Wi 0 ¥ I 1E 77 2 % (148mg, 2. 5mol) , I
MRS T IR T 18 /NI . FEWE N W48 5, 18 ok iE iR b A& R 2R g vk
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(WA 1L Bk BE /) L8R O WR ) 204 TR AR WD, DAk 3 2 €8 [ 4R 7= . WioZe .
28mg, 84 umol, 34 %. LCMS m/z 332.9[M+H] . 'H NMR (400MHz, CD,0D) 6 8.43(dd, ] =
4.8,1.4Hz, 1H),8.26(dd, ] = 8.2, 1.5Hz, 1H),7.67(dd, ] = 8.4,8.2Hz, 1H),7.45-7.5
0(m, 2H), 7.30(ddd, J = 8.5, 2.3, 1. 2Hz, 1H), 3. 28-3. 34 (m, 2H, 15 & ; ¥ V& 7| W 3 45 3
i), 1.58-1.68(m, 2H), 0. 96 (t, ] = 7. 4Hz, 3H) »

[0271]  sLjfs] 7

[0272]  3-(4- FHE -3 R ) -N- PR -3H- BRI [4, 5-b] MLmE —2- FEEkZ (7)
[0273]

CN AN
Ny, NH; 1 E X
O ,
P NO, Pdy(dba)s

Br Cs2C04

[0274]  ZDBE 1. 2- & —4-[ (3- mEAEMEmE —2- &) &H& ] FF (C14) HA Rk

[0275]  F% 3— BEAEHEIE —2- Fi (3. 44g, 24. Timol) 4— IR —2—- B EE (4. 95g, 24. Tmmol) . =
( ZWERFETART ) 4T (0) (226mg, 0. 247mmol) 4, 5- XX ( - ZRFEEHL ) -9, 9 - FFERG I
(XantPhos, 286mg, 0. 494mmol) K WREE4E (32. 3g, 99. Ommol) £ 1, 4— A Z&FF Wk (124ml)
HHR AR A, E T RSN IET 100°C R HRE 30 408, 2 B fikve H8H H Ak
TER PR G, FRAE R D IRGGIET . MIFR ARV P ESINBELE & 1R BRI 12 LIRAH, FHEAE
UK/ KR ENREY) . AR CER BRI VT 121 Bele / 4R LRI, AR BI K
B FERR =Y. WL 6. 2g, 24mmol, 97% . LCMS m/z 259. 1[M+H] . 'H NMR (400MHz, CDC1,)
§10. 46 (br s, 1H), 8.60-8. 63 (m, 2H),8.16(dd, J] = 11.8, 2. 1Hz, 1H),7.59(dd, ] =
8.5,7. 2Hz, 1H), 7. 40 (br dd, J = 8.6, 2Hz, 1H), 7. 05-7. 09 (m, 1H) .

[0276] DR 2. 4-[ (3— @ HEmtng —2- & ) &I ]-2- FORME (C15) A K

[0277]  [A] 2- 3R —4-[(3— A J& b g —2- J& ) & K& ] % 1§ (C14) (5. 4g, 21mmol) 7E Y
SR K 1 LIR A4 (40mL) 1 v R O in Ak (8. 9g, 170mmol) , 2 J& s N
£t (10. 8g, 165mmol) « FFIR AT 60°C T HHE 30 2 %f, H 5 48 bh ik 8 4 #800) H gk 47 1
P KIEMMANEH 4R L ERGRE, P A &AL B K VB T 5 » 8T R AN T I, 1ok i 5
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FER A R AE KGR AR PEeidi sk, LAS B04E A i 4R . e <4, 2g, 18mmol, 86 % .
LCMS m/z 229. 1[M+H]'. 'H NMR(400MHz, DMSO-d;) & 8. 68 (br s, 1H),7.82(dd, ] =
13.6, 2. 0Hz, 1H), 7. 66 (dd, ] = 8.4,8.3Hz, 1H),7.61(dd, ] = 4.8, 1.6Hz, 1H), 7. 37(dd, J
= 8.8,2.0Hz, 1H),7.03(dd, ] = 7.8, 1.6Hz, 1H),6.82(dd, ] = 7.8, 4. 8Hz, 1H), 5. 24 (br
s, 2H) .

[0278]  JDUE 3. 3—(4— FUHE —3— JRORAE ) -N- FRTA AL —3H- BRIE T [4, 5-b] MEmE —2— FIBLI%
() BIE AL

[0279] ] 4-[(3— & EMbNE —2- J% ) 2 1-2- F RN (C15) (3.9g, 17mmol) f& (FRTAEE
#2) (AR 4IRAEE (P1) (4. 03g, 25. 6mmol) 7 1- FIEMERZHE —2- B (17mL) RS
HHE IR T B4 (2. 88g, 25. Tmmol) o M R RIVE A4 T 120°C R i+ 30 4380, W HI 2 =l IF
F2,4,6- =7/ -1, 3,5,2,4,6- =F =Bkt 2, 4, 6- =F AW (T3P) (450 FH &= % E R,
20. 3mL, 32mmo1) AbFE /BN I RIVE AT 120°C Mt 18 /i) Jig , A A H L s insK (10mL)
FRaR Bt dr 10 8. BIANEAIBR BR EAAKIE W (20mL) , FRRIR AW 2 .15 (3 X 50mL)
HH o A I AN Z A SN KBRS I8 AR 2 Pk . eI sl (BRAL
TEA MR 10% 52 50% 4R .15 ) » 15 3 A B EAIR =4 . UZE 2. 29g, 7. 13mmol, 42% .
LCMS m/z 322. 2[M+H]"» '"H NMR (400MHz, CDC1,) & 8.50(dd, J = 4.7, 1. 4Hz, 1H), 8. 17(dd, J
= 8.2, 1. 5Hz, 1H), 7. 79-7. 85 (m, 1H), 7. 69 (br s, 1H), 7. 38-7. 45 (m, 3H) , 2. 83-2. 90 (m, 1H)
, 0. 87-0. 93 (m, 2H), 0. 68-0. 73 (m, 2H) »

[0280]  sEjEfs) 8

[0281]  4-[2-(HZIRT —1- JefAt ) —3H- BKMEIF: [4, 5-b] MENE -3- 4 ]-2- |NIE (8)

[0282]

ON o CN oN
O O Qe O
P g G A
| - s Na .~ “ | H \[/ | H
e >N 0 N Ne

NH, A\ \TN\/ L]
c1s c16 | 8

[0283] % 1. 3— (4- EUHE —3- AL ) —3H- BKMR I [4, 5-b] MEHE —2- IR 2.8 (Cl6) 1)

Ak

[0284] [ 4-[(3— & & mt wg —2- &) & 2 ]-2- & ¥ g (C15) (300mg, 1. 31mmol) JZ

= & (270mg, 2. 67Tmmol) /£ ~ & H fE (20mL) [ 0 CHE B PR IME (HR) 4] &

s (220mg, 1. 61mmol) , FFIGFIEW T 0°C M HcHk: 2 /NIF . ZEAS K (20mL) J&, F =& H ke

(3X20mL) ZBUREY) 455 A NLZ MR S ALK AW (20mL) Pk, 20 RN T4,

P8, FEVEOR NG I R b A A Rl (PR <1001 &R/ B ) 4lifk,

LA 3 8 0 [ ARCIR P2 . U :40mg, 0. 13mmol,10 % . 'H NMR (400MHz, CDCL,), 4 1iF W -

§8.55(d, J = 5Hz, 1H), 4. 46 (g, J = THz, 2H), 1. 43 (t, J = THz, 3H) .

[0285] DA 2. 4-[2- (EARFNT —1- Hapedk ) —3H- WKIMEFE [4, 5-b] MEmE —3— & ]-2- /%

& (8) M4 Hk

[0286] LIS T LEhiREh (120mg, 1. 3mmol) Az N, N— — SN 2% (168mg, 1. 30mmol)
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EFEE OmL) P ERRAYT =\ T HCRE L /NS o SRR, 30 3- (4- AL -3- /R ) —3H- Ik
e 3[4, 5-b] WL g -2- 8 8 2.8 (C16) (40mg, 0. 13mmol) % & 4k 45 (15mg, 0. 13mmol),
H¥ R PR G T =W T FHHEE 2 /AN 755 25 L BRE R G, 183 A HPLC (A -
DIKMA Diamonsil CI8(2),5um;¥ishAH A :£EK P 0.225% F IR ;IR0 B /£ 2 JiF
H 0. 225 % IR s R % 115 % & 45 % B) 2ifbik &40, Ut E AR = 1. e .
4.0mg, 121umol, 9 %. LCMS m/z 322. 1[M+H] . 'H NMR(400MHz, CDCl,) 88.49(dd, ] =
4.8,1.3Hz, 1H),8.20(dd, J] = 8.2, 1. 4Hz, 1H), 7. 77-7. 82 (m, 1H), 7. 36-7. 43 (m, 3H) , 4. 80—
4. 89 (m, 2H), 4. 18-4. 26 (m, 2H), 2. 39-2. 50 (m, 2H) .

[0287]  sLjifsl 9

[0288] BRI T -1- Kk [3-(4- S -3, 56— “F AL ) -3H- WRIETFF [4, 5-b] AkAE —2- ]
R (9)

[0289]

[0200]  JDBE 1. N-(4- & -3, 5~ JUORAEE ) —3— figAEmbne —2- & (C17) MIA R

[0291] 4~ %03, 5~ ZHIRAL (1. 64g, 10. Ommo1) 2~ 5L -3~ R4 EEMENE (1. 56¢, 9. 84mmol)
Jo Wk 1% 4 (6. 56g, 20. Tmmol) £E N, N— — FF & FF iz (30mL) A IR & % T 80 °C F i
FE 36 NI, B MR A WA A E =R, AK (200mL) FBE IR 28R 285 (3X200mL)
FE KA ANE S AL KA (5X50mL) Pk, L0 IR T 15, i 98, 78
L o R A ol T A R (BRE AR VR 0% 2 5% LR L ER) 2, DA
fit B 0 AR P . IR 2 :200mg, 0. 70mmol, 7 % . 'H NMR (400MHz, CDC1,) 6 10. 23 (br
s, 1H), 8. 55-8. 61 (m, 2H), 7. 52 (br d, J = 9Hz, 2H), 6. 96-7. 01 (m, 1H) .

[0202]  JDUE 2. N~ (4- & -3, 5- HURIL ) mEne -2, 3- % (C18) A Ik

[0293]  [A] N- (4~ & -3, 5~ 9 2K Ak ) -3— Ay ZE b g —2- % (C17) (100mg, 0. 35mmo1) 7E
VU RIR 57K A 121 VA (20mL) VAR s IS 82 (148mg, 2. 77Tmmol) , Z J& s
Bt (182mg, 2. 78mmol) , F ¥ S VR AW T =\ N Hidk 2 /Nef o B feobg LA K (10mL) # R
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HH 8 8 (3X20mL) ZEEL % A 9 1A VL2 F A S LK IS (20mL) BE¥, 200
FREN 1, 1 R AR B A TRk 4, A B2 LIRS . W BEEH T —5. Wz :
80mg, 0. 31mmol, 89% ,

[0294]  JBU% 3. 3-(4- & -3, 5— M IEHE ) —3H- BKMEIF [4, 5-b] HEE —2- FREE Z.EE (C19)
1A R

[0205]  f FI X sZ i %] 8 B K Cl6 B & B B i 1 7 ik B N-(- & -3, 5
BOOK AR ) mMbomE -2,3- = fZ (C18) B AL B R M. 3R AR [ KR . IR E
40mg, 0. 12mmol, 41 % . 'H NMR (400MHz, CDC1,) & 8.56(dd, J] = 4.7, 1. 3Hz, 1H), 8. 30 (dd, J
= 8.1,1.5Hz, 1H),7.44(dd, ] = 8.2,4. THz, 1H),7.11-7. 15(m, 2H), 4. 46 (g, ] =
7. 2Hz, 2H), 1. 43 (t, ] = 7. 2Hz, 3H) »

[0206] A ER 4. BRI T -1- B [3-(4- & 3,5 A AL ) -3H- WK JF [4, 5-b] Hit
g —2- A& ] FR (9) ifEy5%

[0207]  fF AXFSLEM] 8 (1) 8 A AT IR I 71245 3-(4- & -3, 5— /R, ) —3H- Bk
e gt [4, 5-b] ML e -2- R B 2. 85 (C19) ¥4k =¥, 3RAF 2 Gl H4OR ™ M. U2 -
7.9mg, 23 umol, 39 %. LOMS m/z 349. 1[M+H]'. 'H NMR(400MHz, CDC1,) 6 8.50(dd, ] =
4.7,1.4Hz, 1H),8.19(dd, J = 8. 1, 1. 4Hz, 1H), 7. 39 (dd, J = 8. 1, 4. THz, 1H), 7. 10-7. 15 (m,
2H), 4. 80—4. 85 (m, 2H) , 4. 19-4. 25 (m, 2H) , 2. 40-2. 49 (m, 2H) .

[0208]  SKJiff 10

[0299]  ZHZRIRT —1- &t [3-(4- & —3- AR ) —3H- DKM IF: [4, 5-b] Mbie —2- 3 ] FER
(10)

[0300]
. | cl
4!!; N +Hai .
| — N, _N O
A S i g W
Z~N ¢ L:]
c20 10

[0301]  ZDER 1. 3-(4- & -3- oKL ) —2- ( =&AL ) -3H- Bk JF [4, 5-b] MEHE (C20)
RSy
[0302]  [a] N*—(4- &1 —3— & 2K &) WL uE -2, 3- — % (C12) (951mg, 4. 00mmol) 7 Z. &
(4mL) HRERFPEN 2, 2, 2- =R OB AR R B (0. 743mL, 6. 00mmo1) , 3% s NV &
YT ZIE i 5 AF . FEE SR 5, AR A (B AEPEEH I 5% 2 100%
LR TR ) 2R, VA3 31 B [ AR . Yl <1, 04g, 2. 85mmol, 71 % . LCMS
m/z 366.0[M+H] . 'H NMR(400MHz, CDC1,) 68.49(dd, J = 4.7, 1.5Hz, 1H), 8.27(dd, J
= 8.1,1.5Hz, 1H),7.64(ddd, ] = 8.5,7.8,0.3Hz, 1H),7.42(dd, J =
8.1,4.THz, 11),7.39(ddd, J] = 8.8, 2.4, 0. 2Hz, 111), 7. 32(ddd, ] = 8.5, 2. 4, 1. 3Hz, 1H) .
[0303] BB 2. BIRIA T —1-3E [3-(4- & -3- FIKHL ) —3H- BRI IF: [4, 5-b] MEng —2- 3 ]
R (10) B4k
[0304] ¥ 3-(4- & —3- R K At ) —2-( = & H ZE ) -3H- Ik M 3 [4, 5-b] mE g (C20)
43
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(50mg, 0. 14mmol) M T Z S /K I 3: 1 IR AW (1. 4mL) o BN & T b h i
#h (25. 6mg, 0. 274mmol) , 2 Ji7 ¥ N % R 49 7K 75 WL (4M, 0. 15mL, 0. 60mmo1) , 3 4% Jx B V&
AWTF 50°C A 22 /AN, BEJE T 80°C R in#h 3 /e, H & JE T 100°C R n# 18 /)
o %2, FFEETSPIRGEENE 4 H SO HPLC (F: :Waters Sunfire C18,5um;
WENAH A AEAKF 1) 0.05% =/ LR (v/v) s T s A B AE L JiEH (1 0. 05 % =5 4 R
(v/v) s BR B :30 % % 50 % B) #ifk, 13 2] ¥). YK 2 :17mg, 51 umol, 36 % . LCMS m/z
331.1,333. L[M+H]"s 'H NMR(600MHz, DMSO-d,) & 8.45(dd, ] = 4.6, 1. 5Hz, 1H), 8. 30 (dd, J
=7.9, 1. 3Hz, 1H), 7. 76 (dd, ] = 8. 3, 8. 3Hz, 1H), 7. 73(dd, J = 10. 1, 2. 2Hz, 1H), 7. 46 (dd, J
= 8.1,4.6Hz, 1H), 7. 40-7. 43 (m, 1H), 4. 64-4. 68 (m, 2H) , 4. 02-4. 07 (m, 2H), 2. 29-2. 35 (m,
2H) .

[0305]  HiEA

[0306] DA 2— & —3— s nL e R i SR ARk () S ita 481 (1) 5 ol

[0307]

_N._CI Zn ©

: q O
@ N HQN‘RT _ NHCL P
~ "NQO» -BuOK

[0308] % 75 E UM% (0. 20mmol) 5 2- & —-3- fiE FE ML e (31. Tmg, 0. 200mmol) 7E P4 & R
W (0. ImL) FNEE 2 —F& 400 (PEG 400, 0. ImL) P IREWR A IF 8 G SR, MRS N = 2. 1%
(28 1L, 0. 20mmol) o K¢ K SVRAMT 150°C TR 1 & 1.5 /hEF, R H R = . mHh
PINPYA RS (0. 4mL) & 4k4% (85. 6mg, 1. 60mmol) 7E7K (0. 4mL) = [IVA, 2 Ja v inee
(%) 105mg, 1. 6mmol) o ¥ SIE-EHT 65°C MR 1. 5 /NbF, B fE/E7K (ImL) 5 48 41
(2.5mL) Z[A153 L. LHIEAGRRE (2 1g) K émL FE AR LR ANE . K IEEE
HE IR, FRAEE T Rk geok B & M. A s R s in (R R ) (%
) 2.8 2.0 (P1) (47mg, 0. 30mmo1) 7E 1- FFIEMEIZ 452 —2- FR (0. 2mL) H FE ST B
PRAEPUERNE (1M, 0. 3mL, 0. 3mmol) VAR H5 R MIRA YT 120°C MR 30 73%f, B8
RAHERRIFH A (181, 0. 31mmol) AT, #iN 2,4, 6- =F -1, 3,5, 2, 4, 6- =%
F=E R 2, 4, 6- = ALY (T3P, 7E 4.8 215 H 1) 50 B & % VA, 254mg, 0. 40mmo) , F-45
MARAMT 120°C TR 24 /DI o B J5oks S RUR G175 B 2.8 (2. 5ml) S8 ALK
(M, 1. 5mL) Z (A5 AC s & HIEA AR (£ 1g) 1Y émL EAHA LS AVLE . ik
AIE G IR, FERk A AR A FF e AE 1 25 ik 4 HF 48 HH A HPLC AT I T3 R G
—2lifk :1) # Waters XBridge C18,5um ;s A AE/KH T 0. 03% HE M (v/v) 53
A B AELEH T 0. 03 % EE k4R (v/v) sBEIE :20% % 60% B BL 10% % 100% B 52) F -
Waters Sunfire CI8,5um ;Jishtl A AEKF T 0. 06% =FLER (v/v) simsht B AELTE
18 0. 05% =R (v/v) B :10% % 100% B.

[0309]  fdf FH L SCXT SR 1-10 Bk (505, IR &R | 3R 2 A4 (R TRAEEL
B ZWERL K2,

[0310] £ 1
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[0311]

I

=)

il ik Ak

"H NMR (400 MHz, CDCl5), & (ppm):

SR, WSEE T my/z [M+H] 8 HPLC

SEEEIS R ' (08 RS mz [MAHT
(BRAES AMEY)

11

§gﬁﬁﬁﬂ]2§
C12

'H NMR (600 MHz, DMSO-dj), & 8.46
(dd, J=4.6, 1.5 Hz, 1H), 8.28 (dd,
J=8.1, 1.5 Hz, 1H), 7.81 (dd, J=8.3,
8.3 Hz, 1H), 7.74 (dd, J=10.1, 2.2 Hz,
1H), 747 (dd, J=8.1, 4.6 Hz, 1H),

3H); 319.0,321.0

12

NoN o
@NHNQ

‘(3F3(H3()H

St 10

"H NMR (600 MHz, DMSO-dj), 8
8.46-8.49 (m, 1H), 8.32-8.36 (m, 1H),
7.90-7.96 (m, 2H), 7.47-7.51 (m, 1H),
4,71 (dd, J=7.7, 7.7 Hz, 2H), 4.06 (dd,

J=7.7,7.4 Hz, 2H), 2.30-2.37 (m, 2H);
349.1, 351.1

[0312]
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13

S 6
C10

HREIE: 8.46-8.53 (m, 1H), 8,15 (brd,
J=8 Hz, 1H), 7.63-7.73 (br m, 1H),
7.53 (brd, J=8 Hz, 2H), 7.39 (br d,

J=8 Hz, 2H), 3.33-3.43 (m, 2H), 0.99
(t,J=7.3 Hz, 3H); 314.8

14

cr

10.09 (br s, 1H), 8.49 (dd, J=4.6, 1.5
Hz, 1H), 8.07 (dd, /=8.2, 1.5 Hz, 1H),
7.32(d, J=2.3 Hz, 1H), 7.29 (dd,
J=8.2,4.6 Hz, 1H), 6.78 (d, J=2.3 Hz,
1H), 6.22-6.33 (m, 1H), 3.87 (s, 3H),
2.55-2.67 (m, 2H), 2.08-2.21 (m, 4H),
1.70-1.83 (m, 2H); 311.0

15

S 2

'"H NMR (400 MHz, CD;0D), & 8.47
(dd, J=4.7, 1.4 Hz, 1H), 8.09 (dd,
J=8.2, 1.4 Hz, 1H), 7.36 (dd, J=8.2,
4.6 Hz, 1H), 5.68 (it,J=12, 4 Hz, 1H),
413 (dd, J=11.5, 4.5 Hz, 2H), 3.60
3.03-3.15 (m, 2H). 2.89-2.96 (m, 1H),
1.81-1.89 (m, 2H), 0.83-0.90 (m, 2H),
0.69-0.76 (m, 2H); 286.9

16

Cc9

'"H NMR (600 MHz, DMSO-d;), 6 8.44
(dd, J=4.7,1.3 Hz, 1H), 8.28 (dd,
J=8.1, 1.3 Hz, 1H), 7.56 (br AB P4

7.45 (dd, J=8.1,4.7 Hz, 1H), 4.63 (dd,
J=7.8,7.7 Hz, 2H), 4.04 (dd, J=7.8,
7.7 Hz, 2H), 2.28-2.35 (m, 2H); 313.1,
315.1

17

KB 75
C1z

8.52 (dd,J=4.7, 1.3 Hz, 1H), 8.19 (dd,
J=8.2, 1.3 Hz, 1H), 7.59 (dd, J=8.2,
8.2 Hz, 1H), 7.41 (dd, /=8.1, 4.7 Hz,

1H), 7.28-7.32 (m, 1H), 7.20-7.24 (m,

1H); 290.8

18

Skt 3°

8.49 (d, J=4.4 Hz, 1H), 8.15 (d, J=7.6
Hz, 1H), 7.31-7.38 (m, 2H), 7.10-7.16
(m, 2H), 4.73-4.80 (m, 2H), 4.16-4.24
(m, 2H), 2.36 (s, 3H), 2.36-2.45 (m,
2H); 311.0

[0313]
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19

St 3*

8.45 (dd, J=4.8, 1.3 Hz, 1H), 8.30 (dd,

J=8.2, 1.1 Hz, 1H), 7.38-7.49 (m, 3H),

7.23-7.27 (m, 1H), 5.49 (br d, Jye=57

Hz, 1H), 4.93-5.05 {m, 1H), 4.63-4.76

(m, 1H), 4.32-4.44 (m, 1H), 4,04-4.16
(m, 1H), 2.33 (s, 3H); 329.0

20

LR 7

8.50 (dd, J=4.7, 1.5 Hz, 1H), 8.17 (dd,
J=82,1.5 Hz, 1H),7.67 (brd, 1H),
7.44 (dd, J=8.1, 4.7 Hz, 1H), 7.21-7.25
(m, 2H), 2.83-2.90 (m, 1H), 0.88-0.94
(m, 2H), 0.69-0.74 (m, 211); 340.1

21

SEE ) 3

8.51 (dd, J=4.6, 1.2 Hz, 1H), 8.19 (dd,
J=8.2, 1.1 Hz, 1H), 7.57 (dd, J=8.3,
8.0 Hz, 1H), 7.39 (dd, J=8.2, 4.6 Hz,

1H), 7.27 (dd, /=8.8, 2.3 Hz, 1H),
7.16-7,22 (m, 1H), 5.33-5.54 (m,
Jur=57 Hz, 1H), 5.08-5.20 (m, 1H),
4.85-4.98 (m, 1H), 4.40-4.52 (m, 1H),
4,23-4.36 (m, 1H); 3489

22

Sl 3

8.49 (dd, J=4.7, 1.4 Hz, 1H), 8,18 (dd,
J=82, 1.4 Hz, 1H), 747 (dd, J=8.4,
7.4 Hz, 1H), 7.37 (dd, J=8.1, 4.8 Hz,
1H), 7.28-7.35 (m, 2H), 4.69-4.96 (br
m, 2H), 4.16-4.26 (m, 211), 2.37-2.47

(m, 2H): 331.0

23

SEEf 3

8.50 (dd, J=4.8, 1.5 Hz, 1H), 8.15 (dd,
J=8.1, 1.4 Hz, 1H), 7.66 (br s, 111},
7.45(dd, J=9.0, 7.4 Hz, 1H), 7.40 (dd,
J=8.1, 4.7 Hz, 1H), 7.31-7.37 (m, 2H),
2.83-2.89 (m, 1H), 0.84-0.91 (m, 2H),
0.68-0.73 (m, 2H); 330.9

24

C10

KW 9.94 (brs, 1H), 8.52 (dd,
J=4.8, 1.5 Hz, 1H), 8.20 (dd, J=8.2,
1.4 Hz, 1H), 7.56 (br d, J=8.8 Hz, 2H),
7,43 (br d, J=8.7 Hz, 211), 7.40 (dd,
J=8.2, 4.6 Hz, 1H), 6.68 (d, J=2.1 Hz,
1H), 3.85 (s, 3H): 352.9

25

ST 37

8.51.{dd, J=4.8, 1.4 Hz, 1H), 820 (dd,
J=8.2, 1.4 Hz, 1H), 7.46 (dd, J=8.4,
7.9 Hz, 1H), 7.39 (dd, J=8.2, 4.8 Hz,
1H), 7.29-7.37 (m, 2H), 5.33-5.54 (m,

Jiw=57 Hz, 1H), 4.8-5.3 (v br m, 2H),

4,40-4,54 (m, 1H), 4.23-4.37 (m, 1H);
3489

[0314]
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26

8.49 (dd, J=4.8, 1.1 Hz, 1H), 8.15 (dd,
J=7.9,1.1 Hz, 1H), 7.66 (br s, 1H),
7.32-7.43 (m, 3H), 7.19 (d, J=8.2 Hz,
1H), 2.81-2.89 (m, TH), 1.98 (s, 3H),
0.83-0.89 (m, 2H), 0.66-0.71 (m, 2H):
327.0

27

Ttk A

2.97 43%hy 347.0, 349.0

28

Fik A

29

Tk A

251 4pkhs 293.1

30

N N' @)
L L X
Q;[N HN—<]

* CF3;CO0H

Hik A

2.70 438 333.0

31

F

e

NeN_ O
g
AN HN—]

HikA

2.46 738 322.1

32

F

Ny N O

0

F N>_§N—<]

HYE A

253 Bl 331.0,333.0

33

HiEA

2.90 3%y 327.0,329.0

[0315]
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34

St 3*

8.48 (dd,J=4.8, 1.5 Hz, 1H), 8.18 (dd,

J=8.2, 1.4 Hz, 1H), 7.30-7.40 (m, 3H),

7.17 (d, J=8.3 Hz, 1H), 4.75-4.92 (m,

2H), 4.15-4.22 (m, 2H), 2.36-2.46 (m,
2H), 1.99 (s, 3H): 327.0

35

Sz 37

B8 R EsE SRR G4 8.50
(dd, J=4.6, 1.4 Hz, 1H), 8.20 (br d,
J=8.0 Hz, 1H), 7.31-7,42 (m, 3H),

7.14-7.19 (m, 1H), 5.32-5.52 (m,
Jur=57 Hz, 1H), 5.04-5.26 (m, 1H),
4,82-5.03 (m, 111), 4.38-4.50 (m, 1H),
421-4.34 (m, 1H), 1.99 % 1972 s, &
3H); 345.0

36

St e 9

8.51 (dd, J=4.6, 1.5 Hz, 1H), 8.15 (dd,
J=8.2, 1.5 Hz, 1H), 7.68 (br s, 1H),
7.41(dd, J=8.2, 4.8 Hz, 1H), 7.11-7.16
(m, 2H), 2.82-2.90 (m, 1H), 0.86-0.92
(m, 2H), 0.68-0.73 (m, 2H); 349.1

37

S 2°

8.72 (d, J=2.0 Hz, 1H), 8.60 (d, J=2.1
Hz, 1H), 8.51 (dd, J=4.6, 1.4 Hz, 1H),
8.16 (dd, J=8.2, 1.4 Hz, 1H), 7.86 (dd,
J=2.1,2.0 Hz, 1H), 7.69 (br s, 1H),
7.42 (dd, J=8.3, 4.6 Hz, 1H), 2.83-2.91
(m, 1H), 0.86-0.92 (m, 2H), 0.68-0.73
(m, 2H); 314.1,316.0

38

S 37

8.69 (d, J=2.3 Hz, 1H), 8.56 (d, J=1.9
Hz, 1H), 8,50 (dd, /=4.6, 1.3 Hz, 1H),
8.20 (dd, J=8.1, 1.3 Hz, 1H), 7.85-7.88
(m, 1H), 7.40 (dd, J=8.2, 4.6 Hz, 1H),
4.82-4.87 (m, 2H), 4.19-4.25 (m, 2H),
2.39-2.49 (m, 2H); 313.9, 3159

39

St 7°

8.84 (brd, J=2.4 Hz, 1H), 8.50 (dd,
J=4.7, 1.4 Hz, 1H), 8.18 (dd, J=8.2,
1.4 Hz, 1H), 8.03 (dd, ABX 11—
Mo, J=8.3,2.4 Hy, 1H), 7.91 (dd, ABX
B2, J=8.3, 0.5 Hz, 1H),7.72
(brs, 1H), 7.44 (dd, J=8.2, 4.8 Hz,
1H), 2,82-2.90 (m, 1H), 0.87-0.93 (m,
2H), 0.68-0.73 (m, 2H); 305.1

40

S 7

8,50 (dd, .7=4.9, 1.4 Hz, 1H), 8.17 (dd,
J=8.3, 1.3 Hz, 1H), 7.81-7.87 (m, 2H),
7.68 (brs, 1H), 7.39-7.45 (m, 2H),
2,82-2.89 (m, 1H), 0.86-0.92 (m, 2H),
0.68-0.74 (m, 2H); 322.2

[0316]
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8.51 (dd, J=4.6, 1.5 Hz, 1H), 8.16 (dd,
. F | J=8.0, 1.3 H, 1H), 7.64 (br s, 1H),
41 it 77 7.32-7.43 (m, 3H), 2.83-2,90 (m, 1H),

&
SR

o
=

NopN, 0 | 0.85-0.92 (m, 2H), 0.68-0.74 (m, 2H);
; vz \ ; i: :
P VN’/\ HQN : 349.1

42 Fiik A 2,32 4rhs 304.1

43 kA 247 435, 315.1

44 TR A 2.54 408 3111

45 HE A 2.44 58l 327.1

46 Jivh A 234 4080 309.1

47 ik A 3.25 43580 319.1

48 ik A 2.55 4%h; 315.0

[0317]
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Cl,
49 ik A 2.66 3% 343.0, 345.0

# o
b
50 Frik A 2.60 77450 323.1

51 bl Ttk A 2.60 438 323.1

52 HikEA 271 438k 307.1

53 kA 230 43450 304.1

ik A 2.85 435k 327.1,329.1

JHk A 240 7788 327.1

56 FEA 252 57 8hs 318.1

[0318]
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57 Hik A 213 4¥%h; 2791

Fik A 2.33 ¥y 309.1

59 HE A 2,74 4350 3071

60 A 2.55 4% 311.1

61 A 2.10 43R, 3211

62 ik A 2.52 4y, 315.0

63 HEA 3.06 23 347.0, 349.0

64 Jiik A 2.83 4r%P; 319.1

[0319]
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65 FriE A 2.39 435, 297.1

66 HEA 2.46 435 3391

67 ik A 2.69 738 311.1

68 T A 2.35 4%, 297.1

8.50 (dd, J=4.8, 1.3 Hz, 1H), 8.14 (dd,
J=8.2, 1.1 Hz, 1H), 7.69 (br's, 1H),
e 7.47-7.53 (m, 2H), 7.45 (br s, 1H),
SRIEPYT 1 733.7.41 (m, 2H), 2.83-2.90 (m, 1H),
0.83-0.90 (m, 2H), 0.67-0.73 (m, 2H);
312.9

70 ! ” FiEA 2,48 434H; 293.1

vN ‘ N D

69

71 A 213 4750 336.0

72 ik A 2.65 434h; 3250

[0320]
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73 ik A 2.27 9r%h; 350.0

74 JiEA 2.85 43Eb; 327.1,329.0

75 Tk A 2,95 435 363.0

76 kA 271 538 307.1

77 Tk A 2.88 1B 347.0

78 NN © HiEA 2.79 438, 331.0,333.0
L
Sy N iﬁN-“<]

+ CF3C00H

. Cl

79 NN O ik A 2.76 %%k 331.0, 333.0

* CF;CO0H

[0321]
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80 lN\. NHO ik A 1.59 435 330.1
[/lhil HN—<]

[0322] 1. 434 # HPLC [ 46 1f . #F :Waters Atlantis dC18,4.6X50mm, 5 um ; J7 31 A
A AETKH) 0. 05% = LR (v/v) siBIHH B AELIEH I 0. 05% =T LR (v/v) sBHE -
5.0% % 95% B, £ 4. 0 B2V IR 3E 2mL/ 2 %h .

[0323] 2. XA ( —HEFEE) (HM) 2RO (FMRERE) (AR) 4R LB
(P1) »

[0324] 3. PIFESEALB KM CT, BRI RIRER T 1-[3-( ZHAEER) Wi 1-3- &4
FEk TR #h fe TH- DRI =M -1 BRI S 1 R —1H- WEE -3- R4 G
[0325] 4. EZBIRPRIH N, N- RN %

[0326] 5. ff Hl B HE (I1) fe 4,5- X ( = 2% Ak B Ak ) -9, 9— — A J Iy i, e o A
2- & -3- ke 5 5 &b -3- RN, 2 J5 B e A ok il % 75 L N~ (5— &t
WE -3 AL ) MEmE -2, 3- .

[0327] 6. JEAE FHT-Sifs] 9 W) C17 (1A B 77 145 2% 5[ (3— Akt —2— J& ) &5t ]
g —2- i

[0328] 7. i A T-SEHEf] 9 W CL7 BIA R J7 1 26 N- (4- 0 -2, 5— 9L ) —3— 1
FEMEE —2- i,

[0320] 8. JEILT 150°C NNk 2- & -3 myFEntne 5 3- SR H] & N-(3- &K ) -3- 1H
HEMEE —2- %,

[0330] 2

[0331]
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Mﬁfﬂ@% s %J%ﬁ%:*;ﬁﬁ% i, WEET m/e [MEH]
g AN AR
81 s 2! 302.0
82 SR 77 348,2
83 S 7 309.9
84 ik A 3450, 347.0
85 A 294,1
|
86 Frik A 333.1
87 | Tk A 339.1
[0332]
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88 T A 327.1,329.0

89 Jil A 323.1

90 A 331.0, 333.0

91 Tk A 327.1,329.0

92 Tik A 347.1
LJ:N»_HqN—Q

[0333] 1. Z LK 1 FHIHINE 5,

[0334] 2. ff FHSEHEM] 9 I CLT BU-G RUITT VA 2- 1 —3— TR MEIE Fl 2—- ( =g AR &L )
b —4- il % 3— s -N-[2- ( =5 4L ) mbme —4- 5 ] nibng -2- iz

[0335]  SEHEf 1-92 HH AL A %F PDE4B WA (45 A AR TR 3 3 1058 2 £, Hix
Lo 4p &YXt PDEAD WP R S PR R T35 3 A2 i dE Won BT ide f A 90 AH 6T~ PDE4D WP 2R
X PDE4B WP BAG I s 0 45 G o e . 284601 &, SEEf 2.15.17.81.82.83.85.90 A 91
(BT R IX B4k A R B AR T PDEAD WP A & /04 2 5ROk Bt . S2iE] 13,1421
25.35.40,47.77.88.89 J& 92 [FEH B/~ X Leqb A MR I AH XS T PDE4D WP AL /b2 5 £%
(IR . SEhEf] 19.20.33.38.41.44.49.57.61.72.75.79 % 87 HIHHE B~ iX ik 44
R A XS T PDEAD WA 2 /D25 10 f5 e #EE . SLEfe) 6.9.10.11.12,22,27,31,34.37,
39.43.56.59.60.63.66.69.70.73.74.78 }% 80 HIHHE inix B fb &Y B A% T PDE4D
TR /A2 20 F5HIEFEPE . SRR 4.7.18.36.46.62.67 K 71 KIS Wonix ek &%
LA X T PDE4D P2 %2 /02 40 FERikRerE. SEHE®] 1.3.8.16.23.26.28.30.32.33.42,

45.48.50.51.52.54.55.58.64.65.68 J 76 [ B/~ X HAb A PR L H A XS T PDE4D YE
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/b2y 50 5P

[0336]  FIH T F A Hril g A R HIALA Y PDE4B J2 PDEAD 254 S5 FIPE -

[0337]  AEWorHT

[0338] % — 4> A PDEAD3 4w v 7 %1 (ok B B A &% 5 Q08499-2 [ J7 71| 1) 2 Jik 1R
50 % 672) i fE 2 2 iid DLALFE C o His6 28 MM A28 DL S B 4l 40 B0 A IR 0 25 3R AR B
pFastBac (Invitrogen) W, @l Seeger, T. F. Z£ A, Brain Research 985(2003)113-126 ‘F il
o B AR T R R B LU AR B R R A T P AR RS AL O 4 B, 4 R
ARG ARG I 72 /N SCER AN . 18 B R AN MR 244, A 500 J5 E Ni-NTA S iE A
(Qiagen) bFXf FiGWMHTEMT, W1 Seeger, T. F. ZE A, Brain Research 985(2003) 113-126
TR . VLA B PDE4 [ Ni-NTA BEHRRES IR 7, F Q 22l A(B0mM Tris HCL pH 8,
4% H i, 100mM NaCl, ImM TCEP, A & F B 771 EDTA (Roche) ) #BE LUK NaCl /b 22 2
200mM, J-3£% T Q Sepharose (GE Healthcare) ¥ o 7ER] Q Z2P¥R A Vel 2 R4 )G, %
PDE4D FH 10 % % 60 % K22 B (50mM Tris HC1 pH 8, 1M NaCl, 4% H, ImM TCEP) f¥4
Bt iid SDS-PAGE % 5 5 Gu {0k 23 #fr PDE4D i 7, 2 T2l VL4, W R JFIRAFAE —80°C
o

[0339] 5 HL A7 PR & L MR BLAC S134E. S654A. S659A 2 S661A 7= A [t 58 4% 1) A 2% PDE4B1
Fitd 73 (kB RA BT Q7343 (/7 ¥ [ 2 L 1R 122 & 736) b b 2 48 i DL,
F5H DAES B a4 (%) N v His6 218 AP bR 2%, 2 I 4t I 6 24 M A7 s B A R s 75 38 I 3 44
pFastBac (Invitrogen) H. 7B AR IFH TR 5% B R4l DA AR w8 . =4
P2l A 1) 20 Mo, FH s 55 SRR ik gy B e gl M JF 72 SR L J5 72 /NP UCER 40 Y, T Seeger, T.
F. Zf A\ ,Brain Research985(2003) 113-126 iR, ¥ B Sl fhi 24 i, 78 B350 J5 78
Ni-NTA B g #% (Qiagen) b XF Fi& W4T JZ 4, W Seeger, T.F. % A\ ,Brain Research
985 (2003) 113-126 H1frik . JLEESH PDE4 ) Ni-NTA BREEBE L 7, F Q Z2 i A (20mM
Tris HCl pH 8,5 % H i, ImM TCEP) % % LA NaCl ek 2> & #9 100mM JF 35 3, T Source
15Q(GE Healthcare) £t Fo 78 Q221 A/10% Z2 MK B ¥k 2 548 )5, 0% PDE4D [ 10%
% 60% 220 B(20mM Tris HCI pH 8,1M NaCl,5%H i, ImM TCEP) [FIBEE e . @it
SDS-PAGE 25 5 Bt i e €5 43 #r PDEAD 35143, 2 T2 VL5, W iR IFR /AL -80°C T

[0340]  PDE4B J& 4D 43 #fr 4 TN BRIE I 23 B (SPA) HoAR LUl &AL & W 7EAR A6 NS E A
PDE4B % PDE4D W& PEF T . PDE4B Jz 4D 4341 AR R SECPAT 1847, BRI R A (2
32pM PDE4B 2 %) 16pM PDEA4D) o iZ 3 Hr/EE A 50 u L M2y (50mM Tris pH 7.5 ;1. 3mM
MgCl,;0. 01% Brij) S 2 Ml 1) 384 FLIE N HEAT, FIrads 73 Afr 22 i 541 /2 9% 1) PDE4B
%2 PDEAD DAEEALZ) 20 % BIJEY) (1 M cAMP, FH 20nM H-cAMP+980 uM ¥4 cAMP ZHR%) « %
NAIT 25°C FHEE 30mine ¥ 20 u L Smg/mL FEfR4Z SPA Bhbi (PerkinElmer) 1% 1k 5 i,
PR & F (TopSeal, PerkinElmer) FEFEERRIYTIE Shr, A5 7E Trilux Microbeta xf s
ot

[0341] %3
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i | ANZSPDE4B | AZE PDE4D
Mﬁﬁfl LRy ICs | FL: ICs IUPAC % Fi
(nM)* (uM)y*

1 31.8" 2.21"

k=

N-HRTA HE3-(3-F5-4- FF L R0 31K 1 I
[4,5-b]0tbbE -2- L HE
3-FP I AL -N-FR TN BE-3 11K W T[4, 5-b ] I g -2-
3-(4-GUARIE Y- N-H1 T -3 TR T [4,5-b ML IR
3-(4-50-3- AT -N-FR T SE-3 1K W 9F [4,5-5]
3-(4-5-3- W ARFE)-NV-(1- F - L H-MH I3
)3 H-DR W I [4,5-b Ik E -2- P Ik
3-(4- -3 GAREL)-N-TH JE-3 H-UK M O [4,5- 10
BE-2- P
3-(4-BUIE-3- 00 BEHE)- N-BR T -3 Ik W 3
[4,5-BIub e -2- F ki
A-[2-(RIMER T - 138 0)- 3 HIK M 4,5-b]0HL
WE -3k )-2-0
BN T -1-FE3-(4-50-3,5- IR HE)- 3 - DR I
JE[4,5-b10EIE -2-25] 7
BN T -1-FE[3-(4-GL-3-F L) 3Lk e 3T
[4,5-b]LE-2- 55
3-(4--3-F AL -V N- R -3 R 3
[4,5-b]AHk e -2- B Bk i
BAHR T -1 FE[3-(4- 502, 5- H - 3 H- R
FH[4,5-b]0L e -2-F5 ) P =R LR kb
3-(4- R N-T FE-3 H-WR W [4,5-B L g -2-
L
| 3-FR i - N-(1-F -1 i35 3 H-BK e
[4,5-b |0 mE-2- 7 1
N-Bf AR -3-(PU S -2 H- M IR -4 )3 H I e I
[4,5-b]ut e -2- T B i
BT <1 2E[3-(4- RIS -k W I [4,5-]
ARk I -2 P I
3-(4-S-3- T H L) -3 H-BR M I [4,5-b 10 isE -2- FF
Btz
T T - 1-FE[3-3- -4 R -3 - R e
IF[4,5-bHHIE -2 ] B
(G-IATES | -1-50)[3-(3- -4 AL 5)-3 1
IR W FE (4, 5-b R g -2~ | Bl
3-{4-F5E-3,5- REL)- N-BR T SRS -k e
[4,5-b]0E e -2~ @k flé

: 426 127"

3 131° 7.95"

4 18.4" 0.908"

3 54.1 5.64

6 38.1" 0.778"

7 40.8" 1.88"

8 16.0 0,910

9 14.2% 0.420"

10 15.2° 0.567"

il 405 9,64

12 99.4 1.52

13 944 6.64°

14 822 438

15 1730 6.90

16 196 5.50

17 8510 >30.0

18 48.7 2.14

19 281 5.28

20 1 38 0262b

[0343]

59



ON 105121439 A W BB B 55,58 Tl

[3-(4-50 -3~ A 3)- 3H-WR MR IF[4,5-b 0k g -2-
FNG-FAZIF T -1-55) 7 i
B | -1-FE[3-(4-F-2- 5 E T ) -3 H-BK W
[4,5-bntk e -2-F5 ] 5 i
3-(4- 5025 AEHD)-N-FR TR -3 -k I 4, 5-B]
ke -2 B
3-{(4- AR EE)-N-(1- B LH-NE -3 58 )3 DR
WR (4, 5-B]ILEIE -2- T
[3-(4-50 -2- 5 2550 - 3H- K I T[4, 5-B ]k -2-
FHIG-HEA T -1-5) P
3-(4- 502 P Bk 3L - NEFR ) - 3 IR A
[4,5-b]AkIE-2- P e
N-FFTA3E-3-(3,4- Z 8 R E)-3H-IK I F [4,54b]
npaE-2- PR |
N-FRTRHE-3-(4-30-3- L 405 )- 3H-BRk M
[4,5-B] k-2 o iz
N-BA A FE-3-(4- T FL 330 -3 H-IK M 3[4, 5-b] 0k
BE-2- k7
N-FRR 334,500 6 5)-3L-IR IR I [4,5-b]
M -2-FR BRI I LR R
3-3-F H-4-H AL -N-FR N -3 -k e
[4,5-B]IH e -2~ B B i
3-(3-EA-F - N TR FL-3 K M 1 [4,5-b)
ML E-2- TP
3350 4T L AL - NS IR TR L - 3 -k e
[4,5-b]iLLmE -2~ i
BUARER T -1-BE[3-(4- 02 P BL 3 B3 -k e
FE[4,5-b| ML BE -2 | B
[3-(4-5-2-FF BE L) 3 R A I 4, 5-B ]2 -2
FEN3- TR T -1
3-(4- 3,5 AL -N-FR A FE-3 -k
[4,5-b]twe-2- P B
3-(5-GRMEIE -3 FE)- NI A -3 R T [4,5-5]
kg -2- B A
SR T -1 [3-(5- G -3- 38 )- 3 H- K Mk 3
[4,5-b]AH e -2- ] 79 )
3-(6-FIEIEBE -3-F0)-N-F1 TR 25 -3 H-IK M I
B-(5- T HL-2- B HL ) -N-FR T FE-3 K e
[4,5-b]ikie-2-F Bhf
3-(4-51-2,5- B AR -N-FF R -3 H-R
[4,5-b]ntkweE -2 - FF B
34(4-FA - NSRRI FE-3 - DT [4,5-b1H
e -2- B I

21 42.6 0316

22 273 5.59

23 632 =300

24 211 24,1

25 910 5.84

26 319 >17.9

27 12.2° 0.511"

28 114 8.23

29 225 >28.0°

30 577 0.333

31 87.5 2.55

32 15.7 0.886

33 159 1.23"

34 399 10.2

35 1130 8.28

36 5.65 0.255

37 409 10.7

38 466 6.67

39 363 10.2

40 1710 152

41 100 1.17

42 276 >22.4"
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N-FRTA HE-3(2,4- 5 A HE) -3 H-IR 4 1 4,5-B]
b -2- PP A
N-BRTA BE-3-(5-90-2- FR AL R B )- 3 -k e
[4,5-b]IEIE-2- 1 Bk
N-FR P -3-(3-F8-4- T S L 50 - 3 H- DR W 3
[4,5-B10LE -2- FF ik
N-FRTEE-3-(3- AU A 50 )-3H- DK ML 3 [4,5-5)
I -2- B ki
N-FRTHHE-3-02,3- G- 1 H-8i-2-35)-3H-RK M I
| [4,5-b] k0 -2- T B
N-FRIA BE-3-(3,5- 7 B )- 3 H-BR M )F[4,5-b]
nEmE-2- B
3-(3-50-4- AR R R ED)-N-I0 TR Z-3 H-I i 5
[4,5-b]LmE-2-F B fle
N-FRTA BE-3-(3- P 4 A- T 3830y 3 F ke 3
[4,5-B] i 2 Y e e
N-FF TR BE-3-(4- T S0k - 3- FR 2R 80 )- 3 - 1 -
[4,5-b]uitme-2- T el
N-FR P HE-3-(3,4- = T3k Jedh)-3 11k 35
[4,5-b]Nk e -2-F B
3(3-TUIE A -N-FR TR -3 - WK ML I [4,5-B]HL
e -2- kR
3-(5-5-2- PE T -N-FRR B3 H-DR
[4,5-b]uk0e-2- T
N-FOTH -3 -(4-5-3- F R B D) 3 IR e )
[4,5-buk e -2-F ki
33U A- FEL A5 B )-N- PR AT BE-3 - I
[4,5-b]k0E-2- F e
N-PR N EE-3- 5 BE 3 HL R I 5[4, 5-b ] 0H i -2-
R
N-FR A B3 -(4- PR A LR ) - 3 IR W J (4,55
a2 TP
N-SRNFE-3-(2,4- FRIE I -3 R 3
[4,5-B] e -2 W
N-FRN B3 -(4- RL-2- PR AR R -3 H-K M 3
|4,5-b] e -2- T B fe
N-BATTHE3-(1,3- 7 G0-2- 2 PRI -5 - )-3 -
W4T [4,5-b] It e -2- B i
N-BRTAHE34(3,4- IR EE) -3 H-BE I [4,5-5]
DI -2~ T
N-FRTR BE-3-(3,5- 8 R B)-3H-IK I 5 [4,5-5)
it iE-2- R Bk
N-BRPIHE-3-(2,3- B~ | H-f1-5-5)-3 -k e )|
[4,5-b]AH I -2- F e

43 927 >26.6

44 1660 >29.0

45 205 14.8

46 329 13.8

47 1260 6.:39

48 88.9 4.82

49 629 12,3

50 339 >30.0

51 207 13.2

52 271 25.8

53 287 340

54 329 19.2

55 304 >23.7

56 167 4.85

57 1160 >19.7

58 506 >30.0

59 1020 >30.0

60 1200 >30.0

61 1580 =>30.0

62 34,9 1.49"

63 68.0 2.55

64 206 15.7

[0345]
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N-BR PR332 50 )-SR I 3[4, 5-b] e
2 Pk
N-HATRFE-3-(3,5- HI AR A 2L ) -3 -k e 3
[4,5-b]LE-2-H B fi
N-FFA3E-3-(2- 0 -4- T EE 4000 )- 3 -k 3
[4,5-b10HE I -2-
N-FRTRRE-3-(4- S5 00)- 3 H-IR M 3[4, 5 -1k
-2- P
3-(3-50 AL )-N-BR TN 23 H-K I T[4, 5-b 1L 152
N-FRNHE-3-(3- B AL 40 -3 H-DK M T[4, 5-b]HE
-2~ 1 i
31,38 - BEME - 6-F0 - NP TR BE -3 IR 3
[4,5-b]ME1E -2-F e
N-FR T EE-3-[3-( Pl A5 R BE] -3 H-IR e
[4,5-B]H -2 F Rz
N-ER P HE-3-(2- FRE-1,3- 25 JF W63 -3 -k
W4 T[4, 5-B Uk e -2~ TR 1
3-(4-F-3- T AL IR AR)-N-PR A - 3LT-OR W I
[4,5-b]EE -2-F iR
N-FRTAIE-3-[3-( 58 F AR ) R 3 |- 3 1= e
[4,5-b]E0E-2-F B
N-FRPIEE-3-(3,5- 2 3 26 00)- 3 BRI 9
[4,5-b]utE0e -2- P Bl
NN -3 3-( = S AL ) R R |- 3 -k e 3
[4,5-buk e -2-F ki
3-(3-5L-2-90 A5 BO)-N-BR P B3 =R Ik 3 [4,5-]
ik -2- A R L@
3-(5-52- T AFL)-N-ER P FE-3H-IR I 3F[4,5-5]
bE-2-F B - m Rt
N-FR P FE-3-(REIbE-6-35)-3 H-IK I I [4,5-B0L e
2-FHE =R,
3-(5-FMEIE -3-F)-N-2FE-3 K Bk 3[4, 5-b 1L
e -2- B R
N-BA TR -3 [2-(= 0 TP ) ML <425 - 3 H- e
FH[4,5-b ke -2- B
N-A T B -3-(5-F AR L -3-255 - 311K W -
[4,5-b]Hi e -2-F i
3-(2-E-4-F-5- L ACED - NLER T S-S E K e
JF[4,5-B]E e -2- B
N-FRTRHE-3-(6- FEMENE -3- 52 )- 3 H-WK M 3
[4,5-b]tk e -2-F Bl
N-FRTR FE - 31 - TP k- L5 - 65 )- 3 A K B O
[4,5-B] 0 -2- 7 B

65 188 10.9

66 759 19.4

67 619 =300

68 219 11.9

69 709" 1,91°

70 421 14.9

71 155 6.34

72 40.9 0.753

73 516 12.6

74 58.8 1.99

75 389 398

76 374 >18.8

77 1150 8.64

78 387 11.4

79 106 1.76

80 1470 >30.0

81 8270 >30.0

82 6070 17.5

83 13600 >29.3

84 16600 >30.0

85 7730 >30.0

86 24500 >30.0
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87

2720

>30,0

N-FRIA R334~ UL ARAE) 3 1- DKW )
[4,5-blE -2 B

88

3700

>30.0

3-(2-5-4- LR ED)-N-FA TN -3 1K e
[4,5-B]IEWE-2-F B

89

3520

>30.0

N-FR P -3-(4- PP 4 Be-2- P AL B -3 H-K M
[4,5-B]ut e -2-F W hs

90

9230

>30.0

3-(2- -5 A )-N-FR T -3 H-R T [4,5-B]
kg -2- B

91

9420

>30.0

3-(2-5-5- PR BN R -3 HIR M5
[4,5-b]HEIE-2-F B i

92

3110

>30.0

N-FE P BE-3-[4-( 9 0 2] -3 H- IR e
[4,5-h]0EL e -2- TP B i

[0347]
[0348]

a. MHRR 2 & 6 Y LA 24E.
b. fHFRIR= 7 RKIME R LT T EME .
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