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MULTICYCLIC COMPOUNDS AND METHODS OF THEIR USE

This application claim priority to U.S. provisional application no. 60/680,501,
filed May 13, 2005.

1. | FIELD OF THE INVENTION

This invention relates to multicyclic compounds, pharmaceutical compositions

comprising them, and methods of their use.

2. BACKGROUND OF THE INVENTION

The amino acid L-proline reportedly plays a role in regulating synaptic
transmission in the mammalian brain. See, e.g., Crump et al., Molecular and Cellular
Neuroscience, 13:25-29 (1999). For example, a synaptosomal bisynthetic pathway of
L-proline from ornithine has been reported, and high affinity Na'-dependent
synaptosomal uptake of L-proline has been observed. Yoneda et al., Brain Res., 239:
479-488 (1982); Balcar et al., Brain Res., 102: 143-151 (1976).

In general, neurotransmitter systems typically have mechanisms that inactivate
signaling, many of which work through the action of a Na'-dependent transporter. In this
case, a Na'-dependent transporter for proline has been described, and the molecular entity
cloned (SLC6A7 in humans). See, e.g., U.S. patent nos. 5,580,775 and 5,759,788. But
the transporter’s specific role remains unknown. For example, the human Na'-dependent
proline transporter is generally localized to synaptic tenniﬁals, which is consistent with a
role in neurotransmitter signaling. But no hi gh-affinity receptor has been found for

- proline, suggesting that it is a neuromodulator rather than a neurotransmitter. Shafqat S.,
et al., Molecular Pharmacology 48:219-229 (1995).

The fact that the Na*-dependent proline transporter is expressed in the dorsal root
ganglion has led some to suggest that it may be involved in nociception, and that
compounds which inhibit the transporter may be used to treat pain. See, e.g., U.S. Patent
Application No. 20030152970A1. But this suggestion is not supported by experimental
data.

k
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3. SUMMARY OF THE INVENTION

This invention encompasses multicyclic compounds, pharmaceutical compositions
comprising them, and methods of their use. One embodiment of the invention

encompasses a compound of formula I:

and pharmaceutically acceptable salts and solvates thereof, wherein: A is an optiohally
substituted non-aromatic heterocycle; each of D; and D, is independently N or CR;; each
of E, E; and E; is independently N or CRy; X is optionally substituted heteroaryl; Y is O,
C(0), CH(OH), or CHy; each R, is independently hydrogen, halogen, cyano, Ry, OR,,
C(O)Ra, C(O)OR4, C(O)N(RaRp), N(RARp), or SO;R,; each Ry is independently
hydrogen, halogen, cyano, Ra, ORa, C(O)Ra, C(O)ORa, C(O)N(R4Rp), N(RaRg), or
SO2R4; each R, is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and each Ry is
independently hydrogen or optionally substituted alkyl, aryl, arylalkyl, alkylaryi,
heterocycle, heterocycle-alkyl, or alkyl-heterocycle.

Preferred compounds inhibit the proline transporter, and particular compounds do
so without substantially affecting the dopamine or glycine transporters.

Another embodiment of the invention encompasses pharmaceutical compositions
of the various compounds described herein.

Another embodiment encompasses methods of improving cognitive performance,
and of treating, managing and/or preventing various diseases and disorders, using

compounds of the invention.

4. BRIEF DESCRIPTION OF THE FIGURES

~ Certain aspects of the invention may be understood with reference to the attached -

figures.
Figure 1 shows differences between wildtype and SLC6A7-knockout mice in a

conditioned response test.

<\
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Figure 2 shows the effect of a compound 6f the invention administered to mice
prior to the learning phase of a conditioned response test.
Figure 3 shows the effect of a compound of the invention administered to mice

prior to a context test.

5. DETAILED DESCRIPTION OF THE INVENTION

This invention is based, in part, on the discovery that the proline transporter
encoded by the human gene at map location 5931-q32 (SLC6A7 gene; GENBANK
accession no. NM_014228) can be a potent modulator of mental performance in
mammals. In particular, it has been found that genetically engineered mice that do not
express a functional product of the murine ortholog of the SLC6A7 gene display
significantly increased cognitive function, attention span, learning, and memory relative
to control animals. It is believed that this is the first report of experimental data tying
inhibition of the proline transporter to a beneficial pharmacological effect.

~ Inview of this discovery, the protein product associated with the SLC6A7 coding
reglon was used to discover compounds that may improve cognitive performance and
may be useful in the treatment, prevention and/or management of diseases and disorders
such as Alzheimer’s disease, autism, cognitive disorders, dementia, learning disorders,

and short- and long-term memory loss.

5.1. Definitions

Unless otherwise indicated, the term “alkenyl” means a straight chain, branched
and/or cyclic hydrocarbon having from 2 to 20 (e.g., 210 10 or 2 to 6) carbon atoms, and
including at least one carbon-carbon double bond. Representative alkenyl moieties
include vinyl, allyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-pentenyl, 2-pentenyl, 3-methyl-
1-butenyl, 2-methyl-2-butenyl, 2 ,3-dimethyl-2-butenyl, 1-hexenyl, 2-hexenyl, 3-hexenyl,
1-heptenyl, 2-heptenyl, 3-heptenyl, 1-octenyl, 2-octenyl, 3- -octenyl, l-nonenyl 2-nonenyl,
3-nonenyl, 1-decenyl, 2-decenyl and 3- -decenyl.

Unless otherwise indicated, the term “alkyl” means a straight chain, branched
and/or cyclic (“cycloalkyl”) hydrocarbon having from 1 to 20 (e.g., 1 to 10 or 1 to 4)
carbon atoms. Alkyl moieties having from 1 to 4 carbons are referred to as “lower alkyl,”
Examples of alkyl groups include methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl,
isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylpentyl,
nonyl, decyl, undecyl and dodecyl. Cycloalkyl moieties may be monocyclic or

_ 3.
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multicyclic, and examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
adamantyl. Additional examples of alkyl moieties have linear, branched and/or cyclic
portions (e.g., 1-ethyl-4-methyl-cyclohexyl). The term “alkyl” includes saturated
hydrocarbons as well as alkenyl and alkynyl moieties.

Unless otherwise indicated, the term “alkylaryl” or “alkyl -aryl” means an alkyl
moiety bound to an aryl moiety.

Unless otherwise indicated, the term “alkylheteroaryl” or “alkyl-heteroaryl”
means an alkyl moiety bound to a heteroaryl moiety.

Unless otherwise indicated, the term “alkylheterocycle” or “alkyl-heterocycle”
means an alkyl moiety bound to a heterocycle moiety.

Unless otherwise indicated, the term “alkynyl” means a straight chain, branched
or cyclic hydrocarbon having from 2 to 20 (e.g., 2 to 6) carbon atoms, and including at
least one carbon-carbon triple bond. Representative alkynyl moieties include acetylenyl,
propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3-methyl-1-butynyl, 4-pentynyl,
1-hexynyl, 2-hexynyl, 5-hexynyl, 1-heptynyl, 2-heptynyl, 6-heptynyl, 1-octynyl,
2-octynyl, 7-octynyl, 1-nonynyl, 2-nonynyl, 8-nonynyl, 1-decynyl, 2-decynyl and
9-decynyl.

Unless otherwise indicated, the term “alkoxy” means an —-O-alkyl group.
Examples of alkoxy groups include, but are not limited to, -OCHs, -OCH;CH3,
-O(CH,),CHs, -O(CH,);CHj, -O(CH,)4CH;, and -O(CH,)sCH3.

Unless otherwise indicated, the term aryl” means an aromatic ring or an aromatic
or partially aromatic ring system composed of carbon and hydrogen atoms. An aryl
moiety may comprise multiple rings bound or fused together. Examples of aryl moieties
include anthracenyl, azulenyl, biphenyl, fluorenyl, indan, indenyl, naphthy],
phenanthrenyl, phenyl, 1,2,3,4-tetrahydro-naphthalene, and tolyl.

Unless otherwise indicated, the term “arylalkyl” or “aryl-alkyl” means an aryl
moiety bound to an alkyl moiety.

Unless otherwise indicated, the term “DTICsp” means an ICsq against human
recombinant dopamine transporter as determined using the assay described in the
Examples, below.

Unless otherwise indicated, the term “GTICs¢” means an ICs, for human
recombinant glycine transporter as determined using the assay described in the Examples,

below.
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Unless otherwise indicated, the terms “halogen” and “halo” encompass fluorine,
chlorine, bromine, and iodine.

Unless otherwise indicated, the term “heteroalkyl” refers to an alkyl moiety (e. g
linear, branched or cyclic) in which at least one of its carbon atoms has been replaced
with a heteroatom (e.g., N, O or S). |

Unless otherwise indicated, the term “heteroaryl” means an aryl moiety wherein at
least one of its carbon atoms has been replaced with a heteroatom (e.g,N,OorS).
Examples include acridinyl, benzimidazolyl, benzofuranyl, benzoisothiazolyl,
benzoisoxazolyl, benzoquinazolinyl, benzothiazolyl; benzoxazolyl, furyl, imidazolyl,
indolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, phthalazinyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridyl, pyrimidinyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolinyl, tetrazolyl,
thiazolyl, and triazinyl.

Unless otherwise indicated, the term “heteroarylalkyl” or “heteroaryl-alkyl”
means a heteroaryl moiety bound to an alkyl moiety.

Unless otherwise indicated, the term “heterocycle” refers to an aromatic, partially
aromatic or non-aromatic monocyclic or polycyclic ring or ring system comprised of
carbon, hydrogen and at least one heteroatom (e.g., N, O or S). A heterocycle may
comprise multiple (i.e., two or more) rings fused or bound together. Heterocycles include
heteroaryls. Examples include benzo[1,3]dioxolyl, 2,3-dihydro-benzo[1,4]dioxinyl,
cinnolinyl, furanyl, hydantoinyl, morpholinyl, oxetanyl, oxiranyl, piperazinyl, piperidinyl,
pyrrolidinonyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl,
tetrahydropyrimidinyl, tetrahydrothiophenyl, tetrahydrothiopyranyl and valerolactamyl.

Unless otherwise indicated, the term “heterocyclealkyl” or “heterocycle-alkyl”
refers to a heterocycle moiety bound to an alkyl moiety.

Unless otherwise indicated, the term “heterocycloalkyl” refers to a non-aromatic
heterocycle.

Unless otherwise indicated, the term “heterocycioalkylalkyl” or
“heterocycloalkyl-alkyl” refers to a heterocycloalkyl moiety bound to an alkyl moiety.

Unless otherwise indicated, the terms “manage,” “managing” and “management”
encompass preventing the recurrence of the specified disease or disorder in a patient who
has already suffered from the disease or disorder, and/or lengthening the time that a

patient who has suffered from the disease or disorder remains in remission. The terms
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encompass modulating the threshold, developmerit and/or duration of the disease or
disorder, or changing the way that a patient responds to the disease or disorder.

Unless otherwise indicated, the term “pharmaceutically acceptable salts” refers to
salts prepared from pharmaceutically acceptable non-toxic acids or bases including
inorganic acids and bases and organic acids and bases. Suitable pharmaceutically
acceptable base addition salts include, but are not limited to, metallic salts made from
aluminum, calcium, lithium, magnesium, potassium, sodium and zinc or organic salts
made from lysine, N,N’-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, meglumine (N-mefhylglucamine) and procaine.
Suitable non-toxic acids include, but are not limited to, inorganic and organic acids such
as acetic, alginic, anthranilic, benzenesulfonic, benzoic, camphorsulfonic, citric,
ethenesulfonic, formic, fumaric, furoic, galacturonic, gluconic, glucuronic, glutamic,
glycolic, hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pamoic, pantothenic, phenylacetic, phosphoric, propionic,
salicylic, stearic, succinic, sulfanilic, sulfuric, tartaric acid, and p-toluenesulfonic acid.
Specific non-toxic acids include hydrochloric, hydrobromic, phosphoric, sulfuric, and
methanesulfonic acids. Examples of specific salts thus include hydrochloride and
mesylate salts. Others are well-known in the art. See, e.g., Remington’s Pharmaceutical
Sciences (18th ed., Mack Publishing, Easton PA: 1990) and Remington: The Science and
Practice of Pharmacy (19th ed., Mack Publishing, Easton PA: 1995).

Unless otherwise indicated, the terms “prevent,” “preventing” and “prevention”
contemplate an action that occurs before a patient begins to suffer from the specified
disease or disorder, which inhibits or reduces the severity of the disease or disorder. In
other words, the terms encompass prophylaxis.

Unless otherwise indicated, a “prophylactically effective amount” of 2 compound
is an amount sufficient to prevent a disease or condition, or one or more symptoms
associated with the disease or condition, or to prevent its recurrence. A prophylactically
effective amount of a compound means an amount of therapeutic agent, alone or in
combination with other agents, which provides a prophylactic benefit in the prevention of
the disease or condition. The term “prophylactically effective amount” can encompass an
amount that improves overall prophylaxis or enhances the prophylactic efficacy of

another prophylactic agent.



10

15

20

25

30

WO 2006/124748 | PCT/US2006/018682 \

Unless otherwise indicated, the term “PTICs,” means an ICso for human
recombinant Na'-dependent proline transporter as determined using the assay described
in the Examples, below.

Unless otherwise indicated, the term “specific proline transporter inhibitor” means

a compound that has a PTICs, of less than about 200 nM.

Unless otherwise indicated, the term “substituted,” when used to describe a
chemical structure or moiety, refers to a derivative of that structure or moiety wherein one
or more of its hydrogen atoms is substituted with a chemical moiety or functional group
such as, but not limited to, alcohol, aldehylde, alkoxy, alkanoyloxy, alkoxycarbonyl,
alkenyl, alkyl (e.g., methyl, ethyl, propyl, t-butyl), alkynyl, alkylcarbonyloxy
(-OC(0O)alkyl), amide (-C(O)NH-alkyl- or -alkyINHC(O)alkyl), amidinyl (-C(NH)NH-
alkyl or -C(NR)NH,), amine (primary, secondary and tertiary such as alkylamino,
arylamino, arylalkylamino), aroyl, aryl, aryloxy, azo, carbamoy! (-NHC(0)O-alkyl- or
-OC(O)NH-alkyl), carbamyl (e.g., CONH,, CONH-alkyl, CONH-aryl, and CONH-
arylalkyl), carbonyl, carboxyl, carboxylic acid, carboxylic acid anhydride, carboxylic acid
chloride, cyano, ester, epoxide, ether (e.g., methoxy, ethoxy), guanidino, halo, haloalkyl
(e.g., -CCly, -CF3, -C(CF3)3), heteroalkyl, hemiacetal, imine (primary and secondary),
isocyanate, isothiocyanate, ketone, nitrile, nitro, oxo, phosphodiester, sulfide,
sulfonamido (e.g., SO,NH,), sulfone, sulfonyl (including alkylsulfonyl, arylsulfonyl and
arylalkylsulfonyl), sulfoxide, thiol (e.g., sulfhydryl, thioether) and urea (-NHCONH-

_alkyl-).

Unless otherwise indicated, a “therapeutically effective amount” of a compound is
an amount sufficient to provide a therapeutic benefit in the treatment or management of a
disease or condition, or to delay or minimize one or more symptoms associated with the
disease or condition. A therapeutically effective amount of a compound means an
amount of therapeutic agent, alone or in combination with other therapies, which provides
a therapeutic benefit in the treatment or management of the disease or condition. The
term “therapeutically effective amount” can encompass an amount that improves overall
therapy, reduces or avoids symptoms or causes of a disease or condition, or enhances the
therapeutic efficacy of another therapeutic agent.

Unless otherwise indicated, the terms “treat,” “treating” and “treatment”

contemplate an action that occurs while a patient is suffering from the specified disease or



10

15

20

25

R

WO 2006/124748 PCT/US2006/018682

disorder, which reduces the severity of the disease or disorder or one or more of its
symptoms, or retards or slows the progression of the disease or disorder.

Unless otherwise indicated, the term “include” has the same meaning as “include,
but are not limited to,” and the term “includes” has the same meaning as “includes, but is
not limited to.” Similarly, the term “such as” has the same meaning as the term “such as,
but not limited to.” |

Unless otherwise indicated, one or more adjectives immediately preceding a series
of nouns is to be construed as applying to each of the nouns. For example, the phrase
“optionally substituted alky, aryl, or heteroaryl” has the same meaning as “optionally
substituted alky, optionally substituted aryl, or optionally substituted heteroaryl.”

It should be noted that a chemical moiety that forms part of a larger compound
may be described herein using a name commonly accorded it when it exists as a single
molecule or a name commonly accorded its radical. For example, the terms “pyridine”
and “pyridyl” are accorded the same meaning when used to describe a moiety attached to
other chemical moieties. Thus, the two phrases “XOH, wherein X is pyridyl” and “XOH,
wherein X is pyridine” are accorded the same meaning, and encompass the compounds
pyridin-2-ol, pyridin-3-ol and pyridin-4-ol.

It should also be noted that any atom shown in a drawing with unsatisfied
valences is assumed to be attached to enough hydrogen atoms to satisfy the valences. In
addition, chemical bonds depicted with one solid line parallel to one dashed line
encompass both single and double (e.g., aromatic) bonds, if valences permit. Structures
that represent compounds with one or more chiral centers, but which do not indicate
stereochemistry (e.g., with bolded or dashed lines), encompasses pure stereoisomers and
mixtures (e.g., racemic mixtures) thereof. Similarly, names of compounds having one or
more chiral centers that do not specify the stereochemistry of those centers encompass

pure stereoisomers and mixtures thereof,

5.2, Compounds of the Invention

This invention encompasses compounds of formula I:




WO 2006/124748 PCT/US2006/018682 \

@

and pharmaceutically acceptable salts and solvates thereof, wherein: A is an optionally
substituted non-aromatic heterocycle; each of D; and D, is independently N or CR;; each
of Ey, E; and E; is independently N or CRy; X is optionally substituted heteroaryl; Y is O,
5 C(0), CH(OH), or CHy; each R; is independently hydrogen, halogen, cyano, Ra, OR,,

C(O)Ra, C(O)OR4, C(O)N(RaRp), N(RaRg), or SO,Ra; each R, is independently
hydrogen, halogen, cyano, Ry, OR, C(O)R,, C(O)OR,, C(O)N(RARp), N(RaRg), or
SO2R4; each Ry is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and each Ry is

10 independently hydrogen or optionally substituted alkyl, aryl, arylalkyl, alkylaryl,
heterocycle, heterocycle-alkyl, or alkyl-heterocycle.

One embodiment of the invention encompasses compounds of formula IA:

. (IA)
15 and pharmaceutically acceptable salts and solvates thereof.

Another encompasses compounds of formula IB:

(IB)
and pharmaceutically acceptable salts and solvates thereof, wherein: each Rs is
20  independently halogen, cyano, Rsa, ORsa, C(O)Rsa, C(O)ORsa, C(O)N(RsaRsp),
N(RsaRsp), or SO;R54; each Ry is independently hydrogen or optionally substituted

alkyl, aryl, arylalkyl, alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; each
Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl, alkylaryl,
heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and n is 0-5.
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Another encompasses compounds ‘of forrhula IC:

(IC)
and pharmaceutically acceptable salts and solvates thereof, wherein: Y is O,'C(O) or
5 CHy; each Rs is independently halogen, cyano, Rss, ORsa, C(O)Rsa, C(O)ORssa,
C(O)N(R5aRsB), N(R5aRsp), or SO;Rsa; each Rsy is independently hydrogen or
optionally substituted alkyl, aryl, arylalkyl, alkylaryl, heterocycle, heterocycle-alkyl, or

alkyl-heterocycle; each Rsp is independently hydrogen or optionally substituted alkyl,
aryl, arylalkyl, alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and m is 0-
10 4.

Another encompasses compounds of formula ID:

(Rs)p R1

(ID)
and pharmaceutically acceptable salts and solvates thereof, wherein: each Rs is
15 independently halogen, cyano, Rs,, ORsa, C(O)Rsa, C(O)ORs4, C(O)N(RsaRsp),
N(RsaRsp), or SO;Rs4; each Rsp is independently hydrogen or optionally substituted

alkyl, aryl, arylalkyl, alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; each
Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl, alkylaryl,
heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and p is 0-7.

20 Another encompasses compounds of formula IE:

Ja J//Gz

7

| 7
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and pharmaceutically acceptable salts and splvates. thereof, wherein: Y is O, C(O) or
CH; each Rs is independently halogen, cyano, Rsa, ORsa, C(O)Rsa, C(O)ORsa,
C(O)N(RsaRsp), N(RsaRss), or SO;Rs4; each Ry is independently hydrogen or
optionally substituted alkyl, aryl, arylalkyl, alkylaryl, heterocycle, heterocycle-alkyl, or
alkyl-heterocycle; each Rsp is independently hydrogen or optionally substituted alkyl,
aryl, arylalkyl, alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and q is 0-
6.

Another encompasses coinpounds of formula IF:

and pharmaceutically acceptable salts and solvates thereof, wherein: each Rs is
independently halogen, cyano, Rs,, ORsa, C(O)R5a, C(O)ORs;,, C(O)N(RsaRsp),
N(RsaRsp), or SO;R5,; each Rsy is independently hydrogen or optionally substituted
alkyl, aryl, arylalkyl, alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; each
Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl, alkylaryl,
heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and m is 0-4.

Another_ encompasses compounds of formula II:

(1)

and pharmaceutically acceptable salts and solvates thereof, wherein: A is an optionally

substituted non-aromatic heterocycle; each of D; and D; is independently N or CRy; each
of By, B; and E; is independently N or CRy; each of Gq and G, are independently N or
CR3; each of Jy, J, and J; are independently N or CRy; Y is 0O, C(0), CH(OH), or CH,;
each R, is independently hydrogen, halogen, or (Cia0)alkyl; each R, is independently
halogen, cyano, Rya, ORj,, or SO2Rz4; each Ry, is independently hydrogen or

-11-
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(Ci-10)alkyl optionally substituted with one or more halo gens; each R; is independently
hydrogen, cyano, or (Ci.1o)alkyl optionally substituted with one or more halogens; and
each Ry is independently hydrogen, cyano, or (Ci-10)alkyl optionally substituted with one
or more halogens.

Another encompasses compounds of formula ITA:

R & R
P
G, _N Ei Rz
! L

(IA)
and pharmaceutically acceptable salts and solvates thereof, wherein: Z is CRs or N; each
Rs is independently halogen, cyano, Rsa, ORsy, C(O)Rsa, C(O)ORsA, C(O)N(RsaRs),
N(RsaRsg), or SO)Rs; each Rsy is independently hydrogen or optionally substituted
alkyl, aryl, arylalkyl, alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; each
Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl, alkylaryl,
heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and n is 0-5 if Z is CRs, or 0-4 if Z is
N.

Another encompasses compounds of formula IIB:

Rs)y ~ OH Ry

(I1B)
and pharmaceutically acceptable salts and solvates thereof.

Another encompasses compounds of formula IIC:

(Re)hn Ry
G, _N E;. _R
' \j/ I 1\l/ 2
. v G2 /,Eg
Rz Ej
(I1C)

-12-
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and pharmaceutically acceptable salts and 'solvatés thereof, wherein: Z is CRs or N; each
Rs is independently halogen, cyano, Rsa, ORsa, C(O)Rsa, C(O)OR5a, C(O)N(Rs5aRsp),
N(RsaRsp), or SO;Rs4; each Rs, is independently hydrogen or optionally substituted
alkyl, aryl, arylalkyl, alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; each
Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl, alkylaryl,
heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and n is 0-5 if Z is CRs, or 0-4 if Z is
N. -

In one embodiment of the invention encompassed by formula II (and IIA-C, as

appropriate), at least one of Gy, G, J1, J; or J3 is N. In another, at least one of J 1, J2 and Js.

is CR4, In another, if Y is C(0), A is piperazine, all of Gy, Gy, J1, J3, Dy, Dy, By, and E;
are CH, and all of R; are hydrogen, then none of R, are lower alkyl. In another, if Y is
C(0O), A is piperazine, D; and E; are both N, and all of R and R, are hydrogen, then Ry is
not cyano. In another, if Y is O, A is pyfrolidine, all of Gy, Gy, J1, J3, Dy, Dy, By, B,, and
Ej3 are CH, and all of R; are hydrogen, then at least one R is not hydrogen. In another, if
Y is CH,, A is piperazine, all of Gy, Jy, Jz, J3, Dy, and D; are CH, all of By, E, and E; are
CRy, and all of R; are hydrogen, at least one R, is not hydrogen. In another, if Y is C(O)
or CHy, A is piperazine, at least one of G; and G, is N, all of J;, J,, I3, Dy, Dy, By, E; and
Ej are CH, and all of R, are hydrogen, then at least one R, is not hydrogen.

Various other embodiments of the invention, which pertain to each of the above
formulae (e.g., I, IA-F, II and IIA-C) when appropriate (when the particular formula
contains the moiety referred to), are as follows.

In one, A is optionally substituted non-aromatic heterocycle containing no more
than two nitrogen atoms (i.e., the heterocycle, which contains no more than two nitrogen
atoms, is optionally substituted).

In another, A is monocyclic. In another, A is bicyclic. In another, A is
unsubstituted. In another, A is optionally substituted pyrrolidine, piperidine, piperazine,
hexahydropyrimidine, 1,2,3,6-tetrahydropyridine, octahydrocyclopenta[c]pyrrole, or
octahydropyrrolo[3,4-c]pyrrole.

In another, one of D; and D, is N. In another, both D; and D, are N. In another,
both D; and D, are CR;.

In another, one of E, E; and E;is N. In another, two of E;, By and E;are N. In
another, all of E;, E; and Esare N. In another, all of E;, E; and E; are independently CR,.

-13-
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In another, R; is hydrogen, halogen, or optionally substituted alkyl. In another, R;
is OR, and, for example, R, is hydrogen or optionally substituted alkyl.
| In another, R; is hydrogen, ha_logen, or optionally substituted alkyl. In another, R,
is OR, and, for example, R, is hydrogen or optionally substituted alkyl.

In another, X is an optionally substituted 3-, 6-, 9- or 10-membered heteroaryl. In
another, X is optionally substituted 5- or 6-membered heteroaryl. In another, X is of the

formula;

wherein: each of G, and G, are independently N or CR3; each of Iy, J, and J; are
independently N or CRy; each R3 is independently hydro gen, halogen, cyano, Ry, OR,,
C(O)Ra, C(O)OR4, C(O)N(RaRg), N(R4Rg), or SO,R,; and each Ry is independently
hydrogen, halogen, cyano, Ry, ORa, C(O)Ra, C(O)OR4, C(O)N(RARz), N(RARR), or
SO;R; provided that at least one of J1,J2 and J3 is CRy.

In another, one of G; and G, is N. In another, both G; and G, are N. In another,
both G, and G; are CR,.

In another, one of J;, J, and J 3is N. In another, two of J 1,J2and Jy are N, In
another, all of J}, J, and J; are independently CR,.

In another, R; is hydrogen, halogen, or optionally substituted alkyl. In another, R,
is OR4 and, for example, R, is hydrogen or optionally substituted alkyl.

In another, Ry is hydrogen, halogen, or optionally substituted alkyl. In another, R,
is OR, and, for cxample, R, is hydrogen or optionally substituted alkyl.

In another, Y is C(0). In another, Y is CH(OH). In another, Y is CH,.

Examples of specific compounds include:
( 1—(pyrimidin-2-yl)piperidin—4-yl)(4'—(triﬂuoromethyl)biphenyl—4-yl)methanol;
(4'-chlorobipheny1-4-y1)(2,6-dimethyl—4-(pyn'din-2-yl)pip erazin-1-yl)methanone;
(3'~chloro-3-methoxybiphenyl—4~y1)( 1-(pyrimidin-z-yl)piperidin—4-yl)methanone;
(4-(pyrimidin-2-yl)piperazin-1 —yl)(4'-(triﬂuoromethyl)bipheny1—4—yl)methanone;
(3-ﬂuoro-4'-methy1biphenyl-4-yl)(4-(pyrimidin-z-yl)piperazin-l-yl)methanone;
(4'-chlorobiphenyl-4-yl)(4-(pyﬁmidin—Z-yl)piperazin—l-yl)methanone;
(2'-methylbipheny1—4-yl)(4-(pyrimidin—2-yl)piperazin—1-y1)methanone;
(4-(benzo[d] oxazol-Z-yl)piperazin-1-yl)(4'-(triﬂuoromethyl)biphenyl-4-y1)methanone;

biphenyl-4-yl(4~(4—(triﬂuoromethyl)pyrimidin—2-yl)piperazin—I-yl)methanone;
-14-
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(S)-(Z-benzyl-4-(pyrimidin-Z-yl)piperazin—1-yl)('4'-(triﬂuoromethyl)bipheny1~4—
yl)methanone;

(5-(pyrimidin-2~y1)hexahydropyrrolo[3,4—c]pyrrol-2(1H)-y1)(6—p-toly1pyridin—3-
yDmethanone;

5 (5-(pyrimiditi-2-y1)hexahydropyrrolo[3,4-c]pyrrol-2(1H)—y1)(6-(3-

(triﬂuoromethyl)phenyl)pyridin-3-yl)methanone;
(6-(4-chlorophenyl)pyridin-3-yl)(5-(pyrimidin—Z-yl)hexahydropyrfolo[3,4-c]pyrrol~

2(1H)-yDmethanone;
(5-(pyrimidin-z-yl)hexahydropyrrolo[3,4-c]pyrrol—2(1H)-yl)(6-(4-

10 (triﬂuoromethyl)phenyl)pyridin—3-yl)methanone;
(5-(4-chlorophenyl)isoxazol-3-yl)(4-(pyrimidin—2-y1)piperazin—1-yl)methanone;
(3'-chlorobiphenyl-4-yl)(1-(pyridin-2-yl)piperidin-4-yl)methanone;
biphenyl-4-yl(4-(pyrimidin-2—yl)-1,4-diazepan-1-yl)methanone;

' (8-(pyrimidin-Z—yl)-8-azabicyclo[3.2.1]octan-3-yl)(4'-(tn'ﬂuoromethyl)biphenyl-4-

15 yDmethanone;
bipheny1-4-yl(1-(pyrimidin—Z-yl)azetidin—3-y1)methanone;
(6-(4—chloro-3-(triﬂuoromethyl)phenyl)pyridin—3-yl)(4—(pyrimidin—2—yl)piperazin—1-

yl)methanone; |
(6-(4-ch10ro-3-methylphcnyl)pyridin—3-yl)(4—(pyrimidin-2-yl)piperazin-1-yl)methanone;

20 (4‘-chlorobiphenyl—4-yl)(1—(pyridin-2-yl)piperidin—4—yl)methanone;
(2-methylbipheny1-4—yl)(4-(pyrimidin-2—y1)piperazin—1-y1)methanone;
(3,4'-dimethylbipheny1-4-y1)(4-(pyrimidin-Z-yl)piperazin—l-yI)methanone;
(5-(3-chlorophenyl)pyridin-Z—yl)(4-(pyrimidin-Z-yl)piperazin—1-yl)methanone;
(4-(pyrimidin—2—yl)piperazin—1-yl)(5—p—tolylpyridin—Z—yl)methanone;

25 (4-(pyridin-2-y1)piperazin-1—yl)(3'-(triﬂuoromethyl)biphenyl-4—yl)methanone;
(1-(pyrimidin—2-yl)piperidin-4—y1)(4'—(triﬂuoromethyl)biphenyl-4-y1)methanone;
(3-ﬂuoro-3'-(triﬂuoromethyl)biphenylr4-y1)(4-(pyrimidin—Z—yl)piperazin—1-yl)methanone;
(4-(pyn'midin—2—y1)piperazin-1-yl)(3'—(triﬂuoromethoxy)biphenyl—4—y1)methanone;
(5~(pyn'midin—Z-yl)hexahydropyrrolo[3,4-c]pyrrol-2(1H)-yl)(3'-

30 (triﬂuoromethyl)biphenyl-4-y1)methanone;
biphenyl-4—yl(5-(pyrimidin-Z-yl)hexahydropyrrolo[3,4-c]pyrrol—2(1H)-yl)methénone;
(1-phenyl-5-(pyrimidin-z-yl)hexahydropyrrolo[3,4—c]pyrrol—2(1H)—y1)(4'-

(triﬂuoromethyl)biphenyl-4-yl)methanone;
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bipheny1-4-y1(4-(thiazol-2—y1)piperazin—1-yl)methanone;
(4-(4-chloropheny1)cyclohexyl)(4-(pyrimidin—2-yl)piperazin—1-yl)methanone;
4'-(4-(pyrimidin-2-y1)piperazine-1-carbonyl)biphenyl—3-carbonitn'le;
(4-(methylsulfonyl)biphenyl-4-y1) (4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
2-(4~((3'-chlorobiphenyl-4-y1) (hydroxy)methyl)piperidin-1-yl)pyrimidin-5-ol;
(4—(pyridin—3-yl)phenyl)(4—(py1im1'din—2-y1)piperazin-1-yl)methanone;
@3 '-chloro-3-hydroxybipheny1-4-y1)(1-(pyrimidin—z-yl)piperidin—4-yl)methanone;
1-(4'-(4-(pyﬁmidin-Z-yl)piperazine—1-carbonyl)bipheny1-3 -yDethanone;
(2f,4'-diﬂuoro-3-methylbiphenyl—4-y1)(4-(pyrimidin—2-yl)piperazin—l-yl)methanone;
(5-phenyl-1H-pyrrol-2-yl) (4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(6-(4-chloropheny1)pyridin—3-yl)(4-(pyrimidin—2-y1)piperazin—1-yl)mcthanone;
6 '-chloro-2'-ﬂuorobipheny1-4-yl)(8-(pyrimidin—2-y1)—8—azabicyclo[3 2.1]octan-3-
yDmethanone;
2-(4-(biphenylcarbonyl)piperazin-1 -yl)nicotinonitrile;
2-(4-(biphenyl-4-yloxy)piperidin-1-yl)pyrimidine;
(2'-ﬂuoro-5'-(tn'ﬂuoromethyl)biphenyl-4-yl)(1-(pyrimidin—Z—yl)pyrrolidin—3-
yDmethanone;
(4-(4—methylthiophen-z-yl)phenyl)(1-(pyrimidin—2-yl)pipeﬁdin—4—yl)methanone;
(4’-ﬂuorobiphenyl-4-yl)(4—(pyrimidin—2-yl)piperazin-1-yl)methanone;
(2-fluoro -4'-methylbiphenyl-4-yl) (4-(pyrimidin-2-yl)piperazin-1 -yDmethanone;
biphenyl-4-yl(3-methyl—4-(pyrimidin—2-yl)_piperazin—1—yl)methanone;
(2'-ﬂuoro-5'-(triﬂuoromethyl)biphenyl-4-y1)(4-methy1~1-(pyrimidin-2-y1)piperidin—4-
y)methanone;
biphenyl-4-yl(4-(5 -methylpyridin-2-yl)piperazin-1-yl)methanone;
biphenyl-4-y1(2-methy1-4-(pyrimidin~2-yl)piperazin—1-yl)methanone;
(1-(pyridin-2-yl)piperidin-4-yl)(3 '—(triﬂuoromethyl)biphenyl—4~y1)methanone;
(6-(3-chlorophenyl)pyridin~3 -yD)(4-(pyrimidin-2-yl)piperazin-1 -y)methanone;
(4-(pyrimidin—2-yl)piperazin—1-yl)(6-(3-(triﬂuoromethyl)phenyl)pyridin-3 -yD)methanone;
(4-(pyrimidin-2—yl)piperazin—1-yl)(6-p—tolylpyridin-3-yl)methanone;
(4'-chloro-3 -(trifluoromethyl)biphenyl-4-yl)( 1-(pyrimidin—Z-yl)piperidin—4~yl)methanone;
(4-(2-chloropyridin-4-y1)phenyl)(4-(pyrimidin-2—y1)piperazin—l-yl)methanone;
(2’,4’—diﬂuorobiphenyl—4—yl)(4—(pyrimidin-z-yl)piperazin-1-y1)methanone;
(6-(2,4-difluorophenyl)pyridin-3 -yD(4-(pyrimidin-2-yl)piperazin-1 -yDmethanone;
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(3’,5’-dichlorobiphenyl—4-yl)(4-(pyrimidin-2-y1)piperazin-1-y1)methan0ne;
2-(4-(biphenyl-4-ylmethyl)piperazin-1 -yD)pyrimidine;
(4'-chlorobiphenyl-4-y1)(1 -(pyrimidin-2-yl)piperidin-4-yl)methanone;
(6~(3-chlorophenyl)pyridin-3 -yl)(S-(pyrimidin-Z-yl)hexahydropyrrolo [3,4-c]pyrrol-
2(1H)-yDmethanone;
(1-(pyridin-2-yl)piperidin-4-y1) (4’-(triﬂuoromethyl)biphenyl-4-y1)methanone;
(2'-ﬂuoro-5'-(triﬂuoromethyl)biphenyl-4-y1)(4-(pyrirnidin—2-y1)piperazin-1-yl)methanone;
(4'-methylbipheny1-4-yl)(4-(pyrimidin—2—yl)piperazin—1—yl)methanone;
biphenyl-4-yl(4-(5 -methylpyridin-2-yl)piperazin- 1-yl)methanone;
1'-(biphenylcarbonyl)-4—(pyrimidin—2-y1)piperazin-2-one;
biphenyl—4-y1(1-(pyn'midin—Z-yl)-l,2,3,6-tetrahydropyridin-4-yl)methanone;
(3'-chlorobiphenyl-4-yl)(1-(pyrimidin-Z-yl)piperidin-4-y1)methanone;
biphenyl-4-yl(1 ~(pyrimidin-2-y1)-1,2,3,6 -tetrahydropyridin-4-yl)methanol;
(3'-chlorobiphenyl—4—y1)(4-(pyrimidin-2-yl)piperazin-l—yl)methanone;
(4-(pyrimidin-2-yl)piperazin-1 -yD(3 '-(triﬂuoromethyl)biphenyl—4-yl)methanone ;
(3’-chlorobiphenyl-4-y1)(1-(S-hydroxypyrimidin-Z-yl)piperidin—4-yl)methanone;
(4'-ethy1bipheny1—4-yl)(4-(pyrimidin—2-yl)piperazin—l-yl)methanone;
bipheny1-4-y1(4-(4-methy1pyrimidin—2—y1)piperazin- 1-yl)methanone;
(6-(2,4-diﬂuorophenyl)pyridin—3-yl)(S-(pyrimidin-Z-yl)hexahydropyrro10[3,4-c]pyrrol-
2‘( 1H)-yl)methanone;
(4'-chlorobiphenyl-4-y1)(4-(pyridin—2-yl)pip erazin-1-yl)methanone;
(5-methyl-1 -(pyrimidin-2-yl)-1,2,3 ,0-tetrahydropyridin-4-y1)(4'-
(triﬂuoromethyl)bipheny1-4~yl)methanone;
biphenyl-4-yl(4-(5 -ethylpyrimidin-2-yl)piperazin-1 -yDmethanone;
(4—(pyridin-2-y1)piperazin—1-yl)(4'-(tn'ﬂuoromethyl)biphenyl-4-y1)methanone;
(4-(pyridin-z-yl)phenyl)(4-(pyrimidin-Z-yl)piperazin—l-yl)methanone;
biphenyl-4-y1(4-(pyrazin—2-y1)piperazin— 1-yl)methanone;
(4'-methoxybiphenyl—4-yl)(4—(pyrimidin-Z-yl)piperazin-1~y1)methanone;
biphenyl-4~y1(4-(6-methylpyridazin-3-yl)piperazin-l-yl)methanone;
4'-(4—(pyrimidin-z-yl)piperazine-1-carbonyl)biphenyl—4—carbonitrile;
(2,6-dimethyl-4-(p yridin-2-yl)piperazin-1-y1) (4'-(triﬂuoromethyl)biphenyl—4-
yl)methanone;

5 -phenylthiophen-2~yl)(4-(py1imidi~n—2-yl)piperazin-1—yl)methanone;
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(6-(5-methylthiophen-2-yl)pyridin-3 -yD(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
biphenyl-4-yl(4-(pyridin-4-yl)piperazin-1-yl)methanone;
(R)-(2-methyl-4-(pyrimidin-2-yl)piperazin-1-y1)(4"-(trifluoromethyl)biphenyl-4-
yDmethanone;
biphenyl-4-y1((2S,5 S)-2,5-dimethyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(3'-chlorobiphenyl-4-yl)(4-(pyridin-2-yl)piperazin-1 -yl)metﬁanone ;
(4-(pyn'midin-z-yl)piperazin-1-yl)(2'-(triﬂuoromethyl)biphenyl-4-y1)methanone;
(S)-(4'—chlorobipheny1—4-y1)(2-methyl-4—(pyrimidin—2—y1)piperazin—1-yl)methanone;
(5 ’-chloro-2'-ﬂuorobipheny1-4-yl)(4-(pyrimidm-Z—yl)piperazin-1-yl)methanone;
4-(5 -methylthiophen-Z-yl)phenyl)(1-(pyrimidin—Z—yl)piperidin—4-y1)methanone;
biphenyl-4-yl(4-(4,6-dimethylpyrimidin-2-yl)piperazin-1 -yDmethanone;
(5)-(2-methyl-4-(pyrimidin-2-yl)piperazin-1 -y (4'-(trifluoromethyl)biphenyl-4-
yDmethanone;
(S)—(2-benzy1—4—(pyrimidin-z-yl)piperazin-1-yl)(4'-ch10robipheny1—4-yl)methanone;
bipheny1-4-y1(4-(pyridazin-3-yl)piperazin~1-y1)methanone;
(6—(4-methy1thiophen-2-y1)pyridin—3-y1)(4-(pyrimidin-2~yl)piperazin-1-yl)methanone;
1-(2',4'—diﬂuorobiphenylcarbonyl)-4-(pyrimidin-2-y1)piperazine-Z-carbonitrile;
| (4'-chlorobipheny1-4-yl)((2S,SS)-Z,5~dimethyl-4-(pyﬂmidin-Z—yl)piperazin-1~
yD)methanone;
biphenyl-4-y1(2-tert-butyl-4-(pyrimidin—2-yl)piperazin— 1-yD)methanone;
(S)-biphenyl—4-y1(2-isopropyl-4-(pyrimidin—Z-yl)piperazin—1—yl)methanone;
biphenyl—4-yl(2,6-dimethy1-4-(pyrimidin—Z-yl)pip erazin-1-yl)methanone;
3 '-chloro—2'-ﬂuorobipheny1-4-y1)(4—(pyrimidin-2-y1)piperazin—1-y1)methanone;

(4-(pyrimidin-2-yl)piperazin-1-yl) (6-(4-(trifluoromethyl)phenyl)pyridin-3 -yDmethanone;

(4'—chloro-3'-methylbipheny1-4-yl)(1—(pyrimidin—2—y1)pipen’din—4-y1)methanone;

@3 '-chloro-2—ﬂuorobiphenyl~4-y1)(4-(pyrimidin—2-yl)piperazin—1-yl)methanone;
(2,6-dimethyl-4-(pyridin-2-yl)pip erazin-1-yl)(4-methylbiphenyl-4-yl)methanone;
3'~chloro-4-(1-(pyrimidin-z-yl)piperidine—4-carbonyl)biphenyl—3—yl acetate;
bipheny1-4-yl(2-methy1-4-(pyridin-z-yl)piperazin-1—y1)methanone;
1-(biphenyl—4-ylmethyl)—4-(pyrimidin—2-yl)piperazin-2-one;

@3 ',4'-dichlorobiphenyl~4-yl)(4-(pyrinﬁdin—Z-yl)piperazin—1-yl)methanone;

@3 '-chlorobiphenyl-4-yl)(8-(pyrimidin—2-yl)-8-azabicyclo[3 .2.1]octan-3-yl)methanol;
(S)-biphenyl-4—y1(2-isobutyl—4—(pyrimidin—2—y1)piperazin—1-yl)methanone;
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(3'-chlorobiphenyl-4-y1)(8-(pyrimidin-2-y1)-8-azabicyclo [3.2.1]octan-3-yl)methanone;
(S)-(4’-ch10robiphenyl-4-yl)(2-isopropy1-4-(pyrimidin-2-y1)piperazin—1~y1)methanone;
(4'-methylbiphenyl-4-y1)(4—(pyridin—2—yl)piperazin-1-y1)methanone;
(5)-(2-isopropyl-4-(pyrimidin-2-yl)piperazin-1 -y)(4'~(trifluoromethyl)biphenyl-4-
yDmethanone; _
(3'-chlorobiphenyl-4-y1)(1 ~(pyrimidin-2-yl)piperidin-4-yl)methanol;
(S)-(Z-isobutyl-4-(py1‘imidin—2ey1)piperazin—1-yl)(4'—(tn'ﬂuoromethyl)biphenyl-4—
yDmethanone;
(S)—(4'-chlorobipheny1-4-yl)(2—isobuty1—4-(pyrimidin-Z-yl)piperazin-1-yl)methanone;
(3'-chlorobiphenyl-4—yl)(1-(pyrimidin—Z-yl)pynolidin—3 -yl)methanone;
(2',4'-diﬂuorobiphenyl-4—y1)(8~(pyrimidin—2-y1)-8-azabicyclo[3 .2.1]Joctan-3-
yDmethanone;
4'-(4-(pyridin—2-yl)piperazine—1-carbonyl)bipheny1-4-carbonitn'le;
(4-(pyrimidin-2-yl)-1,4-diazepan—1-yl)(3 '—(triﬂuoromethyl)bipheny1-4-yl)methanone;
methyl 1-(5 ’—chloro-2'—ﬂuorobiphenylcarbonyl)-4—(pyrimidin—Z—yl)piperazine-Z-

carboxylate;

| (4-(benzo[d]Joxazol-2-yl)piperazin-1 -y1)(4'-chlorobiphenyl-4-yl)methanone;

@3 '—chlorobipheny1-4-y1)(4-(thiazol~2—y1)piperazin—l-yl)methanone;
(4-(5-chlorothiophen-Z-yl)phenyl)( 1-(pyrimidin—Z-yl)piperidin—4—yl)methanone;
1-(5'-chloro-2'-ﬂuorobiphenylcarbonyl)-4-(pyrimidin-2-yl)piperazine-2-carbonitn'le;
(4-phenylthiophen—2-yl)(4-(pyrimidin—2—y1)piperazin-l-yl)methanone;
bipheny1-4-y1(4-(pyn'midin—2—y1)-3 ,4-dihydroquinoxalin-1 (ZH)-y)methanone;
5 ’-chloro-2'-ﬂuorobiphenyl-4—yl)(8-(pyrimidin-z-yl)-8-azabicyclo[3 .2.1]Joctan-3-
yDmethanol;
(5-phenylfuran-z-yI)(4-(pyn'midin—Z—yl)piperazin-1-yl)methanone;
(4'-chlorobipheny1—4-yl)(5-(pyrimidin—Z-yI)hexahydropyrrolo[3,4-c]pyrrol-2(1H)-
yDmethanone;
4-(4‘-chlorobiphenyl-4-yl)-1-(pyn'midin—Z-yl)piperidin-4-ol;
(5-(pyrimidin-z-yl)hexahydropyrrolo[3,4-c]pyrrol—2(1H)-yl)(4'-
(triﬂuoromethyl)biphenyl-4~yl)methanone;
biphenyl—4-yl(5-(pyridin-2-y1)hexahydropyrrolo[3,4-c]pyrrol~2(lH)-yl)methanone;
3 '-chlorobiphenyl-4-yl)(5-(pyrimidin-2-y1)hexahydropyrrolo[3,4—c]pyrrol-2( 1H)-

yl)methanone; i
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biphenyl-4-y1((2S,5S)-2,5-dimethyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
1-((3'-chlorobiphenyl-4-yl)methyl)-N,N-dimethyl-4-(pyrimidin-2-yl)piperazine-2-
carboxamide;
(2',4'-difluorobiphenyl-4-yl)(3-methyl-1-(pyrimidin-2-yl)piperidin-4-yl)methanone;
(4-(benzo[d]thiazol-2-yl)piperazin-1-yl)(biphenyl-4-yl)methanone;
biphenyl-4-yl(4-(quinolin-2-yl)piperazin-1-yl)methanone;
4-(biphenyl-4-yl)-1-(pyrimidin-2-yl)piperidin-4-ol;
4'-chloro-N-methyl-N-(2-(methyl(pyrimidin-2-yl)amino)ethyl)biphenyl-4-carboxamide;
and
2-(biphenyl-4-yl)-1-(4-(pyrimidin-2-yl)piperazin-1-yl)ethanone.

Preferred compounds of the invention are specific proline transporter inhibitors.
Particular specific proline transporter inhibitors have a PTICs; of less than about 15 0,
125, 100, 75, 50 or 25 nM.

Some compounds inhibit the murine Na*-dependent proline transporter, as
determined by the method described in the Examples below, with an ICs; of less than
about 150, 125, 100, 75, 50 or 25 nM.

Some compounds do not significantly inhibit the dopamine transporter. For
example, some specific proline transporter inhibitors inhibit the dopamine transporter
with an ICsg of greater than about 0.5, 1, 2.5, 5, or 10 uM as determined using the assay
described in the Examples below.

Some compounds do not significantly inhibit the glycine transporter. For
example, some specific proline transporter inhibitors inhibit the glycine transporter with
an ICs of greater than about 0.5, 1, 2.5, 5, or 10 1M as determined using the assay

described in the Examples below.

5.3.  Preparation of Compounds

Compounds of the invention may be obtained or prepared using synthetic methods
known in the art, as well as those described herein. For example, various piperazine-

based compounds can be prepared according to the general approach shown in Scheme I:
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Y
Y

Scheme I

In this approach, a'compound of formula 1 (D; and D, are defined herein) is contacted
with a compound of formula 2 (G; and G, are defined herein) under suitable conditions to
5  provide a compound of formula 3. Suitable conditions include, for example, EDCI,
HOBt, and Hunig’s base in DMF. Compound 3 is then contacted with compound 4 under
‘suitable conditions to provide a compound of formula 5. Suitable conditions include, for
example, Pd(PhsP)4, K3PO4, DME, water and heat.

Various piperidine-based compounds can be prepared according to the general
10 approach shown below in Scheme II:

Br Ga, Hal
\J1 O
P Gy /©/
v,
\N 1\J3/ 2 7 \N/U\O Hal 9
l ' N_ _G
0 N 0 23
e - \f !
6 ‘ 8 G1\J¢J2
.~ B(OH): o) Ga=dy
AY
j (7 <
// G1_J3
R 4
N Gz -
%
Hal \f k _ 11
10 SN
- \ | /
R
Scheme II

In this approach, a compound of formula 6 (e.g., as a TFA salt) is contacted with a

15 compound of formula 7 (G, Ga, 1, J2 and J5 are defined herein) under suitable conditions
-21-
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to provide compound 8. Suitable condition’s include, for example, TEA and heat.
Compound 8 is then contacted with compound 9 under suitable conditions to provide
compound 10. Here, suitable conditions include, for example, n-BuLi in THF.
Compound 10 is then contacted with a compound of formula 4 to provide the final
5 compound, 11. Here, suitable conditions include, for example, Pd(PhsP)4, K3PO4, DME,
water and heat. '
If desired, compounds of formula 11 can be reduced under suitable conditions

(e.g., sodium borohydride) to provide compounds of formula 12, as shown below in
Scheme II:

0] Gé=J1 HO G2=J1
< \ < \
N \ //Jz N \ //Jz

o DR
D2 2

10 R R
Scheme II1

Compounds containing an ether link can be prepared by routes such as that shown

in Scheme IV:
OH
R

N
AN

OH E“/
2.

q - 1702 O/ Fa 15
Jz\ //G1 Jz\ 431
13 14
2\ //G1
15 : Scheme IV

In this approach, a compound of formula 13 is reduced (e.g., with sodium borohydride) to
provide compound 14, which is then coupled under suitable reaction conditions with a

compound of formula 15 to provide compound 16. Suitable reaction conditions include,
for example, PPh; and DEAD in THF.
-22-
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Compounds containing a methylenie link ‘can be prepared by routes such as that

shown in Scheme V:
Br Ry )Ri
R Ry EF 'Ez
1
E1\ R2 R1 \ E3
[ ] 4 !
(\NH R “EZ % 18 2
o M .
E&Gz [ j
17 19
G1/ Gy
.
Scheme V

In this approach, a compound of formula 17 is contacted with compound 18 under
suitable reaction conditions to provide compound 19. Suitable reaction conditions
include, for example, potassium carbonate in DMF.

Some specific reaction conditions that can be used in the various synthetic

schemes shown above are provided in the Examples, below.

5.4. Methods of Treatment

One embodiment of this invention encompasses a method of inhibiting a proline
transporter which comprises contacting a proline transporter (in vitro or in vivo) with a
sufficient amount of a compound of the invention. Preferred proline transporters are
encoded by the human gene SLC6A7, the murine ortholog thereof, or a nucleic acid
molecule that encodes a proline transporter and that hybridizes under standard conditions
to the full length of either.

Another embodiment encompasses a method of improving the cognitive
performance of a human patient, which comprises administering to the patient an
effective amount of a compound of the invention. Examples of improved cognitive
performance include enhanced learing (e.g., learning more quickly), improved
comprehension, improved reasoning, and improved short- and/or long-term memory.

Another embodiment encompasses a method of treating, managing or preventing a
disease or disorder in a human patient, which comprises administering to the patient a

therapeutically or prophylactically effective amount of a compound of the invention.

- Examples of diseases and disorders include Alzheimer’s disease, autism, cognitive
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disorders (e.g., difficulty in thinking, reasbning, or problem solving), dementia, learning
disorders (e.g., dyslexia, dyscalculia, dysgraphia, dysphasia, dysnomia), and short- and
long-term memory loss. Additional disorders include adverse sequelae of brain damage

caused by, for example, oxygen starvation, traumatic injury or stroke.

5.5. Pharmaceutical Compositions

This invention encompasses pharmaceutical compositions and dosage forms
comprising compounds of the invention as their active ingredients. Pharmaceutical
compositions and dosage forms of this invention may optionally contain one or more
pharmaceutically acceptable carriers or excipients. Certain pharmaceutical compositions
are single unit dosage forms suitable for oral, topical, mucosal (e.g., nasal, pulmonary,
sublingual, vaginal, buccal, or rectal), parenteral (e.g., subcutaneous, intravenous, bolus
injection, intramuscular, or intraarterial), or transdermal administration to a patient.
Examples of dosage forms include, but are not limited to: tablets; caplets; capsules, such
as soft elastic gelatin capsules; cachets; troches; lozenges; dispersions; suppositories;
ointments; cataplasms (poultices); pastes; powders; dressings; creams; plasters; solutions;
patches; aerosols (e.g., nasal sprays or inhalers); gels; liquid dosage forms suitable for
oral or mucosal administration to a patient, including suspensions (e.g., aqueous or non-
aqueous liquid suspensions, oil-in-water emulsions, or a water-in-oil liquid emulsions),
solutions, and elixirs; liquid dosage forms suitable for parenteral administration to a
patient; and sterile solids (e.g., crystalline or amorphous solids) that can be reconstituted
to provide liquid dosage forms suitable for parenteral administration to a patient.

The formulation should suit the mode of administration. For example, oral
administration may require enteric coatings to protect the active ingredient from
degradation within the gastrointestinal tract. In another example, the active ingredient
may be administered in a liposomal formulation to shield it from degradative enzymes,
facilitate transport in circulatory system, and/or effect delivery across cell membranes to
intracellular sites.

The composition, shape, and type of dosage forms of the invention will typically
vary depending on their use. For example, a dosage form used in the acute treatment of 2
disease may contain larger amounts of one or more of the active ingredients it comprises
than a dosage form used in the chronic treatment of the same disease. Similarly, a
parenteral dosage form may contain smaller amounts of one or more of the active

ingredients it comprises than an oral dosage form used to treat the same disease. These
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and other ways in which specific dosage forms encompassed by this invention will vary
from one another will be readily apparent to those skilled in the art. See, e. g,
Remington’s Pharmaceutical Sciences, 18th ed., Mack Publishing, Easton PA (1990).

6. EXAMPLES
6.1. SLCG6A7-Deficient Mice

To determine the effect of inhibiting the Na*-dependent proline transporter, mice
homozygous for a genetically ‘engineered mutation in the murine ortholog of the human
SLC6A7 gene (“knockout” or “KO” mice) were generated using correspondingly mutated
ES cell clones from the OMNIBANK collection of mutated murine ES cell clones (see
generally U.S. Patent No. 6,080,576).

Mice that were heterozygous, homozygous, or wildtype for the mutated allele
were produced by breeding heterozygous animals capable of germline transmission of the
mutant allele. The mutated allele assorted according to standard Mendelian genetics.

The mice were subjected to a battery of medical and behavioral tests, including those

described below.
6.1.1. Trace Conditioning

Trace aversive conditioning measures a form of classical conditioning with
temporal separation between the end of a conditioned stimulus (CS) (in this case an 80 db
tone) and the onset of an unconditioned stimulus (US) (in this case a 0.7 mA electric
current) that are separated by a temporal “trace” (approximately 30 seconds). This aséay
measures higher-order learning (usually associated with hippocampal finction or the
cortex) by determining how rapidly the test subjects learn to associate the US with CS.
The test animals are scored by calculating the percent freezing time as determined by
comparing the difference between percent freezing post-CS and the percent freezing pre-
CS.

As shown in Figure 1, both male and female animals that were homozygous for
the mutation in the murine ortholog of the SLC6A7 gene displayed significantly higher
freezing percentages (approximately 50 percent for an average of 16 test animals) as
compared to their wildtype control counterparts (approximately 30 percent for an average
of 16 control animals). These results indicate that homozygous mutant animals perform

significantly better in this well established test for cognitive performance.
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6.1.2. Water Maze

The Morris water maze used a circular pool 2 meters in diameter and 40 cm in
depth. See, e.g., Morris, 1984, J. Neurosci. Methods 11:47-60, Guillou et al., 1999, J.
Neurocsci. 19:6183-90. The pool was filled to a depth of 30 cm with water at a
temperature of 24-26°C, made opaque by the addition of non-toxic water-based paint.
The “escape” platform was about 30 cm high with a plastic disc 18 cm in diameter on top.
The platform was placed about 0.5 cm below the water surface. The mouse was released
into the pool facing the wall from one of 4 start positions labeled as N (North), S (South),
W (West) or E (East). A videotracking system comprising the camera and the
WaterMaze image software (Actimetrics, Inc.) divided the pool into 4 equal quadrants
designated as SE, SW, NE, and NW. The software calculates the latency to reach
platform, distance to the platform, time spent in each quadrant, swimming speed, and
other parameters. |

Each trial lasted until the mouse climbed onto the platform or 90 seconds had
elapsed. If the mouse did not reach the platform in 90 seconds, the experimenter took it
out of the water and gently placed it on the platform. At the end of each trial the mouse
remained on the platform for further 20 seconds. There were 4 trials with platform per
day with 8-12 min inter-trial intervals. During the 1nter-tnal interval the mouse was kept
in a clean cage under a heat lamp.

Typically one of two basic protocols were used: the first includes visible and
hidden platform phases, and the second only uses a hidden platform phase; both protocols
end with a 2 day reversal phase.

The visible phase generally precedes the hidden platform phase. In the visible

- phase, the pool was surrounded with white curtains in order to hide all external-maze
cues/references. During this phase, the platform was made visible with a metal cylinder 8
cm h x 3 cm, which was put on the platform. The start position was the same on each
trial, while platform location was randomly changed during the trials. This phase lasted
for approximately 3 days.

In the hidden platform phase, the platform was no longer marked and the curtains
were removed. A variety of extra-maze cues were optionally placed around the pool.
Here the start position was changed every trial, while the platform remained in the same

location. This phase typically lasted about 7 days.
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Probe trials were run before the training trials on day 1 and 5 of the hidden phase,

and on day 1 of the visible phase, and also after the last trial on day 3 of the visible phase.

' During the probe trial, the platform was removed from the pool and the mouse was placed

in the pool facing the wall in the quadrant opposite from the platform quadrant, The
mouse swam for 60 sec and the percentage of time spent in each quadrant was recorded.

In the reversal phase, on each of 2 days, 5 trials were run. During the first trial the
platform location was the same as it was in the hidden phase. In the next four trials, the
platform was moved to the opposite quadrant. On the following day the platform was
there on first trial and then again moved to the left or right adjoining quadrant for the last
4 trials. The start position was always kept opposite to the platform location.

When the above methods were used with SLC6A7 KO mice (n=12) and WT (n=7)
controls, mice were first subjected to the visible platform task. Repeated measures (RM)
and analysis of variance (AN OVA) were used to analyze genotype effect on the latency to
reach platform over 11 trials.

The trial effect was F(10, 170) =8.57, p < 0.001; the Genotype effect: F(1, 17) =
0.65, p < 0.43, interaction Genotype x Trial: F(10, 170) = 0.42, 2 <0.93. Initially, there
was no difference between WT and KO subjects, but a significant decrease in the latency
over trails was observed.

When the trials progressed to the hidden platform task, RM ANOVA revealed a
significant effect of the trials on the latency to reach platform: F(19,323)=7.2,p <
0.001. There was also a significant effect of genotype on same parameter: F(1, 17) = 8.0,
p < 0.012; interaction Genotype x Trials was £1(19, 323) = 1.16, p < 0.29. Overall, KO
subjects had significantly shorter latencies to platform. No significant difference in
swimming speed was detected so faster swimming did not account for the faster
performance by the KO animals,

During the reversal phase, RM ANOVA was run on 4 trials with the platform
switched to another quadrant on each of two days. On both days of reversal phase effect
of trials was significant: Fi(3, 5 1)>6.4, p <0.001 indicating that both genotypes relearn
well. However, there was no significant difference between them on each day of reversal:
Fs(1,17) <0.75, ps > 0.39, although KO mice did tend to reach the platform faster.

During probe trials, the percent of time spent in each quadrant was compared with
25% chance for WT and KO mice by non-parametric Mann-Whitney test. The first two

probe trials run before hidden phase the percent time was not different from chance in
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each quadrant for both genotypes. In the third probe trial run on the fifth day of hidden
phase, the platform quadrant time was significantly different from chance for WT [p<
0.05] and KO mice [p < 0.001]; and the opposite quadrant time was significantly different
for KO mice [p < 0.001].

5 The above data indicate that KO mice learned the hidden platform task more
quickly than WT animals. The data further establish that the observed difference cannot

be explained by differences in visual abilities or swimming speed between genotypes.

6.2, Preparation of (4-Pyrimidin-2-yl-piperazin-1-yl)-[4-(4-

chloromethxlghenylphenvl]-methanone
0
N/\
LA
® 12
Cl &

To a solution of 4'-chloro-biphenyl-4-carboxylic acid (0.1 g, 0.43 mmol) and 1-(2-
pyrimidyl)-piperazine (0.07 g, 0.43 mmol) in methylene chloride (3 ml), was added EDCI
(0.098 g, 0.43 mmol) and HOAt (0.07 g, 0.43 mmol) triethylamine (0.07 ml, 0.52 mmol).

The mixture was stirred for 16 hours and then washed with brine. The layers were

10

15  separated, and the organic phase was dried over magnesium sulfate and concentrated.
The resulting oil was puriﬁed by flash chromatography, and a white solid (0.11g) was
collected. Spectral data was consistent with structure, MS (M+1) =379. HPLC (> 95

%). "H NMR (CDCI3) 8.35 (d, 2H), 7.55 (m, 8H), 6.58 (1, 1H), 3.80 (bm, 8H).

6.3.  Preparation of (4-Pvrimidi
20 triﬂuoromethxl—phenyl!—pyridin—3-yl]-methanone

0O

™

LN NG
N \NWJ
g

The title compound was prepared from (6-chloro-pyridin-3—yl)-(4-pyrimidin-2—y1—

piperazin-1-yl)-methanone as described below.
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(6-Chloro-pyridin-3-yl)-(4-pyrimidin-2-yl-piperazin-1-y1)-methanone: To a
solution of chloronicotinic acid (2.51 g, 15.9 mmol) in DMF (64 ml), EDCI (4.57 g, 23.9
mimol) and HOBt (3.23 g, 23.9 mmol) were added. Hunig’s base (19.3 ml, 111 mmol)

was added and the reaction was allowed to stir for 5 minutes. After this induction period,

piperazine (4.52 g, 19.1 mmol) was added and the reaction stirred at room. temperature,
After stitring for 72 hours, the reaction was diluted with ethyl acetate and water. The
layers were separated, and the aqueous portion was extracted twice more with ethyl
acetate. The combined organic layers were washed with water three times and once with
brine, dried over MgSOy, filtered, and concentrated. The crude product was purified by
silica gel chromatography using 20-25% acetone/hexanes, yielding the product (2.05 g,
42%) as a tan solid: '"H NMR (400 MHz, CDCL) & 8.49 (d, /~1.8 Hz, 1H), 8.34 (d, =4.7
Hz, 2H), 7.77 (4d, J=8.2, 2.4 Hz, 1H), 7.43 (d, /=8.1 Hz, 1H), 6.57 (t, /~4.8 Hz, 1H),
3.89 (bs, 6H), 3.52 (bs, 2H); m/z calcd. for C14H14CINsO: 303.08 found: (M-+H)" 304.1;
HPLC retention time = 1.822 min (gradient of solvent B — 0 to 100%; wavelength 254
nm), purity = 100%. ,

(4-Pyrimidin-2-yl-piperazin-1-yD-[6-(3 -trifluoromethyl-phenyl)-pyridin-3-yl]-

ethanone: In a microwave reaction vessel, (6-chloro-pyridin-3 -yD)-(4-pyrimidin-2-yl-
piperazin-1-yl)-methanone (1.12 g, 3.69 mmol) Was taken up in DME (15 ml). To this
solution, boronic acid (1.36 g, 7.38 mmol), potassium phosphate (2.35 g, 11.1 mmol) and
water (5 ml) were added. This mixture was then degassed using nitrogen, and the tetrakis
tﬂphenylphosphine palladium (0.426 g, 0.369 mmol) was added and the vessel sealed.
The reaction was heated in the microwave at 160°C for 5 minutes. After the reaction was
complete, 1 N NaOH solution was added, and extraction twice with CH,Cl, followed.
The combined organic portions were washed with brine, dried, filtered, and concentrated,
The crude product was purified by silica gel chromatography using 10-25% acetone in
hexanes, yielding the final product (1.29 g, 85%) as a white solid: 'H NMR (400 MHz,
CDCl;) & 8.80 (d, J=1.3 Hz, 1H), 8.34 (d, /=4.8 Hz, 2H), 8.32 (s, 1H), 8.22 (d, /=7.8 Hz,
1H), 7.93 (dd, J=8.1, 2.2 Hz, 1H), 7.87 (d, J=8.1 Hz, 1H), 7.72 (d, J=7.7 Hz, 1H), 7.63 (t,
J=7.8 Hz, 1H), 6.57 (t, /~4.7 Hz, 1H), 3.91 (bs, 6H), 3.60 (bs, 2H); *C NMR (100 MHz,
CDCl) 6 167.81, 161.42, 157.80, 156.93, 148.18, 139.06, 136.46, 131.52, 131.20,
130.26, 130.17, 129.39, 126.20, 126.16, 126.13, 125.36, 123.99, 123.95, 123.92, 123.88,
122.65, 120.27, 110.69; m/z calcd. for C21HigF3N50: 413.15 found: (M+H)" 414.05;
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HPLC retention time = 3.233 min (gradient of solvent B — 0 to 100%; wavelength 254
nm); purity = 100%; mp = 124-126°C.

6.4. Preparation of (4-Pyrimidin-2-yl-piperazin-1-yl)-(5-p-tolyl-pyridin-2-

yD-methanone

—N /\ O
L
NN

To a solution of 5-bromo-2-iodopyridne (100 mg, 0.35 mmol, Song et al., Org.
Lett.; 6: 4905-4907 (2004)) in THF (1 ml) was added isopropyl magnesium chloride (2 M
in THF, 0.185 ml) at 0°C. Afier being stirred for 45 minutes, a solution of 1-pyrimidin-2-
y1-1,2,3,6-tetrahydro-pyridin-4-carboxylic acid methoxy-methyl amide (61 mg, 0.245
mmol) was added. The hﬁxture was stirred at room temperature for another 1.5 hours and
quenched with addition of water (15 m1) and EtOAc (50 ml). The aqueous phase was
further extracted with EtOAc (20 ml). The combined organic layers were washed with
brine (10 ml), dried (MgSO,), filtered, and concentréted under reduced pressure to furnish
the crude product. This material was purified by column chromatography (3% ‘
MeOH/CH,Cl) to give (5-bromo-pyridin—2-yl)-(4—pyrimidin—2-y1—piperazin—1—y1)—
methanone (25 mg, 25% for two steps) as a white solid: 'H NMR (CDCl3, 400 MHZ) &
8.75 (m, 1 H), 8.31 (d, J= 6.4 Hz, 2 H), 7.98 (m, 2 H), 6.47 (t, J= 6.4 Hz, 1 H), 4.84 (m,
2 H), 4.09 (m, 1 H), 3.11 (m, 2 H), 1.74 (m, 2 H), 1.66 (m, 2 H); MS calc’d. for
C14H15BiNsO [M+H]": 349; Found: 349.

Following the general procedures for the Suzuki reactions, the title compound was
obtained in 69% yield as an off-white solid: 'H NMR (CDCl3, 400 MHz) & 8.92 (m, 1
H), 8.33 (d, /= 6.4 Hz, 2 H), 8.05 (m, 1 H), 7.54 (m, 1 H), 6.48 (t, J= 6.4 Hz, 1 H), 4.85
(m, 2 H), 4.22 (m, 1 H), 3.12 (m, 2 H), 2.44 (s, 3 H), 2.02 (m, 2 H), 1.75 (m, 2 H); MS
cale’d. for Cz1HpNsO [M+HT": 359; Found: 359.
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6.5. Preparation of (3.4,5.6-Tetrahydro-2H-[1 2'|bipyridinyl-4-y1)-(3'-
 trifluoromethyl-biphenyl-4-yI)-methanone

F
F~OF
The title compound was prepared from (4-bromo-phenyl)~(3,4,5,6-tetrahydro-2H-
[1,2']bipyridinyl-4-yl)-methanone as described below.
3.4.5,6-Tetrahydro-2H-[1,2'Ibipyridinyl-4-carboxvlic acid methoxy-methyl-

amide: In a sealed tube, Weinreb amide (0.5515 8, 1.927 mmol) was taken up in absolute
ethanol (10 ml) and 2-bromopyridine (0.19 ml, 1.927 mmol) and triethylamine (0.81 m],
5.781 mmol) were added. The tube was sealed and heated at 150°C for at least 48 hours.
The reaction was then diluted with CH,Cl,, washed with water and brine, dried over
MgSO0, filtered, and concentrated. The crude product was purified by silica gel
chromatography using 10-20% acetone in hexanes, yielding the product (0.1375 g, 29%)
as a brown oil: 'H NMR (400 MHz, CDCl;) 6 8.17 (dd, J=4.9, 1.2 Hz, 1H), 7.46 (m, 1H),
6.66 (d, /=8.6 Hz, 1H), 6.58 (m, 1H), 4.35 (dt, /=13.0, 2.9 Hz, 2H), 3.74 (s, 3H), 3.20 (s,
3H), 2.91 (m, 3H), 1.83 (m, 4H); m/z caled. for C;3H;sN30,: 249.15 found: (M+H)+
250.05; HPLC retention time = 1.533 min (wavelength 220 nm), purity = 98.4%.
(i—Bromo-phenvl)-(B,4,5,6-tetrahvdro-2H-[1,2’]bipvridinvl—4-v1)-methanone: A
solution of 1,4-dibromobenzene (0.223 & 0.944 mmol) in anhydrous THF (3.0 ml) was
cooled to ~78°C. To the cooled solution, n-butyllithium (1.6 M in hexanes, 0.47 ml,

0.746 mmol) was added dropwise, and the reaction stirred at -78°C for 45 minutes. A
solution of the 3,4,5,6-tetrahydro-2H-[1,2']bipyn'dinyl—4—carboxylic acid methoxy-
methyl-amide (0.124 g, 0.497 mmol) in anhydrous THF (3.0 ml) was then added
dropwise to the reaction. The reaction stirred at -78°C for 3 hours and at 0°C until
complete. The reaction was quenched at 0°C by the addition of 1 N HCl (5 ml) and
saturated NaHCO3 (7.5 ml). The mixture was extracted with ethyl acetate, washed with
brine, dried over MgSQ,, filtered, and concentrated. The crude product was purified by
silica gel chromatography using 3-10% acetone in hexanes, yielding the product (0.1220
g, 71%) as a colorless oi: 'H NMR (400 MHz, CDCl3) 6 8.16 (dd, J=4.9, 1.2 Hz, 1H),
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7.81 (m, 2H), 7.61 (m, 2H), 7.46 (m, 1H), 6.67 (d, J=8.7 Hz, 1H), 6.59 (dd, J=6.7, 5.1 Hz,
1H). 4.33 (dt, J/=13.1, 3.1 Hz, 2H), 3.42 (m, 1H), 3.14 (m, 2H),1.93 (d, J=13.2, 2.2 Hz,
2H), 1.82 (m, 2H); °C NMR (100 MHz, CDCls) 201.20, 159.20, 147.87, 137.53, 134.57,
132.28, 129.80, 128.20, 113.09, 107.34, 45.01, 43.76, 28.01; m/z calcd. for C;7H;7BIN,O:
344.05 found: (M+H)" 347.1; HPLC retention time = 3.205 min (wavelength 254 nm),
purity = 100%.
(3.4.5,6-Tetrahydro-2H-[1,2bipyridinyl-4-y1)-(3'-trifluoromethyl-biphenyl-4-y1)-
methanone: In a vial, (4-bromo-phenyl)-(3,4,5,6-tetrahydro-2H-[1,2"Ibipyridinyl-4-y1)-
methanone (0.0634 g, 0.184 mmol) was taken up in DME (1.5 ml). To this solution,
boronic acid (0.0846 g, 0.460 mmol), potassium phosphate (0.117 g, 0.551 mmol) and

water (0.4 ml) were added. This mixture was then degassed using nitrogen. The tetrakis
triphenylphosphine palladium (0.0213 g, 0.0184 mmol) was added, and the vial sealed.
The reaction was then heated at 80°C for 18 hours. After completion, 1 N NaOH solution
was added and extraction twice with CH,Cl, followed. The combined organic portions
were washed with brine, dried, filtered, and concentrated. The crude product was purified
by silica gel chromatography using 5-10% acetone in hexanes yielding the final product
(0.042 g, 56%) as a white solid: 'H NMR (300 MHz, CDCl;) § 8.19 (dd, J=4.9, 1.2 Hz,
1H), 8.08 (d, J=8.5 Hz, 2H), 7.87 ‘(s, 1H), 7.81 (d, J=7.5 Hz, 1H), 7.72 (d, J=8.5 Hz, 2H),
7.63 (m, 2H), 7.48 (m, 1H), 6.71 (d, J=8.6 Hz, 1H), 6.62 (dd, J=6.8, 5.2 Hz, 1H), 4.34 (dt,
J=13.1, 3.0 Hz, 2H), 3.54 (m, 1H), 3.06 (m, 2H), 2.01 (dd, J=13.1, 2.5 Hz, 2H), 1.92 (dd,
J=11.3, 4.0 Hz, 1H), 1.84 (m, 1H); m/z calcd. for C,4H,;F3N,0: 410.16 found: M+
411.05; HPLC retention time = 3.313 min (wavelength 254 nmy), purity = 96.9%.
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6.6.  Preparation of ( 1-(Pyrimidin-2-yD)piperidin-4-yI)(4-4-
trifluoromethylphenyl)-phenyl)methanone

F
F

The title compound was prepared from (4-bromophenyl)(1-(pyrimidin-2-
yDpiperidin-4-yl)methanone as described below.
N-methoxy-N-methylpiperidine-4-carboxamide: A mixture of N-tert-

butoxycarbonyl isonipecotic acid (1.50 g, 6.54 mmol, 1 eq), 1-(3-dimethylaminopropyl)3-
ethylcarbodiimide hydrochloride (1.88 g, 9.81mmol, 1.5 eq), 1-hydroxybenzotriazole
(1.33 g, 9.81 mmol, 1.5 eq), and N,N-dimethylformamide (26 ml) was treated with N,N-
diisopropylethylamine (4.60 ml, 26.2 mmol, 4 eq). The resultant yellow solution was
stirred at room temperature for 5 minutes, and then N,O-dimethylhydroxylamine
hydrochloride (766 mg, 7.85 mmol, 1.2 eq) was added, and stirring continued for 92
hours. The reaction mixture was diluted with 100 ml of ethyl acetate and washed
sequentially with 1 N aq. NaOH, 1 N aq. HCI and brine. The organic phase was dried
over Na;SO4 and concentrated to give an oil which was used with no further purification,

This oil was dissolved in 1:2 trifluoroacetic acid/dichloromethane (9 ml), and the
reaction mixture was stirred at ambient temperature for 17 hours and then concentrated.
Ether (30 mI) was added and the white solid which formed was collected by filtration,
washed with ether and dried to afford 1.50 g (80% yield, 2 steps) of analytically pure
product: 400 MHz '"H NMR (d-DMSO): 8.55 (br s, 1 H), 8.25 (brs, 1 H), 3.69 (s, 3 H),
3.31 (m, 2 H), 3.10 (s, 3 H), 2.98 (m, 3 H), 1.65-1.84 (m, 4 H).

N-methoxy-N-methyl-1- (nvnrmdm—Z-vl)nmeradmeA carboxamide: A mixture of

N-methoxy-N-methylpiperidine-4-carboxamide (1.50 g, 5.25 mmol, 1 eq), 2-
chloropyrimidine (634 mg, 5.25 mmol, 1 eq), triethylamine (2.20 ml, 15.8 mmol, 3 eq),
and ethanol (21 ml) was heated at 100°C in a sealed tube for 19 hours. The reaction
mixture was allowed to cool to room temperature and then concentrated. The residue was
dissolved in dichloromethane, washed with water and brine, dried over Na,SO,, and
concentrated. Column chromatography (silica gel, 50% — 60% ethyl acetate/hexanes)
gave 1.28 g (97% yield) of the product as a colorless oil: HPLC: 100% pure at 1.905 min
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(YMC-Pack ODS-A 4.6 x 33 mm column, '0% —100% solvent B over 4 min, 3 ml/min,
220 nm); LCMS (M+H)" =251.05; 400 MHz 'H NMR (CDCl;) 8.29 (d, J = 4.7 Hz, 2 H),
6.45 (t, J = 4.7 Hz, 1 H), 4.80 (m, 2 H), 3.73 (s, 3 H), 3.19 (s, 3 H), 2.95 (m, 3 H), 1.70-
1.84 (m, 4 H).

(4-Bromophenyl)(1-(pyrimidin-2-yl)piperidin-4-yl)methanone: A solution of 1,4-
dibromobenzene (2.29 g, 9.72 mmol, 1.9 eq) in THF (20 ml) under N, was cooled to -
78", and n-butyllithium (1.6 M in hexanes, 4.8 ml, 7.67 mmol, 1.5 eq) was added

dropwise. The reaction mixture was stirred at -78°C for 40 minutes, and a solution of N-

methoxy-N—methyl-l-(pyrimidin—Z-yl)piperadine-4-carboxamide (1.28 g, 5.11 mmol, 1
eq) in THF (5 ml) was added dropwise via a cannula. After 3 hours at -78°C, the reaction
mixture was warmed to 0°C, stirred for 1hour, and then quenched with 1 N aq. HC1 (10
ml). The mixture was diluted with 150 ml of ethyl acetate, washed sequentially with
saturated aq. NaHCO; and brine (75 ml each), and the organic phase was dried over
Na;SO4 and concentrated. Column chromatography (silica gel, CH,Cl, — 3.5% ethyl
acetate/ CH,Cl,) afforded 1.47 g (83% yield) of the product as a pale yellow solid:
HPLC: 99% pure at 3.748 min (YMC-Pack ODS-A 4.6 x 33 mm column, 0% —100%
solvent B over 4 min, 3 ml/min, 220 nm); LCMS (M+H)" = 345.90; 400 MHz 'H NMR.
(CDCl;) 8.31 (d, J = 4.7 Hz, 2 H), 7.83 (d,J=85Hz 2H),7.63(d, ] =8.5Hz,2 H), 6.48
(t, J=4.7Hz, 1 H), 4.81 (m, 2 H), 3.49 (m, 1 H), 3.08 (m, 2 H), 1.72-1.95 (m, 4 H).
(1-(Pyrimidin-2-yl)piperidin-4-yI)( 4-4-trifluoromethylphenyl)-phenyl)methanone:

A mixture of (4-bromophenyl)( 1-(pyrimidin-2-yl)piperidin-4-yl)methanone (66 mg, 0.19
mmol, 1 eq), 4-trifluoromethylphenylboronic acid (91 mg, 0.47 mmol, 2.5 eq), potassium
phosphate (122 mg, 0.57 mmol, 3 eq), and Pd(PPhs), (22 mg, 0.019 mmol, 0.1 eq) in 3:1
DME/water (2 ml) was heated at 80°C under N; for 16 hours. The reaction mixture was
cooled to room temperature, pbured into 1 N'NaOH, and extracted twice with
dichloromethane. The combined organic layers were dried over Na;SO, and
concentrated. Column chromatography (silica gel, 25% ethyl acetate/hexanes) afforded
58 mg (73% yield) of the final product as a white solid: HPLC: 97% pure at 4.523 min
(YMC-Pack ODS-A 4.6 x 33 mm column, 0% —>100% solvent B over 4 min, 3 ml/min,
220 nm); LCMS (M+H)" = 412.20; 300 MHz 'H NMR (CDCl;) 8.32 (d, ] =4.7 Hz, 2 H),
8.08 (d, J = 8.4 Hz, 2 H), 7.70-7.74 (m, 6 H), 6.48 (t, 1 = 4.7 Hz, 1 H), 4.83 (m, 2 H), 3.58
(m, 1 H), 3.12 (m, 2 H), 1.75-2.01 (m, 4 H).
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6.7. Preparation of (1-
trifluoromethylphenyl)-phenyl)methanol

OH

F

Sodium borohydride (3.0 mg, 0.080 mmol, 1.5 eq) was added to a solution of (1~
(pyrimidin-2-yl)pip eridin—4—y1)(4-4-triﬂuoromethylphenyl)phenyl)methanone (22 mg,
0.053 mmol, 1 eq) in 1:1 methanol/dichloromethane. The reaction mixture was stirred at
room temperature for 1 hour and then slowly quenched with saturated aq. NaHCOs. The
biphasic mixture was extracted twice with dichloromethane, and the combined organic
layers were dried over Na,SO, and concentrated. Preparative TLC (500 um silica gel, -
33% ethyl acetate/hexanes) gave 17 mg (77% yield) of the product as a white solid:
HPLC: 100% pure at 4.285 min (YMC-Pack ODS-A 4.6 x 33 mm column, 0% —>100%
solvent B over 4 min, 3 ml/min, 220 nm); LCMS (M+H)" = 414.10; 300 MHz "H NMR
(CDCl3) 8.27 (d, J = 4.7 Hz, 2 H), 7.69 (s, 4 H), 7.59 (d,7=83Hz,2H),7.42(d, =82
Hz, 2 H), 6.43 (t, ] = 4.7 Hz, 1 H), 4.71-4.87 (m, 2 H), 4.48 (m, 1 H), 2.72-2.89 (m, 2 H),
1.88-2.11 (m, 3 H), 1.19-1.49 (m, 3 H),

6.8.  Preparation of Biphenyl-4-yl-( 1-pyrimidin-2-yl-1,2,3,6-tetrahydro-

pyridin-4-yl)-methanone
—N 0
Lo

To a solution of 2-chloropyrimidine (300 mg, 2.619 mmol) in dioxane (5 ml), was
added piperidin-4-one hydrochloride monohydrate (402.3 mg, 2.619 mmol) at room
temperature. The mixture was heated at 80°C overnight and concentrated under reduced
pressure. The residue was treated with EtOAc (30 ml) and saturated NaHCO, (10 ml).
After separation of the layers, the aqueous phase was extracted with EtOAc (2 x 10 ml).

The combined organic layers were washed with brine (10 ml), dried (MgSQy), filtered,
-35.
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and concentrated under reduced pressure t6 furnish a crude product, This material was
purified by column chromatography (40% EtOAc/hexanes) to give 1-pyrimidin-2-yl-
piperidin-4-one (320 mg, 53%) as an off-white solid: 'H NMR (CDCl3, 400 MHZz) 6 8.38
(d, /=6.4Hz, 2 H), 6.61 (t, /= 6.4 Hz, 9 H), 4.16 (t, /=5.6 Hz, 2 H),2.53 (t,J=5.6 Hz,
2 H).

To a solution of LDA (prepared from diisopropylamine (167.4 mg, 1.658 mmol)
and n-BuLi (2.5 M in hexanes, 0.663 ml, 1.658 mmol) at -78°C, was added a solution of
the above 1-pyrimidin-2-yl-piperidin-4-one (320 mg, 1.382 mmol). The mixture was
stirred at the same temperature for 1 hour, followed by the addition of PhNTS; (543.1 mg,
1.52 mmol). The breaction mixture was warmed up to room temperature and stirred for 3
hours before it was quenched with the addition of saturated ammonium chloride (15 ml)
and EtOAc (40 ml). After separation of the layers, the aqueous phase was extracted with
EtOAc (2 x 10 ml). The combined organic layers were washed with brine (10 ml), dried
(MgSOy), filtered, and concentrated under reduced pressure to furnish the crude product.
This material was purified by column chromatography (20% EtOAc/hexanes) to give the
corresponding triflate (210.7 mg, 49%) as a white solid as long with recovered starting
material (142.9 mg): "H NMR (CDCls, 400 MHz) 6 8.37 (d, /= 6.4 Hz, 2 H), 6.59 (t, J=
6.4 Hz, 1 H), 5.91 (m, 1 H), 4.41 (m, 2 H), 4.11 (t, J=5.6 Hz, 2 H), 2.55 (m, 2 H); MS
cale’d for CioH 1 F3N30;S [M+H]*: 310; Found: 310.

To a solution of the above triflate (210.7 mg, 0.682 mmol) in methanol (10 m1),
was added Pd(OAc); (10.7 mg, 0.047 mmol), PPhs (31.3 mg, 0.119 mmol) and
diisopropyl ethylamine (352.6 mg, 2.728 mmol) at room temperature. Carbon monoxide
was bubbled through the solution for 4 hours before the mixture was concentrated under
reduced pressure. The residue was treated with EtOAc (30 ml) and water (10 ml). The
aqueous phase was further extracted with EtOAc (2 x 10 ml). The combined organic
layers were washed with brine (10 ml), dried (MgSOy), filtered, and concentrated under
reduced pressure to furnish the crude product, This material was purified by column
chromatography (30% EtOAc/hexanes) to give l-pyrimidin-2-yl-1,2,3,6-tetrahydro-
pyridin-4-carboxylic acid methyl ester (73.8 mg, 50%) as white crystals: 'H NMR
(CDCl3, 400 MHz) § 8.37 (d, /= 6.4 Hz, 2 H), 7.04 (m, 1 H), 6.54 (1, J= 6.4 Hz, 1 H),
4.41 (m, 2 H), 3.98 (t, /= 5.6 Hz, 2 H), 3.79 (s, 3 H), 2.52 (m, 2 H). _

To a suspension of 1~pyrimidin—2-y1-1,2,3,6-tetrahydro-pyridin—4-carboxylic acid
methyl ester (73.8 mg, 0.337 mmol) and N-methyl-O-methyl hydroxylamine
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hydrochleride (51.0 mg, 0.552 mmol) in THF (3 ml), was added isopropyl
magnesiumchloride (2.0 M in THF, 0.505 ml) at -20°C over 15 minute-period. The
mixture was stirred at -10°C for another 30 minutes before it was quenched with the
addition of saturated ammonium chloride (10 ml). The mixture was extracted with
EtOAc (2 x 15 ml). The combined organic layers were washed with brine (15 ml), dried
(MgSOy), filtered, and concentrated under reduced pressure to furnish the crude product.
This material was purified by column chromatography (4% MeOH/CH,Cl,) to give 1-
pyrimidin-Z-yl-1,2,3,6-tetrahydro-pyridin—4-carboxylic acid methoxy-methyl amide (48
mg, 58%) as white crystals; 'H NMR (CDCl;, 400 MHz) § 8.35 (d, J = 6.4 Hz, 2 H), 6.53
(t, J=6.4Hz, 1 H), 6.43 (m, 1 H), 4.35 (m, 2 H), 3.99 (t, /= 5.6 Hz, 2 H), 3.66 (s, 3 H),
3.27 (s, 3 H), 2.55 (m, 2 H).

To a solution of 1-pyrimidin—2-y1—1,2,3,6—tetrahydro-pyridin—4—carboxy1ic acid
methoxy-methyl amide (48 mg, 0.196 mmol) in THF (1 ml), was added 1-biphenyl-4-yl

magnesium bromide (0.5 M in THF) at 0°C. The mixture was stirred at this temperature

for 1 hour and quenched with addition of water (5 ml) and EtOAc (20 ml). The aqueous
phase was further extracted with EtOAc (2 x 8 ml). The combined organic layers were
washed with brine (5 ml), dried (MgSOy), filtered, and concentrated under reduced
pressure to furnish the crude product. This material was purified by column
chromatography (4% MeOH/CH,Cl,) to give the title compound (20 mg, 30%) as an off-
white solid: "H NMR (CDCl;, 400 MHz) 5 8.38 (d, J= 6.4 Hz, 2 H), 7.82-7.42 (m, 9 H),
6.70 (m, 1 H), 6.58 (t, /= 6.4 Hz, 1 H), 4.51 (m, 2 H), 4.13 (t, J= 5.6 Hz, 2 H), 2.72 (m,
2 H); MS cale’d for Cy,HyoN;0 [M+H]": 342; Found: 342,

6.9. Preparation of Bj henyl-4-

pyridin-4-yl)-methanol

C:)_N \ OH
@

To a solution of biphenyl-4-yl-( l-pyrimidin-2-yl-1 ,2,3,6~tetrahydro-pyridin-4-yl)—
methanone (12.2 mg, 0.0355mmol) in methanol (0.5 ml), was added CeCl; heptahydate

(13.2 mg, 0.0355 mmol) and sodium borohydride (1.5 mg, 0.0355 mmol) at room
-37.
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temperature. The mixture was stirred for 1' hour 4nd diluted with EtOAc (10 ml). The

‘mixture was washed with water (5 ml), brine (5 ml), dried (MgSO,), filtered, and

concentrated under reduced pressure to furnish the crude product. This material was
purified by column chromatography (6% MeOH/CH,CL,) to give the title compound (12
mg, 98%) as a white gel: 'H NMR (CDCl3, 400 MHz) & 8.36 (d, J= 6.4 Hz, 2 H), 7.62-
7.37 (m, 9 H), 6.46 (t, J= 6.4 Hz, 1 H), 6.02 (m, 1 H), 5.24 (m, 1 H), 4.31 (m, 2 H), 3.96
(m, 1 H), 3.83 (m, 1 H), 2.14 (m, 2 H); MS calc’d for C22Hz:N30 [M-+H]": 344; Found:
344,

To a solution of l-pyrimidin-2-yl-piperidin-4-one (50 mg, 0.282 mmol) in

methanol (0.8 ml), was added sodium borohydride (12.0 mg, 0.282 mmol) at room
temperature. After being stirred for 10 minutes, the mixture was treated with EtOAc (10
ml) and water (3 ml). The organic layer was washed with brine (2 ml), dried (MgSQ,),
filtered, and concentrated under reduced pressure to furnish the crude product. This
material was purified by column chromatography (20% EtOAc/hexanes) to give the
corresponding alcohol (51 mg, 100%) as a white solid.

To a mixture of the above alcohol (50 mg, 0.279 mmol), PPh; (109.6 mg, 0.418
mmol) and biphenyl-4-ol (57.0 mg, 0.335 mmol) in THF (3 ml), was added DEAD (40%
in toluene, 0.152 ml, 0.335 mmol) at 0°C. After being stirred overnight, the mixture was

treated with EtOAc (15 ml) and water (5 ml). The aqueous phase was extracted with

- EtOAc (2 x 5 ml). The combined organic layers were washed with brine (5 ml), dried

(MgSO0y), filtered, and concentrated under reduced pressure to furnish the crude product.
This material was purified by column chromatography (15% EtOAc/hexanes) to give the
title compound (81 mg, 88%) as white crystals: 'H NMR (CDCls, 400 MHz) & 8.38 (d, J
= 6.4 Hz, 2 H), 7.59-7.04 (m, 9 H), 6.61 (t, J=6.4 Hz, 1 H), 4.62 (m, 1 H), 4.21 (m, 2 H),
3.68 (m, 2 H), 2.14 (m, 2 H), 1.83 (m, 2 H); MS calc’d for C21H2,N30 [M+H]": 332;

Found: 332.
-38 -
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6.11. Preparation of (3'-Chloro-biphenvyl-4-

D-methanone

N /7 \ P
E?—NL/N,

ax

To a solution of 1-(thiazol-2-yl)piperazine (ca. 0.915 mmol, prepared from 150
5  mg 2-bromothiazole according to the methods described in Astles ef al., J. Med. Chem.,

39: 1423-1432 (1996)), 3'-chloro-biphenyl-4-carboxylic acid (212.9 mg, 0.915 mmol) in
CH2Cl; (4 ml), was added EDC (209.7 mg, 1.098 mmol) and HOBt (148.2 mg, 1.098
mmol). After being stirred overnight, the mixture was treated with EtOAc (50 m1) and
water (15 ml). The organic phase was washed with brine (5 ml), dried (MgSOy), filtered,
10 and concentrated under reduced pressure to furnish the crude product. This material was
purified by column chromatography (20% acetone/hexanes) to give the title compound
(225 mg, 64% for two steps) as a white solid: 'H NMR (CDCl3, 400 MHz) & 7.64-7.23
(m, 9 H), 6.65 (t,J=3.6 Hz, 1 H), 4.92 (m, br, 2 H), 3.57 (m, br, 6 H), 3.68 (m, 2 H),
2.14 (m, 2 H), 1.83 (m, 2 H); MS calc’d for CaoH19CIN3OS [M+H]": 384; Found: 384.

15 6.12. Preparation of 4-(4'-Chloro-biphenvl-4-vl)—1-pvrimidin-z-vl-piperidin-

4-ol
=N
\: N/: \ OH
Cl

To a solution of 1,4-dibromobenzene (213.3 mg, 0.904 mmol) in THF (4 ml), was
added #n-BulLi (2.5 M in hexanes, 0.362 ml, 0.904 mmol) at -78°C. After being stirred for

20 30 minutes at the same temperature, a solution of l-pyrimidin-2-yl-piperidin-4-one (80
mg, 0.452 mmol) in THF (3 ml) was added. The mixture was allowed to warm to room
temperature and stirred for 1 hour. The reaction was quenched with addition of water (10
ml) and EtOAc (50 ml). The organic layer was washed with brine (5 ml), dried (MgSO,),
filtered, and concentrated under reduced pressure to furnish the crude product, This
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material was purified by column chromato graphy ‘(40% EtOAc/hexanes) to give 4-(4-
Bromo-phenyl)-1-pyrimidin-2-yl-piperidin-4-ol as a colorless oil (140 mg, 93%): 'H
NMR (CDCls, 400 MHz) § 8.33 (d, /= 6.4 Hz, 2 H), 7.47 (d, J=12.0 Hz,2H),7.41(d,J
=12.0Hz, 2 H), 6.49 (t, /= 6.4 Hz, 1 H), 4.72 (m, 2 H), 3.40 (m, 2 H), 2.05 (m, 2 H),
1.78 (m, 2 H); MS calc’d for CisH17BrNzO [M+H]*: 335; Found: 335.

Following the general procedures for the Suzuki reactions, the title compound was
prepared in 61% yield as a colorless glass: "H NMR (CDCls, 400 MHZz) & 8.35 (d, J = 6.4
Hz, 2 H), 7.59-7.37 (m, 8 H), 6.50 (t, J= 6.4 Hz, 1 H), 4.73 (m, 2 H), 3.46 (t, /= 12.4 Hz,
2 H), 2.15 (m, 2 H), 1.88 (m, 2 H); MS calc’d for C21H2:CIN;O [M+H]": 366; Found:
366.

6.13. Preparation of Biphenvl-4-
methanone

e
C-

To a stirred solution of 3-azetidine carboxylic acid methyl ester hydrochloride
(150 mg, 0.99 mmol) and 2-chloropyrimidine (113.4 mg, 0.99 mmol) in methanol, was
added TEA (200 mg, 1.98 mmol) at room temperature. The mixture was stirred at 50°C
for 5 hours and concentrated under reduced pressure. The residue was suspended in '
EtOAc (50 ml) and washed with water (15 ml), brine (5 ml), dried (MgSO,), filtered, and
concentrated under reduced pressure to furnish the crude product. This material was
purified by column chromatography (40% EtOAc/hexanes) to give l-pyrimidin-2-yl-
azetidine-3-carboxylic acid methyl ester as a light yellow solid (137.3 mg, 72%): 'H
NMR (CDCls, 400 MHz) § 8.37 (d, J = 6.4 Hz, 2 H), 6.58 (t, J= 6.4 Hz, 1 H), 4.30 (m, 4
H), 3.77 (s, 3 H), 3.56 (m, 1 H).

To a suspension of the above ester (137.3 mg, 0.711 mmol) and N-methyl-O-
methyl hydroxylamine hydrochloride (127.6 mg, 1.103 mmol) in THF (5 ml), was added
iso-propyl magnesium chloride (2.0 M in THF, 1.067 ml, 2.133 mmol) at -20°C during 15
minutes. The mixture was stirred at -10°C for another 30 minutes before it was quenched

with the addition of saturated ammonium chloride (10 mi). The mixture was extracted
- 40 -
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with EtOAc (2 x 15 ml). The combined organic layers were washed with brine (10 ml),
dried (MgSOsy), filtered, and concentrated under reduced pressure to furnish the crude
product. This material was purified by column chromatography (4% MeOH/CH,ClL,) to
give 1-pyrimidin-2-yl-azetidine-3-carboxylic acid methoxy-methyl-amide (385.9 mg,
98%) as a white solid: 'H NMR (CDCls, 400 MHz) & 8.32 (d, J = 6.4 Hz, 2 H), 6.55(t,J
=0.4 Hz, 1 H), 4.34 (m, 4 H), 3.88 (m, 1 H), 3.70 (s, 3H), 3.23 (s, 3 H).

To a solution of the above amide (50 mg, 0.225 mmol) in THF (1 ml), was added
4-biphenyl magnesiumchloride (0.5 M in THF, 0.9 ml, 0.45 mmol) at -78°C, The mixture
was slowly warmed up to room temperature and stirred for 2 hours before quenched with
addition of water (10 ml) and EtOAc (30 ml). The organic layer was separated and
washed with brine (5 ml), dried (MgS0y), filtered, and concentrated under reduced
pressure to furnish the crude product, This material was purified by column
chromatography (3% MeOH/CH,Cl,) to furnish the title compound (21 mg, 30%) as
white crystals; 'H NMR (CDCl3, 400 MHz) 5 8.33 (d, J=6.4 Hz, 2 H), 7.98-7.43 (m, 9
H), 6.58 (t, /= 6.4 Hz, 1 H), 4.45 (m, 4 H), 4.38 (m, 1 H); MS Calc’d for C20H1sN;0
[M+H]": 316; Found: 316.

6.14. Preparation of (3'-Chloro-bi henyl-4-yD)-(1-pyrimidin-2- I-pyrrolidin-

3-yl)-methanone
I Cl

N A
-
=N
0O

To a solution of N-Boc-gS-proline (400 mg, 1.858 mmol), EDC (425.9 mg, 2.23
mmol) and HOBt (326.1 mg, 2.415 mmol) in methylene chloride (8 ml), was added N-
methyl-O-methyl hydroxylamine Hydrochloride (217.5 mg, 2.23 mmol) and TEA (281.5
mg, 2,787 mmol) at 0°C. After stitring overnight, the mixture was treated with EtOAc
(80 ml) and water (15 m1). The organic phase was washed with brine (15 ml), dried
(MgS0,), filtered, and concentrated under reduced pressure to furnish the crude product.

To a solution of the above crude ester in methylene chloride (4 ml), was added
dropwise TFA (4 ml) at room temperature. The mixture was stirred for 40 minutes and

concentrated under reduced pressure to generate the crude product as the TFA salt.
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. To a mixture of the above product dnd 2-chloropyrimidine (212.8 mg, 1.858
mmol) in dioxane (7 ml) was added TEA (563 mg, 5.574 mmol). The mixture was heated
at 80°C for 4 hours, and was concentrated under reduced pressure. The residue was
treated with water (20 ml) and EtOAc (60 mI). After separation of the layers, the aqueous
phase was further extracted with EtOAc (20 ml). The combined organic layers were
washed with brine (10 ml), dried (MgSO,), filtered, and concentrated under reduced
pressure to furnish the crude product, This material was purified by column

chromatography (40% acetone/hexanes) to furnish 1-pyrimidin-2-yl-pyrrolidine-3-

carboxylic acid methoxy-methyl-amide (203.8 mg, 47% for three steps) as an off-white

solid: 'H NMR (CDClL, 400 MHz) & 8.34 (d, /= 6.4 Hz, 2 H), 6.50 (t, J = 6.4 Hz, 1 H),
3.94 (m, 1 H), 3.82 (m, 1 H), 3.75 (s, 3 H), 3.70 (m, 1 H), 3.65 (m, 1 H), 3.63 (m, 1 H),
3.23 (s, 3 H), 2.33 (m, 3 H), 2.23 (m, 1 H).

To a solution of 1,4-dibromobenzene (407.5 mg, 1.727 mmol) in THF (6 ml) was
added »-BuLi (2.5 M in hexanes, 0.691 ml, 1.727 mmol) at -78°C. The mixture was
stirred at the temperature for 30 minutes before the addition of a solution of the above
amide (203.8 mg, 0.8636 mmol) in THF (4 ml). After stirring at -78°C for 30 minutes,
the mixture was warmed to room temperature for 1 hour. EtOAc (40 ml) and water (15
ml) was added to the reaction, followed by separation of the layers. The aqueous phase
was extracted with EtOAc (15 ml). The combined organic layers were washed with brine
(10 ml), dried (MgSO,), filtered, and concentrated under reduced pressure to furnish the
crude product. This material was purified by column chromatography (40%
acetone/hexanes) to furnish (4-bromo-phenyl)-(1-pyrimidin—2—y1—pyrrolidin—3-yl)-
methanone (182.2 mg, 64%) as an off-white solid: 'H NMR (CDCls, 400 MHz) 6 8.32
(d, J=6.4 Hz, 2 H), 7.87 (d, /= 12.0 Hz, 2 H), 7.63 (d, /=12.0 Hz, 2 H), 6.51 (t, J= 6.4
Hz, 1 H), 4.07 (m, 1 H), 3.98 (m, 1 H), 3.86 (m, 1 H), 3.74 (m, 2 H), 2.38 (m, 2 H).

Following the general procedures for the Suzuki reactions, the title compound was
prepared in 63% as a pale yellow solid: 'H NMR (CDCls, 400 MHz) 6 8.38 (d, J= 6.4
Hz, 2 H), 8.11-7.42 (m, 8 H), 6.53 (t, J= 6.4 Hz, 1 H), 4.19 (m, 1 H), 4.04 (m, 1 H), 3.84
(m, 1 H), 3.77 (m, 2 H), 2.42 (m, 1 H), 2.38 (m, 1 H); MS Calc’d for C31H;9CIN30
[M+H]": 364; Found: 364.
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6.15. Preparation of (4-Pyrimidin-2-vl-homonpi erazin-1-vyl)-[4-(3-
trifluoromethylphenyl-phen 1]-methanone

00
o )

The title compound was prepared from 1-(2-pyrimidyl)-homopiperazine as

5  described below,

1-(2-Pyrimidyl)-homopiperazine: To a solution of homopiperazine (3.5 g, 35

mmol) in ethanol (100 ml) at 40°C, was added portionwise 2-chloropyrimidine (2.0 g,
17.5 mmol). The mixture was stirred for 1 hour then concentrated in vacuo. The residue
was dissolved in methylene chloride (75 ml) and washed with a saturated solution of

10 sodium bicarbonate and brine. Layers were separated, and the organic layer was dried
over magnesium sulfate and concentrated. The resulting residue was purified by flash
chromatography and a semi-solid (1.0 g) was collected and used as is.

(4-Pyrimidin-2-yl-homopiperazin-1 -y1)-[4-(3 ~triflucromethylphenylphenyl]-

methanone: To a solution of 3’-triﬂuoromethyl-bipheny1—4—carboxylic acid (0.38 g, 1.41

15  mmol) and 1-(2-pyrimidyl)-homopiperazine (0.25 g, 1.41 mmol) in methylene chloride
(20 ml), was added EDCI (0.27 g, 1.41 mmol) and HOAt (0.19 g, 1.41 mmol)
triethylamine (0.20 ml, 1.41 mmol). The mixture was stirred for 16 hours and then
washed with brine. The layers were separated, and the organic phase was dried over
magnesium sulfate and concentrated. The resulting oil was purified by flash

20 chromatography and a clear oil was collected. The oil was dissolved in a minimal amount
of t-butylmethylether, and crystals were formed collected (0.20 g). Spectral data was
consistent with structure, MS (M+1)=427. HPLC (> 95 %). 'H NMR (CDCI3) 8.35
(m, 2H), 7.55 ('m, 8H), 6.58 (t, 1H), 3.87 (bm, 8H), 1.92 (m, 2H).
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6.16. Preparation of (3'-Chloro-biphenvl-4-
hexahydro-pyrrolo[3.4-clpyrrol-2- I)-methanone

0
o
N
N =
\
® T
Cl
The title compound was prepared from 5-pyrimidin—2-yl-hexahydro-pyrrolo[3 4-

clpyrrole-2-carboxylic acid tert-butyl ester as described below.
5-Pvn'midin-2-v1-hexahvdro-pvrrolo[3,4-c]pvrrole-2~carboxylic acid tert-butyl

ester: A solution of hexahydro—pyrrolo[3,4-c]pyrrole-2-carboxy1ic acid tert-butyl ester
(1.0 g, 4.7 mmol), 2-chloropyrimidine (0.54 g, 4.7 mmol), triethylamine (2 ml, 14 mmol)
and ethyl alcohol (25 ml) was maintained at reflux for 4 hours. The solution was then
cooled to room temperature and concentrated to afford a solid residue that was dissolved
in dichloromethane (CHZCIZ), which was washed sequentially with sat. aq. sodium
bicarbonate and brine, dried (N2;50,), filtered, and concentrated to afford 0.82 g (60 %)
of the product as an orange solid; 'H NMR (400 MHz, CDCly): §8.34 (d, /= 4.8 Hz,
2H), 6.53 (t, /=4.8 Hz, 1 H), 3.86-3.79 (m, 2H), 3.72-3.62 (m, 2H), 3.57-3.50 (m, 2H),
3:41-3.33 (m, 1H), 3.33-3.26 (m, 1H), 3.05-2.96 (m, 2H), 1.47 (s, 9H); LRMS m/z 291
(M + H)+. .

(3'-Chloro-biphenyl-4-yl)-(5 -pyrimidin-2-yl-hexahydro-pyrrolo[3,4-clpyrrol-2-
vl)-methanone: A solution of 5~pyrimidin—2-yl-hexahydro-pyrrolo[3,4-c]pyrrole—2—
carboxylic acid tert-butyl ester (0.70 & 2.4 mmol) and CH,Cl, (20 ml) was treated with

trifluoroacetic acid (TFA, 10 ml) and maintained at room temperature for 3 hours. The
resulting solution was concentrated, and the residue was dissolved in CH,Cl, (5 ml) and
added to a solution of 3'-chloro-biphenyl-4-yl-carboxylic acid (0.62 g, 2.6 mmol), O-(7-
Azabenzotn'azol—l-yl)-N,N,N’,N'—tetramethyluroniumhexaﬂuorophosphate (HATU, 1.0 g,
2.6 mmol), diisopropylethylamine (1.5 ml, 8 mmol), and CH,Cl, (20 ml). The resulting
solution was maintained at room temperature for 2 hours, diluted with EtOAc, washed
with sat. aq. NaHCO; and brine, dried (MgSO,), filtered, and concentrated. The solid
residue was recrystalized from methyl alcohol to afford the final product as white
needles: "H NMR (CD;0D): 5 8.32 (d, J=4.8 Hz, 2H), 7.71 (d, J= 8.5 Hz, 2 H), 7.67 (s
1H), 7.63 (d, J= 8.5 Hz, 2H), 7.60-7.50 (m, 1H), 7.45 (t,J=7.9 Hz, 1H), 7.40-7.37 (m,
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, ™)
1H); 6.63 (t, /= 4.8 Hz, 1H), 3.96 (dd, /= 7.8, 12.8 Hz, 1H), 3.86 (ddd, /= 3.0,7.2,10.6
Hz, 2H), 3.76 (dd, /= 7.5, 11.6 Hz, 1 H), 3.65-3.58 (m, 2H), 3.51 (dd, /= 5.1, 11.3 Hz,
1H), 3.43 (dd, /= 4.7, 11.7 Hz, 1H), 3.21-3.07 (m, 2H). *C NMR (100 MHz, CD;0D):
0171.8,1614, 159.1, 143.5, 142.9, 137.0, 136.0, 131.6, 129.0, 128.2, 128.1, 126.6,
110.9,54.5,51.9, 51.7, 51.1, 43.9, 42.0; LRMS m/z 405 (M + H)"; Anal. caled for
CasHz1CINGO: C, 68.23; H, 5.23; N, 13.84. Found: C, 68.01; H, 5.23; N, 13.60.

6.17. Preparation of (2'
bicyclo[3.2.1]oct-3-yI)-methanone

The title compound was prepared as follows.

8-Pvrimidin—2-v1—8—aza—bicvclo[3.2.l]octan-3-one: A solution of 8-aza-

bicyclo[3.2.1]octan-3-one hydrochloric acid (5.0g, 30.9mmol), 2-chloro-pyrimidine
(4.95g, 43.2mmol), NaHCO, (7.78g, 92.7mmol) and isopropanol (200m1) was maintained
at reflux over weekend. The resulting reaction mixture was concentrated and purified by
ISCO to afford 8-pyrimidin-2—yl-8-aza-bicyclo[3.2.l]octan—3-one (4.0g,52.9%) as a
white solid : MS (M+1) = 204, 1H NMR (MeOH) 8.36 (d, /= 12 Hz 2H), 6.75 (m, 1H),
4.97 (m, 2H), 2.75 (d, J=12 Hz, 1H), 2.71 (d, J= 12 Hz, 1H), 2.32 (d, J = 50 Hz, 2H),
2.22 (m, 2H), 1.87 (m, 2H).
3-[( 4-Bromo-phenvl)-methoxv—methvlene]-8-nvrimidin—2-v1—8-aza—

bicyclo[3.2.1]octane: To a solution of [(4-bromo-pheny1)~methoxy-methyl]-phosphonic
acid diethyl ester (4.58g, 13.5mmol) in 1,2-dimethoxy-ethane (60ml), was added NaH
(540mg, 13.5mmol, 60% in mineral oil) in one portion. The mixture was stirred at 50°C
for 1.5 hrs before it was added by 8-pyrimidin—2-yl-8-aza-bicyclo[3.2. 1]octan-3-one(2.0g,
9.85mmol) in 1,2-dimethoxy-ethane (Sml). The mixture was stirred at 50°C over the
weekend. The resulting mixture was concentrated down and purified by ISCO to afford
3-[(4-bromo-phenyl)-methoxy~methylene]—8—pyrimidin-2-yl—8-aza-bicyclo[3 .2.1]Joctane
(600mg, 30%). The white solid product was used as it was. MS (M+1) =386.
(4-Bromo-pheny])-( 8-pyrimidin-2-yl-8-aza-bicyelo[3.2. 1joct-3-yl)-methanone: A

solution of 3-[(4-bromo-phenyl)-methoxy—methylene]-8-pyrimidin-2-y1—8-aza—
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bicyclo[3.2.1]octane (2.44g, 6.32mmol), agueous HCl (10.5ml, 6N) and THF (50ml) was
stirred at room temperature overnight. The mixture was added by saturated aq. NaHCO,
until bubbling was gone. The mixture was diluted with ethyl acetate and the organic
phase was dried over MgSO, and concentrated. ISCO was used to do purification and (4-
bromo-phenyl)—(8-pyrimidin-Z-yl—8-aza~bicyclo[3.2. 1]oct-3-yl)-methanone was obtained
as white solid (2.16g, 92%). MS (M+1) = 374. 1H NMR (CDCl3) 8.33 (d, J= 12 Hz 2H),
7.84 (d, /=13 Hz 2H), 7.62 (d, J= 13 Hz 2H), 6.51 (t, J=12 Hz 1H), 4.87 (m, 2H), 3.90
(m, 1H), 2.23 (m, 2H), 2.08 (m, 2H), 1.97 (m, 2H), 1.72 (m, 2H).
(2'.4'-Difluoro-biphenyl-4-y1)-(8 -pyrimidin-2-yl-8-aza-bicyclo[3.2.1]oct-3-y)-
methanone: A solution of (4-bromo-pheny1)-(8-pyrimidin—Z-yl-8-aza-bicyclo[3.2. 1]oct-3-
yD-methanone (250mg, 0.92mmol), 2,4-di-fluoro-phenylboronic acid (290mg,
1.84mmol), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(II), complex with
dichloromethane (1:1) (67mg, 0.092mmol), K5PO, (390mg, 1.84mmol), 2-dimethoxy-
ethane (5ml) and water (1.6ml) was stirred at 80°C for one hour. The reaction mixture
was diluted with ethyl acetate and 1N NaOH solution. The organic layer was dried by
MgSO; and concentrated. ISCO was used for purification, and the product was obtained
as a white solid (2',4'- dlﬂuoro-b1pheny1—4-yl)-(8-pyr1m1d1n—2-y1—8-aza—blcyclo[3.2. 1]oct-
3-yl)-methanone (69.6mg, 19%). MS (M+1) = 406. 1H NMR (CDCl3) 8.34 (d, /=12 Hz
2H), 8.00 (d, /=21 Hz 2H), 7.62 (dd, J= 19Hz, 4Hz, 2H), 7.45 (m, 1H), 6.99 (m, 2H),'
6.52 (t, /= 12 Hz, 1H), 4.90 (m, 2H), 4.00 (m, 1H), 2.25 (m, 2H), 2.12 (m, 2H), 2.02 (m,

- 2H), 1.78 (m, 2H).

Nﬁﬁwzl/\b

The title compound was prepared as follows.

3-Pyrimidin-2-yl-3,8-diaza-bicyclo[3.2. 1 Joctane-8-carboxylic acid tert-butyl ester:
A solution of 3,8-diaza-bicyclo[3,2,l]octane-S-carboxyli acid tert-butyl ester (50 mg, 0.24
mmol), 2-chloropyrimidine (27 mg, 0.24 mmol), triethylamine (0.1 ml, 0.72 mmol) and
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THF (2.5 ml) was heated at 180°C for 10 minutes. The solution was concentrated to
afford a solid residue that was dissolved in dichloromethane, which was washed
sequentially with sat. aq. sodium bicarbonate and brine, dried (NayS0Oy), filtered, and
concentrated to afford 50 mg (71 %) of the product as a brown solid: H NMR (400
MHz, CDCl;): § 8.30 (d, J= 12.0 Hz, 2H), 6.52 (t, J = 12.0 Hz, 1 H), 4.38-4.29 (m, 4H),
3.13 (sb, 2H), 2.42 (m, 2H), 1.69 (q, J= 18.0 Hz , 2H), 1.49 (s, 9H); MS (M+1) =291,
(3'-tert-Butyl-biphenyl-4-yl)-(3-pyrimidin-2-y1-3,8-diaza-bicyclo[3.2. 1]oct-8-yl)-
methanone: A solution of 3-pyrimidin-2-yl-3,8-diaza-bicyclo[3.2. 1]octane-8-carboxylic

acid tert-butyl ester (64 mg, 0.22 mmol) in HCl/dioxane was stirred for 5 hours at room
temperature. The resulting solution was concentrated, and the residue was dissolved in
CH,Cl; (5 mL) and added to a solution of 3*-trifluoromethyl-biphenyl-4-carboxylic acid
(117 mg, 0.44 mmol), EDC (85 mg, 0.44 mmol), HOBt (60 mg, 0.44 mol) and TEA (0.1
mL, 0.71mmol). After stirring overnight, the mixture was treated with EtOAc (50 mL)
and water (15 mL). The organic phase was washed with brine (5 mL), dried (MgSO,),
filtered, and concentrated under reduced pressure to furnish the crude product. This
material was purified by column chromatography (30% EtOAc/hexanes) to give the title
compound 14.2 mg, (32%) as a white solid: '"H NMR (DMSO): § 8.35 (d, J= 12 Hz,
2H), 7.79-7.76 (m, 3 H), 7.68 (dt, J = 20, 3 Hz, 1H), 7.63 (d, J=21 Hz, 2H), 7.52-7.43
(m, 2H), 6.62 (t, J = 12 Hz, 1H), 4.77 (bs, 1H), 4.41 (d, J = 64 Hz, 2H), 4.17 (bs, 1H),
3.14 (bs, 2H), 2.48 (qt, J=5Hz, 1 H), 1.86 (t,J=9 Hz, 2H), 1.60 (d, J= 24 Hz, 1H); MS
(M+1) = 439.

6.19. Human Proline Transporter Assay

The ability of compounds to inhibit the proline transporter was determined as
follows. A human SLC6A7 cDNA was cloned into a pPcDNA3.1 vector and transfected
into COS-1 cells. A cell clone stably expressing proline transporter was selected for the
assay.

Transfected cells were seeded at 15,000 cells per well in a 384 well plate and
grown ovemi_ght. The cells were then washed with Krebs-Ringer’s-HEPES-Tris (KRHT)
buffer, pH 7.4, containing 120 mM NaCl, 4.7 mM KCl, 2.2 mM CaCl, 1.2 mM MgS04,
1.2 mM KH,POy, 10 mM HEPES and 5 mM Tris. The cells were then incubated with 50
pl of KRHT buffer containing 45 nM *H-Proline for 20 minutes at room temperature,
Radiolabeled proline uptake was terminated by removing the radiolabeled proline and

washing the cells rapidly three times with 100 pl of ice-cold KRHT buffer. Scintillation
-47 -
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fluid (50 pl) was added per well, and the amhount of tritiated prdline present was
determined using a Packard TopCount Scintillation counter.

Nonspecific uptake was determined by measuring of *H-proline uptake in the
presence of 2 mM cold proline.

The ICso of a compound was determined by measuring inhibition of four separate
samples at ten concentrations, typically beginning with 10 pM followed by nine three-
fold dilutions (i.e., 10, 3.3, 1.1, 0.37, 0.12, 0.41, 0.014, 0.0046, 0.0015, and 0 pM).
Percent inhibitions were calculated against the control. The ICso of a compound was
determined using the ten data points, each of which was an average of the four

corresponding measurements.

6.20. Murine Proline Transporter Assay

Forebrain tissue was dissected from a wild type mouse and homogenized in 7 ml
ice-cold homogenization buffer: 0.32 M sucrose, ImM NaHCOs, protease inhibitor
cocktail (Roche).

The brain hbmogenates were centrifuged at 1000xg for 10 min to remove nuclei.
Supernatant was collected and re-centrifuged at 20000xg for 20 min to pellet crude
synaptosomes. The synaptosomes were resuspended in ice-cold assay buffer: 122 mM
NaCl, 3.1 mM KCl, 25 mM HEPES, 0.4 mM KH,PO,, 1.2 mM MgSO4, 1.3 mM CaCl,,
10 mM dextrose at pH 7.4. Resuspended synaptosomes were centrifuged again at
20000xg for 20 minutes, and pelleted synaptosomes were resuspended in assay buffer.
Protein concentration was measured by DC protein assay kit (BioRad).

Proline transport assay was performed in 100 ul reaction mix consisting of 10 pg
synaptosomes, 1pCi/0.24uM [H3]-proline in assay buffer for a time between 0 to 20
minutes at room temperature. The reaction was terminated by rapid filtration through
GE/B filter plate (Millipore) followed by three rapid washes in 200ul ice-cold assay
buffer. Fifty microliters of Microscint-20 was added to each reaction and incubated for 2
hours. The [H3]-proline transport was determined by radioactivity counting,

To determine proline transport inhibition by compounds, compounds were
incubated with the reaction mixture at concentrations ranging from 0 to 10 pM (11 points,
beginning at 10 um; 3-fold dilutions; 4 replicates averaged to provide one point). The
baseline activity, or nonspecific activity, was measured in the presence of 0.3 mM GGFL

(Enkephalin, Sigma) in the reaction. The nonspecific activity was also measured in

-48 -



10

15

20

25

30

J
WO 2006/124748 : PCT/US2006/018682 A\’)

synaptosomes of SLC6A7 knockout mice. ' The nonspecific activities measured by the

two methods were found to be identical.

6.21. Human Dopamine Transporter Assay

The ability of compounds to inhibit the dopamine transporter was determined as
follows. A human DAT cDNA (NM_001044) was cloned into a pcDNA3.1 vector and
transfected into COS-1 cells. The resulting cell lines that stably express the dopamine
transporter were used for further experimentation. |

Transfected cells were seeded at 15,000 cells per well in a 384 well plate and
grown overnight. The cells were then washed with Krebs-Ringer’s-HEPES-Tris (KRHT)
buffer, pH 7.4, containing 125 mM NaCl, 4.8 mM KCl, 1.3 mM CaCl,, 1.2 mM MgSO,
10 mM D-glucose, 25 mM HEPES, 1 mM sodium ascorbate and 1.2 mM KH,PO4. The
cells were then incubated with 50 ul of KRHT buffer containing 1 uM *H-Dopamine for
10 minutes at room temperature. Radiolabeled dopamine uptake was terminated by
removing the radiolabeled dopamine and WasMng the cells rapidly three times with 100 ul
of ice-cold KRHT buffer. Scintillation fluid (50 pl) was added per well and the amount
of tritiated dopamine present was determined using a Packard TopCount Scintillation
counter.

Nonspecific uptake was determined by measuring of *H-dopamine uptake in the
presence of 250 pM benztropine. The ICsy of a compound was determined by measuring
inhibition of four separate samples at ten concentrations, typically beginning with 10 yM
followed by nine three-fold dilutions (le, 10,3.3,1.1,037,0.12, 0.41, 0.014, 0.0046,
0.0015, and O uM). Percent inhibitions were calculated against the control. The
percentage inhibitions were calculated against the control, and the average of the

quadruplicates was used for ICs calculation.

6.22. Human Glycine Transporter Assay

The ability of compounds to inhibit the glycine transporter was determined as
follows. A human glycine transporter cDNA (NM_006934) was cloned into a pcDNA3.1
vector and transfected into COS-1 cells. The resulting cell lines that stably express the
glycine transporter were used for further experimentation.

Transfected cells were seeded at 15,000 cells per well in a 384 well plate and
grown overnight. The cells were then washed with Krebs-Ringer’s-HEPES-Tris (KRHT)

buffer, pH 7.4, containing 120 mM NaCl, 4.7 mM KCl, 2.2 mM CaCly, 1.2 mM MgSO;,
-49 .
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1.2 mM KH,POy, 10 mM HEPES and 5 aM Tris. The cells were then incubated with 50
ul of KRHT buffer containing 166 nM *H-glycine for 10 minutes at room temperature.
Radiolabeled glycine uptake was terminated by removing the radiolabeled glycine and
washing the cells rapidly three times with 100 pl of ice-cold KRHT buffer. Scintillation
fluid (50 ul) was added per well and the amount of tritiated glycine present was
determined using a Packard TopCount Scintillation counter.

Nonspecific uptake was determined by measuring H-glycine uptake in the
presence of 2 mM cold glycine. The ICsp of a compound was determined by measuring
inhibition of four separate samples at ten concentrations, typically beginning with 10 pM
followed by nine three-fold dilutions (ie,10,3.3,1.1, 037, 0.12, 0.41, 0.014, 0.0046,
0.0015, and 0 pM). Percent inhibitions were calculated against the control. The
percentage inhibitions were calculated against the control, and the average of the

quadruplicates was used for ICsp calculation.

6.23. Calculating ICs; Values

The ICsp of a compound with regard to a given target is determined by fitting the
relevant data, using the Levenburg Marquardt algorithm, to the equation:
y=A+(B-A)(1+(C/x)"D)))
wherein A is the minimum y value; B is the maximum y value; C is the ICsp; and D is the
slope. The calculation of the ICs is performed using XLFit4 soﬁware (ID Business
Solutions Inc., Bridgewater, NJ 08807) for Microsoft Excel (the above equation is model
205 of that software). |

6.24. Pharmacological Effects

A compound having a PTICs, of less than 100 nM was administered to male
C57B/6 albino mice subjected to a contextual fear conditioning program using a trace
conditioning protocol. The compound was administered at doses ranging from 50-200
mg/kg, and was found to recapitulate phenoytypes observed in SLC6A7 KO mice in a
dose-dependent manner.

In the protocol, compound was administered p.o., two hours prior to training (Day
1) and again two hours prior to testing the next day (Day 2). Generally, 10-14 mice/group
were tested in each study. The two hour pretreatment interval was chosen based on PK

results to achieve of peak plasma and brain tissue levels,
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In the trace conditioning experiments, no 'signiﬁcant effect was observed in mice
dosed at 50 mg/kg, p.o., although a numerical enhancement was seen. But at doses of
100 and 200 mg/kg, p.o., significant increases in performance were observed both during
training (Day 1) and testing (Day 2). As shown in Figure 2, the compound enhanced
performance during training as well as during memory testing, indicating that its effects
are not changed upon repeated administration. And as shown in Figure 3, when
administered prior to the recall test but not prior to training, the compound enhanced the
conditioned response.

In order to gauge whether the compound’s effect changed following repeated
dosing, it was administered for three days b.i.d. prior to the training day, as well as b.i.d.
on the training day and prior to the test. As in the acute studies, the compound was
administered two hours prior to the training session and two hours prior to the test
session. Based on separate PK studies, this administration regimen was expected to
provide blood levels of the compound throughout the study. Results similar to those
shown in Figures 2 and 3 were observed, suggesting that the compound can enhance both
learning and memory/recall. |

The compound did not increase freezing by itself in naive mice, as assessed in an
open-field in the conditioning training apparatus, nor in mice given spveciﬁc conditioning
training and then placed in a novel open-field. Therefore, its effects appear to be specific

to the learned response, and not due to non-specific enhancement of freezing behavior.
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CLAIMS

What is claimed is:

1. A specific proline transporter inhibitor of formula I:

or a pharmaceutically acceptable salt or solvate thereof, wherein:

A is an optionally substituted non-aromatic heterocycle;

each of D; and D, is independently N or CR;;

each of E;, E; and Ej is independently N or CRy;

X is optionally substituted heteroaryl;

Y is O, C(O), CH(OH), or CHy;

each R, is independently hydrogen, halogen, cyano, Ra, ORa, C(O)Ra, C(O)OR,,
C(OIN(RARs), N(RsRs), or SO;R;

each R; i§ independently hydrogen, halogen, cyano, R, ORa, C(O)Ra, C(O)OR,,
C(O)N(R4aR3), N(RaRg), or SO;R4;

each R, is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and

each Rp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle.

2. The specific proline transporter inhibitor of claim 1, which has a PTICsg of
less than about 150 nM. |

3. The specific proline transporter inhibitor of claim 2, which has a PTICs; of
less than about 100 nM.

4, The specific proline transporter inhibitor of claim 3, which has a PTICs; of
less than about 50 nM.

5. The specific proline transporter inhibitor of claim 1, which has a DTICs,
of greater than about 1 pM.
-52.
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6. The specific proline transpotter inhibitor of claim 5, which has a GTICs
of greater than about 1 uM.

7. The specific proline transporter inhibitor of claim 1, wherein A is

monocyclic.
8. The specific proline transporter inhibitor of claim 1, wherein A is bicyclic.
9. The specific proline transporter inhibitor of claim 1, wherein A is
unsubstituted.

10.  The specific proline transporter inhibitor of claim 1, wherein A is
optionally substituted pyrrolidine, piperidine, piperazine, hexahydropyrimidine, 1,2,3,6-
tetrahydropyridine, octahydrocyclopenta[c]pyrrole, or octahydropyrrolo[3,4-c]pyrrole.

1. The specific proline transporter inhibitor of claim 1, wherein one of D; and
Dz is N.

12. The specific proline transporter inhibitor of claim 1, wherein both D, and
Djare N.

13. The specific proline transporter inhibitor of claim 1, wherein both D, and
Dz are CR1.

14, The specific proline transporter inhibitor of claim 1, wherein one of Ei, Bz
and E3 isN.

15.  The specific proline transporter inhibitor of claim 1, wherein two of E;, B,
and Ezare N,

16.  The specific proline transporter inhibitor of claim 1, wherein all of Ei, BE)
and Ej are N. '

17.  The specific proline transporter inhibitor of claim 1, wherein all of Ei, E;

and Ej are independently CR,.

18.  The specific proline transporter inhibitor of claim 1, wherein R; is

hydrogen, halogen, or optionally substituted alkyl.
19.  The specific proline transporter inhibitor of claim 1, wherein R; is OR,.

20.  The specific proline transporter inhibitor of claim 19, wherein R is
hydrogen or optionally substituted alkyl.
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21. The specific proline transpotter inhibitor of claim 1, wherein R; is

hydrogen, halogen, or optionally substituted alkyl.
22.  The specific proline transporter inhibitor of claim 1, wherein R; is ORa.

23.  The specific proline transporter inhibitor of claim 21, wherein Ry is
hydrogen or optionally substituted alkyl.

24.  The specific proline transporter inhibitor of claim 1, wherein X is an

optionally substituted 5-, 6-, 9- or 10-membered heteroaryl.

25. The specific proline transporter inhibitor of claim 24, wherein X is

optionally substituted 5- or 6-membered heteroaryl.

26.  The specific proline transporter inhibitor of claim 25, wherein X is of the

formula:

G1 -
7
J2 \J1//G2

wherein:

each of Gi and G; are independently N or CRj;

each of J;, J; and J; are independently N or CRy;

each R; is independently hydrogen, halogen, cyano, Ra, OR4, C(O)R,A, C(O)OR,,
C(O)N(RAR3), N(RaRp), or SO,R,; and

each Ry is independently hydrogen, halogen, cyano, Rs, OR,, C(O)Ra, C(O)OR,,
C(O)N(RARp), N(RARp), or SO;R,;

provided that at least one of J, J, and J3is CRy.

27.  The specific proline transporter inhibitor of claim 25, wherein one of G;

| and G, is_N.

28.  The specific proline transporter inhibitor of claim 25, wherein both G; and
G; are N.

29.  The specific proline transporter inhibitor of claim 25, wherein both G; and
G, are CR;. '

30.  The specific proline transporter inhibitor of claim 25, wherein one of J1, J;
and J is N. |
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31.  The specific proline transporter inhibitor of claim 25, wherein two of Iy, I
and J3 are N. |

32.  The specific proline transporter inhibitor of claim 25, wherein all of J 1, J2
and J; are independently CRy.

33.  The specific proline transporter inhibitor of claim 25, wherein R; is
hydrogen, halogen, or optionally substituted alkyl.

34.  The specific proline transporter inhibitor of claim 25, wherein R; is OR4.

35.  The specific proline transporter inhibitor of claim 34, wherein Ry is

hydrogen or optionally substituted alkyl.

36.  The specific proline transporter inhibitor of claim 25, wherein R4 is
hydrogen, halogen, or optionally substituted alkyl.

37.  The specific proline transporter inhibitor of claim 25, wherein Ry is OR,.

38.  The specific proline transporter inhibitor of claim 37, wherein R, is

hydrogen or optionally substituted alkyl.
39.  The specific proline transport inhibitor of claim 1, wherein Y is C(0).
40.  The specific proline transport inhibitor of claim 1, wherein Y is CH(OHR).
41.  The specific proline transport inhibitor of claim 1, wherein Y is CH,.

42.  The specific proliﬁe transport inhibitor of claim 25, which is of formula
IA:

(I1A)
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43.  The specific proline transport inhibitor of claim 25, which is of formula

IB:
(Rs)n
_G;_ _N
% l/
Z\Jf 2
(IB)
5  wherein;

each Rs is mdependently halogen, cyano, Rsa, ORsa, C(O)Rsa, C(O)ORs4,
C(O)N(RsaRs5p), N(RSARSB) or SOzRs;
each Rs, is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle;
10 each Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and

nis 0-5,

44.  The specific proline transport inhibitor of claim 25, which is of formula
IC:

15

(IC)

wherein:
Y is O, C(O) or CHy;
each Rs is independently halogen, cyano, Rs, ORsa, C(O)Rsa, C(O)ORs4,
20 C(O)N(RsaRsp), N(RsaRsp), or SOsRsa;
each Rsa is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle;

td

each Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl or alkyl-heterocycle; and

25 m is 0-4,
-56 -
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45.  The specific proline transport inhibitor of claim 25, which is of formula
ID:

(ID)

5  wherein:
each Rs is independently halogen, cyano, Rsa, ORsa, C(O)Rs, C(O)ORs4,
C(O)N(RsaRsB), N(RsaRsp), or SO;Rs4;
each Rs, is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, héterocycle, heterocycle-alkyl, or alkyl-heterocycle;
10 each Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,

alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and
pis 0-7.

46.  The specific proline transport inhibitor of claim 25, which is of formula

IE:
R4
Dy~ Ei__Ro
G N D <
J.’j/ 1Y 2 I j/
1l //Ez
J2\ //GZ Rz E3
15 Jq
(IE)
wherein;

Y is O, C(O) or CH,;
each Rs is independently halogen, cyano, Rsa, ORsa, C(O)Rsa, C(O)ORsa,
20 C(O)N(RsaRsp), N(RsaRsp), or SO;Rsa;

each Rs, is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle;

each Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and
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q is 0-6.

47.  The specific proline transport inhibitor of claim 25, which is of formula
IF:

wherein:
each Rs is independently halogen, cyano, Rsa, ORsa, C(O)Rsa, C(O)ORsa,
C(O)N(RsaRsB), N(RsaRsp), or SO:Rs;
each Rs, is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl
10 alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle;

td

each Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and

m is 0-4.

48. A compound of formula II:

Ry
J3—G1 Y \ R1
77\ |
Jz\ _ ) @ Dy _~ Ei_ Ry
J1—'G2 D2 l \7/
<Ep
Ry Ej

15
an
or a pharmaceutically acceptable salt or solvate thereof, wherein:
A is an optionally substituted non-aromatic heterocycle containing no more than
two nitrogen atoms;
20 each of Dy and D, is independently N or CRy;

each of B, B; and E; is independently N or CRy;
each of Gy and G, are independently N or CR3;
each of J, J, and J; are independently N or CRy;
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Y is O, C(O), CH(OH), or CHj;

each R, is independently hydrogen, halogen, or (Cy-0)alkyl;

each R; is independently halogen, cyano, Rza, ORz4, or SO;R;4;

each Raa is independently hydrogen or (Ci.10)alkyl optionally substituted with one
or more halogens;

 each R; is independently hydrogen, cyano, or (Ci.jg)alkyl optionally substituted

with one or more halogens; and

each Ry is independently hydrogen, cyano, or (C1.9)alkyl optionally substituted
with one or more halogens;

with the provisos that: 1) at least one of Gy, Gy, J 1, J2 or J3 is N; 2) at least one of
J1, J2 and J3 is CRy; 3) if Y is C(O), A is piperazine, all of Gy, Gy, J1, J3, Dy, Dy, By, and E;
are CH, and all of R; are hydrogen, then none of R, are lower alkyl; 4) if Y is C(O), A is

N

piperazine, D, and E; are both N, and all of R; and R; are hydrogen, then Ry is not cyano;

5)if Y is O, A is pyrrolidine, all of Gy, Gy, J 15 J3, D1, D2, B4, By, and E; are CH, and all of
R; are hydrogen, then at least one R; is not hydrogen; 6) if Y is CHy, A is piperazine, all
of Gy, J1, J3, J3, Dy, and D, are CH, all of E;, E, and Ej are CR;, and all of R, are
hydrogen, at least one R; is not hydrogen; and 7) if Y is C(O) or CHy, A is piperazine, at
least one of G; and G, is N, all of I, J2, 13, D1, Dy, By, E; and E; are CH, and all of R, are
hydrogen, then at least one R; is not hydrogen.

49.  The compound of claim 48, which has an PTICsq of less than about 200

nM.

50.  The compound of claim 49, which has an DTICs, of greater than about 1
pM.

51.  The compound of claim 50, which has an GTICs; of greater than about 1
pM.

52.  The compound of claim 48, wherein A is monocyclic.
53.  The compound of claim 48, wherein A is bicyclic.
54.  The compound of claim 48, wherein A is unsubstituted.

55.  The compound of claim 48, wherein A is optionally substituted
pyrrolidine, piperidine, piperazine, hexahydropyrimidine, 1,2,3,6-tetrahydropyridine,

: octahydrocyclopenta[c]pyrrole, or octahydropyrrolo[3,4-c]pyrrole.
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56.  The compound of claim 48, 'wherein one of D; and D, is N.

57.  The compound of claim 48, wherein both D; and D, are N.

58.  The compound of claim 48, wherein both D; and D, are CR;.

59. The compound of claim 48, wherein one of E, E, and E; is N.-

60. The compound of claim 48, wherein two of Ey, E; and E; are N.

61.  The compound of claim 48, wherein all of B, E, and E; are N.

62. The compound of claim 48, wherein all of E;, B, and E; are CR,.

63.  The compound of claim 48, wherein R; is hydrogen.

64. The compound of claim 48, wherein R, is halogen.

65.  The compound of claim 48, wherein R; is OR 4.

66.  The compound of claim 65, wherein R, is hydrogen or optionally
substituted alkyl.

67. The compound of claim 48, wherein one of G; and G, is N.

68. The compound of claim 48, wherein both G; and G, are N.

69.  The compound of claim 48, wherein both G; and G, are CRs.

70.  The compound of claim 48, wherein one of J;, J and J3 is N.

71. The compound of claim 48, wherein two of J;, J, and J5 are N.

72. The compound of claim 48, wherein all of J;, J, and J; are CRy.

73.  The compound of claim 48, wherein R; is hydrogen, halogen, or optionally
substituted alkyl.

74, The compound of claim 48, wherein Ry is hydrogen, halogen, or optionally
substituted alkyl.

75.  The compound of claim 48, wherein Y is C(O).

76.  The compound of claim 48, wherein Y is CH(OH).

77. The compound of claim 48, wherein Y is CH,.

78.  The compound of claim 48, which is of formula ITA:
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(Rs)n 1

(7
I G'1\\|/N\/l , Eq
=G2

(IA)

wherein:

Zis CRsorN;

each Rs is independently halogen, cyano, Rsy, OR5a, C(O)Rsa, C(O)OR54,
C(ON(RsaR58), N(RsaRsg), or SOzRs4;

each Rsy is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle;

each Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and

nis 0-5ifZ is CRs, or 0-4 if Z is N.

79. The compound of claim 78, wherein Z is CH, G is N, and at least one R,
is not hydrogen.

80.  The compound of claim 48, which is of formula IIB:

Rep Q1 R

8 )

| -
© Rg 5
(I1B)
81.  The compound of claim 48, which is of formula IIC:
(Re)n Ri
r\’\ 7 Ry
G1 \r N \) E1\ RZ
| G | _E
~Ca Ry 72
(IIC)

wherein:

Y
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Zis CRsor N;

each Rs is independently halogen, cyano, Rsa, ORsa, C(O)Rsa, C(O)ORsa,
C(O)N(RsaRsp), N(RsaRsp), or SO;Rs;

each Rs, is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle;

each Rsp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and

nis 0-5if Z is CRs, or 0-4 if Z is N.

82.  The compound of claim 82, wherein Z is CH, G; is N, and at least one Ry
is not hydrogen.

83. A compound or a pharmaceutically acceptable salt thereof, wherein the
compound is:
( 1-(pyrimidin—2—yl)piperidin—4-y1)(4'—(triﬂuoromethyl)biphenyl-4—yl)methanol;
(4'-chlorobiphenyl-4-y1)(2,6-dimethyl—4-(pyridin-Z-yl)piperazin-1-yl)methanone;
(3'-chloro-3 -methoxybiphenyl-4-yl)(1-(pyrimidin-2-yl)piperidin-4-yl)methanone;
(4—(pyrimidin-2-yl)piperazin—1-yl)(4'-(triﬂuoromethyl)biphenyl—4-yl)methanone;
@3 -ﬂuoro-4'-méthy1bipheny1—4-yl) (4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(4'-ch10robipheny1—4-yl)(4-(pyrimidin—2-yl)piperazin—1—yl)methanone;
(2'-methylbiphenyl-4-y1)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(4-(benzo[d] oxazol—z-yl)piperazin-1-yl)(4'-(triﬂuoromethyl)biphcnyl-4-y1)methanone;
biphenyl-4-yl(4-(4~(triﬂuoromethyl)pyrimidin—Z—yl)piperazin—l-yl)methanone;
(S)-(2~benzy1-4-(pyrimidin-Z-yl)piperazin-1-yl)(4'—(tdﬂuoromethyl)biphenyl-4-

| yl)methanone;

(5-(pyrimidin-z-yl)hexahydropyrrolo[3,4-c]pyrr01-2(1H)—yl)(6-p-toly1pyridin—3-

yl)methanone;
(5-(pyrimidin—2—y1)hexahydropyrro10[3,4-c]pyrrol-2(1H)-yl)(6—(3-

(triﬂuoromethyl)phenyl)pyridin—3-yl)methanone;
(6-(4-chlorophenyl)pyridin-3-yl)(S-(pyrimidin-z-yl)hexahydropyrrolo[3,4-c]pyrrol-

2(1H)-yDmethanone; _
(5~(pyrimidin—2—yl)hexahydropyrrolo[3,4-c]pynol-2( 1H)-yD)(6-(4-

(trifluoromethyl)phenyl)pyridin-3-yl)methanone;
(5-(4-chloropheny1)isoxazol-3-yl)(4-(pyrimidin—Z—yl)piperazin-l-yl)methanone;
(3'-chlorobiphenyl-4-y1)( 1-(pyridin-2-yl)piperidin-4-yl)methanone;

-62-

N
\o




10

15

20

25

30

WO 2006/124748 PCT/US2006/018682

biphenyl—4—y1(4-(pyrimidin—Z-yl)—1,4-diaze'pan-llyl)methanone;
(8-(pyrimidin—2-y1)-8-azabicyclo[3.2.1]octan-3-yl)(4'-(triﬂuoromethyl)biphenyl—4-
yl)methanone; | _
biphenyl-4-yl(1-(pyrimidin-2-yl)azetidin-3-yl)methanone;
(6-(4-chloro-3-(trifluoromethyl)phenyl)pyridin-3-y) (4-(pyrimidin-2-yl)piperazin-1-
yl)methanone; _
(6-(4-chloro-3 -methylphenyl)pyridin-3-y1)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(4'-chlorobipheny1~4-y1)(1-(pyridin—2—yl)piperidin-4~yl)methanone;
(2-methy1bipheny1—4-y1)(4—(pyrimidin-2-yl)piperazin—1-yl)methanone;
(3,4"-dimethylbiphenyl-4-y1) (4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(5-(3-chlorophenyl)pyﬂdin—?.—yl)(4-(pyrimidin-z-yl)piperazin-1-yl)methanone;
(4-(pyrimidin-2-yl)piperazin-1-yl)(5 -p-tolylpyridin-2-yl)methanone;
(4-(pyridin-2-yl)piperazin-1-y1)(3'- (trifluoromethyl)biphenyl-4-yl)methanone;
(1-(pyrimidin-2-yl)piperidin-4-y1) (4'-(trifluoromethyl)biphenyl-4-yl)methanone;
(3-ﬂuoro-3'-(triﬂuoromethyl)bipheny1-4-y1)(4-(pyrimidin-z-yl)piperazin-1-yl)methanone;
(4-(pyrimidin—Z-yl)piperazin—1-yl)(3'—(tn'ﬂuoromethoxy)biphenyl-4-y1)methanone;
(5-(pyrimidin—2—yl)hexahydropyrrolo[3,4-c]pyrrol-2(1H)-y1)(3 -
(trifluoromethyl)biphenyl-4-yl)methanone;
biphenyl—4-y1(5-(pyrimidin—2-y1)hexahydropyrrolo[3,4-c]pyrrol-2(lH)-yl)methanone;
(1—phenyl—5-(pyrimidin—Z-yl)hexahydropyrrolo[3,4—c]pyrrol-2(1H)—yl)(4'-
(trifluoromethyl)biphenyl-4-yl)methanone;
biphenyl-4-yl(4-(thiazol-2-yl)piperazin-1 -yl)methanone;
(4-(4-chlor0pheny1)cyclohexyl)(4a@yﬁmidin-2-yl)piperazin-l—yl)methanone;
4'-(4-(pmimidin—Z-yl)piperazine—1—carbonyl)biphenyl—3-carbom'trile;
(4-(methylsulfonyl)biphenyl-4-y1)(4- (pyrimidin-2-yl)piperazin-1-yl)methanone;
2-(4-((3 '—chlorobiphenyl-4-y1)(hydroxy)me'thyl)piperidin—1-yl)pyrimidin—S—ol;
(4-(pyridin-3 —yl)phenyl)(4-(pyrimidin-z-yl)pipcrazin-l-yl)methanone;
(3'-chloro-3 -hydroxybipheny1-4-yl)(1-(pyrimidin—Z-yl)piperidin-4-y1)methanone;
1-(4'-(4-(pylimidin-Z-yl)piperazine-1-carbonyl)bipheny1-3—yl)ethanone;
(2',4'-difluoro-3 -methylbipheny1~4-y1)(4-(pyrimidin-2-yl)piperazin-1-y1)methanone;
(S -phenyl-1H—pyrrol—2-y1)(4-(pyrimidin—2-yl)piperazin-1 -yl)methanone;
(6-(4-chlorophenyl)pyridin-3 -yl)(4-(pyrimidin—z-yl)piperazin-1-yl)methanone;
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6 '-chloro-2'-ﬂuorobiphenyl-4-y1)(8-(pyriniidin—i—yl)-S-azabicyclo [3.2.1]octan-3-
yDmethanone;
2-(4-(biphenylcarbonyl)piperazin-l-yl)nicotinonitrile;
2-(4-(biphenyl-4-yloxy)piperidin-1-yl)pyrimidine;
(2'-fluoro-5'-(trifluoromethyl)biphenyl-4-yl)(1-(pyrimidin-2-yl)pyrrolidin-3-
yDmethanone;
(4-(4-methylthiophen-2-yl)phenyl)(1-(pyrimidin-2-yl)piperidin-4-yl)methanone;
(4'-fluorobiphenyl-4-yl)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(2-fluoro-4'-methylbiphenyl-4-yl)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
biphenyl-4-yl(3-methyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(2'-fluoro-5'-(trifluoromethyl)biphenyl-4-yl)(4-methyl-1-(pyrimidin-2-yl)piperidin-4-
yl)methanone;
biphenyl-4-yl(4-(5-methylpyridin-2-yl)piperazin-1-yl)methanone;
biphenyl-4-yl(2-methyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(1-(pyridin-2-yl)piperidin-4-y1)(3'-(trifluoromethyl)biphenyl-4-yl)methanone;
(6-(3-chlorophenyl)pyridin-3-y1)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(4-(pyrimidin-2-yD)piperazin-1-y1)(6~(3-(trifluoromethyl)phenyl)pyridin-3-yl)methanone;
(4-(pyrimidin-2-yl)piperazin-1-y1)(6-p-tolylpyridin-3-yl)methanone;
(4‘-chloro-3'-(triﬂuoromethyl)biphehy1-4~y1)(1—(pyrimidin—z-yl)piperidin—4-yl)methanone;
(4-(2-chloropyridin-4-yl)phenyl)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(2'/4'-difluorobiphenyl-4-y1)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(6i(2,4-diﬂuorophenyl)pyridin—3-yl)(4-(pyrimidin-z-yl)piperazin—1-yl)methanone;
(3',5'-dichlorobiphenyl-4-yl)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
2-(4-(biphenyl-4-ylmethyl)piperazin-1-yl)pyrimidine;
(4'-chlorobiphenyl-4-yl)(1-(pyrimidin-2-yl)piperidin-4-yl)methanone;
(6-(3-chlorophenyl)pyridin-3-yl)(5-(pyrimidin-2-yl)hexahydropyrrolo[3 ,/4-clpyrrol-
2(1H)-yl)methanone;
(1-(pyridin-2-yDpiperidin-4-yl)(4'-(trifluoromethyl)biphenyl-4-yl)methanone;
(2'-fluoro-5'-(trifluoromethyl)biphenyl-4-y1)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(4-methylbiphenyl-4-y1)(4-(pyrimidin-2-yl)piperazin-1 -yDmethanone;
biphenyl-4-yl(4-(5-methylpyridin-2-yl)piperazin-1 -yDmethanone;
1-(biphenylcarbonyl)-4-(pyrimidin-2—y1)piperazin-2-one;
biphenyl-4-yl( 1-(pyrimidin-2-y1)-1,2,3,6-tetrahydropyridin-4-yl)methanone;
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(3'-chlorobiphenyl-4-yl)(1-(pyrimidin-2-y1)pip cr{din-4-y1)methanone;
biphenyl-4-yl(1-(pyrimidin-2-y1)-1,2,3 ,6-tetrahydropyridin-4-yl)methanol;
(3'-chlorobiphenyl-4-yl)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(4-(pyrimidin-2-yl)piperazin-1-yl)(3 -(trifluoromethyl)biphenyl-4-yl)methanone;
(3'-chlorobiphenyl-4-y1)(1-(5 -hydroxypyrimidin-2-yl)piperidin-4-yl)methanone;
(4-ethylbiphenyl-4-yl)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
bipheny1-4-y1(4-(4—methylpyrimidin—Z-yl)piperazin—1—yl)methanone;
(6-(2,4-difluorophenyl)pyridin-3-y1)(5 -(pyrimidin-2-yl)hexahydropyrrolo[3,4-c]pyrrol-
2(1H)-yDmethanone; ,

(4-chlorobiphenyl-4-yl)(4-(pyridin-2-yl)piperazin-1-yl)methanone;
(S-methyl-l-(pyrimidin—2-y1)—1,2,3,6-tetrahydropyridin—4—y1)(4'-

 (trifluoromethyl)biphenyl-4-yl)methanone;
biphenyl-4-yl(4-(5-ethylpyrimidin-2-yl)piperazin-1 -y)methanone;
(4-(pyﬁdin-2-y1)piperazin—1-yl)(4'-(triﬂuoromethyl)biphenyl-4-yl)methanone;
(4-(pyridin-2-yl)phenyl)(4-(pyrimidin-2-yl)piperazin-1 -yl)methanone;
biphenyl-4-yl(4-(pyrazin-2-yl)piperazin-1-yl)methanone;
(4'-methoxybiphenyl-4-yl) (4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
bipheny1-4-yl(4-(6-methylpyridazin-3-yl)piperazin—1-yl)methanone;
4'-(4-(pyrimidin-2-yl)piperazine- 1-carbonyl)biphenyl-4-carbonitrile;
(2,6-dimethyl-4-(pyridin—2—yl)piperazin-1-yl)(4'-(triﬂuoromethyl)biphenyl-4-

yl)methanone;

(5-phenylthiophen-2-y1)(4-(pyrimidin-2-yl)piperazin-1 -y)methanone;
(6-(5-methylthiophen-2-yl)pyridin-3 -y)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
bipheny1-4-yl(4—(pyridin-4-y1)piperazin—1-yl)inethanone;
(R)-(2-methyl-4-(pyrimidin-2-yl)piperazin-1-yl) (4'-(trifluoromethyl)biphenyl-4-

. yD)methanone;
biphenyl-4-y1((28S,5 S)-2,5—dimethy1—4-(pyrirnidin—Z-yl)piperazin—1~y1)methanone;
(3-chlorobiphenyl-4-y1)(4-(pyridin-2-yl)piperazin-1 -yDmethanone;
(4-(pyrimidin~2-y1)piperazin-1—yl)(2'-(triﬂuoromethyl)biphenyl-4~y1)methanone;
(S)-(4’-chlorobiphenyl-4-yl)(2-methy1~4—(pyn'midin-2-y1)piperazin—1-yl)methanone;
S ’-chloro—2'—ﬂuorobipheny1-4—yl)(4-(pyrimidin—2—y1)piperazin-1-yl)methanone;
(4-(5-methylthiophen-Z-yl)phenyl)(1-(pyrimidin—2—y1)piperidin-4-y1)methanone;
bipheny1-4-yl(4—(4,6-dimethylpyrimidin-2-yl)piperazin-I-yl)methanone;
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(S)-(2-methyl-4-(pyrimidin-2-yl)piperazin- 1-yl)(4'—(tn'ﬂuoromethyl)biphenyl—4-
yDmethanone; |
(S)-(2-benzyl-4-(pyrimidin-2-yl)piperazin-1-yl)(4'-chlorobiphenyl-4-yl)methanone;
biphenyl-4-yl(4-(pyridazin-3-yl)piperazin-1-yl)methanone;
(6-(4-methylthiophen-2-yl)pyridin-3-yl)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
1-(2',4'-difluorobiphenylcarbonyl)-4-(pyrimidin-2-yl)piperazine-2-carbonitrile;
(4'-chlorobiphenyl-4-y1)((2S,5S)-2,5-dimethyl-4-(pyrimidin-2-yl)piperazin-1-

yl)methanone;
biphenyl-4-yl(2-tert-butyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(S)-biphenyl-4-yl(2-isopropyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
biphenyl-4-yl(2,6-dimethyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(3'-chloro-2'-fluorobiphenyl-4-yl)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(4-(pyrimidin-2-yl)piperazin-1-y1)(6-(4-(trifluoromethyl)phenyl)pyridin-3-yl)methanone;
(4'-chloro-3'-methylbiphenyl-4-yl)(1-(pyrimidin-2-yl)piperidin-4-yl)methanone;
(3’~chloro-2-ﬂuorobiphenyl-4—y1)(4-(pyrimidin-2—y1)piperazin—1-yl)methanone; '
(2,6-dimethyl-4-(pyridin-2-yl)piperazin-1-yl)(4'-methylbiphenyl-4-yl)methanone;
3'-chloro-4-(1-(pyrimidin-2-yl)piperidine-4-carbonyl)biphenyl-3-yl acetate;
biphenyl-4-yl(2-methyl-4-(pyridin-2-yl)piperazin-1-yl)methanone;
1-(biphenyl-4-ylmethyl)-4-(pyrimidin-2-yl)piperazin-2-one;
(3',4'-dichlorobiphenyl-4-y1)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(3'-chlorobiphenyl-4-yl)(8-(pyrimidin-2-yl)-8-azabicyclo[3.2.1]octan-3-yl)methanol;
(S)-biphenyl-4-yl(2-isobutyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(3'-chlorobiphenyl-4-y1)(8-(pyrimidin-2-y1)-8-azabicyclo[3.2.1]octan-3-yl)methanone;
(S)-(4'-chlorobiphenyl-4-yl)(2-isopropyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(4"-methylbiphenyl-4-y1)(4-(pyridin-2-yl)piperazin-1-yl)methanone;
(S)-(2-isopropyl-4-(pyrimidin-2-yl)piperazin-1-y1)(4'-(trifluoromethyl)biphenyl-4-

yl)methanone;
(3'-chlorobiphenyl-4-yl)(1-(pyrimidin-2-yl)piperidin-4-yl)methanol;
(S)-(2-isobutyl-4-(pyrimidin-2-yl)piperazin-1-yl)(4'-(trifluoromethyl)biphenyl-4-

yl)methanone;
(5)-(4'-chlorobiphenyl-4-yl)(2-isobutyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(3'-chlorobiphenyl-4-yl)(1-(pyrimidin-2-yl)pyrrolidin-3-yl)methanone;
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(2',4‘-diﬂuorobipheny1—4-yl)(8-(pyrimidin—i-yl)—é-azabicyclo[3.2.l]octan—3—
yl)methanone;
4'-(4-(pyridin-2-yl)piperazine-1-carbonyl)biphenyl-4-carbonitrile;
(4-(pyrimidin-2-yi)-1,4-diazepan-1-y1)(3'-(trifluoromethyl)biphenyl-4-yl)methanone;
methyl 1-(5'-chloro-2'-fluorobiphenylcarbonyl)-4-(pyrimidin-2-yl)piperazine-2-
carbokylate;
(4-(benzo[d]oxazol-2-yl)piperazin-1-yl)(4'-chlorobiphenyl-4-yl)methanone;
(3'-chlorobiphenyl-4-yl)(4-(thiazol-2-yl)piperazin-1-ylymethanone;
(4-(5-chlorothiophen-2-yl)phenyl)(1-(pyrimidin-2-yl)piperidin-4-yl)methanone;
1-(5'-chloro-2'-fluorobiphenylcarbonyl)-4-(pyrimidin-2-yl)piperazine-2-carbonitrile;
(4-phenylthiophen-2-y1)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
biphenyl-4-yl(4-(pyrimidin-2-yl)-3,4-dihydroquinoxalin-1(2H)-yl)methanone;
(5"-chloro-2'-fluorobiphenyl-4-yl)(8-(pyrimidin-2-y1)-8-azabicyclo[3.2.1]octan-3-
yl)methanol;
(5-phenylfuran-2-yl)(4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
(4'-chlorobiphenyl-4-yl)(5—(pyrimidin—Z-yl)hexa.hydropyrrolo[3,4-c]pyrrol—2(1I—I)-
| yl)methanone;
4-(4'-chlorobiphenyl-4-yl1)-1-(pyrimidin-2-yl)piperidin-4-ol;
(5-(pyrimidin-2-yl)hexahydropyrrolo[3,4-c]pyrrol-2(1H)-yl)(4'-
(trifluoromethyl)biphenyl-4-yl)methanone;
biphenyl-4-yl(5-(pyridin-2-yl)hexahydropyrrolo[3,4-c]pyrrol-2(1H)-yl)methanone;
(3'-chlorobiphenyl-4-yl)(5-(pyrimidin-2-yl)hexahydropyrrolo[3,4-c]pyrrol-2( 1H)-
yDmethanone; |
biphenyl-4-yl((2S,5S)-2,5-dimethyl-4-(pyrimidin-2-yl)piperazin-1-yl)methanone;
1~((3'-chlorobiphenyl-4-yl)ymethyl)-N,N-dimethyl-4-(pyrimidin-2-yl)piperazine-2-
carboxamide;
(2'4'-difluorobiphenyl-4-yl)(3-methyl-1-(pyrimidin-2-yl)piperidin-4-yl)methanone;
(4-(benzo[d]thiazol-2-y1)piperazin—1-yl)(bi_phenyl-4-yl)methanone;
biphenyl-4-yl(4-(quinolin-2-yl)piperazin-1-yl)methanone;
4-(biphenyl-4-y1)-1-(pyrimidin-2-yl)piperidin-4-ol;
4'-chloro-N-methyl-N-(2-(methyl(pyrimidin-2-yl)amino)ethyl)biphenyl-4-carboxamide;
or

2-(biphenyl-4-y1)-1-(4-(pyrimidin-2-yl)piperazin-1-yl)ethanone.
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84. A pharmaceutical compositfon cofnprising a compound of claim 1 or 48

and a pharmaceutically acceptable excipient.

85. A single unit dosage form comprising the pharmaceutical composition of
claim 84.
86. A method of inhibiting a proline transporter, which comprises contacting a

proline transporter with sufficient amount of a compound of formula It

or a pharmaceutically acceptable salt or solvate thereof, wherein:

A is an optionally substituted non-aromatic heterocycle;

each of D; and D, is independently N or CRy;

each of By, E; and E; is independently N or CRy;

X is optionally substituted heteroaryl;

Y is O, C(O), CH(OH), or CH;;

each R, is independently hydrogen, halogen, cyano, Ry, OR4, C(O)R4, C(O)OR,4,
C(ON(RaRp), N(RaRg), or SO;Ry;

each R; is independently hydrogen, halogen, cyano, Ry, ORa, C(O)Ra, C(O)OR,,
C(O)N(RaRg), N(RaRp), or SO;Ry; '

each Ry is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and

each Ry is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, hetérocycle, heterocycle-alkyl, or alkyl-heterocycle.

87.  The method of claim 86, wherein the proline transporter is encoded by the
human gene SL.C6A7.

88. A method of improving the cognitive performance of a human patient,
which comprises administering to the patient an effective amount of a compound of

formula I:
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or a pharmaceutically acceptable salt or solvate thereof, wherein:
A is an optionally substituted non-aromatic heterocycle;
5 each of D; and D, is independently N or CR;;
each of Ey, E; and Ej is independently N or CRy;
X is optionally substituted heteroaryl;
Y is O, C(O), CH(OH), or CHy;
each R, is independently hydrogen, halogen, cyano, R, OR4, C(O)R,, C(O)OR,,
10 C(O)N(RaRsz), N(RaRp), or SORy;
edch R; is independently hydrogen, halogen, cyano, Ra, OR,4, C(O)Ra, C(O)OR,,
C(O)NRARB), N(RaRg), or SO;R,;
each R, is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and
15 each Rp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle.

89.  The method of claim 88, wherein the cognitive performance is rapidity of
learning, comprehension, reasoning, or memory. ‘
90. A method of treating, managing or preventing a disease or disorder in a
20  human patient, which comprises administering to the patient an effective amount of a

compound of formula I:

or a pharmaceutically acceptable salt or solvate thereof, wherein:
25 A is an optionally substituted non-aromatic heterocycle;

each of D and D; is independently N or CRy;
-69 -




10

15

WO 2006/124748 PCT/US2006/018682

each of B, E; and Ej is independently N or CRy;

X is optionally substituted heteroaryl,

Y is O, C(0), CH(OH), or CHy;

each R; is independently hydrogen, halogen, cyano, Ra, OR,, C(O)R4, C(O)OR,,
C(O)N(RaRz), N(R4Rg), or SO;R;

each R; is independently hydrogen, halogen, cyano, Ra, OR A, C(O)Ra, C(O)ORA4,
C(O)N(R4Rz), N(RaRs), or SO,Ry;

each R, is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle; and

each Rp is independently hydrogen or optionally substituted alkyl, aryl, arylalkyl,
alkylaryl, heterocycle, heterocycle-alkyl, or alkyl-heterocycle.

91. The method of claim 90, wherein the disease or disorder is_ Alzheimer’s

disease, autism, a cognitive disorder, dementia, a learning disorder, or memory loss.

92.  The method of claim 91, wherein the learning disorder is dyslexia,

dyscalculia, dysgraphia, dysphasia, or dysnomia.
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COMPUESTOS MULTI-CICLICOS Y METODOS DE EMPLEO DE
LOS MISMOS

Esta solicitud reivindica prioridad a la solicitud provisional U.S. No.

.60/680,501, presentada el 13 de mayo de 2005.

1. CAMPO DE LA INVENCION

Esta invencion se refiere a compuestos multi-ciclicos, composiciones

farmacéuticas que los comprenden y métodos de empleo de los mismos.

2. ANTECEDENTES DE LA INVENCION

Supuestamente, el amino4cido L-prolina juega un papel en regular la
transmision sinaptica en el cerebro mamifero. Véase, por ejemplo, Crump et
al., Molecular and Cellular Neuroscience, 13: 25-29 (1999). Por ejemplo,
se ha divulgado una via bi-sintética sinaptosémica de L-prolina a partir de
ornitina, y se ha observado una absotcién sinaptosomica, dependiente de
Na' con afinidad elevada, de L-prolina. Yoneda et al., Brain Res., 239: 479-
488 (1982); Balcar et al., Brain Res., 102: 143-151 (1976).

En general, los sistemas neurotransmisores poseen tipicamente
mecanismos que inactivan la sefializacion, muchos de los cuales funcionan
gracias a la accion de un transportador dependiente de Na’. En este caso, se
ha descrito un transportador dependiente de Na* para prolina, y la entidad
molecular élonada (SLC6A7 en humanos). Véase, por ejemplo, Patentes de‘
los Estados Unidos No. 5,580,775 y 5,759,788. Pero el papel especifico de
transportador sigue siendo desconocido. Por ejemplo, el transportador
humano de prolina Na'-dependiente se localiza generalmente en las
terminales sinapticas, lo cual es consistente con un papel en la seﬁalizaci(')n‘
de neurotransmisores. Sin embargo, no se ha encontrado un receptor de alta
afinidad para prolina, sugiriendo que es un neuromodulador antes que un
neurotransmisor. Shafqat S., et al., Molecular Pharmacology 48:219-229
(1995).
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El hecho qﬁe el transportador de prolina Na'-dependiente, se exprese
en el ganglio de la raiz dorsal ha llevado a algunos a sugerir que puede estar
implicado en la nocicepcion, y que compuestos que inhiben el transportador
pueden emplearse para tratar el dolor. Véase, por ejemplo, Solicitud de
Patente de los Estados Unidos No. 20030152970A1. No obstante, esta

sugerencia no esta sustentada por datos experimentales.

3.  SUMARIO DE LA INVENCION

Esta invencién abarca compuestos multi-ciclicos, composiciones

farmacéuticas que los comprenden, y métodos de empleo de los mismos.

Una incorporacién de la invencidon comprende un compuesto de la formula

I

@

y sus sales y solvatos farmacéuticamente aceptables, en donde: A es un

heterociclo no aromatico, opcionalmente sustituido; cada uno de D; y D, es
independientemente N o CRy; cada uno de E;, E, y E; es
independientemente N o CR,; X es heteroarilo opcionalmente sustituido; Y
es O, C(O), CH(OH), o CH,; cada R, es independientemente hidrégeno,
halégeno,l ciano, Ry, OR,, C(O)R,, C(O)OR,, C(O)N(RARR), N(RaRp), 0
SO,R,; cada Ry es independientemente hidrogeno, halégeno, ciano, R,,
OR4, C(O)Ra, C(O)OR,, C(ON(RAR3), N(RAR3), 0 SO,R,; cada Rj es
independientemente hidrogeno o alquilo opcionalmente sustituido, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo;
y cada Rp es independientemente hidrogeno o alquilo opcionalmente
sustituido, arilo, arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o

alquil-heterociclo.
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Compuestos preferidos inhiben el transportador de prolina, y
éompuestos particulares actiian en esa forma sin afectar sustancialmente los
transportadores dopamina o glicina.

Otra incorporacion de la invencién comprende composiciones
farmacéuticas de los varios compuestos descritos en esta solicitud.

Otra incorporacion comprende- métodos de mejorar el desempefio
cognitivo, y de tratar, controlar y/o prevenir varias enfermedades y

trastornos, utilizando compuestos de la invencion.

4.  BREVE DESCRIPCION DE LAS FIGURAS

Ciertos aspectos de la invencién pueden entenderse con referencia a

las figuras adjuntas.

Figura 1 muestra diferencias entre ratones silvestres y ratones con el
gen SLC6A7 inactivado en una prueba de respuesta condicionada.

Figura 2 muestra el efecto de un compuesto de la invencion
administrado a ratones antes de la fase de aprendizaje de una prueba de
respuesta condicionada.

Figura 3 muestra el efecto de un compuesto de la invencién

administrado a ratones antes de una prueba de contexto.

5. DESCRIPCION DETALLADA DE LA INVENCION

En parte, esta invencion se basa en el descubrimiento que el
transportador de prolina codificado por el gen humano en el sitio del mapa
5q31-932 (gen SLC6A7; No. de acceso al GENBANK NM_014228) puede
ser un potente modulador del desempefio mental en humanos. En
particular, se ha descubierto que ratones genéticamente modificados, que no
expresan un producto funcional del ortélogo murino del gen SLC6A7,
despliegan una funcién cognitiva, alcance de atencién, aprendizaje, y
memoria significativamente aumentados, en relacién con animales de
control. Se cree que éste es el primer informe de datos experimentales que
asocian la inhibicién del transportador de prolina a un efecto farmacologico

benéfico.
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En vista de este descubrimiento, el producto proteinico asociado con
la region codificante SLC6A7 se us6 para descubrir compuestos que puedan
~mejorar el desempefio cognitivo y puedan ser Utiles en el tratamiento,
prevencion y/o control de enfermedades y trastornos tales como la
enfermedad de Alzheimer, autismo, trastornos cognitivos, demencia,

trastornos de aprendizaje, y pérdida de la memoria a corto y largo plazo.

5.1. Definiciones

A menos que se indique lo contrario, el término "alquenilo" significa
un hidrocarburo de cadena recta, ramificada y/o ciclico que tiene desde 2 a
20 (por ejemplo, 2 a 10 6 2 a 6) dtomos de carbono, y que incluye por lo
menos un doble enlace carbono-carbono. Fracciones alquenilo
representativas incluyen vinilo, alilo, 1-butenilo, 2-butenilo, isobutilenilo,
1-pentenilo, 2-pentenilo, 3-metil-1-butenilo, 2-metil-2-butenilo, 2,3-dimetil-
2-butenilo, 1-hexenilo, 2-hexenilo, 3-hexenilo, 1-heptenilo, 2-heptenilo, 3-
heptenilo, 1-octenilo, 2-octenilo, 3-octenilo, 1-nonenilo, 2-nonenilo, 3-
nonenilo, l-decenilo, 2-decenilo y 3-decenilo.

A menos que se indique lo contrario, el término "alquilo" significa un
hidrocarburo de cadena recta, ramiﬁcada y/o ciclico ("cicloalquilo") que
tiene desde 1 a20 (por ejemplo, 1 a 10 6 1 a 4) atomos de carbono.
Fracciones alquilo que tienen desde 1 a 4 carbonos se denominan "alquilo
inferior." Ejemplos de grupos alquilo incluyen metilo, etilo, propilo,
isopropilo, n-butilo, t-butilo, isobutilo, pentilo, hexilo, isohexilo, heptilo,
4,4-dimetilpentilo, octilo, 2,2 ,4-trimetilpentilo, nonilo, decilo, undecilo y
dodecilo. Fracciones cicloalquilo pueden ser monociclicas o multiciclicas,
y los ejemplos incluyen ciclopropilo, ciclobutilo, ciclopentilo, ciclohexilo, y
adamantilo. Ejemplos adicionales de fracciones alquilo tienen porciones
lineales, ramificadas y/ol ciclicas (por ejemplo, 1-etil-4-metil-ciclohexilo).
El término "'alquilo" incluye hidrocarburos saturados, asi como fracciones
alquenilo y alquinilo. A menos que se indique lo contrario, el término
"alquilarilo" o "alquil-arilo" significa una fraccién alquilo unida a una

fraccidn arilo.
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A menos que se indique lo contrario, el término "alquilheteroarilo” o
"alquil-heteroarilo" significa una fraccién alquilo unida a una fraccion
heteroarilo.

A menos que se indique lo contrario, el término "alquilheterociclo” o
"alquil-heterociclo" significa una fraccién alquilo unida a una fraccién
heterociclo.

A menos que se indique lo contrario, el término "alquinilo" significa
un hidrocarburo de cadena recta, ramificada o ciclica que tiene desde 2 a 20
(por ejemplo, 2 a 6) atomos de carbono, y que incluye por lo menos un
enlace ftriple carbono-carbono.  Fracciones alquinilo representativas
incluyen acetilenilo, propinilo, 1-butinilo, 2-butinilo, 1-pentinilo, 2-
pentinilo, 3-metil-1-butinilo, 4-pentinilo, 1-hexinilo, 2-hexinilo, 5-hexinilo,
1-heptinilo, 2-heptinilo, 6-heptinilo, 1-octinilo, 2-octinilo, 7-octinilo, 1-
noninilo, 2-noninilo, 8-noninilo, 1-decinilo, 2-decinilo y 9-decinilo.

A menos que se indique lo contrario, el término "alcoxi" significa un
grupo -O-élquilo. Ejemplos de grupos alcoxi incluyen, pero no se limitan a,
-OCHj, -OCH2CH3, -O(CH,),CH3, -O(CH,);CH;, -O(CH,),CH;, y -
O(CH,)sCH. |

A menos que se indique lo contrario, el término "arilo" significa un
anillo aromatico o un sistema de anillo aromatico o parcialmente aromaético
compuesto de atomos de carbono e hidrégeno. Una fraccién arilo puede
comprender multiples anillos unidos o fusionados entre si. Ejemplos de
fracciones arilo incluyen antrabenilo, azulenilo, bifenilo, fluorenilo, indano,
indenilo, néftilo, fenantrenilo, fenilo, 1,2,3,4-tetrahidro-naftaleno, y tolilo.

A menos que se indique lo contrario, el término "arilalquilo" o "aril-
alquilo" significa una fraccién arilo unida a una fraccién alquilo.

A menos que se indique lo contrario, el término "DTICso" significa
una ICsy contra transportador humano de dopamina recombinante como se
determina usando el analisis descrito en los Ejemplos, mas adelante.

A menos que se indique lo contrario, el término "GTICsy" significa
una ICsg para el transportador humano de glicina recombinante como se

determina usando el analisis descrito en los Ejemplos, mas adelante.
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A menos que se indique lo contrario, los términos "halégeno" y
"halo" abarcan fltior, cloro, bromo, y yodo.
| A menos que se indique lo contrario, el término "heteroalquilo" se
refiere a una fraccion alquilo (por ejemplo, lineal, ramificada o ciclica) en la
- cual por lo menos uno de sus atomos de carbono se ha reemplazado con un -
heteroatomo (por ejemplo, N, O o S).

A menos que se indique lo contrario, el término "heteroarilo"
significa una fraccion arilo en donde por lo menos uno de sus atomos de
carbono se ha reemplazado con un heterodtomo (por ejemplo, N, O o S).
Ejemplos  incluyen  acridinilo,  benzimidazolilo,  benzofuranilo,
benzoisotiazolilo, benzoisoxazolilo, benzoquinazolinilo, benzotiazolilo,
benzoxazolilo, furilo, imidazolilo, indolilo, isotiazolilo, isoxazolilo,
oxadiazolilo, oxazolilo, ftalazinilo, pirazinilo, pirazolilo, piridazinilo,
piridilo, pirimidinilo, pirimidilo, pirrolilo, quinazolinilo, quinolinilo,
tetrazolilo, tiazolilo, y triazinilo.

A menos que se indique lo contrario, el término "heteroarilalquilo" o
"heteroaril-alquilo" significa una fraccién heteroarilo unida a una fraccion
alquilo.

A menos que se indique lo contrario, el término "heterociclo" se
refiere a un anillo, o sistema de anillo monociclico o policiclico, aromatico,
parcialmente aromético o no aromatico, compuesto por carbono, hidrégeno
y por lo menos un heteroatomo (por ejemplo, N, O o S). Un heterociclo
puede comprender multiples anillos (es decir, dos o mas) fusionados o
unidos entre si. Heterociclos incluyen heteroarilos. Ejemplos incluyen
benzo[1,3]dioxolilo, 2,3-dihidro-benzo[1,4]dioxinilo, cinnolinilo, furanilo,
hidantoinilo, morfolinilo, oxetanilo, oxiranilo, piperazinilo, piperidinilo,
pirrolidinonilo,  pirrolidinilo,  tetrahidrofuranilo, tetrahidropiranilo,
tetrahidropiridinilo, tetrahidropirimidinilo, tetrahidrotiofenilo,
tetrahidrotiopiranilo y valerolactamilo.

A menos que se indique lo contrario, el término "heterocicloalquilo"
o "heterociclo-alquilo” se refiere a una fraccion heterociclo unida a una

fraccion alquilo.
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A menos que se indique lo contrario, el término "heterocicloalquilo”
se refiera a un heterociclo no aromatico.

A menos que se indique lo contrario, el término
"heterocicloalquilalquilo” o "heterocicloalquil-alquilo" se refiere a una
fraccion heterocicloalquilo unida a una fraccion alcjuilo.

A menos que se indique lo contrario, los términos "controlar,”
"controlando" y "control" abarcan prevenir la recurrencia de la enfermedad
o trastorno especificados en un paciente que ya ha sufrido de la enfermedad
o trastorno, y/o alargar el tiempo en que un paciente que ha sufrido de la
enfermedad o trastorno permanece en remision. Los términos abarcan
modular el umbral, evolucién y/o duracion de la enfermedad o trastorno, o
modificar la forma en que un paciente responde a la enfermedad o trastorno.

A menos que se indique lo contrario, el término "sales
farmacéuticamente aceptables” se refiere a sales preparadas de acidos no
toxicos, farmacéuticamente aceptables, o bases, incluidos 4cidos
inorganicos y bases. Sales apropiadas de adicién de acido,
farmacéuticamente aceptables incluyen, pero no se limitan a, sales
metalicas preparadas de aluminio, calcio, litio, magnesio, potasio, sodio y
zinc(, o sales orgénicas preparadas de lisina, N,N'-dibenciletilendiamina,
cloroprocaina, colina, dietanolamina, etilendiamina, meglumina (N-
metilglucamina) y procaina. Acidos no téxicos apropiados incluyen, pero
no se limitan a, dcidos organicos e inorganicos tales como acido acético,
alginico; antranilico, bencenosulf()nico, benzoico, naftalenosulfénico,
citrico, etenosulfénico, férmico, fumérico, furoico, galacturénico,
glucénico, glucurénico, glutdmico, glicélico, bromhidrico, clorhidrico,
isetidnico, lactico, maleico, malico, mandélico, metanosulfénico, mucico,
nitrico, pamoico, pantoténico, fenilacético, fosforico, propionico, salicilico,
estearico, succinico, sulfanilico, sulfiirico, tartarico, y éacido p-
toluenosulfénico.  Acidos no téxicos especificos incluyen 4cidos
clorhidrico, bromhidrico, fosférico, sulfirico, y metanosulfénicos.
Ejemplos de sales especificas incluyen por lo tanto sales clorhidrato y

mesilato. Otras sales son bien conocidas en el arte. Véase, por ejemplo,
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Remington's Pharmaceutical Sciences (18th ed., Mack Publishing, Easton
PA: 1990) y Remington: The Science and Practice of Pharmacy (19th ed.,
Mack Publishing, Easton PA: 1995).

A menos que se indique lo contrario, los términos "prevenir,"

"previniendo" y "prevencion” contemplan una accién que ocurre antes que

un paciente empiece a sufrir de la enfermedad o trastorno especificados,
accion que inhibe o reduce la severidad de la enfermedad o trastorno. En
otras palabras, los términos abarcan profilaxis.

A menos que se indique lo contrario, una "cantidad profilacticamente
efectiva” de un compuesto es una cantidad suficiente para prevenir una
enfermedad o afeccién, o uno o més sintomas asociados con la enfermedad
o afeccion, o para prevenir su recurrencia. Una cantidad profilacticamente
efectiva de un compuesto significa una cantidad de agéhte terapéutico, solo
0 en combinacion con otros agentes, que ofrece un beneficio profilactico en
la prevéncic’m de la enfermedad o afeccién. El término "cantidad
profilacticamente efectiva" puede comprender una cantidad que mejora la
profilaxis general o incrementa la eficacia profilactica de otro agente
profilactico.

A menos que se indique lo contrario, el término "PTICs," significa
una ICs para el transportador humano de prolina Na'-dependiente como se
determina utilizando el analisis descrito en los Ejemplos, mas adelante.

A menos que se indique lo contrario, el término "inhibidor especifico
de transportador de prolina" signiﬁca un compuesto que tiene una PTICs,
de menos de alrededor de 200 nM. |

A menos que se indique lo contrario, el término "sustituido," cuando
se emplea para describir una estructura quimica o fraccién, se refiere a un
derivado de esa estructura o fracciéon en donde uno o mas de sus atomos de
hidrégeno se sustituye con una fracciéon quimica o grupo funcional tales
como, pero sin limitarse a, alcohol, aldehido, alcoxi, alcanoiloxi,
alcoxicarbonilo, alquenilo, alquilo (por ejemplo, metilo, etilo, propilo, t-
butilo), alquirﬁlo, alquilcarboniloxi (-OC(O)alquilo), amida (-C(O)NH-
alquil- o -alquilNHC(O)alquilo), amidinilo (-C(NH)NH- alquil- o -

™
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C(NR)NH,), amina (primaria, secundaria y terciaria tal como alquilamino,
arilamino, arilalquilamino), aroilo, arilo, ariloxi, azo, carbamoil (-
NHC(O)O-alquil- o -OC(O)NH-alquilo), carbamilo (por ejemplo, CONH,,
CONH-alquilo, CONH-arilo, y CONH-arilalquilo), carbonilo, carboxilo,
acido carboxilico, anhidrido de 4cido carboxilico, cloruro de &cido
carboxilico, ciano, éster, epoxido, éter (por ejemplo, metoxi, etoxi),
guanidino, halo, haloalquilo (por ejemplo, -CCl;, -CF;, -C(CF,)3),
heteroalquilo, hemiacetal, imina (primaria y secundaria), isocianato,
isotiocianato, cetona, nitrilo, nitro, oxo, fosfodiéster, sulfuro, sulfonamido
(por ejemplo, SO,NH,), sulfona, sulfonilo (incluidos alquilsulfonilo,
arilsulfonilo y arilalquilsulfonilo), sulféxido, tiol (por ejemplo, sulfhidrilo,
tioéter) y urea (-NHCONH-alquil-). |

A menos que se indique lo contrario, una "cantidad terapéuticamente
efectiva" de un compuesto es una cantidad suficiente para proporcionar un
beneficio terapéutico en el tratamiento o control de una enfermedad o
afeccion, o para retrasar 0 minimizar uno o mas sintomas asociados con la
enfermedad o afeccion. Una cantidad terapéuticamente efectiva de un
compuesto significa una cantidad de agente terapéutico, solo o en
combinacion con otras terapias, que brinda un beneficio terapéutico en el
tratamiento o control de la enfermedad o afeccién. El término "cantidad
terapéuticamente efectiva" puede comprender una cantidad que mejora la
terapia general, reduce o evita los sintomas o causas de una enfermedad o
afeccion, o aumenta la eficacia terapéutica de otro agente terapéutico.

A menos que se indique lo contrario, el términos "tratar," "tratando" y
"tratamiento” contemplan una accién que ocurre mientras un paciente esta
sufriendo de una enfermedad o trastorno especificos, accién que reduce la
severidad de la enfermedad o trastorno o uno o mas de sus sintomas, o
retarda o desacelera la evolucién de la enfermedad o trastorno.

A menos que se indique lo contrario, el término "incluir" tiene el
mismo significado de "incluyen, pero no se limitan a," y el término

"incluye" tiene el mismo significado que "incluye, pero no se limita a."
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Analogamente, el término "tal como" tiene el mismo significado que el
término "tal como, pero no limitado a."

A menos que se indique lo contrario, uno o mas adjetivos que
preceden inmediatamente a una serie de sustantivos tiene que interpretarse
como aplicandose a cada uno de los sustantivos. Por ejemplo, la expresion
"alquilo, arilo, o heteroarilo opcionalmente sustituidos" tiene el mismo
significado que "alquilo opcionalmente sustituido, arilo opcionalmente
sustituido, o heteroarilo opcionalmente sustituido."

Debe observarse que una fraccién quimica, que forma parte de un
compuesto mayor, puede describirse en esta solicitud usando un nombre
comunmente asignado cuando existe como una molécula tinica o un nombre
comuinmente asignado a su radical. Por ejemplo, a los términos "piridina" y
"piridilo" se les asigna el mismo significado cuando se utilizan para
describir una fraccion unida a otras fracciones quimicas. En consecuencia,
a las dos expresiones "XOH, en donde X es piridilo" y "XOH, en donde X
es piridina" se les asigna el mismo significado, y abarcan los compuestos
piridin-2-ol, piridin-3-ol y piridin-4-ol.

Debe observarse igualmente que se asume que cualquier atomo
mostrado en un dibujo con valencias no satisfechas se une a suficientes
atomos de hidrégeno para satisfacer las valencias. Adicionalmente, los
enlaces quimicos representados con una linea gruesa, paralela a una linea
punteada abarcan enlaces simples y dobles (por efemplo, aromaticos), si las
valencias lo permiten. Estructuras que representan compuestos con uno o
mas centros quirales, pero que no indican estereoquimica (por ejemplo, con
lineas punteadas o resaltadas), abarcan estereoisémeros puros y sus mezclas
(por ejemplo, mezclas racémicas). Analogamente, nombres de compuestos
que tienen uno o m4s centros quirales que no especifican la estereoquimica

de esos centros abarcan estereoisémeros puros y sus mezclas.

5.2. Compuestos de la invencion

Esta invencion abarca compuestos de formula I:

-10 -
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D

y sus sales y solvatos farmacéuticamente aceptables, en donde: A es un

heterociclo no aromatico, opcionalmente sustituido; cada uno de D, y D, es
independientemente N o CRy; cada uno de E,, E, v E; es
independientemente N o CR,; X es heteroarilo opcionalmente sustituido; Y
es O, C(O), CH(OH), o CHy; cada R, es independientemente hidrégeno,
halégeno, ciano, R, OR,, C(O)R4, C(O)OR,, C(O)N(RARp), N(RaRR), 0
SO,R,4; cada R, es independienteménte hidrégeno, haldgeno, ciano, Ry,
OR,, C(O)R,, C(O)OR4, C(O)N(RARg), N(R4Rp), o SO,R4; cada Ry es
independientemente hidrogeno o alquilo opcionalmente sustituido, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo;
y cada Ry es independientemente hidrégeno o alquilo, arilo, arilalquilo,
alquilarilo,  heterociclo, heterociclo-alquilo, o  alquil-heterociclo
opcionalmente sustituidos.

Una incorporacion de la invencidén abarca compuestos de formula IA:

(1A)

y sus sales y solvatos farmacéuticamente aceptables.

Otra incorporacion abarca compuestos de formula IB:

-11 -
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(IB)

y sus sales y solvatos farmacéuticamente aceptables, en donde: cada Rs es
independientemente haldgeno, ciano, Rss, ORsa, C(O)Rsa, C(O)ORs4,
C(O)N(RsaRsp), N(RsaRsp), 0 SO,Rs4; cada Rsy, es independientemente
hidroégeno o alquilo, arilo, arilalquilo, alQuilarilo, heterociclo, heterociclo-
alquilo, o alquil-heterociclo opcionalmente sustituidos; cada Rsg es
independientemente hidrogeno o alquilo, arilo, arilalquilo, alquilarilo,
heterociclo, heterociclo-alquilo, o alquil-heterociclo opcionalmente
sustituidos; y n es 0-5.

Otra incorporacion abarca compuestos de formula IC:

1o

y sus sales y solvatos farmacéuticamente aceptables, en donde: Y es O

b

C(O) o CHy; cada Rs es independientemente halégeno, ciano, Rss, ORss,
C(O)Rsa, C(O)ORsa, C(O)N(RsaRsp), N(RssRsp). 0 SO,Rs,; cada Rsa es
independientemente hidrégeno o alquilo, arilo, arilalquilo, alquilarilo,
heterociclo, heterociclo-alquilo, o alquil-heterociclo opcionalmente
sustituidos; cada Rsp es independientemente hidrégeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos; y m es 0- 4.

Otra incorporacién abarca compuestos de formula ID:

-12-
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(D)

y sus sales y sblvatos farmacéuticamente aceptables, en donde: cada Rs es
independientemente haldgeno, ciano, Rss, ORsp, C(O)Rs4, C(O)ORSsp,
C(O)N(RsaRsp), N(RsaRsp), 0 SO;Rsu; cada Rss es independientemente
hidrégeno o alquilo, arilo, arilalquilo, alquilarilo, hgterociclo, heterociclo-
alquilo, o alquil-heterociclo opcionalmente sustituidos; cada Rsg es
independientemente hidrégeno o alquilo, arilo, arilalquilo, alquilarilo,
heterociclo, heterociclo-alquilo, o ' alquil-heterociclo opcionalmente
sustituidos; y p es 0-7.

Otra incorporacion abarca compuestos de formula IE:

(Rs)q N
BT

Jo \J1/,G2

(IE)
y sus sales y solvatos farmacéuticamente aceptables, en donde: Y es O,
C(O) o CHy; cada Rs es independientemente halégeno, ciano, Rss, ORs,,
C(O)Rsa, C(O)ORs,, C(O)N(RsaRsp), N(RsaRsp), 0 SO,Rs4; cada Rsp es
independientemente hidrégeno o alquilo, arilo, arilalquilo, alquilarilo,
heterociclo, heterociclo-alquilo, o alquil-heterociclo opcionalmente
sustituidos; cada Rsp es independientemente hidrégeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo

opcionalmente sustituidos; y q es 0-6.

Otra incorporacion abarca compuestos de férmula IF:

-13 -
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3, G2

A\

J2"J1

(IF)

y sus sales y solvatos farmacéuticamente aceptables, en donde: cada Rs es

independientemente halégeno, ciano, Ry, ORs4, C(O)Rsa, C(O)ORsa,
C(O)N(R5aRsp), N(RsaRs5), 0 SO,Rs4; cada Rsa es independientemente
hidrégeno o alquilo, arilo, arilalquilo, alquilarilo, heterociclo, heterociclo-
alquilo, o alquil-heterociclo opcionalmente sustituidos; cada Rsp es
independientemente hidrégeno o alquilo, arilo, arilalquilo, alquilarilo,
| heterociclo, heterociclo-alquilo, o alquil-heterociclo opcionalmente

sustituidos; y m es 0-4.

Otra incorporacion abarca compuestos de formula IT:

J3-G,

i N A

J1=Gy

(1)
y sus sales y solvatos farmacéuticamente aceptables, en donde: A es un
heterociclo no aromatico, opcionalmente sustituido; cada uno de D, y D, es
independientemente N o CR;; cada uno de Ei, E; vy E; es
independientemente N o CR,; cada uno de Gy G, son independiehtemente
N o CRj3; cada uno de J;, J, y J3 son independientemente N o CRy; Y es O,
C(O), CH(OH), o CH,; cada R, es independientemente hidrogeno,
halégeno, o (Cy_jp)alquilo; cada R, es independientemente haldgeno, ciano,
Raa, ORza, 0 SOyR,4; cada Ry, es independientemente hidrégeno o (C,.
10)alquilo sustituido opcionalmente con uno o mas halégenos; cada R; es

independientemente  hidrégeno, ciano, o (Ciaip)alquilo  sustituido

-14 -
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opcionalmente con uno o mas halégenos; y cada R, es independientemente
hidr6geno, ciano, o (Cy.i)alquilo sustituido opcionalmente con uno o mas
haldgenos.

Otra incorporacion abarca compuestos de formula ITA:

Ry 9 R

l,\/\ . R
6 _N._J Ei_ R,
N ~N
L A

(I1A)

y sus sales y solvatos farmacéuticamente aceptables, en donde: Z es CRs 0
N; cada Rs es independientemente halégeno, ciano, Rs, ORs,, C(O)Rsy,
C(O)ORs,, C(O)N(RSARSB)a N(RsaRsp), o SO;Rs4; cada Rsp es
independientemente hidrégeno o alquilo, arilo, arilalquilo, alquilarilo,
heterociclo, heterociclo-alquilo, o alquil-heterociclo  opcionalmente
sustituidos; cada Rsp es independientemente hidrégeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos; y n es 0-5 si Z es CRs,00-4 si Z es N.

Otra incorporacion abarca compuestos de formula IIB:
Rk PH Ry
Gy N E R
I 1\7/ | 1 Y 2
G2

_E
R E; -

Ry

(11B)
y sus sales y solvatos farmacéuticamente aceptables.

Otra incorporacion abarca compuestos de formula IIC:

-15 -
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(Rs)n Ry

J
, G1\\([:N E,

(IIC)
y sus sales y solvatos farmacéuticamente aceptables, en donde: Z es CRs 0
N; cada Rs es independientemente halégeno, ciano, Rsa, ORs,, C(O)Rs4,
C(O)ORsa, C(O)N(RspRsp), N(RssRsp), o SO,Rss; cada Rsa es
independientemente hidrogeno o alquilo, arilo, arilalquilo, alquilarilo,
heterociclo, heterociclo-alquilo, o alquil-heterociclo opcionalmente
sustituidos; cada Rsg es independientemente hidrégeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos; y n es 0-5 si Z es CRs, 0 0-4 si Z es N.
En una incorporacién de la invencién abarcada por formula IT (y ITA-

C, segun lo apropiado), por lo menos uno de Gy, Gy, J 1,J20J3es N. En
otra, por lo menos uno de J;, J, y J; es CR,. En otra, si Y es C(O), A es
piperazina, todos los G, Gy, J, I, Dy, Dy, Ei, y E; son CH, y todos los R,
son hidrégeno, entonces ninguno de R, son alquilo inferior. En otra, si Y es
C(O), A es piperazina, D, y E; son ambos N, y todos los R; y R, son
hidrégeno, entonces Ry no es ciano. En otra, si Y es O, A es pirrolidina,
todos los G, Gy, Iy, J3, Dy, Dy, Ey, E,, y E; son CH, y todos los R son
hidrégeno, entonces por lo menos un R, no es hidrégeno. En otra, si Y es
CH,, A es piperazina, todos los G,, J;; I, I3, D,, y D, son CH, fodos los E;,
E; y E; son CR,, y todos los R, son hidrégeno, por lo menos un R, no es
hidroégeno. En otra, si Y es C(O) o CH,, A es piperazina, por lo menos uno
de G;y Gy es N, todos los Iy, J,, I3, Dy, Ds, Ei, E; y E; son CH, y todos los
R, son hidrégeno, entonces por lo menos un R, no es hidrégeno.

| Varias otras incorporaciones de la invencién, que pertenecen a cada

una de las férmulas anteriores (por ejemplo, 1, IA-F, II y IIA-C), segtn lo
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apropiado (cuando la férmula particular contiene la fraccion aludida), son
como sigue. | |

En una, A es un heterociclo no aromatico, opcionalmente sustituido,
que contiene no mas de dos atomos de nitrégeno (es decir, el heterociclo,
que contiene no mas de dos 4tomos de nitrégeno, es opcionalmente
sustituido).

En otra, A es monociclico. En otra, A es biciclico. En otra, A es no
sustituido. En  otra, A es pirrolidina, piperidina, piperazina,
hexahidropirimidina,  1,2,3,6-tetrahidropiridina, octahidrociclopenta[c]
pirrol, u octahidropirrolo[3,4-c]pirrol opcionalmente sustituidos.

En otra, uno de D, y D, es N. En otra, ambos D, y D, son N. En otra,
ambos D, y D, son CR,.

En otra, uno de E;, E, y E; es N. En otra, dos de Ei, E; yE; son N. En
otra, todos los E;, E; y E; son N. En otra, todos los E;, .E2 y E; son
independientemente CR,. |

En otra, R; es hidrégeno, haldgeno, o alquilo opcionalmente
sustituido. En otra, Ry es OR, y, por ejemplo, R, es hidrégeno o alquilo
opcionalmente sustituido.

En ofra, R, es hidrdgeno, halégeno, o alquilo opcionalmente
sustituido. En otra, R, es OR, y, por ejemplo, R, es hidrégeno o alquilo
opcionalmente sustituido.

En otra, X es un heteroarilo de 5, 6,9 6 10 miembros, opcionalmente
sustituido. En otra, X es un heteroarilo de 5 6 6 miembros opcionalmente
sustituido. En otra, X es de la formula:

PN
s
~J:
en donde: cada uno de G, y G, son independientemente N o CR3; cada uno
de J - Jo y J3 son independientemente N o CRy; cada Ry es
independientemente hidrégeno, halégeno, ciano, R,, OR,, C(O)R,,
C(O)OR,, C(O)N(RaRp), N(RsRg), o SORA; y cada Rs es

independientemente hidrégeno, halégeno, ciano, R,, OR,, C(O)R,,
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C(O)OR,, C(O)N(RARB), N(RsRp), 0 SO,R,; siempre que por lo menos
uno de J;, J, y J3 sea CR,.

En otra, uno de G, y G, es N. En otra, ambos G y Gz son N. En otra,
ambos G; y G, son CR;.

En otra, uno de J;, J, y J3 es N. En otra, dos de J1, J2 y J3 son N. En
otra, todos los J;, J, y J; son independientemente CR,.

En otra, R; es hidrogeno, haldgeno, o alquilo opcionalmente
sustituido. En otra, R; es OR, y, por ejemplo, R, es hidrogeno o alquilo
opcionalmente sustituido.

En otra, Ry es hidrégeno, halégeno, o alquilo opcionalmente
sustituido. En otra, R4 es OR, Yy, por ejemplo, Ry es hidrégeno o alquilo
opcionalmente sustituido.

En otra, Y es C(O). En otra, Y es CH(OH). En otra, Y es CH,..

Ejemplos de compuestos especificos incluyen:

(1 -(pirimidin—2-il)piperidin—4-il)(4'-(tfiﬂuorometil)bifenil-4-il)metanol ;
(4’-clorobifenil-4-il)(2,6-dimetil-4-(piridin-2-il)piperazin- 1-il)metanona;
(3'-cloro-3—metoxibifenil-4-il)(1-(piriinidin—Z—il)piperidin-4-il)metan0na;
(4-(pirimidin-2-il)piperazin-1 -il)(4’-(triﬂuorometi1)bifenil-4-il)metanona;
(3 -ﬂuoro-4'-metilbifenil-4-il)(4-(pirimidin-2—il)piperazin- 1-il)metanona;
(4'-clorobifenil—4-il)(4—(pirimidin-2—il)piperazin-1—il)metanona;
(2'-meti1bifeni1-4-il)(4-(pirimidin-2—il)piperazin—l-il)metanona;
(4-(benzo[d]oxazol-2-il)piperazin-1 -il)(4'-(trifluorometil)bifenil-4-il)
metanona; .
bifenil-4—il(4-(4-(triﬂuorometil)pirimidin-z-il)piperazin— 1-il)metanona;
(S)-(2-bencil-4-(pirimidin-2-il)piperazin-1 -il)(4'-(trifluorometil)bifenil-4-il)
metanona;
(5-(pirimidin-2-il)hexahidropirrolo[3 ,4-c]pirrol-2(1H)-il)(6-p-tolilpiridin-3-
il)metanona;
(5-(pirimidin-2-il)hexahidropirrolo[3 ,4-c]pirrol-2(1H)-il)(6-(3-
(trifluorometil)fenil)piridin-3-il)metanona;
(6-(4-clorofenil)piridin-3-il)(5—(pirimidin-Z-il)hexahidropirrolo[3,4-c]pirr01—
- 2(1H)-il)metanona;
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(5-(pirimidin-2-il)hexahidropirrolo[3,4-c]pirrol-2(1H)-il)(6-(4-
(trifluorometil)fenil)piridin-3-il)metanona;
(5-(4-clorofenil)isoxazol-3-il)(4~(pirimidin-2-il)piperazin-1-il)metanona;
(3'-clorobifenil-4-il)(1-(piridin-2-il)piperidin-4-il)metanona;
bifenil-4-il(4-(pirimidin-2-il)-1,4-diazepan-1-il)metanona;
(8-(pirimidin-2-il)-8-azabiciclo[3.2.1]octan-3-il)(4'-(trifluorometil )bifenil-4-
il)metanona;
bifenil-4-il(1-(pirimidin-2-il)azetidin-3-il)metanona;
(6-(4-cloro—3-(triﬂuorometil)fenil)piridin—3-il)(4-(pirimidin—Z-il)piperazin-
1-il)metanona; |
(6-(4-cloro-3-metilfenil)piridin-3-il)(4-(pirimidin-2-il)piperazin-1-il)
metanona; ’
(4'-clorobifenil-4-il)(1-(piridin-2-il)piperidin-4-il)metanona;
(2-metilbifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(3,4'-dimetilbifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(5-(3-clorofenil)piridin-2-il)(4-(pirimidin-2-il)piperazin-1 -il)metanona;
(4-(pirimidin-2-il)piperazin-1-il)(5-p-tolilpiridin-2-il)metanona;
(4-(piridin-2-il)piperazin-1-il)(3 '-(trifluorometil)bifenil-4-il)metanona;
(1 -(pirimidin—2—il)piperidin—4-il)(4’-(tfiﬂuorometil)bifenil—4-i1)metan0na;
(3-fluoro-3 -(trifluorometil)bifenil-4-il)(4-(pirimidin-2-il)piperazin-1 -1l)
metanona;
(4-(pirimidin-2-il)piperazin-1-il)(3 '~(trifluorometoxi)bifenil-4-il)metanona;
(5-(pirimidin-2-il)hexahidropirrolo[3,4-c]pirrol-2(1H)-il)(3 '-(trifluorometil)
bifenil-4-il)metanona;
bifenil-4-il(5-(pirimidin-2-il)hexahidropirrolo[3 ,4-c]pirrol-2(1H)-il)
metanona;
(1 -fenil-S-(pirimidin-2v-il)hexahidropi1jrolo[3 ,4-c]pirrol-2(1H)-il)(4'-
(trifluorometil)bifenil-4-il)metanona;
bifenil-4-il(4-(tiazol-2-il)piperazin-1-il)metanona;
(4-(4-clorofenil)ciclohexil )(4-(pirimidin-2-il)piperazin-1 -il)metanona;
4'-(4-(pirimidin-2-il)piperazin-1-carbonil)bifenil-3-carbonitrilo;

(4'-(metilsulfonil)bifenil-4-il)(4-(pirimidin-2-il)piperazin-1 -il)metanona;
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2-(4~((3'-clorobifenil-4-il)(hidroxi)metil)piperidin- 1-il )pirimidin-5-ol;
(4-(piridin-3-il)fenil)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(3'-cloro-3 -hidroxibifenil-4-il_)(1 -(pirimidin-2-il)piperidin-4-il)metanona;
1-(4'-(4-(pirimidin-2-il)piperazin- 1-carbonil )bifenil-3 -il)etanona;
(2',4'-difluoro-3 -metilbifenil-4-il)(4-(pirimidin-2-il)piperazin-1 -i1)
metanona;
(5-fenil-1H-pirrol-2-il)(4-(pirimidin-2-il )piperazin-1 -il)metanona;
(6-(4-clorofenil)piridin-3-il)(4-(pirimidin-2-il )piperazin-1 -1l)metanona;
(5'-cloro—2'-ﬂuorobifenil—4-il)(8-(pirimidin—Z-il)-8-azabiciclo[3 .2.1]octan-3-
il)metanona;
2-(4-(bifenilcarbonil)piperazin-1-il)nicotinonitrilo;
2-(4-(bifenil-4-iloxi)piperidin-1-il)pirimidina;
(2'-fluoro-5'-(trifluorometil )bifenil-4-il)(1 ~(pirimidin-2-il)pirrolidin-3-il)
'~ metanona; '
(4-(4-metiltiofen-2-il)fenil (1 ~(pirimidin-2-il)piperidin-4-il)metanona;
(4'-ﬂuorobifenil-4—i1)(4-(pirimidin-Z-il)piperazin— I-il)metanona;
(2-ﬂuor0-4‘-metilbifenil-4-il)(4-(pirimidin-Z—il)piperazin— 1-il)metanona;
bifenil-4-il(3 -metil-4-(pirimidin-2-il)piperazin-1 -il)metanona;
(2'-fluoro-5'-(trifluorometil )bifenil-4-il)(4-metil-1 ~(pirimidin-2-il) piperidin-
4-il)metanona;
bifenil-4-il(4-(5-metilpiridin-2-il)piperazin-1 -i)metanona;
bifenil-4-il(2-metil-4-(pirimidin-2-il)piperazin- 1 -il)metanona;
(1-(piridin-2-il)piperidin-4-il)(3 '~(triﬂ1i0r0meti1)bifenil-4-i1)metanona;
(6-(3 -clorofenil)piridin—3-il)(4—(pirimidin-2—il)piperazin— 1-il)metanona;
(4-(pirimidin-2-il)piperazin-1 -il)(6-(3-(triﬂuorometil)fenil)piridin-3-il)
metanona,;
(4-(pirimidin-2-il)piperazin-1 -il)(6-p-t(51ilpiridin-3 -il)metanona;
(4'-cloro-3'~(trifluorometil )bifenil-4-il)(1 ~(pirimidin-2-il)piperidin-4-il)
metanona;
(4-(2-cloropiridin—4—il)fenil)(4-(pirimidin-2-il)piperazin- 1-il)metanona;
(2',4'-diﬂuorobifenil-4—il)(4-(pirimidin-2-i1)piperazin- 1-il)metanona;

(6-(2,4-diﬂuorofenil)piridin—3-il)(4-(pirimidin-2-iI)piperazin- 1-il)metanona;
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(3',5'-diclorobifenil-4-il)(4-(pirimidin-2-il)piperazin- 1-il)metanona;
2-(4-(bifenil-4-ilmetil)piperazin-1-il)pirimidina;
(4'-clorobifenil-4-il)(1-(pirimidin-2-il)piperidin-4-il)metanona;
(6-(3-clorofenil)piridin-3-il)(5-(pirimidin-2-il)hexahidropirrolo[3,4-c]pirrol-
2(1H)-il)metanona;
(1-(piridin-2-il)piperidin-4-il)(4'-(trifluorometil )bifenil-4-il )metanona;
(2'-fluoro-5'-(trifluorometil)bifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)
metanona,;
(4'-metilbifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
bifenil-4-il(4-(5-metilpiridin-2-il)piperazin-1-il )metanona;
1-(bifenilcarbonil)-4-(pirimidin-2-il)piperazin-2-ona;
bifenil-4-il(1-(pirimidin-2-il)-1,2,3,6-tetrahidropiridin-4-il)metanona;
(3'-clorobifenil-4-il)(1 —(pirimidin—2-il)piperidin-4-il)metanona;
bifenil-4-il(1-(pirimidin-2-il)-1,2,3,6-tetrahidropiridin-4-il )metanol;
(3'-clorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1 -il)fnetanona;
(4-(pirimidin-2-il)piperazin-1-il)(3'-(trifluorometil)bifenil-4-il)metanona;
(3'-clorobifenil-4-il)(1-(5-hidroxipirimidin-2-il)piperidin-4-il)metanona;
(4'-etilbifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
bifenil-4-il(4-(4-metilpirimidin-2-il)piperazin-1-il)metanona;
(6-(2,4-difluorofenil)piridin-3-il)(5-(pirimidin-2-il)hexahidropirrolo[3,4-c]
pirrol-2(1H)-il)metanona;
(4'-clorobifenil-4-il)(4-(piridin-2-il)piperazin-1-il)metanona;
(5-metil-1-(pirimidin-2-il)-1,2,3,6-tetrahidropiridin-4-il)(4'~(trifluorometil)
bifenil-4—il)metanoné;
bifenil-4-il(4-(5-etilpirimidin-2-il)piperazin-1 -il)metanbna;
(4-(piridin-2-il)piperazin-1-il)(4'-(trifluorometil )bifenil-4-il)metanona;
(4-(piridin-2-il)fenil)(4-(pirimidin-2-il)piperazin-1-il)metanona;
bifenil-4-il(4-(pirazin-2-il)piperazin-1-il)metanona;
(4'-metoxibifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
bifenil-4-il(4-(6-metilpiridazin-3-il)piperazin-1-il)metanona;

4'-(4-(pirimidin-2-il)piperazin-1-carbonil)bifenil-4-carbonitrilo;
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(2,6-dimetil-4-(piridin-2-il)piperazin-1-il)(4'-(trifluorometil)bifenil-4-
il)metanona;
(5-feniltiofen-2-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(6-(5-metiltiofen-2-il)piridin-3 -il)(4-(pirimidin-2-il)piperazin-1-il)
metanona;
bifenil-4-il(4-(piridin-4-il)piperazin-1-il)metanona;
(R)~(2-metil-4-(pirimidin-2-il)piperazin-1-il)(4'-(trifluorometil )bifenil-4-il)
metanona;
bifenil-4-il((25,55)-2,5-dimetil-4-(pirimidin-2-il)piperazin-1-il)metanona;
(3'-clorobifenil-4-il)(4-(piridin-2-il)piperazin-1-il)metanona;
(4-(pirimidin-2-il)piperazin-1-il)(2'-(trifluorometil bifenil-4-il)metanona;
(5)-(4'-clorobifenil-4-il)(2-metil-4-(pirimidin-2-il)piperazin-1-il)metanona;
(5'-cloro-2'-fluorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1 -il)rhetanona;
(4-(5-metiltiofen-2-il)fenil)(1-(pirimidin-2-il )piperidin-4-il)metanona;
bifenil-4-il(4-(4,6-dimetilpirimidin-2-il)piperazin-1-il)metanona;
(S)-(2-metil-4-(pirimidin-2-il)piperazin-1 -il)(4'~(trifluorometil)bifenil-4-il)
metanona;
(5)-(2-bencil-4-(pirimidin-2-il)piperazin- 1 -il)(4'-clorobifenil-4-il)metanona
bifenil-4-il(4-(piridazin-3-il)piperazin-1-il)metanona;
(6-(4-metiltiofen-2-il)piridin-3-il)(4-(pirimidin-2-il)piperazin-1-il)
metanona; |
1-(2',4'-difluorobifenilcarbonil)-4-(pirimidin-2-il)piperazin-2-carbonitrilo;
(4'-clorobifenil-4-il)((28,5S)-2,5-dimetil-4-(pirimidin-2-il )piperazin-1-il)
metanona;
bifenil-4-il(2-terc-butil-4-(pirimidin-2-il)piperazin-1-il)metanona;
(S)-bifenil-4-il(2-isopropil-4-(pirimidin-2-il)piperazin-1 -il)metanona;
bifenil-4-il(2,6-dimetil-4-(pirimidin-2-il)piperazin-1-il)metanona;
(3'-cloro-2'-fluorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il )metanona;
(4-(pirimidin-2-il)piperazin-1-il)(6-(4-(trifluorometil)fenil)piridin-3-il)
metanona,
(4'-cloro-3'-metilbifenil-4-il)(1-(pirimidin-2-il)piperidin-4-il )metanona;

(3'-cloro-2-fluorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
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(2,6-dimetil-4-(piridin-2-il)piperazin-1-il)(4'-metilbifenil-4-il)metanona;
3'-cloro-4-(1-(pirimidin-2-il)piperidine-4-carbonil)bifenil-3-il acetato;
bifenil-4-il(2-metil-4-(piridin-2-il)piperazin-1-il)metanona;
1-(bifenil-4-ilmetil)-4-(pirimidin-2-il)piperazin-2-ona;
(3',4'-diclorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(3'-clorobifenil-4-il)(8-(pirimidin-2-il)-8-azabiciclo[3.2.1]octan-3-il)
metanol;
(S)-bifenil-4-il(2-isobutil-4-(pirimidin-2-il)piperazin-1-il)metanona;
(3'-clorobifenil-4-il)(8-(pirimidin-2-il)-8-azabiciclo[3.2.1]octan-3-il)
metanona;
(S)-(4'-clorobifenil-4-il)(2-isopropil-4-(pirimidin-2-il)piperazin-1-il)
metanona,
(4'-metilbifenil-4-il)(4-(piridin-2-il)piperazin-1-il)metanona;
(S)-(2-isopropil-4-(pirimidin-2-il)piperazin-1 -il)(4'-(trifluorometil)bifenil-4-
il)metanona;
(3'-clorobifenil-4-il)(1-(pirimidin-2-il)piperidin-4-il)metanol;
(S)-(2-isobutil-4-(pirimidin-2-il)piperazin-1-il)(4'-(trifluorometil )bifenil-4-
il)metanona;
(5)-(4'-clorobifenil-4-il)(2-isobutil-4-(pirimidin-2-il )piperazin-1-il)
metanona,;
(3'-clorobifenil-4-il)(1-(pirimidin-2-il)pirrolidin-3-il)metanona;
(2',4"-difluorobifenil-4-il)(8-(pirimidin-2-il)-8-azabiciclo[3.2.1]octan-3-il)
metanona,;
4'-(4-(piridin-2-il)piperazin-1-carbonil)bifenil-4-carbonitrilo;
(4-(pirimidin-2-il)-1,4-diazepan-1-il)(3'-(trifluorometil)bifenil-4-il)
metanona,
metil 1-(5'-cloro-2'-fluorobifenilcarbonil)-4-(pirimidin-2-il)piperazin-2-
carboxilato;
(4-(benzo[d] oxazol-2-il)piperazin-1-il)(4'-clorobifenil-4-il)metanona;
(3'-clorobifenil-4-il)(4-(tiazol-2-il)piperazin-1-il)metanona;

(4-(5-clorotiofen-2-il)fenil)(1-(pirimidin-2-il)piperidin-4-il)metanona;
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1-(5'-cloro-2'-fluorobifenilcarbonil)-4-(pirimidin-2-il)piperazin-2-
carbonitrilo;
(4-feniltiofen-2-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
bifenil-4-il(4-(pirimidin-2-il)-3,4-dihidroquinoxalin-1(2H)-il)metanona;
(5'-cloro-2'-fluorobifenil-4-il)(8-(pirimidin-2-il)-8-azabiciclo[3.2.1]octan-3-
il)metanol,
(5-fenilfuran-2-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(4'—clor0bifenil—4-i1)(5-(pirimidin-2-il)hexahidr0pirrolo[3,4—c]pirrol—2(lH)-
il)metanona;
4-(4'-clorobifenil-4-il)-1-(pirimidin-2-il)piperidin-4-ol;
(5-(pirimidin—2-il)hexahidropirrold[3,4-c]pirrol-2(1H)-il)(4’-(triﬂuorometil)
bifenil-4-il)metanona;
bifenil-4—il(5-(piridin—2-il)hexahidropirr_olo[3,4-c]pirrol-2(IH)-il)metanona;
(3'fclofobifenil-4-i1)(5-pirimidin-2-il)hexahidropirrolo[3,4—c]pirrol-2(1H)—
il)metanona;
bifenil-4-i1((28S,55)-2,5 -dimetil-4-(pirimidin-2-il)piperazin-1-il)metanona;
1-((3 '-clorobifenil-4-il)metil)—N,N-dimetil-4-(pirimidin—2-il)piperazin-Z-
carboxamida;
(2’,4'-diﬂuorobifenil-4-il)(3-metil-1-(pirimidin—2-il)piperidin-4—il)metanona;
(4-(benzo[d]tiazol-2-il)piperazin-1-il)(bifenil-4-il)metanona;
bifenil-4-il(4-(quinolin-2-il)piperazin-1-il)metanona;
4-(bifenil-4-il)-1-(pirimidin-2-il)piperidin-4-ol;
4'-cloro-N-meti1-N—(2-(metil(pirimidin-2-il)amino)etil)bifenil—4-

carboxamida; y
2-(bifenil-4-il)— 1-(4-(pirimidin-2-il)piperazin-1-il)etanona.

Compuestos preferidos de la invencion son inhibidores especificos del
transportador de prolina. Inhibidores especificos particulares de
- transportador de prolina tienen una PTICs, de menos de alrededor de 150,
125, 100, 75, 50 6 25 nM.

Algunos compuestos inhiben el transportador murino de prolina Na'-

dependiente, como se determina por el método descrito en los Ejemplos,
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mas adelante, con una ICsy de menos de alrededor de 150, 125, 100, 75, 50
625 nM. |

Algunos compuestos no inhiben significativamente el transportador de
dopamina. Por ejemplo, algunos inhibidores especificos del transportador
de prolina inhiben el transportador de dopamina con una ICs, superior a
alrededor de 0.5, 1, 2.5, 5, 6 10 uM como se determina utilizando el anlisis
descrito en los Ejemplos, mas adelante.

Algunos compuestos no inhiben significativamente el transportador de
glicina. Por ejemplo, algunos inhibidores especificos del transportador de
prolina inhiben el transportador de glicina con una ICs, superior a alrededor
de 0.5, 1, 2.5, 5, 6 10 uM como se determina utilizando el analisis descrito

-en los Ejemplos, méas adelante.

S5.3.  Preparacion de Compuestos

Compuestos de la invencién pueden obtenerse o prepararse utilizando
métodos sintéticos conocidos en el arte, asi como los descritos en esta
solicitud. Por ejemplo, varios compuestos a base de piperazina pueden

prepararse de acuerdo con el método general mostrado en Esquema I:

1 Gz"_
o W N—( :/> Q
[ SN OH . _/ - [ch 2 /(ﬁ/“\N/ﬁ
Hal DTDZ Hal”™ N7 k/NTGZ\
1 3 Gy~
B(OH),
4

Y
Y

Esquema I
En este método, un compuesto de la formula 1 (D; y D, se definen en esta
solicitud) se pone en contacto con un compuesto de la formula 2 (G, y G, se
definen en esta solicitud) bajo condiciones apropiadas para proporcionar un

compuesto de la férmula 3. Condiciones apropiadas incluyen, por ejemplo,
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EDCI, HOB, y base de Hunig en DMF. El compuesto 3 se pone entonces
en contacto con | compuesto 4 bajo condiciones apropiadas para
proporcionar un compuesto de la formula 5. Condiciones apropiadas
incluyen, por ejemplo, Pd(Ph;P),, K;PO,, DME, agua y calor.

Varios compuestos a base de piperidina pueden prepararse de acuerdo

con el método general mostrado a continuacién en Esquema IT:;

Br Gz\\J Hal
o) [ o)
G1\J4Jz ~
\f‘\| 3 7 rfl Hal 9
0 N _0 N Gz\\J
-~ ' T !
6 8 G1\J3¢ 2
B(OH),
O ’ =
//
R 4
N._ G, .
Hal S
D
10 SN
3
Esquema I1

En este método, un compuesto de la formula 6 (por ejemplo, como una sal
TFA) se pone en contacto con un compuesto de la formula 7 (G, Gy, I, Iy
J; se definen en esta solicitud) bajo condiciones apropiadas para
proporcionar un compuesto 8. Condiciones apropiadas incluyen, por
ejemplo, TEA y calor. El compuesto 8 se pone entonces en contacto con un
compuesto 9 bajo condiciones apropiadas para proporcionar un compuesto
10. En esta solicitud, condiciones apropiadas incluyen, por ejemplo, n-
BuLi en THF. El compuesto 10 se pone entonces en contacto con un
compuesto de la férmula 4 para proporcionar el compuesto final, 11. En
esta solicitud, condiciones apropiadas incluyen, por ejemplo, Pd(Ph;P),,
K;PO4, DME, agua y calor. |

Si se desea, los compuestos de férmula 11 pueden reducirse bajo

~condiciones apropiadas (por ejemplo, borohidruro de sodio) para
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proporcionar compuestos de formula 12, como se muestra mas adelante en

el Esquema III:

0] G2=J1 HO G2=J1
N—Q\ Jo N—\ \Jz

Esquema II1
Los compuestos que contienen un enlace éter pueden prepararse por

rutas tales como las ilustradas en el Esquema IV:

OH

R
NN
0 on [
J/ 2\ —_— J/ 2\ .
I? \r u3 T
Jz\ 2G4 Jg\ PAcH
Jq 1
13 14
0 R
-/:\
Gy N \ E
,J/ N 72
Jla l/ Es
N7 16
Esquema IV

En este método, un compuesto de la formula 13 se reduce (por ejemplo, con
borohidruro de sodio) para proporcionar el compuesto 14, que se acopla
entonces bajo condiciones apropiadas de reaccién con un compuesto de la
formula 15 para proporcionar el compuesto 16. Condiciones apropiadas de
reaccion incluyen, por ejemplo, PPh; y DEAD en THF.

Los compuestos que contienen un enlace metileno pueden prepararse

por rutas tales como las ilustradas en el Esquema V:

-27 -

o

-
—



WO 2006/124748 PCT/US2006/018682

—
\

Br R1 RZ

Ri R E%\Ez
1]
E1\ Ro Ry X E3
. &
NH Ry “EZ 2 18 2
Gy YN — N
L @
17 | /1\ 19
G "G,

Esquema V
En este método, un compuesto de la formula 17 se pone en contacto con el
compuesto 18 bajo condiciones apropiadas de reaccion para proporcionar el
compuesto 19. Condiciones apropiadas de reaccion incluyen, por ejemplo,
carbonato de potasio en DMF.
. Algunas condiciones especificas de reaccién que pueden emplearse
en los distintos esquemas sintéticos ilustrados anteriormente se proveen en

los Ejemplos, mas adelante.

5.4. Métodos de Tratamiento

Una incorporacioén de esta invencién comprende un método de inhibir
un transportador de prolina, método que incluye poner en contacto un
transportador de prolina (in vitro o in vivo) con una cantidad suficiente de
un compuesto de de la invencién. Transportadores preferidos de prolina
son codificados por el gen humano SLC6A7, su ortdlogo muri‘no, 0 un
acido nucleico que codifica un transportador de prolina y que se hibrida
bajo condiciones estandar a la longitud continua de cualquiera de los dos.

Otra incorporacion comprende un método de mejorar el desempefio
cognitivo de un paciente humano, método que comprende administrar al
paciente una cantidad efectiva de un compuesto de la invencion. Ejemplos
de desempefio cognitivo mejorado incluyen aprendizaje incrementado (por
ejemplo, aprender més rapidamente), mejor comprension, razonamiento

mejorado, y mejor memoria a corto y/o largo plazo.
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Otra incorporaciéon comprende un método de tratar, controlar o
prevenir una enfermedad o trastorno en un paciente humano, método que
incluye administrar a un paciente una cantidad terapéutica o
profilacticamente efectiva de un compuesto de la invencién. Ejemplos de
enfermedades y trastornos incluyen enfermedad de Alzheimer, autismo,
trastornos cognitivos (por ejemplo, dificultades en pensar, razonamiento, o
resolucion de problemas), demencia, trastornos de aprendizaje (por
ejemplo, dislexia, acalculia, disgrafia, disfasia, disnomia), y pérdida de la
memoria de corto y largo plazo. Trastornos adicionales incluyen secuelas
adversas de lesion cerebral causada por, por ejemplo, supresion de oxigeno,

lesion traumatica o apoplejia.

5.5. Composiciones Farmacéuticas

Esta invencién comprende composiciones farmacéuticas y formas
farmacéuticas que comprenden compuestos de la invencién como sus
ingredientes activos. Composiciones y formas farmacéuticas de esta
invencion pueden contener opcionalmente uno o mas sustancias portadoras
o excipientes farmacéuticamente aceptables. Ciertas composiciones
farmacéuticas son formas farmacéuticas unitarias apropiadas para
administracion oral, topica, mucosal (por efemplo, nasal, pulmonar,
sublingual, vaginal, bucal, o rectal), parenteral (por ejemplo, subcutanea,
intravenosa, inyeccion intravenosa répida, intramuscular, o intraarterial), o
transdérmica a un paciente. Ejemplos de formas farmacéuticas incluyen,
pero no se limitan a: tabletas; comprimidos oblongos; capsulas, tales como
capsulas de gelatina blandas elasticas; sellos/capsulas amil4ceas; trociscos;
pastillas o tabletas para chupar; dispersiones; supositorios; ungiientos;
cataplasmas (emplastos); pastas; polvos; apdsitos; cremas; fomentos;
soluciones; parches; -aerosoles (por ejemplo, atomizadores nasales o
inhaladores); geles; formas farmacéuticas liquidas apropiadas para
administracion oral o mucosal a un paciente, incluidas suspensiones (por
ejemplo, suspensiones liquidas acuosas y no acuosas, emulsiones de aceite

en agua, o emulsiones liquidas de agua en aceite), soluciones, y elixires;
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formas farmacéuticas liquidas apropiadas para administracion parenteral a
un paciente; y solidos esterilizados (por ejemplo, sélidos cristalinos o
amorfos) que pueden reconstituirse para proporcionar formas farmacéuticas
liquidas apropiadas para administracién parenteral a un paciente.

La formulacién debe adaptarse al modo de administracién. Por
ejemplo, la administracion oral puede requerir cubiertas gastrorresistentes
para proteger el ingrediente activo de la degradacién en el tubo digestivo.
En otro ejemplo, el ingrediente activo puede administrarse en una
formulacion liposomica para blindarla contra enzimas degradadoras,
facilitar el transporte en el sistema circulatorio, y/o efectuar la aplicacion a
través de las membranas celulares a sitios intracelulares.

La composicion, forma, y tipo de las formas farmacéuticas de la
invencion variaran tipicamente dependiendo de su uso. Por ejemplo, una
forma farmacéutica empleada en el tratamiento inmediato ("the acute
treatment'") de una enfermedad puede contener cantidades mayores de uno
o mas de los ingredientes activos, contenidos en ella, que una forma
farmacéutica utilizada en el tratamiento crénico de la misma enfermedad.
Analogamente, una forma farmacéutica parenteral puede contener
cantidades menores de uno o mas de los ingredientes activos, contenidos en
ella, que una forma farmacéutica oral utilizada para tratar la misma
enfermedad. Estas y otras modalidades, en las cuales variaran entre s las
formas farmacéuticas especificas abarcadas por esta invencién, seran
facilmente evidentes a los expertos en el arte. Véase, por ejemplo,

Remington's Pharmaceutical Sciences, 18th ed., Mack Publishing, Easton
PA (1990).

6. EJEMPLOS
6.1. Ratones Deficientes en SLC6A7

Para determinar el efecto de inhibir el transportador de prolina Na'-
dependiente, se generaron usando ratones homocigoticos para una mutacién
gencticamente modificada en el ortélogo murino del gen SLC6A7 humano

(ratones  "knockout" o "KO") wusando clones de células ES
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correspondientemente mutadas de la coleccion OMNIBANK de clones de
células ES murinas mutadas (véase generalmente Patente de los Estados
Unidos No. 6,080,576).

Se produjeron ratones que eran heterocigdticos, homocigéticos, o
silvestres para el alelo mutado, apareando animales heterocigéticos capaces
de transmision de linea germinal del alelo mutante. El alelo mutante se
clasificé de acuerdo con la genética mendeliana estdndar. Los ratones se
sometieron a una bateria de pruebas médicas y conductuales, incluidas las

descritas a continuacidn.

6.1.1. Condicionamiento de Huella

El condicionamiento aversivo de huella mide una forma de
condicionamiento clasico con una separacién temporal entre el final de un
estimulo condicionado (CS) (en este caso un tono de 80 db) y la iniciacién
de un estimulo incondicionado (US) (en este caso una corriente eléctrica de
0.7 mA) que se separan por una "huella" temporal (aproximadamente 30
segundos). Este estudio mide el aprendizaje de orden mas elevado
(usualmente asociado con la funcién del hipocampo o la corteza cerebral)
determinando con qué rapidez los sujetos de prueba aprenden a asociar el
US con el CS. Los animales de prueba se califican calculando el tiempo de
inmovilidad porcentual determinado comparando la diferencia entre el pos-
CS de inmovilidad porcentual y el pre-CS de inmovilidad porcentual.

Como se muestra en la Figura 1, los animales machos y hembras que
eran homocigéticos para la mutacién en el ortdlogo murino del gen
SLC6AT exhibieron porcentajes de inmovilidad significativamente mayores
(aproximadamente 50 por ciento para un promedio de 16 animales de
prueba), comparados con sus contrapartes de control silvestres
(aproximadamente 30 por ciento para un promedio de 16 animales de
control). Estos resultados indican que los animales mutantes homocigéticos
se desempefian significativamente mejor en esta prueba bien establecida de

desempefio cognitivo.
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6.1.2. Laberinto de Agua

El laberinto de agua Morris utiliz6 un estanque circular de 2 metros
de didgmetro y 40 cm de profundidad. Véase, por ejemplo, Morris, 1984, J.
Neurosci. Metods 11:47-60, Guillou et al., 1999, J. Neurocsci. 19:6183-90.
El estanque se llené a una profundidad de 30 cm con agua a una
temperaturé de 24-26°C, opacada por la adicién de una pintura no toxica a
base de agua. La plataforma de "escape" tenfa alrededor de 30 cm de altura
con un disco de plastico de 18 cm de didmetro en la parte superior. La
plataforma se puso alrededor de 0.5 cm debajo de la superficie del agua. Se
echo al ratén en el estanque frente a la pared desde una de las 4 posiciones

de partida marcadas como N (norte), S (sur), W (occidente) o E (oriente).

Un sistema de analisis de video que comprendia la cdmara y software de

imagen WaterMaze (Actimetrics, Inc.) dividia el estanque en 4 cuadrantes
iguales designados como SE, SW, NE, y NW. El software calcula el
tiempo de latencia para alcanzar la plataforma, la distancia a la plataforma,
el tiempo gastado en cada cuadrante, la velocidad de nado, y otras variables.

Cada experimento duraba hasta que el ratén se encaramaba a la
plataforma o habian transcurrido 90 segundos. Si el ratén no alcanzaba la
plataforma en 90 segundos, el experimentador lo sacaba del agua y
suavemente lo ponia sobre la plataforma. Al final de cada ensayo el raton
permanecia en la plataforma durante 20 segundos maés. Se realizaron 4
experimentos con plataforma por dia con intervalos entre-experimentos de
8-12 minutos. Durante el intervalo entre-experimentos el ratén se mantuvo
en una jaula limpia bajo una lampara de calor.

Tipicamente se utilizé uno de los dos protocolos basicos: el primero
incluye fases visibles y ocultas de la plataforma, y el segundo sélo emplea
una fase oculta de la platafofma; ambos protocolos finalizan con una fase
inversa de 2 dias.

La fase visible precede por lo general a la fase oculta de la
plataforma. En la fase visible, el estanque estuvo rodeado con cortinas
blancas con el fin de ocultar todas las pistas/referencias externas al

laberinto. Durante esta fase, la plataforma se hizo visible con un cilindro
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metalico 8 cm h x 3 cm, que se puso sobre la plataforma. La posicion de
partida fue la misma en cada experimento, mientras que la ubicacion de la
plataforma se cambié aleatoriamente durante los experimentos. Esta fase
duré aproximadamente 3 dias.

En la fase oculta de la plataforma, la plataforma ya no se marcaba y
las cortinas se retiraron. Una variedad de pistas extra-laberinto se colocaron
opcionalmente alrededor del estanqué. En este caso la posicion de partida
cambid en cada ensayo, mientras que la plataforma permanecia en el mismo
sitio. Por lo general, esta fase duraba alrededor de 7 dias.

Se realizaron experimentos de prueba antes de los ensayos de
adiestramiento el dfa 1 y 5 de la fase oculta, y el dia 1 de la fase visible, y
asimismo después del ultimo experimento el dia 3 de la fase visible.
Durante el experimento de prueba, la plataforma se retir6 del estanque, y el
raton se puso en el estanque de cara a la pared en el cuadrante opuesto al
cuadrante de la plataforma. El ratén nado durante 60 segundos y se registrd
el porcentaje de tiempo gastado en cada cuadrante.

En la fase inversa, se llevaron a cabo 5 experimentos en cada uno de
2 dias. Durante el primer ensayo la ubicacion de la plataforma era la misma
que en la fase oculta. En los siguientes 4 experiinentos, la plataforma se
trasladé al cuadrante opuesto. El dia siguiente la plataforma estaba en el
sitio del primer experimento y luego se desplazé nuevamente al cuadrante
izquierdo o derecho adyacente para los tltimos 4 ensayos. La posicion de
partida se mantuvo siempre opuesta a la ubicacién de la plataforma.

Cuando se emplearon los métodos anteriores con ratones KO
SLC6A7 KO (n=12) y controles WT (n=7), los ratones se sometieron
primero a la tarea de la plataforma visible. Se utilizaron mediciones
repetidas (RM) y andlisis de varianza (ANOVA) para analizar el efecto del

genotipo sobre el tiempo de latencia en alcanzar la plataforma durante 11

experimentos.
El efecto del experimento fue F(10, 170) = 8.57, p < 0.001; el efecto
del genotipo: F(1, 17) = 0.65, p < 0.43, interaccién genotipo x experimento:

F(10, 170) = 0.42, p < 0.93. Inicialmente, no hubo diferencia entre sujetos
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WT y KO, pero si se observé una disminucion significativa en el tiempo de
latencia durante los experimentos.

Cuando los experimentos avanzaron a la tarea de la plataforma
oculta, RM ANOVA reveld un efecto significativo de los experimentos
sobre el tiempo de latencia en alcanzar la plataforma: F(19, 323)=7.2,p<
0.001. Hubo asimismo un efecto significativo del genotipo sobre el mismo
parametro: F(1, 17) = 8.0, p < 0.012; interaccién genotipo x experimentos
fue F(19, 323) = 1.16, p < 0.29. En general, los sujetos KO tuvieron
tiempos de latencia significativamente mas cortos en alcanzar la plataforma.
No se detect6 una diferencia significativa en la velocidad de nado, de modo
que un nado mas rapido no se tuvo en cuenta para el desempefio méas rapido
por los animales KO.

Durante la fase inversa, RM ANOVA se efectué en 4 experimentos
con la platéforma desplazada a otro cuadrante en cada uno de dos dias. En
los dos dias de la fase inversa el efecto de los experimentos fue
significativo: Fs(3, 51) > 6.4, p < 0.001 indicando que ambos genotipos
vuelven a aprenden bien. No obstante, no hubo una diferencia significativa
entre ellos en cada dia del cambio de papeles: Fs(1, 17) < 0.75, ps > 0.39,
aunque los ratones KO no tendieron a alcanzar las plataforma mas rapido.

Durante los experimentos de prueba, el porcentaje de tiempo gastado
en cada cuadrante se comparé con el 25% de oportunidad para los ratones
WT y KO mediante la prueba no paramétrica de Mann-Whitney. En los
primeros dos experimentos de prueba realizados antes de la fase oculta el
tiempo porcentual no fue diferente de la oportunidad en cada cuadrante para
ambos genotipos. En el tercer ciclo de experimentos de prueba el dia
quinto de la fase oculta, el tiempo en el cuadrante de la plataforma fue
significativamente diferente del cambio para los ratones WT [p <0.05] y
KO [p <0.001]; y el tiempo en el cuadrante opuesto fue significativamente
diferente para los ratones KO [p < 0.001].

| Los datos anteriores indican que los ratones KO aprendieron la tarea
de la plataforma oculta més rapidamente que los animales WT. Ademas,

los datos establecen que la diferencia observada no puede explicarse por
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diferencias en las capacidades visuales o la velocidad de nado entre los
genotipos.

6.2. Preparacion _de  (4-Pirimidin-2-il-piperazin-1-il)-[4-(4-

clorometilfenilfenil]-metanona

O
N
ST O
Cl N\)

A una solucién de acido 4'-cloro-bifenil-4-carboxilico (0.1 g, 0.43
mmol) y 1-(2-pirimidil)-piperazina (0.07 g, 0.43 mmol) en cloruro de
metileno (3 ml), se agregé EDCI (0.098 g, 0.43 mmol) y HOAt (0.07 g,
0.43 mmol) trietilamina (0.07 ml, 0.52 mmol). La mezcla se agitd durante
16 horas y Iuego se lavo con salmuera. Las capas se separaron, y la fase
orgénica se secé sobre sulfato de magnesio y se concentrd. El aceite
resultante se purificé mediante crométograﬁa instantanea, y se recogié un
solido blanco (0.11g). Los datos de espectro fueron consistentes con la

estructura. MS (M+1) = 379. HPLC (> 95 %). '"H NMR (CDCl;) 8.35 (d,
2H), 7.55 (m, 8H), 6.58 (t, 1H), 3.80 (bm, 8H).

6.3. Preparacion de (4-Pirimidin-2-il-piperazin-1-il)-[6-(3—

trifluorometil-fenil)-piridin-3-il]-metanona

0O

A N/ﬁ .
|N 'K/NIN\
N~

\

El compuesto del titulo se prepard de (6-cloro-piridin-3-il)-(4-
pirimidin-2-il-piperazin-1-il)-metanona como se describe mas adelante.

(6-Cloro-piridin-3-il)-(4-pirimidin-2-il-piperazin-1 -il)-metanona: A

una solucién de acido cloronicotinico (2.51 g, 15.9 mmol) en DMF (64 ml)

se agregaron EDCI (4.57 g, 23.9 mmol) y HOBt (3.23 g, 23.9 mmol). Se
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agrego base de Hunig (19.3 ml, 111 mmol) y la reaccién se dejé agitar
durante 5 minutos. Luego de este periodo de induccion, se agregd
piperazina (4.52 g, 19.1 mmol) y la reaccién se agité a temperatura de Ila
sala. Luego de agitar durante 72 horas, la reaccion se diluy6 con acetato de
etilo y agua. Las capas se separaron, y la porcidn acuosa se extrajo dos
veces mas con acetato de etilo. Las capas organicas combinadas se lavaron
con agua tres veces y una vez con salmuera, se secaron sobre MgSO,, se
filtraron, y se concentraron. El producto crudo se purific6 mediante
cromatografia en gel de silice usando 20-25% acetona/hexanos, lo cual
proporciond el producto (2.05 g, 42%) como un sélido marrén claro: 'H
NMR (400 MHz, CDCl;) 8 8.49 (d, J=18 Hz, 1H), 8.34 (d, J=4.7 Hz, 2H),
7.77 (dd, J=8.2, 2.4 Hz, 1H), 7.43 (d, J=8.1 Hz, 1H), 6.57 (t, J=4.8 Hz,
1H), 3.89 (bs, 6H), 3.52 (bs, 2H); m/z calculado para C;4H4CINsO: 303.08
hallado: (M+H)" 304.1; tiempo de retencion HPLC = 1,822 minutos
(gradiente de solvente B - 0 a 100%,; longitud de onda 254 nm), pureza =
100%.

(4-Pirimidin-2-il-piperazin-1-il)-[6-(3 -trifluorometil-fenil)-piridin-3-

il]-etanona: En un recipiente de reaccion de microondas, (6-cloro-piridin-3-
i1)-(4-pirimidin—2-i1-piperazin-l-il)-me_:tanona (1.12 g, 3.69 mmol) se tomd
en DME (15 ml). A esta solucién, se agregaron 4cido bérico (136 g, 7.38
mmol), fosfato de potasio (2.35 g, 11.1 mmol) y agua (5 ml). Esta mezcla
se desgasifico entonces utilizando nitrégeno, y se agrego el tetrakis
trifenilfosfina paladio (0.426 g, 0.369 mmol) y el recipiente se sell6. La
reaccion se calent6 en el microondas a 160°C durante 5 minutos. Una vez
completa la reaccion, se agregé una solucién 1 N de NaOH, a la que siguié
extraccion dos veces con CH,Cl,. Las porciones organicas combinadas se
lavaron con salmuera, se secaron, se filtraron, y se concentraron. El
producto crudo se purificé mediante cromatografia en gel de silice usando
10-25% acetona en hexanos, lo cual proporciond el producto final (1.29 g,
85%) como un sélido blanco: 'H NMR (400 MHz, CDCl3) § 8.80 (d, J=1.3
Hz, 1H), 8.34 (d, /=4.8 Hz, 2H), 8.32 (s, 1H), 8.22 (d, J=7.8 Hz, 1H), 7.93
(dd, J=8.1, 2.2 Hz, 1H), 7.87 (d, J=8.1 Hz, 1H), 7.72 (d, J=7.7 Hz, 1H),
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7.63 (t, J=7.8 Hz, 1H), 6.57 (t, J/=4.7 Hz, 1H), 3.91 (bs, 6H), 3.60 (bs, 2H);
“C NMR (100 MHz, CDCLy) § 167.81, 161.42, 157.80, 156.93, 148.18,
139.06, 136.46, 131.52, 131.20, 130.26, 130.17, 129.39, 126.20, 126;16,
126.13, 125.36, 123.99, 123.95, 123.92, 123.88, 122.65, 120.27, 110.69;
m/z calculado para C,;H;sF;NsO: 413.15 hallado: (M+H)Jr 414.05; tiempo
de retencion HPLC = 3,233 minutos (gradiente de disolvente B - 0 a 100%,;
longitud de onda 254 nm); pureza = 100%; mp = 124-126°C.

6.4. Preparacion de (4-Pirimidin-2-il-piperazin-1-il)-(5-p-tolil-

piridin-2-i)-metanona

—N /\ O »
QN)— AN
NN

e

A una solucién de 5-bromo-2-yodopiridina (100 mg, 0.35 mmol,
Song et al, Org. Lett, 6: 4905-4907 (2004)) en THF (1 ml) se agreg6
cloruro de isopropil magnesio (2 M en THF, 0.185 ml) a 0°C. Luego de
agitarse durante 45 minutos, se agregé una solucién de metoxi-metilamida
de é4cido l-pirimidin-2-il-1,2,3,6-tetrahidro-piridin-4-carboxilico (61 mg,
0.245 mmol). La mezcla se agité a temperatura de la sala durante otras 1.5
horas y se extingui6 con la adicién de agua (15 ml) y EtOAc (50 ml). La
fase acuosa se extrajo posteriormente con EtOAc (20 ml). Las capas
organicas combinadas se lavaron con salmuera (10 ml), se secaron
(MgSO,), se filtraron, y se concentraron bajo presion reducida para
proporcionar el producto crudo. Este material se purific6 mediante
cromatografia en columna (3% MeOH/CH,Cl,) para producir (5-bromo-
piridin-2-il)-(4-pirimidin-2-il-piperazin-1-il)-metanona (25 mg, 25% para
dos pasos) como un sélido blanco: "H NMR (CDCl3, 400 MHz) & 8.75 (m,
1 H), 8.31 (d, J= 6.4 Hz, 2 H), 7.98 (m, 2 H), 6.47 (t, J= 6.4 Hz, 1 H), 4.84
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(m, 2 H), 4.09 (m, 1 H), 3.11 (m, 2 H), 1.74 (m, 2 H), 1.66 (m, 2 H); MS
calculado para Ci;H;sBrN;sO [M+H]+: 349; hallado: 349.

Siguieﬁdo los procedimientos generales para las reacciones de
Suzuki, se obtuvo el compuesto del titulo en 69% de rendimiento como un
solido blancuzco: 'H NMR (CDCl3, 400 MHz) 6 8.92 (m, 1 H), 8.33 (d, J=
6.4 Hz, 2 H), 8.05 (m, 1 H), 7.54 (m, 1 H), 6.48 (t, J= 6.4 Hz, 1 H), 4.85
(m, 2 H), 4.22 (m, 1 H), 3.12 (m, 2 H), 2.44 (s, 3 H), 2.02 (m, 2 H), 1.75 (m,
2 H); MS calculado para Cy;Hy,NsO [M+H]": 359; hallado: 359.

6.5. Preparacion de (3.4,5,6-Tetrahidro-2H-[1,2'|bipiridinil-4-

il)-(3'-triﬂuorometil-bifenil-4-il)-metanona

O

|
@ 1

F
F~F

El compuesto del titulo se preparé de (4-bromo-fenil)-(3,4,5,6-
tetrahidro-2H-[1,2'|bipiridinil-4-il)-metanona como se describe a
continuacion.

Metoxi-metil amida de acido 3.4.5.6-tetrahidro-2H-[1,2'bipiridinil-4-

carboxilico: En un tubo sellado, amida de Weinreb (0.5515 g, 1.927 mmol)
se tomo en etanol absoluto (10 ml) y se agregaron 2-bromopiridina (0.19
ml, 1.927 mmol) y trietilamina (0.81 ml, 5.781 mmol). EI tubo se selld y se
calentd a 150°C durante por lo menos 48 horas. La reaccién se diluyé
entonces con CHZCIZ, se lavd con agua y salmuera, se secé sobre MgSQ,, se
filtr6, y se concentrd. El producto crudo se purificé mediante cromatografia
en gel de silice usando 10-20% acetona en hexanos, lo cual proporciond el
producto (0.1375 g, 29%) como un aceite marrén: 'H NMR (400 MHz,
CDCL) 6 8.17 (dd, J=4.9, 1.2 Hz, 1H), 7.46 (m, 1H), 6.66 (d, /=8.6 Hz,
1H), 6.58 (m, 1H), 4.35 (dt, /=13.0, 2.9 Hz, 2H), 3.74 (s, 3H), 3.20 (s, 3H),
291 (m, 3H), 1.83 (m, 4H); m/z calculado para C;3H;gN;O,: 249.15
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hallado: (M+H)" 250.05; Tiempo de retencién HPLC = 1,533 min (longitud
de onda 220 nm), pureza = 98.4%.
(4-Bromo-fenil)-(3,4,5,6-tetrahidro-2H-[1,2'bipiridinil-4-il)-

metanona: Una solucion de 1,4-dibromobenceno (0.223 g, 0.944 mmol) en
THF (3.0 ml) anhidro se enfri6 a -78°C. A la solucion enfriada, se agrego
gota a gota n-butil litio (1.6 M en hexanos, 0.47 ml, 0.746 mmol), y la
reaccion se agité a -78°C durante 45 minutos. Una solucién de la metoxi-
metilamida de 4cido 3,4,5,6-tetrahidro-2H-[1,2']bipiridinil-4-carboxilico
(0.124 g, 0.497 mmol) en THF anhidro (3.0 ml) se agregd entonces gota a
gota a la reaccién. La reaccion se agitd a -78°C durante 3 horas y a 0°C
hasta que se complet6. La reaccién se extingui6 a 0°C mediante la adicion
de 1 N HCI (5 ml) y NaHCO; saturado (7.5 ml). La mezcla se extrajo con
acetato de etilo, se lavd con salmuera, se sec6 sobre MgSO, se filtro, y se
concentrod. E] prdducto crudo se purificé mediante cromatografia en gel de
silice usando 3-10% acetona en hexanos, lo cual proporciond el producto
(0.1220 g, 71%) como un aceite incoloro: 'H NMR (400 MHz, CDCl;)
8.16 (dd, J=4.9, 1.2 Hz, 1H), 7.81 (m, 2H), 7.61 (m, 2H), 7.46 (m, 1H),
6.67 (d, J=8.7 Hz, 1H), 6.59 (dd, J=6.7, 5.1 Hz, 1H). 4.33 (dt, J=13.1, 3.1
Hz, 2H), 3.42 (m, 1H), 3.14 (m, 2H),1.93 (d, J=13.2, 2.2 Hz, 2H), 1.82 (m,
2H); *C NMR (100 MHz, CDCl3) 201.20, 159.20, 147.87, 137.53, 134.57,
132.28, 129.80, 128.20, 113.09, 107.34, 45.01, 43.76, 28.01; m/z calculado
para C17H17BrN20: 344.05 hallado: (M+H)" 347.1; tiempo de retencion
HPLC = 3,205 minutos (longitud de onda 254 nm), pureza = 100%.

(3.4.5 ,6-Tetrahidro—2H-[ 1,2']bipiridinil-4-il)-(3'-trifluorometil-bifenil-

4-il)-metanona: En un frasco, (4-bromo-fenil)-(3,4,5,6-tetrahidro-2H-
[1,2']bipiridinil-4-il)-metanona (0.0634 g, 0.184 mmol) se tomé en DME
(1.5 ml). A esta solucién, se agregaron acido bérico (0.0846 g, 0.460
mmol), pfosfato de potasio (0.117 g, 0.551 mmol) y agua (0.4 ml). Esta
mezcla se desgasificd entonces usando nitrégeno. Se agregl tetrakis
trifenilfosfina paladio (0.0213 g, 0.0184 mmol), y se sello el frasco. La
reaccion se calentd luego a 80°C durante 18 horas. Luego de la

consumacion, se agregd una solucién 1 N de NaOH y siguid luego la
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extraccion dos veces con CH,Cl,. Las porciones orgénicas combinadas se
lavaron con salmuera, se secaron, se filtraron, y se concentraron.‘ El
producto crudo se purific6 mediante cromatografia en gel de silice usando
5-10% acetona en hexanos, lo cual proporcioné el producto final (0.042 g,
56%) como un sélido blanco: 'H NMR (300 MHz, CDCly) § 8.19 (dd,
J=4.9,1.2 Hz, 1H), 8.08 (d, J=8.5 Hz, 2H), 7.87 (s, 1H), 7.81 (d, J/=7.5 Hz,
1H), 7.72 (d, J=8.5 Hz, 2H), 7.63 (m, 2H), 7.48 (m, 1H), 6.71 (d, J=8.6 Hz,
1H), 6.62 (dd, J=6.8, 5.2 Hz, 1H), 4.34 (dt, J=13.1, 3.0 Hz, 2H), 3.54 (m,
1H), 3.06 (m, 2H), 2.01 (dd, J=13.1, 2.5 Hz, 2H), 1.92 (dd, J=1 1.3, 4.0 Hz,
1H), 1.84 (m, 1H); m/z -calculado 'para CyH,F3N,O: 410.16 hallado:
(M+H)" 411.05; tiempo de retencion HPLC = 3,313 minutos (longitud de
onda 254 nm), pureza = 96.9%.

6.6. Preparacion de (1-(Pirimidin-2-il)piperidin-4-il)(4-4-

trifluorometilfenil)-fenil)metanona

El compuesto del titulo se preparé de (4-bromofenil )(1-(pirimidin-2-
i)piperidin-4-il)metanona como se describe a continuacién.

N-metoxi-N-metilpiperidin-4-carboxamida: Una mezcla de acido N-

terc-butoxicarbonil isonipecético (1.50 g, 6.54 mmol, 1 equivalente),
clorhidrato  de  1-(3-dimetilaminopropil)3-etilcarbodiimida (1.88 g,
9.81mmol, 1.5 eq), 1-hidroxibenzotriazol (1.33 g, 9.81 mmol, 1.5 eq), y
N,N-dimetilformamida (26 ml) se traté con N,N- diisopropiletilamina (4.60
ml, 26.2 mmol, 4 eq). La solucién amarilla resultante se agitdo a
temperatura de la sala durante 5 minutos, y luego se agrego clorhidrato de
N,O-dimetilhidroxilamina (766 mg, 7.85 mmol, 1.2 equivalentes), y se

continu6 la agitaciéon durante 92 horas. La mezcla de reaccidn se diluyé
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con 100 ml de acetato de etilo y' se lavé consecutivamente con 1 N de
NaOH acuoso, 1 N de HCl acuoso y salmuera. La fase organica se secd
sobre Na,SO, y se concentré para producir un aceite, el cual se usé sin
purificacion posterior.. Este aceite se disolvid en 1:2 4acido
trifluoroacético/diclorometano (9 ml), y la mezcla de reacciéon se agité a
temperatura ambiente durante 17 horas y luego se concentré. Se agregé
éter (30 ml) y el solido blanco que se formé se recogié mediante filtracién,
se lavo con éter y se seco para proporcionar 1.50 g (80% de rendimiento, 2
pasos) de producto analiticamente puro: 400 MHz 'H NMR (de-DMSO):
8.55 (brs, 1 H), 8.25 (brs, 1 H), 3.69 (s, 3 H), 3.31 (m, 2 H), 3.10 (s, 3 H),
2.98 (m, 3 H), 1.65-1.84 (m, 4 H).

N-metoxi-N-metil-1-(pirimidin-2-il)piperadin-4-carboxamida:  Una

mezcla de N-metoxi-N-metilpiperidin-4-carboxamida (1.50 g, 5.25 mmol, 1
equivalente), 2-cloropirimidina (634 mg, 5.25 mmol, 1 equivalente),
trietilamina (2.20 ml, 15.8 mmol, 3 equivalentes), y etanol (21 ml) se
calent6 a 100°C en un tubo sellado durante 19 horas. La mezcla de reaccién
se dejo enfriar a temperatura de la sala y luego se concentrd. El residuo se
disolvi6 en diclorometano, se lavé con agua y salmuera, se secd sobre
Na;S0s, y se concentré. Cromatografia en columna (gel de silice, 50% -
60% acetato de etilo/hexanos) proporcioné 1.28 g (97% de rendimiento) del
producto como un aceite incoloro: HPLC: 100% puro a 1,905 minutos
(columna YMC-Pack ODS-A 4.6 x 33 mm, 0% -100% disolvente B
durante 4 minutos, 3 ml/min, 220 nm); LCMS (M+H)" = 251.05; 400 MHz
'"HNMR (CDCL3) 8.29 (d, J = 4.7 Hz, 2 H), 6.45 (t, J = 4.7 Hz, 1 H), 4.80
(m, 2 H), 3.73 (é, 3 H), 3.19 (s, 3 H), 2.95 (m, 3 H), 1.70- 1.84 (m, 4 H).

(4-Bromofenil)(1-(pirimidin-2-il)piperidin-4-il)metanona: Una

solucion de 1,4-dibromobenceno (2.29 g, 9.72 mmol, 1.9 equiValentes) en
THF (20 ml) bajo N, se enfti6 a - 78°C, y se agrego gota a gota n-butil litio
(1.6 M en hexanos, 4.8 ml, 7.67 mmol, 1.5 equivalentes). La mezcla de
reaccion se agitd a -78°C durante 40 minutos, y una solucién de N- metoxi-
N-metil-1-(pirimidin-2-il)piperadin-4-carboxamida (1.28 g, 5.11 mmol, 1

equivalente) en THF (5 ml) se agregd gota a gota a través de una cénula.
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Pasadas 3 horas a -78°C, la mezcla de reaccion se calent6 a 0°C, se agitd
durante 1 hora, y luego se extinguio con 1 N de HCI acuoso (10 ml). La
mezcla se diluy6 con 150 ml de acetato de etilo, se lavé consecutivamente
con NaHCO; acuoso saturado y salmuera (75 ml cada uno), y la fase
organica se seco sobre Na,SO, y se concentro. Cromatografia en columna
(gel de sﬂicé, CHCl, = 3.5% acetato de etilo/CH,Cl,) proporciond 1.47 g
(83% de rendimiento) del producto como un sélido amarillo palido: HPLC:
99% puro a 3,748 minutos (columna YMC-Pack ODS-A 4.6 x 33 mm, 0%
—>100% disolvente B durante 4 minutos, 3 ml/minuto, 220 nm); LCMS
(M+H)" = 345.90; 400 MHz 'H NMR (CDCl;) 8.31 (d, J = 4.7 Hz, 2 H),
7.83 (d, J = 8.5 Hz, 2 H), 7.63 (d, J = 8.5 Hz, 2 H), 6.48 (t, J = 4.7 Hz, 1
H), 4.81 (m, 2 H), 3.49 (m, 1 H), 3.08 (m, 2 H), 1.72-1.95 (m, 4 H).
(1-(Pirimidin-2-il)piperidin-4-il)(4-4-trifluorometilfenil)-fenil)

metanona: Una mezcla de (4-bromofenil)(1-(pirimidin-2-il)piperidin-4-
i)metanona (66 mg, 0.19 mmol, 1 equivalente), A4cido 4-
trifluorometilfenilbérico (91 mg, 0.47 mmol, 2.5 equivalentes), fosfato de
potasio (122 mg, 0.57 mmol, 3 equivalentes), y Pd(PPhs); (22 mg, 0.019
mmol, 0.1 equivalente) en 3:1 DME/agua (2 ml) se calent6 a 80°C bajo N,
durante 16 horas. La mezcla de reaccion se enfri6 a temperatura de la sala,
se vertio en 1 N NaOH, y se extrajo dos veces con diclorometano. Las capas
organicas combinadas se secaron sobre Na,SO, y se concentraron.
Cromatografia en columna (gel de silice, 25% acetato de etilo/hexanos)
proporciond 58 mg (73% de rendimiento) del producto final como un sélido
blanco: HPLC: 97% puro a 4,523 minutos (columna YMC-Pack ODS-A 4.6
X 33 mm, 0% —100% disolvente B durante 4 minutos, 3 ml/minuto, 220
nm); LCMS (M+H)" = 412.20; 300 MHz 'H NMR (CDCl;) 8.32 (d, J = 4.7
Hz, 2 H), 8.08 (d, J = 8.4 Hz, 2 H), 7.70-7.74 (m, 6 H), 6.48 (t,J = 4.7 Hz,
1 H), 4.83 (m, 2 H), 3.58 (m, 1 H), 3.12 (m, 2 H), 1.75-2.01 (m, 4 H).

6.7. Preparacion de (1-(Pirimidin-2-il)piperidin-4-il)(4-4

trifluorometilfenil)-fenil)metanol
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Borohidruro de sodio (3.0 mg, 0.080 mmol, 1.5 equivalentes) se
agregd a una solucion de (1-(pirimidin-2-il)piperidin-4-il)(4-4-
trifluorometilfenil)fenil)metanona (22 mg, 0.053 mmol, 1 equivalente) en
1:1 metanol/diclorometano. La mezcla de reaccion se agitd a temperatura de
la sala durante 1 hora y luego se extingui6 lentamente con NaHCO; acuoso
saturado. La mezcla bifésica se extrajo dos veces con diclorometano, y las
capas organicas combinadas se secaron sobfe Na,SO, y se concentraron.
TLC preparativa (500 um gel de silice, 33% acetato de etilo/hexanos)
proporciond 17 mg (77% de rendimiento) del producto como un sélido
blanco: HPLC: 100% puro a 4,285 minutos (columna YMC-Pack ODS-A
4.6 x 33 mm, 0% —100% disolvente B durante 4 minutos, 3 ml/minuto, 220
nm); LCMS (M+H)" = 414.10; 300 MHz '"H NMR (CDCl;) 8.27 (d, J = 4.7
- Hz, 2 H), 7.69 (s, 4 H), 7.59 (d, J = 8.3 Hz, 2 H), 7.42 (d, J = 8.2 Hz, 2 H),
6.43 (t, J = 4.7 Hz, 1 H), 4.71-4.87 (m, 2 H), 4.48 (m, 1 H), 2.72-2.89 (m, 2
H), 1.88-2.11 (m, 3 H), 1.19-1.49 (m, 3 H).

6.8. Preparacion de Bifenil-4-il-(1-pirimidin-2-il-1,2,3,6-

tetrahidro-piridin-4-il)-metanona

GO~

A una solucién de 2-cloropirimidina (300 mg, 2.619 mmol) en

dioxano (5 ml), se agregé monohidrato de clorhidrato de piperidin-4-ona
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(402.3 mg, 2.619 mmol) a temperatura de la sala. La mezcla se calent a
80°C de un dia para otro y se concentrd bajo presion reducida. El residuo
se tratdo con EtOAc (30 ml) y NaHCO; saturado (10 ml). Luego de la
separacion de las capas, la fase acuosa se extrajo con.EtOAc (2 x 10 ml).
Las capas organicas combinadas se lavaron con salmuera (10 ml), se
secaron (MgSQ,), se filtraron, y se concentraron bajo presion reducida para
proporcionar un producto crudo. Este material se purificé mediante
cromatografia en columna (40% EtOAc/hexanos) para producir 1-
pirimidin-2-il-piperidin-4-ona (320 mg, 53%) como un sélido blancuzco:
"H NMR (CDCl;, 400 MHz) 6 8.38 (d, J= 6.4 Hz, 2 H), 6.61 (t, J= 6.4 Hz,
9 H), 4.16 (t, J= 5.6 Hz, 2 H), 2.53 (t, J= 5.6 Hz, 2 H).

A una solucion de LDA (preparado de diisopropilamina (167.4 mg,
1.658 mmol) y n-BuLi (2.5 M en hexanos, 0.663 ml, 1.658 mmol) a -78°C,
se agregod una solucion de la 1-pirimidin-2-il-piperidin;4-ona de mas arriba
(320 mg, 1.382 mmol). La mezcla se agit6 a la misma temperatura durante
1 hora, seguida por la adicion de PANTT, (543.1 mg, 1.52 mmol). La mezcla
de reaccion se calentd hasta temperatura de la sala y se agité durante 3
horas antes de extinguirla con la adicion de cloruro de amonio saturado (15
ml) y EtOAc (40 ml). Luego de la separacion de las capas, la fase acuosa se
extrajo con EtOAc (2 x 10 ml). Las capas organicas combinadas se lavaron
con salmuera (10 ml), se secaron (MgSO,), se filtraron, y se concentraron
bajo presion reducida para proporcionar el producto crudo. Este material se
purificé mediante cromatografia en columna (20% EtOAc/hexanos) para
producir el triflato correspondiente (210.7 mg, 49%) como un sélido blanco
junto con el material de partida recuperado (142.9 mg): 'H NMR (CDCl,,
400 MHz) 6 8.37 (d, J= 6.4 Hz, 2 H), 6.59 (t, J= 6.4 Hz, 1 H), 5.91 (m, 1
H), 4.41 (m, 2 H), 4.11 (t, J= 5.6 Hz, 2 H), 2.55 (m, 2 H); MS calculado
para C;oH;;F3N3;0;S [M+H]": 310; hallado: 310.

A una solucion del triflato anterior (210.7 mg, 0.682 mmol) en
metanol (10 ml), se agregé Pd(OAc), (10.7 mg, 0.047 mmol), PPh; (31.3
mg, 0.119 mmol) y diisopropiletilamina (352.6 mg, 2.728 mmol) a

temperatura de la sala. Se hizo burbujear mondxido de carbono a través de
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la solucion durante 4 horas antes de concentrar la mezcla bajo presion
reducida. El residuo se traté6 con EtOAc (30 ml) y agua (10 ml). La fase
acuosa se extrajo posteriormente con EtOAc (2 x 10 ml). Las capas
organicas combinadas se lavaron con salmuera (10 ml), se secaron
(MgSQO,), se filtraron, y se concentraron bajo presion reducida para
proporcionar el producto crudo. Este material se purific6 mediante
cromatografia en columna (30% FEtOAc/hexanos) para producir éster
metilico de acido l-pirimidin-2-il-1,2,3,6-tetrahidro-piridin-4-carboxilico
(73.8 mg, 50%) como cristales blancos: 'H NMR (CDCl;, 400 MHz) & 8.37
(d, J= 6.4 Hz, 2 H), 7.04 (m, 1 H), 6.54 (t, J= 6.4 Hz, 1 H), 4.41 (m, 2 H),
3.98 (t, J= 5.6 Hz, 2 H), 3.79 (s, 3 H), 2.52 (m, 2 H).

A una suspension de éster metilico de acido 1-pirimidin-2-il-1,2,3,6-
tetrahidro-piridin-4-carboxilico (73.8 mg, 0.337 mmol) y clorhidrato de N-
metil-O-metil hidroxilamina (51.0 mg, 0.552 mmol) en THF (3 ml), se
agregd cloruro de isopropil magnesio (2.0 M en THF, 0.505 ml) a -20°C
durante un periodo de 15 minutos. La mezcla se agitd a -10°C durante otros
30 minutos antes de extinguirla con la adicion de cloruro de amonio
saturado (10 ml). La mezcla se extrajo con EtOAc (2 x 15 ml). Las capas
organicas combinadas se lavaron con salmuera (15 ml), se secaron
(MgS0Oy), se filtraron, y se concentraron bajo presion reducida para
proporcionar el producto crudo. Este material se purific0 mediante
cromatografia en columna (4% MeOH/CH,Cl,) para producir metoxi-
metilamida de  4cido 1-pirimidin-2-il-1,2,3,6-tetrahidro-piridin-4-
carboxilico (48 mg, 58%) como cristales blancos: 'H NMR (CDCl;, 400
MHz) 6 8.35 (d, J= 6.4 Hz, 2 H), 6.53 (t, J= 6.4 Hz, 1 H), 6.43 (m, 1 H),
4.35 (m, 2 H), 3.99 (t, J= 5.6 Hz, 2 H), 3.66 (s, 3 H), 3.27 (s, 3 H), 2.55 (m,
2H).

A una solucion de metoxi-metilamida de acido 1-pirimidin-2-il-
1,2,3,6-tetrahidro-piridin-4-carboxilico (48 rhg, 0.196 mmol) en THF (1
ml), se agregd bromuro de 1-bifenil-4-il magnesio (0.5 M en THF) a 0°C.
La mezcla se agitd a esta temperatura durante 1 hora y se extinguid con la

adicion de agua (5 ml) y EtOAc (20 ml). La fase acuosa se extrajo
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posteriormente con EtOAc (2 x 8 ml). Las capas organicas combinadas se
lavaron con salmuera (5 ml), se secaron (MgSQO,), se filtraron, y se
concentraron bajo presion reducida para proporcionar el producto crudo.
Este material se purific6 mediante cromatografia en columna (4%
MeOH/CH,Cl,) para producir el compuesto del titulo (20 mg, 30%) como
un so6lido blancuzco: 'H NMR (CDCl;, 400 MHz) 6 8.38 (d, J= 6.4 Hz, 2
H), 7.82-7.42 (m, 9 H), 6.70 (m, 1 H), 6.58 (t, J= 6.4 Hz, 1 H), 4.51 (m, 2
H), 4.13 (t, J= 5.6 Hz, 2 H), 2.72 (m, 2 H); MS calculado para CH,N;0
[M+H]": 342; Hallado: 342. |

6.9. Preparacion de Bifenil-4-il-(1-pirimidin-2-il-1,2,3,6-

tetrahidro-piridin-4-il)-metanol

<\i~:/>_N OH

A una solucién de bifenil-4-il-(1-pirimidin-2-il-1,2,3,6-tetrahidro-
piridin-4-il)-metanona (12.2 mg, 0.0355mmol) en metanol (0.5 ml), se
agrego CeClj heptahidrato (13.2 mg, 0.0355 mmol) y borohidruro de sodio
(1.5 mg, 0.0355 mmol) a temperatura de la sala. La mezcla se agité durante
1 hora y se diluyé con EtOAc (10 ml). La mezcla se lavo con agua (5 ml),
salmuera (5 ml), se seco (MgSOy), se filtrd, y se concentrd bajo presién
reducida para proporcionar el producto crudo. Este material se purificod
mediante cromatografia en columna (6% MeOH/CH,Cl,) para producir el
compuesto del titulo (12 mg, 98%) como un gel blanco: 'H NMR (CDCL,
400 MHz) 6 8.36 (d, J= 6.4 Hz, 2 H), 7.62- 7.37 (m, 9 H); 6.46 (t, J= 6.4
Hz, 1 H), 6.02 (m, 1 H), 5.24 (m, 1 H), 4.31 (m, 2 H), 3.96 (m, 1 H), 3.83
(m, 1 H), 2.14 (m, 2 H); MS calculado para Cp,nH,,N;0 [M+H]": 344;
hallado: 344. |
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6.10. Preparacion de 2-[4-(Bifenil-4-iloxi)-piperidin-1-il]-

pirimidina

C o
&

A una solucion de 1-pirimidin-2-il-piperidin-4-ona (50 mg, 0.282
mmol) en metanol (0.8 ml), se agregd borohidruro de sodio (12.0 mg, 0.282
mmol) a temperatura de la sala. Luego de agitar durante 10 minutos, la
mezcla se tratd con EtOAc (10 ml) y agua (3 ml). La capa organica se lavd
con salmuera (2 ml), se seco (MgSOy), se filtr6, y se concentr6 bajo presion
reducida para proporcionar el producto crudo. Este material se purifico
mediante cromatografia en columna (20% EtOAc/hexanos) para producir el
alcohol correspondiente (51 mg, 100%) como un sélido blanco.

A una mezcla del alcohol anterior (50 mg, 0.279 mmol), PPh; (109.6
mg, 0.418 mmol) y bifenil-4-ol (57.0 mg, 0.335 mmol) en THF (3 ml), se
agregdé DEAD (40% en tolueno, 0.152 ml, 0.335 mmol) a 0°C. Luego de
agitar de un dia para otro, la mezcla se tratd con EtOAc (15 ml) y agua (5
ml). La fase acuosa se extrajo con EtOAc (2 x 5 ml). Las capas orgénicas
combinadas se lavaron con salmuera (5 ml), se secaron (MgSO,), se
filtraron, y se concentraron bajo presion reducida para proporcionar el
producto crudo. Este material se purifico6 mediante cromatografia en
columna (15% EtOAc/hexanos) para producir el compuesto del titulo (81
mg, 88%) como cristales blancos: 'H NMR (CDCl;, 400 MHz) & 8.38 d,J
= 6.4 Hz, 2 H), 7.59-7.04 (m, 9 H), 6.61 (t, J= 6.4 Hz, 1 H), 4.62 (m, 1 H),
4.21 (m, 2 H), 3.68 (m, 2 H), 2.14 (m, 2 H), 1.83 (m, 2 H); MS calculado
para C,;H,N;O [M+H]": 332; hallado: 332.
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6.11. Preparacion de (3'-Cloro-bifenil-4-il)-(4-tiazol-2-il-

piperazin-1-il)-metanona
N / \
E SN N
O
Oy

A una soluciéon de l-(tiazol-2-il)piperazina (aprox. 0.915 mmol,

preparada de 150 mg 2-bromotiazol de acuerdo con los métodos descritos
en Astles et al., J. Med. Chem., 39: 1423-1432 (1996)), acido 3'-cloro-
bifenil-4-carboxilico (212.9 mg, 0.915 mmol) en CH,Cl, (4 ml), se agregd
EDC (209.7 mg, 1.098 mmol) y HOBt (148.2 mg, 1.098 mmol). Luego de
agitarse durante la noche, la mezcla se traté con EtOAc (50 ml) y agua (15
ml). La fase orgénica se lavd con salmuera (5 ml), se secd (MgSQy), se
filtro, y se concentrd bajo presion reducida para proporcionar el producto
crudo. Este material se purificé mediante cromatografia en columna (20%
acetona/hexanos) para producir el compuesto del titulo (225 mg, 64% para
dos pasos) como un sélido blanco: 'H NMR (CDCl3, 400 MHz) 6 7.64-7.23
(m, 9 H), 6.65 (t, J= 3.6 Hz, 1 H), 4.92 (m, br, 2 H), 3.57 (m, br, 6 H), 3.68
(m, 2 H), 2.14 (m, 2 H), 1.83 (m, 2 H); MS calculado para C,;H;oCIN;0S
[M+H]": 384; hallado: 384.

6.12. Preparacion de 4-(4'-Cloro-pifenil-4-iD)-1-pirimidin-2-il-

piperidin-4-ol

Co
&

Ci
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A una solucion de 1,4-dibromobenceno (213.3 mg, 0.904 mmol) en
THF (4 ml), se agregd n-BuLi (2.5 M en hexanos, 0.362 ml, 0.904 mmol) a
-78°C. Luego de agitar durante 30 minutos a la misma temperatura, se
agregd una soluciéon de 1-pirimidin-2-il-piperidin-4-ona (80 mg, 0.452
mmol) en THF (3 ml). La mezcla se dejo calentar a temperatura de la sala 'y
se agitd durante 1 hora. La reaccidén se extinguid con adicion de agua (10
ml) y EtOAc (50 ml). La capa organica se lavd con salmuera (5 ml), se seco
(MgSQO,), se filtro, y se concentrd bajo presion reducida para proporcionar
el producto crudo. Este material se purificO mediante cromatografia en
columna (40% EtOAc/hexanos) para producir - 4-(4-bromo-fenil)-1-
pirimidin-2-il-piperidin-4-ol como un aceite incoloro (140 mg, 93%): 'H
NMR (CDCl;, 400 MHz) 6 8.33 (d, J= 6.4 Hz, 2 H), 7.47 (d, J= 12.0 Hz, 2
H), 7.41 '(d, J=12.0 Hz, 2 H), 6.49 (t, J= 6.4 Hz, 1 H), 4.72 (m, 2 H), 3.40
(m, 2 H), 2.05 (m, 2 H), 1.78 (m, 2 'H); MS calculado para C;sH;BrN;O
[M+H]": 335; hallado: 335.

Siguiendo los procedimientos generales para las reacciones de

Suzuki, el compuesto del titulo se prepard en 61% de rendimiento como un

vidrio incoloro: 'H NMR (CDCl;, 400 MHz) & 8.35 (d, J= 6.4 Hz, 2 H),

7.59-7.37 (m, 8 H), 6.50 (t, J= 6.4 Hz, 1 H), 4.73 (m, 2 H), 3.46 (t, J= 12.4
Hz, 2 H), 2.15 (m, 2 H), 1.88 (m, 2 H); MS calculado para C,;H,;CIN;O
[M+H]": 366; hallado: 366.

6.13. Preparacion de Bifenii-4-il-(1-pirimidin-2—il-azetidin-3-il)-

metanona
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A una solucién agitada de clorhidrato de éster metilico de acido 3-
azetidin-carboxilico (150 mg, 0.99 mmol) y 2-cloropirimidina (113.4 mg,
0.99 mmol) en metanol, se agregd TEA (200 mg, 1.98 mmol) a temperatura
‘de 1a sala. La mezcla se agité a 50°C durante 5 horas y se concentrd bajo
presion reducida. El residuo se suspendié en EtOAc (50 ml) y se lavo con
agua (15 ml), salmuera (5 ml), se seco (MgSQy), se filtro, y se concentrd
bajo presion reducida para proporcionar el producto crudo. Este material se
purific6 mediante cromatografia en columna (40% EtOAc/hexanos) para

producir éster metilico de &cido 1-pirimidin-2-il-azetidin-3-carboxilico

\

M
—

como un soOlido amarillo claro (137.3 mg, 72%): 'H NMR (CDCls, 400

MHz) & 8.37 (d, J= 6.4 Hz, 2 H), 6.58 (t, J= 6.4 Hz, 1 H), 4.30 (m, 4 H),
3.77 (s, 3 H), 3.56 (m, 1 H).

A una suspension del éster anterior (137.3 mg, 0.711 mmol) y
clorhidrato de N-metil-O-metil hidroxilamina (127.6 mg, 1.103 mmol) en
THF (5 ml), se agregdé cloruro de iso-propil magnesio (2.0 M en THF, 1.067
ml, 2.133 mmol) a -20°C durante 15 minutos. La mezcla se agit6 a -10°C
durante otros 30 minutos antes de extinguirla con la adicion de cloruro de
amonio saturado (10 ml). La mezcla se extrajo con EtOAc (2 x 15 ml). Las
capas organicas combinadas se lavaron con salmuera (10 ml), se secaron
(MgSQ,), se filtraron, y se concentraron bajo presién reducida para
proporcionar el producto crudo. Este material se purifico6 mediante
cromatografia en columna (4% MeOH/CH,Cl,) para producir metoxi-metil-
amida de 4cido 1-pirimidin-2-il-azetidin-3-carboxilico (385.9 mg, 98%)
como un s6lido blanco: '"H NMR (CDCl;, 400 MHz) 6 8.32 (d, J= 6.4 Hz, 2
H), 6.55 (1, J = 6.4 Hz, 1 H), 4.34 (m, 4 H), 3.88 (m, 1 H), 3.70 (s, 3 H),
3.23 (s, 3 H).

A una solucién de la amida anterior (50 mg, 0.225 mmol) en THF (1
ml), se agregd cloruro de 4-bifenil magnesio (0.5 M en THF, 0.9 ml, 0.45
mmol) a -78°C. La mezcla se calent6 lentamente a temperatura de la sala y
se agitd durante 2 horas antes de extinguirla con la adicion de agua (10 mi)
y EtOAc (30 ml). La capa orgénica se separé y se lavé con salmuera (5 ml),

se seco (MgSQ,), se filtrd, y se concentré bajo presion reducida para
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proporcionar el producto crudo. Este material se purifico mediante
cromatografia en columna (3% MeOH/CH,Cl,) para proporcionar el
compuesto del titulo (21 mg, 30%) como cristales blancos: 'H NMR
(CDCls, 400 MHz) & 8.33 (d, J= 6.4 Hz, 2 H), 7.98-7.43 (m, 9 H), 6.58 (t,
J= 6.4 Hz, 1 H), 445 (m, 4 H), 438 (m, 1 H); MS calculado para
C,oH;gN;0 [M+H]': 316; hallado: 316.

6.14. Preparacion de (3'-Cloro-bifenil-4-il)-(1-pirimidin-2-il-

I Cl

pirrolidin-3-il)-metanona

N
Cr
=N '
0]
A una solucién de N-Boc-S-prolina (400 mg, 1.858 mmol), EDC
(425.9 mg, 2.23 mmol) y HOBt (326.1 mg, 2.415 mmol) en cloruro de

metileno (8 ml), se agregd clorhidrato de N-metil-O-metil hidroxilamina

(217.5 mg, 2.23 mmol) y TEA .(281.5 mg, 2.787 mmol) a 0°C. Luego de

agitar de un dia para otro, la mezcla se trat6 con EtOAc (80 ml) y agua (15 -

ml). La fase orgénica se lavd con salmuera (15 ml), se sec6 (MgSO,), se
filtrd, y se concentré bajo presion reducida para proporcionar el producto
crudo.

A una solucién del éster crudo anterior en cloruro de metileno (4 ml),
se agregd gota a gota TFA (4 ml) a temperatura de la sala. La mezcla se
agit6 durante 40 minutos y se concentro bajo presion reducida para generar
el producto crudo como la sal TFA.

A una mezcla del producto anterior y 2-cloropirimidina (212.8 mg,
1.858 mmol) en dioxano (7 ml) se agreg6 TEA (563 mg, 5.574 mmol). La
mezcla se calentd a 80°C durante 4 horas, y se concentrd bajo presion
reducida. El residuo se tratd con agua (20 ml) y EtOAc (60 ml). Luego de
la separacion de las capas, la fase acuosa se extrajo posteriormente con

EtOAc (20 ml). Las capas organicas combinadas se lavaron con salmuera
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(10 ml), se secaron (MgSQO,), se filtraron, y se concentraron bajo presion
reducida para proporcionar el producto crudo. Este material se purificé
mediante cromatografia en columna (40% acetona/hexanos) para
proporcionar metoxi-metil-amida de &cido 1-pirimidin-2-il-pirrolidin-3-
carboxilcio (203.8 mg, 47% para tres pasos) como un solido blancuzco: 'H
NMR (CDCl;, 400 MHz) 6 8.34 (d, J= 6.4 Hz, 2 H), 6.50 (t, /= 6.4 Hz, 1
H), 3.94 (m, 1 H), 3.82 (m, 1 H), 3.75 (s, 3 H), 3.70 (m, 1 H), 3.65 (m, 1 H),
3.63 (m, 1 H), 3.23 (s, 3 H), 2.33 (m, 3 H), 2.23 (m, 1 H).

A una solucion de 1,4-dibromobenceno (407.5 mg, 1.727 mmol) en
THF (6 ml) se agregd n-BuLi (2.5 M en hexanos, 0.691 ml, 1.727 mmol) a -
78°C. La mezcla se agitd a la misma temperatura durante 30 minutos antes
de la adicidn de una solucién de la amida anterior (203.8 mg, 0.8636 mmol)
en THF (4 ml). Luego de agitar a -78°C durante 30 minutos, la mezcla se
calent6 a temperatura de la sala durante 1 hora. Se agregaron EtOAc (40
ml) y agua (15 ml) a la reaccion, seguidos por la separacion de las capas. La
fase acuosa se extrajo con EtOAc (15 ml). Las capas organicas combinadas
se lavaron con salmuera (10 ml), se secaron (MgSQ,), se filtraron, y se
concentraron bajo presion reducida para proporcionar el producto crudo.
Este material se purific6 mediante cromatografia en columna (40%
acetona/hexanos) para proporcionar (4-bromo-fenil)-(1-pirimidin-2-il-
pirrolidin-3-il)-metanona (182.2 mg, 64%) como un sélido blancuzco: 'H
NMR (CDCl3, 400 MHz) 6 8.32 (d, J= 6.4 Hz, 2 H), 7.87 (d, J= 12.0 Hz, 2
H), 7.63 (d, J= 12.0 Hz, 2 H), 6.51 (t, J= 6.4 Hz, 1 H), 4.07 (m, 1 H), 3.98
(m, 1 H), 3.86 (m, 1 H), 3.74 (m, 2 H), 2.38 (m, 2 H).

Siguiendo los procedimientos generales para las reacciones de
Suzuki, el compuesto del titulo se prepard en 63% como un so6lido amarillo
palido: 'H NMR (CDCl;, 400 MHz) & 8.38 (d, J= 6.4 Hz, 2 H), 8.11-7.42
(m, 8 H), 6.53 (t, J= 6.4 Hz, 1 H), 4.19 (m, 1 H), 4.04 (m, 1 H), 3.84 (m, 1
H), 3.77 (m, 2 H), 2.42 (m, 1 H), 2.38 (m, 1 H); MS calculado para
C,H;4CIN;O [M+H]": 364; hallado: 364.

6.15. Preparacion de (4-Pirimidin-2-il—h0m0|2iperazin-1-il)-[4-(3-

trifluorometilfenil-fenil]-metanona

-52.
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El compuesto del titulo se preparé de 1-(2-pirimidil)-homopiperazina

como se describe a continuacion.

1-(2-Pirimidil)-homopiperazina: A una soluciéon de homopiperazina
(3.5 g, 35 mmol) en etanol (100 ml) a 40°C, se agregd en porciones 2-
cloropirimidina (2.0 g, 17.5 mmol). La mezcla se agité durante 1 hora,
luego se concentrd in vacuo. El residuo se disolvi6 en cloruro de metileno
(75 ml) y se lavd con una solucién saturada de bicarbonato de sodio
salmuera. Se separaron las capas, y la capa organica se secd sobre sulfato
de magnesio y se concentrd. El residuo resultante se purificé mediante
cromatografia instantdnea y se recogio un semisélido (1.0 g), el cual se
utilizé tal como estaba.

(4-Pirimidin-2-il-homopiperazin-1-il)-[4-(3-trifluorometilfenilfenil]-

metanona: A una solucion de éacido 3'-trifluorometil-bifenil-4-carboxilico
(0.38 g, 1.41 mmol) y 1-(2-pirimidil)-homopiperazina (0.25 g, 1.41 mmol)
en cloruro de metileno (20 ml), se égreg(') EDCI (0.27 g, 1.41 mmol) y
HOAt (0.19 g, 1.41 mmol) trietilamina (0.20 ml, 1.41 mmol). La mezcla se
agitd durante 16 horas y luego se lavd con salmuera. Las capas se
separaron, y la fase organica se seco sobre sulfato de magnesio y se
concentrd. El aceite resultante se purific6 mediante cromatografia
instantanea y se recogié un aceite claro. El aceite se disolvid en una
cantidad minima de t-butilmetiléter, y se recogieron los cristales formados
(0.20 g). Los datos de espectro fueron consistentes con la estructura. MS
(M+1) = 427. HPLC (> 95 %). 'H NMR (CDCI3) 8.35 (m, 2H), 7.55 (m,
8H), 6.58 (t, 1H), 3.87 (bm, 8H), 1.92v(m, 2H).
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6.16. Preparacion de _ (3'-Cloro-bifenil-4-il)-5-pirimidin-2-il-

hexahidro-pirrolo[3.4-cjpirrol-2-il)-metanona

El compuesto del titulo se prepard de &cido S-pirimidin-2-il-

hexahidro-pirrolo[3,4-c]pirrol-2-carboxilico y terc-butil éster como se

describe a continuacion.

terc-Butil éster de dacido S-pirimidin-2-il-hexahidro-pirrolo[3.4-

clpirrol-2-carboxilico: Una solucion de ferc-butil éster de acido hexahidro-

pirrolo[3,4-c]pirrol-2-carboxilico (1.0 g, 4.7 mmol), 2-cloropirimidina (0.54
g, 4.7 mmol), trietilamina (2 ml, 14 mmol) y alcohol etilico (25 ml) se
mantuvo a reflujo durante 4 horas. . En seguida la solucién se enfri6 a
temperatura de la sala y se concentr para proporcionar un residuo sélido
que se disolvid en diclorometano (CH,Cly), el cual se lavo
consecutivamente con bicarbonato de sodio acuoso saturado y salmuera, se
secO (Na,S0Oy), se filtrd, y se concentr6 para proporcionar 0.82 g (60 %) del
producto como un soélido anaranjado: 'H NMR (400 MHz, CDCl;): & 8.34
(d, J= 4.8 Hz, 2H), 6.53 (t, J= 4.8 Hz, 1 H), 3.86-3.79 (m, 2H), 3.72-3.62
(m, 2H), 3.57-3.50 (m, 2H), 3.41-3.33 (m, 1H), 3.33-3.26 (m, 1H), 3.05-
2.96 (m, 2H), 1.47 (s, 9H); LRMS m/z 291 (M + H)".
(3'-Cloro-bifenil-4-il)-(5-pirimidin-2-il-hexahidro-pirrolo[3,4-

clpirrol-2-il)-metanona: Una solucion de terc-butil éster de acido 5-

pirimidin-2-il-hexahidro-pirrolo[3,4-c]pirrol-2-carboxilico  (0.70 g, 2.4
mmol) y CH,Cl, (20 ml) se traté con acido trifluoroacético (TFA, 10 ml) y
se mantuvo a temperatura de la sala durante 3 horas. La solucion resultante
se concentrod, y el residuo se disolvido en CH,Cl, (5 ml) y se agregd a una
solucidn de 4cido 3'-cloro-bifenil-4-il-carboxilico (0.62 g, 2.6 mmol), O-(7-

hexafluorofosfato  de  azabenzotriazol-1-il)-N,N,N',N'-tetrametiluronio
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(HATU, 1.0 g, 2.6 mmol), diisopropiletilamina (1.5 ml, 8 mmol), y CH,Cl,
(20 ml). La solucién resultante se mantuvo a temperatura de la sala
durante 2 horas, se diluyé con EtOAc, se lavo con NaHCO; acuoso saturado
y salmuera, se secd (MgSOy), se filtro, y se concentro. El residuo solido se
‘recristalizc') de alcohol metilico para proporcionar el producto final como
agujas blancas: 'H NMR (CD;OD): § 8.32 (d, J= 4.8 Hz, 2H), 7.71 (d, J=
8.5 Hz, 2 H), 7.67 (s, 1H), 7.63 (d, J= 8.5 Hz, 2H), 7.60-7.50 (m, 1H), 7.45
(t, J= 7.9 Hz, 1H), 7.40-7.37 (m, 1H), 6.63 (t, /= 4.8 Hz, 1H), 3.96 (dd, J=
7.8, 12.8 Hz, 1H), 3.86 (ddd, J= 3.0, 7.2, 10.6 Hz, 2H), 3.76 (dd, J= 7.5,
11.6 Hz, 1 H), 3.65-3.58 (m, 2H), 3.51 (dd, J= 5.1, 11.3 Hz, 1H), 3.43 (dd,
J=4.7, 11.7 Hz, 1H), 3.21-3.07 (m, 2H). C NMR (100 MHz, CD;0D): §
171.8, 161.4, 159.1, 143.5, 142.9, 137.0, 136.0, 131.6, 129.0, 128.2, 128.1,
126.6, 110.9, 54.5, 51.9, 51.7, 51.1, 43.9, 42.0; LRMS m/z 405 (M + H)";
analisis calculado para C3H,;CIN,O: C, 68.23; H, 5.23; N, 13.84. Hallado:
C, 68.01; H, 5.23; N, 13.60.

6.17. Preparacion de (2'.4'-Difluoro-bifenil-4-il)-(8-pirimidin-2-

il-8-aza-biciclo [3.2.1]oct-3-il)-metanona

El compuesto del titulo se prepar6 en la siguiente forma.

8-Pirimidin-2-il-8-aza-biciclo[3.2.1]octan-3-ona: Una solucidon de

acido clorhidrico de 8-aza-biciclo[3.2.1]octan-3-ona (5.0g, 30.9mmol), 2-
cloro-pirimidina (4.95g, 43.2mmol), NaHCO; (7.78g, 92.7mmol) e
isopropanol (200ml) se mantuvo a réﬂujo durante el fin de semana. La
mezcla de reaccion resultante se concentré y se purificdé mediante ISCO
para> proporcionar 8-pirimidin-2-il-8-aza-biciclo[3.2.1]octan-3-ona (4.0g,

52.9%) como un solido blanco : MS (M+1) = 204. 1H NMR (MeOH) 8.36
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(d, J= 12 Hz 2H), 6.75 (m, 1H), 4.97 (m, 2H), 2.75 (d, J= 12 Hz, 1H), 2.71
(d, J= 12 Hz, 1H), 2.32 (d, J= 50 Hz, 2H), 2.22 (m, 2H), 1.87 (m, 2H).

3-[(4-Bromo-fenil)-metoxi-metilene]-8-pirimidin-2-il-8-aza-biciclo
[3.2.1]Joctano: A una solucién de dietil éster de 4cido [(4-bromo-fenil)-
metoxi-metil]-fosforico (4.58g, 13.5mmol) en 1,2-dimetoxi-etano (60ml),
se agregd NaH (540mg, 13.5mmol, 60% en aceite mineral) en una porcion.
La mezcla se agitd a 50°C durante 1.5 horas antes de agregar 8-pirimidin-2-
il-8-aza-biciclo[3.2.1]octan-3-ona (2.0g, 9.85mmol) en 1,2-dimetoxi-etano
(5ml). La mezcla se agitd a 50°C durante el fin de semana. La mezcla
resultante se concentrd y se purificé mediante ISCO para proporcionar 3-
[(4-bromo-fenil)-metoxi-metilen]-8-pirimidin—z-il-8-aza—biciclo[3 2.1]
octano (600mg, 30%). El producto sélido blanco se utilizé tal como estaba.
MS (M+1) = 386.

(4-Bromo-fenil)-(8-pirimidin-2-il-8-aza-biciclo[3.2.1 Joct-3-il)-

metanona: Una solucion de 3—[(4-bromo-fenil)-metoxi—metilen]-8-
pirimidin-2-il-8-aza-biciclo[3.2.1]octano (2.44g, 6.32mmol), HCI acuoso
(10.5ml, 6N) y THF (50ml) se agitd a temperatura de la sala de un dia para
otro. A la mezcla se agregd NaHCO; acuoso saturado hasta que ceso el

burbujeo. La mezcla se diluyé con acetato de etilo, y la fase organica se

secO sobre MgSO, y se concentrd. Se utilizé ISCO para realizar la

purificacién y se obtuvo (4-bromo-fenil)-(8-pirimidin-2-il-8-aza-biciclo
[3.2.1}oct-3-il)-metanona como un sélido blanco (2.16g, 92%). MS (M+1)
= 374. 1H NMR (CDCl,) 8.33 (d, J= 12 Hz, 2H), 7.84 (d, J= 13 Hz 2H),
7.62 (d, J= 13 Hz 2H), 6.51 (t, J= 12 Hz 1H), 4.87 (m, 2H), 3.90 (m, 1H),
2.23 (m, 2H), 2.08 (m, 2H), 1.97 (m, 2H), 1.72 (m, 2H).
(2'.4'-Difluoro-bifenil-4-il)-( 8-pirimidin-2-il-8-aza-biciclo[3.2.1]oct-

3-il)-metanona: Una solucién de (4-bromo-fenil)-(8-pirimidin-2-il-8-aza-
biciclo[3.2.1]oct-3-il)-metanona (250mg, 0.92mmol), 4cido 2.4-di-fluoro-
fenilbérico (290mg, 1.84mmol), [1,1'-bis(difenilfosfino) ferroceno]dicloro
paladio (II), complejo con diclorometano (1:1) (67mg, 0.092mmol), K5PO,
(390mg, 1.84mmol), 2-dimetoxi-etano (5ml) y agua (1.6ml) se agito a 80°C

durante 1 hora. La mezcla de reaccion se diluy6 con acetato de etilo y una
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solucion IN de NaOH. La capa organica se secé con MgSO, y se
concentro. Se utilizé ISCO para purificacidn, y se obtuvo el producto como
un  solido  blanco (2',4'-diﬂiloro-bifenil-4-il)-(8-pirimidin-2-i1-8—aza—
biciclo[3.2.1]oct-3-il)-metanona (69.6mg, 19%). MS (M+1) = 406. 1H
NMR (CDCls) 8.34 (d, J= 12 Hz 2H), 8.00 (d, J= 21 Hz 2H), 7.62 (dd, J=
19Hz, 4Hz, 2H), 7.45 (m, 1H), 6.99 (m, 2H), 6.52 (t, J= 12 Hz, 1H), 4.90
(m, 2H), 4.00 (m, 1H), 2.25 (m, 2H), 2.12 (m, 2H), 2.02 (m, 2H), 1.78 (m,
2H).

6.18. Preparacion de (3-(Pirimidin-2-il)-3,8-diazabiciclo[3.2.1]

octan-8-il)(3'-( trifluorometil)bifenil-4-il)metanona

El compuesto del titulo se preparé en la siguiente forma.

terc-Butil éster de acido 3-pirimidin-2-il-3,8-diaza-

biciclo[3.2.1]octan-8-carboxilico: Una solucién de terc-butil éster de acido

3,8-diaza-biciclo[3,2,1]octan-8-carboxilico (50 mg, 024 mmol), 2-

cloropirimidina (27 mg, 0.24 mmol), trietilamina (0.1 ml, 0.72 mmol) y.

THF (2.5 ml) se calent6 a 180°C durante 10 minutos. La solucién se
concentro para proporcionar un residuo soélido que se disolvié en
diclorometano, el cual se lavd consecutivamente con bicarbonato de sodio
acuoso saturado y salmuera, se seco (Na,SO,), se filtrd, y se concentrd para
/proporcionar 50 mg (71 %) del producto como un sélido marrén: 'H NMR
(400 MHz, CDCl): § 8.30 (d, J= 12.0 Hz, 2H), 6.52 (t, J= 12.0 Hz, 1 H),
4.38-4.29 (m, 4H), 3.13 (sb, 2H), 2.42 (m, 2H), 1.69 (9, J= 18.0 Hz , 2H),
1.49 (s, 9H); MS (M+1) = 291.
(3'-terc-Butil-bifenil-4-il)-(3-pirimidin-2-il-3 .8-diaza-biciclo[3.2.1]

oct-8-il)-metanona: Una solucién de ferc-butil éster de acido 3-pirimidin-2-
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i-3,8-diaza-biciclo[3.2.1]octan-8-carboxilico (64 mg, 0.22 mmol) en
HCl/dioxano se agit6 durante 5 horas a temperatura de la sala. La solucion
resultante se concentrd, y el residuo se disolvié en CH,Cl, (S mL) y se
agrego a una solucién de 4cido 3'-trifluorometil-bifenil-4-carboxilico (117
mg, 0.44 mmol), EDC (85 mg, 0.44 mmol), HOBt (60 mg, 0.44 mol) y TEA
(0.1 mL, 0.71mmol). Luego de agitar de un dia para otro, la mezcla se tratd
con EtOAc (50 mL) y agua (15 mL). La fase orgéanica se lavé con salmuera
(5 mL), se secé (MgSOy,), se filtrd, y se concentrd bajo presion reducida
para proporcionar el producto crudo. Este material se purifico mediante
cromatografia en columna (30% EtOAc/hexanos) para producir el
compuesto del titulo 14.2 mg, (32%) como un sélido blanco: 'H NMR
(DMSO): 8 8.35 (d, J= 12 Hz, 2H), 7.79-7.76 (m, 3 H), 7.68 (dt, J =20, 3
Hz, 1H), 7.63 (d, J= 21 Hz, 2H), 7.52-7.43 (m, 2H), 6.62 (t, /= 12 Hz, 1H),
4.77 (bs, 1H), 4.41 (d, J= 64 Hz, 2H), 4.17 (bs, 1H), 3.14 (bs, 2H), 2.48 (qt,
J=35Hz, 1 H), 1.86 (t, J= 9 Hz, 2H), 1.60 (d, J= 24 Hz, I1H); MS (M+1) =
439.

6.19. Analisis del Transportador Humano de Prolina

Se determind la capacidad de los compuestos de inhibir el
transportador de prolina en la siguiente forma. Un ADNc de SLC6A7 se
~clond en un vector pcDNA3.1 y se transfect6 en células COS-1. Para el
analisis de selecciond un clon de célula que expresa en forma estable el
transportador de prolina.

Las células transfectadas se sembraron a 15.000 células por pocillo en
una placa de 384 pocillos y se cultivaron de un dia para otro. A
continuacion las células se lavaron con amortiguador Krebs-Ringer's-
HEPES-Tris (KRHT), pH 7.4, que contenia 120 mM NaCl, 4.7 mM KCl,
2.2 mM CaCl, 1.2 nM MgSO04, 1.2 mM KH,PO,, 10 mM HEPES y 5 mM
Tris. Las células se incubaron entonces con 50 ul de amortiguador KRHT
que contenia 45 nM *H-prolina durante 20 minutos a temperatura de la sala.
Se termindé la absorcion de prolina radiomarcada retirando la prolina

radiomarcada y lavando las células rapidamente tres veces con 100 ul de
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amortiguador KRHT helado. Se agregé fluido de centelleo (50 pl) por
pocillo, y se determiné la cantidad de prolina tritiada presente usando un
contador de centelleo Packard TopCoﬁnt.

Se determind la absorcion no especifica midiendo la absorcién de H-
prolina en la presencia de 2 mM de prblina fria.

Se determin6 la ICs, de un compuesto midiendo la inhibicién de
cuatro muestras ‘separadas en 10 concentraciones, comenzando tipicamente
con 10 pM, seguidas por 9 diluciones triples (es decir, 10, 3.3, 1.1, 0.37,
0.12, 0.41, 0.014, 0.0046, 0.0015, y 0 uM). Se calcularon las inhibiciones
porcentuales contra el control. La ICs, de un compuesto se determind
usando los 10 puntos de datos, cada uno de los cuales era un promedio de

las cuatro mediciones correspondientes.

6.20. Analisis del Transportador Murino de Prolina

Tejido del cerebro anterior se diseccioné de un raton silvestre y se
homogeneizé en 7 ml de amortiguador de homogeneizacién helado: 0.32 M
sacarosa, ImM NaHCOs, mezcla de inhibidor de proteasa (Roche).

Los homogenados de cerebro se centrifugaron a 1000xg durante 10
minutos para retirar los nlcleos. Se recolectd el sobrenadante y se re-
céntrifugé a 20000xg durante 20 minutos para granular los sinaptosomas
crudos. Los sinaptosomas se re-suspendieron en amortiguador de analisis
helado: 122 mM NaCl, 3.1 mM KCl, 25 mM HEPES, 0.4 mM KH,PO,, 1.2
mM MgSQOy, 1.3 mM CaCl,, 10 mM dextrosa a pH 7.4. Los sinaptosomas
re-suspendidos se centrifuron nuevamente a 20000xg durante 20 minutos, y
los sinaptosomas granulados se re-suspendieron en amortiguador de
analisis. La concentracion de proteina se midi6 con el kit de analisis de
proteina DC (BioRad).

Se realizd andlisis de transporte de prolina en 100 ul de mezcla de
reaccion que consistia de 10 pg de sinaptosomas, 1nCi/0.24uM [H3]-
prolina en amortiguador de analisis durante un tiempo entre 0 a 20 minutos
a temperatura de la sala. La reaccion se terminé mediante filtracién rapida a

través de una placa de filtracion GF/B (Millipore), seguida por tres rapidos
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lavados en amortiguador de analisis helado 200ul. Se agregaron cincuenta
microlitros de Microscint-20 a cada reaccién y se incubaron durante 2
horas. El transporte de [H3]-prolina se determind mediante conteo de
radioactividad.

Para determinar la inhibicion del transporte de prolina por los compuestos,
los compuestos se incubaron con la mezcla de reaccion en concentraciones
que variaban de 0 a 10 uM (11 puntos, comenzando con 10 um; diluciones
triples; 4 réplicas se promediaron para proporcionar un punto). La actividad
de comparacion, o actividad no especifica, se midi6 en la presencia de 0.3
mM GGFL (Enkephalin, Sigma) en la reaccién. Se cuantificé asimismo la
actividad no especifica en sinaptosomas de ratones con el gen SLCO6A7
‘inactivado. Se descubrié que las actividades no especificas medidas por los

dos métodos eran idénticas.

6.21. Analisis del Transportador Humano de Dopamina

Se determiné la capacidad de los compuestos de inhibir el
transportador de dopamina en la siguiente forma. Un ¢cADN DAT humano
(NM_001044) se clond en un vector pcDNA3.1 y se transfecté en células -
- COS-1. Las lineas de células resultantes que expresan en forma estable el
transportador de dopamina se utilizaron para experimentacién posterior.

Células transfectadas se sembraron a 15.000 células por pocillo en
una placa de 384 pocillos y se cultivaron de un dia para otro. Las células se
lavaron entonces con amortiguador Krebs-Ringer's-HEPES-Tris (KRHT),
pH 7.4, que contenia 125 mM NaCl, 4.8 mM KCl, 1.3 mM CacCl,, 1.2 mM
MgSO, 10 mM D-glucosa, 25 mM HEPES, 1 mM de ascorbato de sodio y
1.2 mM KH,PO,. En seguida las células se incubaron con 50 pl de
amortiguador KRHT que contenia 1 pM 3 H-dopamina durante 10 minutos a
temperatura de la sala. Se terminé la absorcién de dopamina radiomarcada
retirando la dopamina radiomarcada y lavando las células rapidamente tres
veces con 100 pl de amortiguador KRHT helado. Se agrego fluido de
centelleo (50 pl) por pocillo, y se determind la cantidad de dopamina

tritiada presente usando un contador de centelleo Packard TopCount.
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La absorcién no especifica se determind midiendo la absorcién de
*H-dopamina en la presencia de 250 uM de benzotropina.' La ICsy de un
éompuesto se determind cuantificando la inhibicién de ‘cuatro muestras
separadas en 10 concentraciones, comenzando tipicamente con 10 pM,
seguidas por 9 diluciones triples (es decir, 10, 3.3, 1.1, 0.37, 0.12, 0.41,
0.014, 0.0046, 0.0015, y 0 uM). Se calcularon las inhibiciones porcentuales

contra el control, y el promedio de los cuadruplicados se utilizo para el

calculo de la ICs,.

6.22. Analisis de Transportador Humano de Glicina

Se determiné la capacidad de los compuestos de inhibir el
transportador de glicina en la siguiente forma. Un cADN de transportador
humano de glicina (NM_006934) se clqn(') en un vector pcDNA3.1 y se
transfect6 en células COS-1. Las lineas de células resultantes que expresan
en forma estable el transportador de dopamina se utilizaron para
experimentacion posterior.

Células transfectadas se sembraron a 15.000 células por pocillo en _
una placa de 384 pocillos y se cultivaron de un dia para otro. Las células se
lavaron entonces con amortiguador Krebs-Ringer's-HEPES-Tris (KRHT)
buffer, pH 7.4, que contenfa 120 mM NaCl, 4.7 mM KCI, 2.2 mM CaCl,,
1.2 mM MgSO,, 1.2 mM KH,PO,, 10 mM HEPES y 5 ml Tris. En seguida
las células se incubaron con 50 pl de amortiguador KRHT que contenia 166
UM °H-glicina durante 10 minutos a temperatura de la sala. Se termind la
absorcion de glicina radiomarcada retirando lé glicina radiomarcada y
lavando las células rdpidamente tres veces con 100 pl de amortiguador
KRHT helado. Se agregé fluido de centelleo (50 pl) por pocillo, y se
determiné la cantidad de glicina tritiada presente usando un contador de
centelleo Packard TopCount.

La absorcion no especifica se determiné midiendo la absorcién de
*H-glicina en la presencia de 2 uM de glicina fria. La ICsy de un compuesto
se determin6 cuantificando la inhibicién de cuatro muestras separadas en 10

concentraciones, comenzando tipicamente con 10 pM, seguidas por 9

-6l -



WO 2006/124748 PCT/US2006/018682

diluciones triples (es decir, 10., 3.3, 1.1, 037, 0.12, 0.41, 0.014, 0.0046,
0.0015, y 0 uM). Se calcularon las inhibiciones porcentuales contra el

control, y el promedio de los cuadruplicados se utiliz6 para el calculo de la

ICsp.

6.23. Calculo de Valores ICs,

La ICsy de un compuesto con respecto a una diana dada se determina
ajustando los datos relevantes, usando el algoritmo de Levenburg

Marquardt a la ecuacion:

y = A+ ((B-A)/(1+((C/x)*D)))

en donde A es el valor minimo de y; B es el valor méximo de y; C es

laICso; y D es la pendiente. El célculo de la ICs se realiza usando software
XLFit4 (ID Business Solutions Inc., Bridgeagua, NJ 08807) para Microsoft

Excel (la ecuacion anterior es el modelo 205 de ese software).

6.24. Efectos Farmacologicos

Un compuesto con una PTICs, inferior a 100 nM se administré a
ratones albinos machos C57B/6 sometidos a un programa contextual de
condicionamiento al miedo usando un protocolo de condicionamiento de
huella. El compuesto se administré a dosis que variaban de 50-200 mg/kg,
y se descubrié que recapitulaba los fenotipos observados en los ratones KO
SLC6A7 KO en una manera dependiente de la dosis.

En el protocolo, el compuesto se administré p.o., dos horas antes del
adiestramiento (dia 1) y de nuevo dos horas antes de los experimentos el dia
siguiente (dia 2). Generalmente, se examinaron 10-14 ratones/grupo en
cada estudio. El intervalo de pretratamiento de 2 horas se selecciond
basandose en resultados PK para lograr niveles picos en el plasma y en el
tejido cerebral. | |

En los experimentos de condicionamiento de huella, no se observé un
efecto significativo en ratones medicados con 50 mg/kg, p.o., aunque se
aprecio una mejorfa numérica. Sin embargo, con dosis de 100 y 200 mg/kg,

p.o., se observaron aumentos significativos en el desempefio tanto durante
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el adiestramiento (dia 1) como durante los experimentos (dia 2). Como se
ilustra en Figura 2, el compuesto mejord el desempefio durante el
adiestramiento, asi como durante las pruebas de memoria, indicando que
sus efectos no varian con administracion repetida. Y como se muestra en
Figura 3, cuando se administra antes de la prueba de memoria, mas no antes
del adiestramiento, el compuesto mejoro la respuesta condicionada.

Con el fin de evaluar si el efecto del compuesto cambiaba luego de
una dosificacion repetida, éste se administré durante tres dias b.i.d. antes
del dia de adiestramiento, asi como b.i.d. el dia del adiestramiento y antes
de la prueba. Al igual que en los estudios inmediatos ("the acute studies"),
el compuesto se administré dos horas antes de la sesion de adiestramiento y
dos horas antes de la sesion de prueba. Basandose en estudios PK
separados, se esperaba que este régimen de administracion proporcionara
niveles sanguineos del compuesto de principio a fin del estudio. Se
observaron resultados similares a los ilustrados en las Figuras 2 y 3,
sugiriendo que el compuesto puede mejorar tanto el aprendizaje como la
memoria/recordacion.

En si mismo, el compuesto no aumento la inmovilizacién en ratones
sin tratamiento previo, como se evalud en un campo abierto en el aparato de
adiestramiento de condicionamiento, ni en ratones a los que se imparti6
adiestramiento de condicionamiento especifico y luego se pusieron en un
terreno abierto novedoso ("a novel open-field"). Por consiguiente, sus

“efectos parecen ser especificos a la respuesta aprendida, y no debidos a una

mejora no especifica del comportamiento de inmovilizacién.
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REIVINDICACIONES

Lo que se reivindica es:

1. Un inhibidor especifico del transportador de prolina de formula

o su sal o solvato farmacéuticamente aceptables, en donde:

A es un heterociclo no aromatico, opcionalmente sustituido;

cada uno de D, y D, es independientemente N o CR;

cada uno de E;, E, y E; es independientemente N o CRy;

X es heteroarilo opcionalmente sustituido;

Y es O, C(0), CH(OH), o CHy;

cada R; es independientemente -hidrégeno, halogeno, ciano, R, OR,4,
C(O)R,, C(O)OR,, C(OIN(RARg), N(RARR), 0 SO;R4;

cada R, es independientemente hidrégeno, haldgeno, ciano, Rs, OR,,
C(O)R4, C(O)OR 4, C(O)N(R4Rs), N(RARp), 0 SO,RA;

cada R, es independientemente hidrogeno o alquilo, arilo, arilalquilo,

alquilarilo,  heterociclo,  heterociclo-alquilo, o  alquil-heterociclo .

opcionalmente sustituidos; y
cada Ry es independientemente hidrogeno o alquilo, arilo, arilalquilo,
alquilarilo,  heterociclo,  heterociclo-alquilo, o  alquil-heterociclo

opcionalmente sustituidos.

2. El inhibidor especifico del transportador de prolina de la

reivindicacién 1, que tiene una PTICs, de menos de alrededor de 150 nM.
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3. El inhibidor especifico del transportador de prolina de la

reivindicacidon 2, que tiene una PTICs, de menos de alrededor de 100 nM.

4. El inhibidor especifico del transportador de prolina de la

reivindicacion 3, que tiene una PTICS‘O de menos de alrededor de 50 nM.

5. El inhibidor especifico del transportador de prolina de la

reivindicacion 1, que tiene una DTICs superior a alrededor de 1 M.

6.  El inhibidor especifico del transportador de prolina de la

reivindicacion 5, que tiene una GTICs, superior a alrededor de 1 uM.

7. El inhibidor especifico del transportador de prolina de la

reivindicacion 1, en donde A es monociclico.

8. El inhibidor especifico del transportador de prolina de la

reivindicacion 1, en donde A es biciclico.

9.  El inhibidor especifico del transportador de prolina de la

reivindicacion 1, en donde A es no sustituido.

10.  El inhibidor especifico del transportador de prolina de la
reivindicacion 1, en donde A es pirrolidina, piperidina, piperazina,
hexahidropirimidina,  1,2,3,6-tetrahidropiridina,  octahidrociclopenta[c]

pirrol, u octahidropirrolo[3,4-c]pirrol opcionalmente sustituidos.

11.  El inhibidor especifico del transportador de prolina de la

reivindicaciéon 1, en donde uno de D; y D, es N.

12. El inhibidor especifico del transportador de prolina de la

reivindicacién 1, en donde ambos D, y D, son N.
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13. El inhibidor especifico del transportador de prolina de la

reivindicacion 1, en donde ambos Dy y D; son CR;.

14. El inhibidor especifico del transportador de prolina de la

reivindicacion 1, en donde uno de E, E; y E; es N.

15. El inhibidor especifico del transportador de prolina de la

reivindicacion 1, en donde dos de E, E; y E; son N.

16. El inhibidor especifico del transportador de prolina de la

reivindicacion 1, en donde todos los E;, E; y E; son N.

17. El inhibidor especifico del transportador de prolina de la

reivindicacion 1, en donde todos los E;, E; y E; son independientemente

CR,.

18. El inhibidor especifico del transportador de prolina de la
reivindicacion 1; en donde R; es hidrogeno, haldgeno, o alquilo

opcionalmente sustituido.

19. El inhibidor especifico del transportador de prolina de Ia

reivindicacion 1, en donde R; es OR,.

20. El inhibidor especifico del transportador de prolina de la’

reivindicacién 19, en donde R, es hidrégeno o alquilo opcionalmente

sustituido.
21. El inhibidor especifico del transportador de prolina de Ia

reivindicacion 1, en donde R, es hidrégeno, halégeno, o alquilo

opcionalmente sustituido.
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22. El inhibidor especifico del transportador de prolina de la

reivindicacion 1, en donde R; es OR,4.

23. El inhibidor especifico del transportador de prolina de la
reivindicacion 21, en donde R, es hidréogeno o alquilo opcionalmente

sustituido.

24. El inhibidor especifico del transportador de prolina de la
reivindicacion 1, en donde X es un heteroarilo de 5, 6, 9 6 10 miembros,

opcionalmente sustituido.

25. El inhibidor especifico del transportador de prolina de la
reivindicacion 24, en donde X es un heteroarilo de 5 6 6 miembros,

opcionalmente sustituido.

26. El inhibidor especifico del transportador de prolina de la
reivindicacion 25, en donde X es de la formula:
PN
Y
N
en donde:
cada uno de G; y G; son independientemente N o CR3;
cada uno de J;, J, y J; son independientemente N o CRy;
cada R; es independientemente hidrogeno, haldgeno, ciano, Ra, OR4,
C(O)R4, C(O)OR,, C(O)N(RARB), N(RaRg), 0 SO,R,; v cada Ry es
independientemente hidrogeno, haldgeno, ciano, R, OR,, C(O)R4,
C(O)OR4, C(O)N(RARR), N(RARg), 0 SO,R4;

siempre que por lo menos uno de J;, J, y J3 sea CR,.

27. El inhibidor especifico del transportador de prolina de la

reivindicacion 25, en donde uno de G; y G, es N.
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28. El inhibidor especifico del transportador de prolina de la

reivindicaciéon 25, en donde ambos G; y G, son N.

29. El inhibidor especifico del transportador de prolina de la

reivindicacion 25, en donde ambos G; y G, son CRj.

30. El inhibidor especifico del transportador de prolina de la

reivindicacion 25, en donde uno de J;, J, y J3 es N.

31. El inhibidor especifico del transportador de prolina de la

reivindicaciéon 25, en donde dosde J;, J, y J; son N.

32. El inhibidor especifico del transportadof de prolina de la

reivindicaciéon 25, en donde todos los Jy, J, y J; son independientemente

CRs.

33. El inhibidor especifico del transportador de prolina de la
reivindicacion 25, en donde Rj; ‘es hidrogeno, halogeno, o alquilo

opcionalmente sustituido.

34. El inhibidor especifico del transportador de prolina de la

reivindicacion 25, en donde R; es OR,.

35. El inhibidor especifico del transportador de prolina de la
reivindicacion 34, en donde R, es hidrogeno o alquilo opcionalmente

sustituido.
36. El inhibidor especifico del transportador de prolina de la

reivindicacion 25, en donde R4 es hidrogeno, halégeno, o alquilo

opcionalmente sustituido.
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37. El inhibidor especifico del transportador de prolina de la

reivindicacion 25, en donde R4 es OR,.
38. El inhibidor especifico .del transportador de prolina de la
reivindicacion 37, en donde R, es hidrogeno o alquilo opcionalmente

sustituido.

39. El inhibidor especifico del transpoi'tador de prolina de la

reivindicaciéon 1, en donde Y es C(O).

40. El inhibidor especifico del transportador de prolina de la
reivindicacidon 1, en donde Y es CH(OH).

41. El inhibidor especifico del transportador de prolina de la

reivindicacion 1, en donde Y es CH,.

42. El inhibidor especifico del transportador de prolina de la

reivindicacion 25, que es de la formula TA:

J=G, .

(1A)

43. El inhibidor especifico del transportador de prolina de la

reivindicacién 25, que es de la formula IB:
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(IB)

en donde:

cada R;s es independientemente hal6geno, ciano, Rsa, ORsa, C(O)Rsa,
C(O)ORsa, C(O)N(R54R5sp), N(Rs5aRsp), 0 SOoRs4;

cada Rss es independientemente hidréogeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos;

cada Rsg es independientemente hidrogeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos; y

nes 0-5.

44, El inhibidor especifico del transportador de prolina de la

reivindicacidon 25, que es de la férmula IC:

ac)

en donde:
Y es O, C(O) o CHy;
cada R;s es independientemente haldgeno, ciano, Rss, ORsa, C(O)Rsa,

C(O)ORsa, C(O)N(RsaRsp), N(RsaRsp), 0 SO2Rs4;
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cada Rsx es independientemente hidrogeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos;

cada Rsg es independientemente hidréogeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos; y

m es 0-4.

45. El inhibidor especifico del transportador de prolina de la

reivindicacion 25, que es de la féormula ID:

(Rs)p R4

Y- I N R4
l G1 N D1‘ v E1 R2
Ji D S
J'? \Gr . E

<

Z\Jf 2 Rz Es 2

(ID)

en donde:

cada Rs es independientemente haldgeno, ciano, Rsa, ORsa, C(O)Rs4,
C(O)ORss, C(O)N(RsaRsp), N(RsaRsg), o SO,Rsh; cada Rsy es
independientemente hidrégeno o alquilo, arilo, arilalquilo, alquilarilo,
heterociclo, heterociclo-alquilo, o alquil-heterociclo opcionalmente
sustituidos; cada Rsp es independientemente hidrogeno o alquilo, arilo,

arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo

opcionalmente sustituidos; y p es 0-7.

46. El inhibidor especifico del transportador de prolina de la

reivindicacion 25, que es de la formula IE:
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(IE)

en donde:

Y es O, C(O) o CHy;

cada R;s es independientemente haldgeno, ciano, Rsa, ORsa, C(O)Rs4,
C(O)ORsa, C(O)N(RsaRsp), N(Rs5aRsp), 0 SOR54;

cada Rsa es independientemente hidrégeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos;

cada Rsp es independientemente hidrégeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos; y

q es 0-6.

47. El inhibidor especifico del transportador de prolina de la

reivindicacion 25, que es de la formula IF:

B G Ry~ TE;
J2_J1
(IF)

en donde:

cada Rs es independientemente haldgeno, ciano, Rsa, ORsa, C(O)Rsa,
C(O)ORsa, C(O)N(RsaRsp), N(RspRsp), o SO;Rsa; cada Rsa es
independientemente hidrégeno o alquilo, arilo, arilalquilo, alquilarilo,

heterociclo, heterociclo-alquilo, o alquil-heterociclo opcionalmente
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sustituidos; cada Rsp es independientemente hidrogeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos; y

m es 0-4.

48. Un compuesto de la formula II:

Ry
Y. R
/}JS_G1 l X !
N
J2 _; N A D1.D/ EqRe
J1"'G2 2 , \‘/
2B
Ry Ej

an

o su sal o solvato farmacéuticamente aceptables, en donde:

A es un heterociclo no aromatico, opcionalmente sustituido que
contiene .no més de dos atomos de nitrogeno;

cada uno de D, y D, es independientemente N o CRy;

cada uno de E;, E; y E; es independientemente N o CRy;

cada uno de G, y G, son independientemente N o CR3;

cada uno de J;, J, y J; son independientemente N o CRy;

Y es O, C(O), CH(OH), o CH,; cada R, es independientemente
hidrégeno, haldgeno, o (Cy.j9)alquilo;

cada R, es independientemente haldgeno, ciano, R;A, ORjs, ©
SOR,A;

cada Rjys es independientemente hidrogeno o (Ci.jp)alquilo sustituido
opcionalmente con uno o mas halogenos;

cada Rz es independientemente hidrégeno, ciano, o (C;.¢)alquilo
sustituido opcionalmente con uno o mas halogenos; y

cada Ry es independientemente hidrégeno, ciano, o (Cj.jp)alquilo
sustituido opcionalmente con uno o mas halogenos;

con las condiciones que: 1) por lo menos uno de Gy, Gy, J;, J» 6 J5 es
N; 2) por lo menos uno de J;, J; y J; es CRy; 3) si Y es C(O), A es
piperazina, todos los G, Gy, J1, J3, Dy, Do, Ei, y E; son CH, y todos los R
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son hidrogeno, entonces ninguno de R, son alquilo inferior; 4) si Y es C(O),
A es piperazina, D, y E; son ambos N, y todos los R; y R, son hidrogeno,
entonces R4 no es ciano; 5) si Y es O, A es pirrolidina, todos los Gy, G, Ji,
I3, Dy, Dy, Ey, Eg, y E; son CH, y todos los R; son hidrdgeno, entonces por
lo menos un R; no es hidrogeno; 6) si Y es CH,, A es piperazina, todos los
Gy, I3, J2, J3, Dy, y Dy son CH, todos los E4, E; y E; son CR,, y todos los R
- son hidrégeno, por lo menos un R, no es hidrogeno; y 7) si Y es C(O) o
CH,, A es piperazina, por lo menos uno de G, y G, es N, todos los J;, I, Js,
Dy, Dy, Ey, E; y E3 son CH, y todos los R; son hidrégeno, entonces por lo

menos un R, no es hidrogeno.

49. El compuesto de la reivindicacion 48, que tiene una PTICs, de

menos de alrededor de 200 nM.

50. El compuesto de la reivindicacion 49, que tiene una DTICsy

superior a alrededor de 1 pM.

51.  El compuesto de la reivindicacion 50, que tiene una GTICs,

superior a alrededor de 1 uM.

52. El compuesto de la reivindicacion 48, en donde A es

monociclico.
53. El compuesto de la reivindicacion 48, en donde A es biciclico.

54. El compuesto de la reivindicacion 48, en donde A es no

sustituido.

55. El compuesto de la reivindicacion 48, en donde A es
pirrolidina,  piperidina, piperazina, hexahidropirimidina, 1,2,3,6-
tetrahidropiridina, octahidrociclopenta[c]pirrol, u octahidropirrolo[3,4-

c]pirrol opcionalmente sustituidos.
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56.  El compuesto de la reivindicacion 48, en donde uno de D,yD,

es N.

57.  El compuesto de la reivindicacion 48, en donde ambos D, y D,

son N.

- 58.  El compuesto de la reivindicacion 48, en donde los dos D, y D,

son CR;.

59.  El compuesto de la reivindicacién 48, en donde uno de E,, E, y

E; es N.

60. EIl compuesto de la reivindicacion 48, en donde dos de Ei,Eyy

E; son N.

61.  El compuesto de la reivindicacién 48, en donde todos los E\, E,

y B3 son N.

62. El compuesto de la reivindicacion 48, en donde todos los Ei, E,

y E3 son CR,.

63. El compuesto de la reivindicaciéon 48, en donde R, es

hidrégeno.
64.  El compuesto de la reivindicacién 48, en donde R, es halégeno.
65. El‘compuesto de la reivindicacion 48, en donde R, es OR .

66. El compuesto de la reivindicacion 65, en donde R, es

hidrégeno o alquilo opcionalmente sustituido.
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67.  El compuesto de la reivindicacién 48, en donde uno de G, y G,

es N.

68.  El compuesto de la reivindicacion 48, en donde ambos G, y G,

son N.

69. El compuesto de la reivindicaciéon 48, en donde ambos G, y G,

son CRj.

70.  El compuesto de la reivindicacién 48, en donde uno de J LIy

J3 es N.

71.  El compuesto de la reivindicacion 48, en donde dos de J Iy
J3 son N.

72.  El compuesto de la reivindicacion 48, en donde todos los J 1, b2

y J3 son CR,.

73. El compuesto de la reivindicacién 48, en donde R; es

hidrégeno, halégeno, o alquilo opcionalmente sustituido.

74.  El compuesto de la reivindicacion 48, en donde Ry es

hidrogeno, halégeno, o alquilo opcionalmente sustituido.
75.  El compuesto de la reivindicacion 48, en donde Y es C(0).
76. El ;:ompuesto de la reiviﬁdicacién 48, en donde Y es CH(OH).
v77. El compuesto de la reivindicacion 48, en donde Y es CH,.

78.  El compuesto de la reivindicacion 48, que es de la formula IIA:
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en donde:

Z es CR50N;

cada Rs es independientemente halogeno, ciano, Rsa, ORsas C(O)Rsa,
C(O)ORs4, C(O)N(Rs5aRsp), N(RsaRs5), 0 SOR54;

cada Rsp’ es independientemente hidrogeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos;

cada Rsp es independientemente hidrogeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
| opcionalmente sustituidos; y

nes0-5siZesCRs,00-45siZesN.

79.  El compuesto de la reivindicacion 78, en donde Z es CH, G; es

N, y por lo menos un R; no es hidrégeno.

80. El compuesto de la reivindicacion 48, que es de la formula IIB:

(Rs)n OH Ry

\ R

Gy Nr Er R
(T T

=G2 | R, 752

(1IB)

81.  El compuesto de la reivindicacion 48, que es de la férmula IIC:
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(Re)h Ry
A~ Ry

o
\) 1\7/2

G;. _N
L ]
A Rz Ea/ 2

(1C)

en donde:

ZesCRs;0N;

cada R;s es independientemente haldgeno, ciano, Rsa, ORsa, C(O)Rsy,
C(O)ORsa, C(O)N(RsaR5g), N(RsARSB), 0 SO,R 4

cada Rsp es independientemente hidrégeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo
opcionalmente sustituidos;

cada Rsp es independientemente hidrégeno o alquilo, arilo,
arllalqullo alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo

opcionalmente sustituidos; y

nes0-5siZesCRs, 60-45iZesN.

82. El compuesto de la reivindicacion 82, en donde Z es CH, G, es

N, y por lo menos un R; no es hidrogeno.

83.  Un compuesto o su sal farmacéuticamente aceptable, en donde
el compuesto es: '
(1 -(pirimidin—Z-il)piperidin-4-il)(4'-(triﬂuorometil)bifenil-4—il) metanol;
(4'-clor0bifenil-4-il)(2,6-dimetil-4-(piridin—2-il)piperazin— 1-il)metanona;
(3'-cloro-3-metoxibifenil-4-il)(1 -(pirimidin-2-il)piperidin-4-il)metanona;
(4-(pirimidin-2-il)piperazin-1 -il)(4'~(trifluorometil )bifenil-4-il)metanona;
(3-ﬂuoro—4'-metilbifenil-4-i1)(4-(pirifnidin-2-il)piperazin- 1-il)metanona;
(4'-clorobifenil-4-il)(4~(pirimidin-2-il)piperazin-1 -il)metanona;
(2'-métilbifeni1-4—il)(4-(pirimidin-Z-il)piperazin- 1-il)metanona;
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(4-(benzo[d]oxazol-2-il)piperazin-1-il)(4'-(trifluorometil)bifenil-4-il)
metanona;
bifenil-4-il(4-(4-(trifluorometil)pirimidin-2-il)piperazin-1 -il)metanona;
(S)-(2-bencil-4-(pirimidin-2-il)piperazin-1-il)(4'~(trifluorometil )bifenil-4-il)
metanona,
(5-(pirimidin-2-il)hexahidropirrolo[3,4-c]pirrol-2(1H)-il)(6-p-tolilpiridin-3-
il)metanona;
(5-(pirimidin-2-il)hexahidropirrolo[3,4-c]pirrol-2(1H)-il)(6-(3-
(trifluorometil)fenil)piridin-3-il)metanona;
(6—(4-clorofenil)piridin-3—il)(S-(pirirhidin-Z-il)hexahidropirrolo[3 ,4-c]pirrol-
2(1H)-1l)metanona;
(5-(pirimidin-2-il)hexahidropirrolo(3,4-c]pirrol-2(1H)-il)(6-(4-
(trifluorometil)fenil)piridin-3-il)metanona;
(5-(4-clorofenil)isoxazol-3-il)(4-(pirimidin-2-il)piperazin-1-il )metanona;
(3'-clorobifenil-4-il)(1-(piridin-2-il)piperidin-4-il)metanona;
bifenil-4-il(4-(pirimidin-2-il)-1,4-diazepan-1-il)metanona; .
(8-(pirimidin-2-il)-8-azabiciclo[3.2.1]octan-3-il)(4'~(trifluorometil )bifenil-4-
il)metanona;
bifenil-4-il(1-(pirimidin-2-il)azetidin-3-il)metanona;
(6-(4-cloro-3-(trifluorometil)fenil)piridin-3-il)(4-(pirimidin-2-il)piperazin-
1-il)metanona;
(6-(4-cloro-3-metilfenil)piridin-3 -il)(4'-(pirimidin—2-i1)piperazin- 1-il)
metanona,
(4'-clorobifenil-4-il)(1-(piridin-2-il)piperidin-4-il)metanona;
(2-metilbifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(3,4'-dimetilbifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(5-(3-clorofenil)piridin-2-il)(4-(pirimidin-2-il )piperazin-1-il)metanona;
(4-(pirimidin-2-il)piperazin-1-il)(5-p-tolilpiridin-2-il)metanona;
(4-(piridin-2-il)piperazin-1-il)(3'-(trifluorometil )bifenil-4-il )metanona;
(1-(pirimidin-2-il)piperidin-4-il)(4'-(trifluorometil)bifenil-4-il )metanona;
(3-fluoro-3 '-(triﬂuorometil)bifenil—4—ﬂ)(4—(pirimidin—2—il)piperazin- 1-il)

metanona, -
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(4~(pirimidin-2-il)piperazin-1-il)(3 -(trifluorometoxi)bifenil-4-il)metanona;
(5-(pirimidin-2-il)hexahidropirrolo[3 ,4-c]pirrol-2(1H)-il)(3'-(trifluorometil)
bifenil-4-il)metanona;
bifenil-4-i1(5-(pirimidin—2-il)hexahidropirrolo[3 ,4-c]pirrol-2(1H)-il)
metanona,;
(1 -fenil-S-(pirimidin—2-il)hexahidropirrolo[3 ,4-c]pirrol-2(1H)-il)(4'-
(trifluorometil)bifenil-4-il)metanona;
bifenil-4-il(4-(tiazol-2-il)piperazin-1 -il)metanona;
(4-(4-clorofenil)ciclohexi1)(4-(pirimidin-2—il)piperazin- 1-il)metanona;
4'-(4-(pirimidin-2-il)piperazin-1-carbonil )bifenil-3-carbonitrilo ;
(4'-(metilsulfonil)bifenil-4-il)(4-(pirimidin—2-il)piperazin- 1-il)metanona;
2-(4-((3 '-clorobifenil-4-il)(hidroxi)metil)piperidin— 1-il)pirimidin-5-ol;
(4-(piridin-3 -ilfenil)(4-(pirimidin-2-il)piperazin-1 -1l)metanona;
(3'-cloro-3-hidroxibifenil-4-il)(1 -(pirimidin-Z-il)piperidin-4-il)metan0na;
1-(4'-(4-(pirimidin-2-il)piperazin-1 -carbonil)bifenil-3-il)etanona;
(2',4'-difluoro-3 -metilbifenil-4-il)(4-(pirimidin-2-il)piperazin— 1-1l)
metanona; ’
(5-fenil-1 H-pirrol-2-il)(4-(pirimidin-2-il)piperazin-1 -i)metanona;
(6-(4—clorofenil)piridin-3-il)(4—(pirirnidin-2—il)piperazin— 1-il)metanona;
(5'-clor0-2'-ﬂuorobifenil-4-il)(8—(pirimidin—2-il)-8-azabiciclo[3 .2.1]octan-3-
il)metanona;
2-(4-(bifenilcarbonil)piperazin-1 -iD)nicotinonitrilo;
2-(4-(bifeni1—4-iloxi)piperidin.- l-il)pirimidina;
(2'-fluoro-5'-(trifluorometil )bifenil-4-i1)(1 ~(pirimidin-2-il)pirrolidin-3-il)
metanona;
(4-(4-metiltiofen-2-il)fenil)(1 -(pirimidin—2-i1)piperidin—4—il)metanona;
(4'—ﬂuorobifenil—4-il)(4-(pirimidin-2-i1)piperazin- 1-il)metanona;
(2-ﬂuor0-4‘-metilbifenil-4-il)(4-(pirimidin-2-il)piperazin- 1-il)metanona;
bifenil-4-il(3 -metil-4-(pirimidin-2-il)piperazin-1 -il)metanona;
(2'-fluoro-5 -(trifluorometil)bifenil-4-il)(4-metil-1 ~(pirimidin-2-il)piperidin-
4-il)metanona;

bifenil-4-i1(4-(5 -metilpiridin-2-il)piperazin-1-il)metanona;
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bifenil-4-i1(2—meti1-4-(pirifnidin-2-il)piperazin— 1-il)metanona;
(1-(piridin-2-il)piperidin-4-il)(3'-(trifluorometil )bifenil-4-il)metanona;
(6-(3-clorofenil)piridin-3-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(4-(pirimidin-2-il)piperazin-1-il)(6-(3 —(triﬂuorometil)fenﬂ)piridin-?: -11)
metanona,;
(4-(pirimidin-2-il)piperazin- 1-i1)(6-p-tolilpiridin-3-il)metanona;
(4'-cloro-3'-(trifluorometil)bifenil-4-il)(1-(pirimidin-2-il)piperidin-4-il)
metanona,
(4-(2-cloropiridin-4-il)fenil)(4-(pirimidin-2-il)piperazin- 1 -il)metanona;
(2',4'-difluorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(6-(2,4-difluorofenil)piridin-3-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(3',5'-diclorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
2-(4-(bifenil-4-ilmetil)piperazin-1-il)pirimidina;
(4'-clorobifenil-4-i1)(1-(pirimidin-2-il)piperidin-4-il)metanona;
(6-(3-clorofenil)piridin-3-il)(5-(pirimidin-2-il)hexahidropirrolo[3,4-c]pirrol-
2(1H)-1l)metanona;
(1-(piridin-2-il)piperidin-4-il)(4'-(trifluorometil )bifenil-4-il )ymetanona;
(2'-fluoro-5'-(trifluorometil)bifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)
metanona,
(4'-metilbifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona,
bifenil-4-il(4-(5-metilpiridin-2-il)piperazin-1-il)metanona;
1-(bifenilcarbonil)-4-(pirimidin-2-il)piperazin-2-ona;
bifenil-4-il(1-(pirimidin-2-il)-1,2,3,6-tetrahidropiridin-4-il)metanona;
(3'-clorobifenil-4-il)(1-(pirimidin-2-il)piperidin-4-il )metanona;
bifenil-4-il(1-(pirimidin-2-il)-1,2,3,6-tetrahidropiridin-4-il)metanol;
(3'-clorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(4-(pirimidin-2-il)piperazin-1-il)(3'-(trifluorometil)bifenil-4-il )metanona;
(3'-clorobifenil-4-il)(1-(5-hidroxipirimidin-2-il)piperidin-4-il)metanona;
(4'-etilbifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
bifenil-4-il(4-(4-metilpirimidin-2-il)piperazin-1-il)metanona;
(6-(2,4-difluorofenil)piridin-3-il)(5-(pirimidin-2-il)hexahidropirrolo[3,4-¢c]
pirrol-2(1H)-il)metanona;
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(4'-clorobifenil-4-il)(4-(piridin-2-il)piperazin-1-il)metanona;
(5-metil-1-(pirimidin-2-il)-1,2,3,6-tetrahidropiridin-4-il )(4'-(trifluorometil)
bifenil-4-il)metanona;
bifenil-4-1l(4-(5-etilpirimidin-2-il)piperazin-1-il)metanona;
(4-(piridin-2-il)piperazin-1-il)(4'-(trifluorometil )bifenil-4-il )metanona;
(4-(piridin-2-il)fenil)(4-(pirimidin-2-il)piperazin-1-il)metanona;
bifenil-4-il(4-(pirazin-2-il)piperazin-1-il)metanona;
(4'-metoxibifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
bifenil-4-il(4-(6-metilpiridazin-3-il)piperazin-1-il)metanona;
4'-(4-(pirimidin-2-il)piperazin-1-carbonil)bifenil-4-carbonitrilo;
(2,6-dimetil-4-(piridin-2-il)piperazin-1-il)(4'~(trifluorometil )bifenil-4-il)
metanona,; '
(5-feniltiofen-2-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(6~(5-metiltiofen-2-il)piridin-3-il)(4-(pirimidin-2-il)piperazin-1-il)
metanona,;
bifenil-4-il(4~(piridin-4-il)piperazin-1-il)metanona;
(R)~(2-metil-4-(pirimidin-2-il)piperazin-1 -il)(4'-(trifluorometil)bifenil-4-il)
metanona,;
bifenil-4-il((25,5S)-2,5-dimetil-4-(pirimidin-2-il)piperazin- 1 -il)metanona;
(3'-clorobifenil-4-il)(4-(piridin-2-il)piperazin- 1-il)metanona;
(4-(pirimidin-2-il)piperazin- 1-il)(2'-(trifluorometil)bifenil-4-il ) metanona;
(S)-(4"-clorobifenil-4-il)(2-metil-4-(pirimidin-2-il)piperazin-1-il)metanona;
(5'-cloro-2'-fluorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il )metanona;
(4-(5-metiltiofen-2-il)fenil)(1-(pirimidin-2-il)piperidin-4-il)metanona;
bifenil-4-il(4-(4,6-dimetilpirimidin-2-il)piperazin-1-il)metanona;
(S)-(2-metil-4-(pirimidin-2-il)piperazin-1 -il)(4'-(trifluorometil)bifenil-4-il)
metanona;
(S)-(2-bencil-4-(pirimidin-2-il)piperazin-1-il)(4'-clorobifenil-4-il)metanona;
bifenil-4-il(4-(piridazin-3-il)piperazin-1-il)metanona;
(6-(4-metiltiofen-2-il)piridin-3-il)(4-(pirimidin-2-il)piperazin-1-il)
metanona,;

1-(2',4'-difluorobifenilcarbonil)-4-(pirimidin-2-il)piperazin-2-carbonitrilo;
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(4'-clorobifenil-4-i)((2S,5S)-2,5-dimetil-4-(pirimidin-2-il)piperazin-1-il)
metanona,
bifenil-4-i1(2-tert-butil-4-(pirimidin-2¥i1)piperazin— 1-il)metanona;
(S)-bifenil-4-il(2-isopropil-4-(pirimidin-2-il)piperazin-1-il)metanona;
bifenil-4-il(2,6-dimetil-4-(pirimidin-2-il)piperazin-1-il)metanona;
(3'-cloro-2'-fluorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(4-(pirimidin-2-il)piperazin-1-il)(6-(4-(trifluorometil)fenil )piridin-3-il)
metanona,;
(4'-cloro-3'-metilbifenil-4-il)(1-(pirimidin-2-il)piperidin-4-il)metanona;
(3'-cloro-2-fluorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il )metanona;
(2,6-dimetil-4-(piridin-2-il)piperazin-1-il)(4'-metilbifenil-4-il)metanona;
3'-cloro-4-(1 -(pirimidin-2-il)piperidiné—4-carbonil)bifenil-3 -1l acetato;
bifenil-4-i1(2-metil-4-(piridin-2-il)piperazin-1-il)metanona;
1-(bifenil-4-ilmetil)-4-(pirimidin-2-il)piperazin-2-ona;
(3',4'-diclorobifenil-4-il)(4-(pirimidin-2-il)piperazin-1-il )metanona;
(3'-clorobifenil-4-il)(8-(pirimidin-2-il)-8-azabiciclo[3.2.1]octan-3-il)
metanol;
(S)-bifenil-4-il(2-isobutil-4-(pirimidin-2-il)piperazin-1-il)metanona;
(3'-clorobifenil-4-il)(8-(pirimidin-2-il)-8-azabiciclo[3.2.1]octan-3-il)
metanona, ‘
(S)-(4'—clorobifeni1-4-ii)(2—isopropi1—4—(pirimidin—2-il)piperazin— 1-il)
metanona,;
(4'-metilbifenil-4-il)(4-(piridin-2-il)piperazin-1-il)metanona;
(S)-(2-1sopropil-4-(pirimidin-2-il)piperazin- 1-il)(4'-(trifluorometil )bifenil-4-
il)metanona;
(3'-clorobifenil-4-il)(1-(pirimidin-2-il)piperidin-4-il)metanol;
(S)-(2-isobutil-4-(pirimidin-2-il)piperazin-1-il)(4'-(trifluorometil )bifenil-4-
il)metanona;
(S)-(4'-clorobifenil-4-il)(2-isobutil-4-(pirimidin-2-il)piperazin-1-il)
metanona,; |

(3'-clorobifenil-4-il)(1-(pirimidin-2-il)pirrolidin-3-il)metanona;
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(2',4'-difluorobifenil-4-il)(8-(pirimidin-2-il)-8-azabiciclo[3.2.1]octan-3-il)
metanona;
4'-(4-(piridin-2-il)piperazin-1-carbonil)bifenil-4-carbonitrilo;
(4-(pirimidin-2-il)-1,4-diazepan-1-il)(3'-(trifluorometil)bifenil-4-il)
metanona;
metil 1-(5'-cloro-2'-fluorobifenilcarbonil )-4-(pirimidin-2-il)piperazin-2-
carboxilato;
(4-(benzo[d]oxazol-2-il)piperazin-1-il)(4'-clorobifenil-4-il)metanona;
(3'-clorobifenil-4-il)(4-(tiazol-2-il)piperazin-1-il)metanona;
(4-(5-clorotiofen-2-il)fenil)(1-(pirimidin-2-il)piperidin-4-il)metanona;
1-(5'-cloro-2'-fluorobifenilcarbonil)-4~(pirimidin-2-il )piperazin-2-
carbonitrilo;
(4-feniltiofen-2-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
bifenil-4-il(4-(pirimidin-2-il)-3,4-dihidroquinoxalin-1(2H)-il)metanona;
(5'-cloro-2'-fluorobifenil-4-il)(8-(pirimidin-2-il)-8-azabiciclo[3.2.1]octan-3-
il)metanol; '
(5-fenilfuran-2-il)(4-(pirimidin-2-il)piperazin-1-il)metanona;
(4'-clorobifenil-4-il)(5-(pirimidin-2-il)hexahidropirrolo[3,4-c]pirrol-2(1 H)-
il)metanona;
4-(4'-clorobifenil-4-il)-1-(pirimidin-2-il)piperidin-4-ol;
(5-(pirimidin-2-il)hexahidropirrolo[3,4-c]pirrol-2(1 H)-11)(4'-(trifluorometil)
bifenil-4-il)metanona; |
bifenil-4-il(5-(piridin-2-il)hexahidropirrolo[3,4-c]pirrol-2( 1H)-il)metanona;
(3'-clorobifenil-4-il)(5-pirimidin-2-il)hexahidropirrolo[3,4-c]pirrol-2(1H)-
il)metanona,; |
bifenil-4-il((2S,55)-2,5-dimetil-4-(pirimidin-2-il)piperazin-1-il )metanona;
1-((3'-clorobifenil-4-il)metil)-N,N-dimetil-4-(pirimidin-2-il )piperazin-2-
carboxamida;
(2',4'-difluorobifenil-4-il)(3-metil-1-(pirimidin-2-il)piperidin-4-il)metanona;
(4-(benzo[d]tiazol-2-il)piperazin-1-il)(bifenil-4-il)metanona;
bifenil-4-il(4-(quinolin-2-il)piperazin-1-il)metanona;

4-(bifenil-4-il)-1-(pirimidin-2-il)piperidin-4-ol;
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4'-cloro-N-metil-N-(2-(metil(pirimidin-2-il)Jamino)etil)bifenil-4-
carboxamida; o

2-(bifenil-4-il)-1-(4-(pirimidin-2-il)piperazin-1-il)etanona.

84.  Una composicion farmacéutica que comprende un compuesto

de la reivindicacién 1 6 48 y un excipiente farmacéuticamente aceptable.

85. Una forma farmacéutica unitaria unica que comprende la

composicion farmacéutica de la reivindicacion 84.

86. Un método de inhibir un transportador de prolina, que
comprende poner en contacto un transportador de prolina con una cantidad

suficiente de un compuesto de la formula I:

@®

o su sal o solvato farmacéuticamente aceptables, en donde:

A es un heterociclo no aromatico, opcionalmente sustituido;

cada uno de D; y D, es independientemente N o CR;;

cada uno de E;, E, y E; es independientemente N o CRy;

X es heteroarilo opcionalmente sustituido;

Y es O, C(O), CH(OH), o CHy;

cada R; es independientemente hidrégeno, halégeno, ciano, Ry, OR,,
C(O)Ra, C(O)OR,, C(OIN(RARz), N(RaRg), 0 SO;R4;

cada R; es independientemente hidrégeno, halégeno, ciano, R, OR,,

C(O)Ra, C(O)OR4, C(OIN(RARg), N(RARp), 0 SOR ;
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cada R, es independientemente hidrégeno o alquilo, arilo, arilalquilo,
alquilarilo,  heterociclo,  heterociclo-alquilo, o  alquil-heterociclo
opcionalmente sustituidos; y

cada Rp es independientemente hidrégeno o alquilo, arilo, arilalquilo,
alquilarilo,  heterociclo, heterociclo-alquilo, o  alquil-heterociclo

opcionalmente sustituidos.

87. El método de la reivindicacion 86, en donde el transportador de

prolina es codificado por el gen humano SLC6A7.

88.  Un método de mejorar el desempefio cognitivo de un paciente
humano, que comprende administrar al paciente una cantidad efectiva de un

compuesto de la férmula I:

o su sal o solvato farmacéuticamente aceptables, en donde:

A es un heterociclo no aromatico, opcionalmente sustituido;

cada uno de D; y D, es independientemente N o CRy;

cada uno de E;, E, y E; es independientemente N o CRy;

X es heteroarilo opcionalmente sustituido;

Y es O, C(O), CH(OH), o CHy;

cada R; es independientemente hidrégeno, halégeno, ciano, Ry, OR,,
C(O)Ra, C(O)OR,, C(ON(RARp), N(RaRp), o SO,R,; cada R, es
independientemente hidrégeno, halégeno, ciano, R,, OR,, C(O)R,,
C(O)OR,, C(ON(RARp), N(RaRp), o SOR.; cada R,y es
independientemente hidrogeno o alquilo, arilo, arilalquilo, alquilarilo,

heterociclo, heterociclo-alquilo, o alquil-heterociclo opcionalmente
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sustituidos; y cada Ry es independientemente hidrogeno o alquilo, arilo,
arilalquilo, alquilarilo, heterociclo, heterociclo-alquilo, o alquil-heterociclo

opcionalmente sustituidos.

89. El método de la reivindicacion 88, en donde el desempefio
cognitivo es rapidez de aprendizaje, comprehensién, razonamiento, o

memoria.

90. Un método de tratar, controlar o prevenir una enfermedad o
trastorno en un paciente humano, método que comprende administrar al

paciente una cantidad efectiva de un compuesto de la férmula I:

@

o su sal o solvato farmacéuticamente aceptables, en donde:

A es un heterociclo no aromatico, opcionalmente sustituido;

cada uno de D; y D, es independientemente N o CR;;

cada uno de E;, E, y E; es independientemente N o CR;

X es heteroarilo opcionalmente sustituido;

Y es O, C(O), CH(OH), o CH,;

cada R, es independientemente hidrogeno, halégeno, ciano, Ry, OR,,
C(O)R4, C(O)OR,, C(O)N(RARR), N(RARR), 0 SO;R 4;

cada R; es independientemente hidrégeno, halégeno, ciano, R, OR,,
C(O)R4, C(O)OR,, C(O)N(RARp), N(RARg), 0 SO;R;

cada R, es independientemente hidrogeno o alquilo, arilo, arilalquilo,
alquilarilo,  heterociclo,  heterociclo-alquilo, o  alquil-heterociclo

opcionalmente sustituidos; y
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cada Rp es independientemente hidrégeno o alquilo, arilo, arilalquilo,
alquilarilo,  heterociclo, heterociclo-alquilo, o  alquil-heterociclo

~ opcionalmente sustituidos.
91. El método de la reivindicacion 90, en donde la enfermedad o
trastorno es enfermedad de Alzheimer, autismo, un trastorno cognitivo,

demencia, un trastorno de aprendizaje, o pérdida de la memoria.

92. El método de la reivindicaciéon 91, en donde el trastorno de

aprendizaje es dislexia, acalculia, disgrafia, disfasia, o disnomia.

-88 -
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application, please charge such fees to Lexicon Genetics Incorporated Deposit Account
No. 50-0892.

Respectfully submitted,

Date:  August 1, 2006 MM 45479
ax Bachrath (Reg. No.)

Lexicon Genetics Incorporated
8800 Technology Forest Place
The Woodlands, TX 77381

(281) 863-3000

Customer Number 24231

Enclosures
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- B PATENT COOPERATION TREATY ' PCT/U82006/018682@

From the INTERNATIONAL BUREAU
PCT °
NOTIFICATION OF THE RECORDING ISHIMOTO, Lance K. INCORPORATED
OF A CHANGE LEXICON GENETICS INCORPORA
8800 Technology Forest Place
The Woodlands, Texas 77381
(PCT Rule 92bis.1 and ETATS-UNIS D'AMERIQUE
Administrative Instructions, Section 422)
Date of mailing (day/month/year)
22 September 2006 (22.09.2006)
" Applicant's or agent's file reference
LEX-0716-PCT IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year)
PCT/US2006/018682 12 May 2006 (12.05.20086)
1. The following indications appeared on record concerning;
B4 the applicant DQ the inventor [J the agent [ the common representative
Name and Address State of Nationality State of Residence
SCHMIDT, James M. us us
2026 Copperwood Park Lane _ Telephone No.
Spring, TX 77386
Facsimile No,
Teleprinter No.
2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:
[ the person . O the name v [] the address [[] the nationality [ the residence
Name and Address State of Nationality State of Residence
Telephone No,
Facsimile No.
Teleprinter No.
3. Further observations, if necessary:
The applicant and inventor identified in Box 1 should be deleted from the records
4. A copy of this notification has been sent to: _
Dd  the receiving Office [] the designated Offices concerned
Dd  the Interational Searching Authority [J the elected Offices concerned
[] the International Preliminary Examining Authority ] other
The International Bureau of WIPO Authorized officer
34, chemin des Colombettes )
1211 Geneva 20, Switzerland Laskowski Marek
Facsimile No. +41 22 338 71 30
Facsimile No. +41 22 338 82 70 Telephone No. +41 22 338 81 52

Form PCT/IB/306 (October 2005) 1/CZSALTLI0




i - Date I August 23, 2006
.TRAN pr s
T T I S SMITTAL LETT? : TO THE International Applicatioi PCT/US2006/018682 éQ
UNITED STATES RECEIV.NG OFFICE :
7, Attorney Docket No, _ | LEX-0716-PCT —
L Certification under 37 CFR 1.10 (if applicable)
EV 766804767 US August 23, 2006
FExpress Mail mailing numher Date of Depaosit

I hereby certify that the application/correspondence attached hereto is being deposited with the United States Postal Service “Express Mail to
Ofﬁ(g{ to Addressee” service under 37 CFR 1.10 on the date indicated above and is addressed to the Assistant Commissioner for Patents,

. i

M mu/\ Nancy Stacey
‘ Signatiite of person mailing Qggpnndenm* L Typed or printed name of person.mailing comrespondence |

II. () New International Applicatibn
TITLE | MULTICYCLIC COMPOUNDS AND METHODS OF THEIR USE %%g;f]{,fgé?ﬁ‘,?gﬁe

13/05/2005

SCREENING DISCLOSURE INFORMATION: In order to assist in screening the accompanying international application for
purposes of detenﬁining whether a license for foreign transmittal should and could be granted and for other purposes, the following
information js supplied: (Note: check as many boxes as apply):

A. () The invention disclosed was not'made in the United States.

B. () There is no prior U.S. application relating to this invention.

C. () The following prior U.S. applicafion(s) contain subject matter which is related to the invention disclosed in the
attached international application. (NOTE: priority to these applications may or may not be claimed on form
PCT/RO/101 (Request) and this listing does not constitute a claim Jor priority.)

application no. filed on

application no. filed on

D. () The present international application ( ) contains additional subject matter not found in the prior U.S. application(s) identified in
paragraph C'above. The additional subject matter is found on pages (throughout the application) and () DOES NOT ALTER (
) MIGHT BE CONSIDERED TO ALTER the general nature of the invention in a manner which would require the U.S.
application to have been made available for inspection by the appropriate defense agencies under 35 U.S.C. 181 and 37 CFR 5.1.
See 37 CFR 5.15.

II. ( ) AResponse to an Invitation from the RO/US. The following document(s) is(are) enclosed:
A. ()  ARequest for An Extension of Time to File a Response :

B. ( ) A Power of Attorney (Genéral or Regular) - copy general
C. ()  Replacement pages:

pages of the request (PCT/RO/101) pages of the figures
pages of the description pages of the abstract
pages. of the claims

D. () Submission of Priority Documents

l Priority document - IPriority document I

E. () Feesas specified on attached Fee Calculation sheet form PCT/RO/101 annex

IV. (') ARequest for Rectification under PCT Rule 91 () A.petition () A Sequence Listing Diskette

V. (X)) Other (please identify):Amendment Under PCT Rule 92bis, General Power of Attorney (Schmidt); return postcard'

( ) Applicant Max Bachrach
The person " - :
L (X) Attorney/Agent (Reg. No.) I'yped name of signer
signing
form is the: ( ) Common Representative /i -
] // o Signature

PTO-1382 (Rev 12-96) U.S. Department of Commerce: Patent and Trademark Office




PATENT COOPERATION TREATY

Application of:  LEXICON GENETICS INCORPORTED
Application No.: PCT/US2006/018682 Attorney Docket No.: LEX-0716-PCT
Filed: May 12, 2006

For:  Multicyclic Compounds and Methods of

Their Use
AMENDMENT 'UNDER PCT RULE 92bis
Mail Stop PCT
Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

The list of inventors (identified as applicants and inventors for the U.S. only)
submitted in the PCT Request for the above-identified international application
incorrectly identified J ames M. Schmidt as an inventor (applicant/inventor in the U.S.
only). James M. Schmidt is not an inventor of the invention(s) described and claimed in

the application.

Please remove James M. Schmidt from the applicants/inventors identified in the
above-identified international application. A copy of a General Power of Attorney

executed by Mr. Schmidt is attached.

Respectfully submitted,

Date:  August 23, 2006 , / ;%{/%ﬂ\/L 45,479

ax BacKfach (Reg. No.)
Lexicon Genetics Incorporated
8800 Technology Forest Place
The Woodlands, TX 77381
(281) 863-3000

Custbmer Number 24231

Attachment

LEX-0716-PCT



PCT

GENERAL POWER OF ATTORNEY
(for several international applications filed under the Patent Cooperation Treaty)
(PCTRule 90.5)

The undersigned person(s) :

James M. Schmidt
2026 Cooperwood Park Lane
Spring, TX 77386

hereby appoint(s) the following person as: . agent D common representative

Name and address

(Family name foliowed by given name; Jfor'a Iegal entity, full aﬁ‘zcm[ designation. T he address must include postal code and ‘name of country,)
ISHIMOTO, Lancs K. (Reg. No. 41,868);

BACHRACH, Max (Reg. No. 45,479);

SEFERIAN, Peter G.  (Reg. No. 40,162); and

HIBLER, David W. (Reg No. 41,071)

all of whom have the same address: LEXICON GENETICS INCORPORATED
8800 Technology Forest Place
The Woodlands, Texas 77381
United States of’Amerioa

to represent the undersigned before ’ all the éompetent Intemational Authorities
D the International Searching Authority only

D the International Preliminary Examining Authority only

in connection with any and all international applications filed by the undersigned with the followmg Office

United States Patent and Trademark Office -
and to make orféceive payments on behalf of the undersigned.

asreceiving Office

Signature(s) (whergdeplarcsoviiat fessons fach afl%&t
] sigys, ifSuch capacity is not obvious from reading this p,

';Datc: B /& 4/{50%)9/ Jf%:@& ‘ : | , ‘

(Family name followed by given name; Jor a legal entity, full official designation. The address must include posial code and name of country,) .

-
e .y .
Signature, indltate the naméof i ersonsigning and the capacity in which theperson

Form-PCT/Model of general power of attomney (for several international applications) (July 1992)

/&Y
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