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SPIRC DERIVATIVES FOR THE MODULATION OF STEAROYL-COA DESATURASE

FIELD OF THE INVENTION

The present invention relates generally to the field of inhibitors of stearoyl-CoA
desaturase, such as spiro derivatives, and uses for such compounds in treating and/or
preventing various human diseases, including those mediated by stearoyi-CoA
desaturase {SCD) enzymes, preferably SCD1, especially diseases related to elevated
lipid levels, cardiovascular disease, diabetes, obesity, metabolic syndrome,
dermatological disorders and the like.

BACKGROUND OF THE INVENTION

Acyl desaturase enzymes catalyze the formation of a double bond in fatty acids derived
from either dietary sources or de novo synthesis in the liver. In mammals, at least three
fatty acid desaturases exists, each with differing specificity: delta-9, delta-8, and delta-5,
which introduce a double bond at the 8-10, 6-7, and 5-8 positions respectively.

Stearoyl-CoA desaturases (SCDs) act with cofactors (other agents) such as NADPH,
cytochrome b5, cytochrome bS reductase, Fe, and molecular O; to introduce a double
bond into the C9-C10 position (delta 9} of saturated falty acids, when conjugated to
Coenzyme A (CoA). The preferred substrates are palmitoyl-CoA (16:0) and stearoyl-
CoA (18:0), which are converted to paimitoleoyl-CoA (16:1) and oleyi-CoA (18:1),
respectively. The resulting mono-unsaturated fatty acids are substrates for further
metabelism by fatty acid elongases or incorporation into phospholipids, triglycerides, and
cholesterol esters. A number of mammalian SCD genes have been cloned. For example,
two genes have been identified in humans (hSCD1 and hSCD5) and four SCD genes
have been isclated from mouse {SCD1, 8CD2, SCD3J, and SCD4). While the basic
biochemical role of SCD has been known in rats and mice since the 1970s {Jeffcoat, R,
et al., Eur, J. Biochem. {1878), Vol 101, No. 2, pp. 438-445; de Antueno, R. el al., Lipids
{1993}, Vol. 28, No. 4, pp. 285-290), it has only recently been directly implicated in
human disease processes.
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The two human SCD genes have been previously described: hSCD1 by Brownlie et. al.,
PCT published patent application, WO 01/82854, and h8CD5 by Brownlie, PCT
published pafent application, W0 02/26944.

SUMMARY OF THE INVENTION

The present invention presents new drug-like classes of compounds that are useful in
modulating (e.g., inhibiting) SCD activity and regulating lipid levels, especially plasma
lipid levels, and which are useful in the treatment of SCD-mediated diseases such as
diseases related to dyslipidemia and disorders of lipid metabolism, especially diseases
related {0 elevated hpid levels, cardiovascular disease, diabetes, obesity, mefabolic
syndrome, dermatological disorders and the like.

The present invention provides spiro derivatives that modulate (e.g., inhibit) the activity
of stearoyl-CoA desaturase. Methods of using such derivatives to modulate the activity
of stearoyl-CoA desaturase and pharmaceutical compositions comprising such
derivatives are also encompassed.

Accordingly, in one aspect, the invention provides compounds of Formuda (i)

o ( Ra}m { E )

wherein Q is
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W is -NRIC(O)-, -CLOMNR")-, -NRICIOMNR)-, -NRIS(O)r-. ~SIONR)-, or a
direct bond:

Z i -C{RY, ~C{O), O, -N(R)-, -8(0Q)e-, -O- or -8~
kisQor 1;

misOto 8

nis0, 1,2, 3or4;

pis0, 1,2 30r4;

gis1, 2, 0r3;

tistor2

uis1or2;

R'is hydrogen, alkyl, atkenyl, alkynyl, alkoxy, hydroxyalky!, atkoxyatkyl,
cycloalkyl, cycloalkylalkyl, aryl, haloatkyl, aralkyt, heterocyciyl, heterocyclylatkyl,
heteroary, or heteroarylatkyt,

or R' is a mutti-ring structure having 2 to 4 rings wherein the rings are
independently cycloatkyl, heterocyclyl, aryl or heteroaryl and where some or alt of the
rings may be fused to each other;

R is hydrogen, or alkyl;

R®is independently alkyl, halo, haloalkyl, hydroxy, or -N{R'};

R*is independently atkyl, atkeny!, alkynyi, alkoxy. hydroxyatkyl, alkoxyalicyl,
cycloalkyl, , cycloalkylatkyl, heterocyciyi, aryl, aratkyl, heteroaryl, halo, haloalkyi,
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haloalkoxy, cyano, hydroxy or -N{R");;
R’ is independently alkyl, halo, haloalkyl, hydroxy, cycloalkyt or -N(R");;
or two R™s on the same carbon atom form an oxo (=0);

R® is independently alkyl, alkenyl, alkynyl, alkoxy, hydroxyalkyl, atkoxyalky,
cycloalkyl, , cycloalkylatkyl, heterocyclyl, aryl, aralkyl, heteroaryl, hale, haloalkyl,
haloalkoxy, cyano, hydroxy or -N(R");; and

R’ is independently hydrogen, atkyl, hydroxyatkyl, cycloalkylatkyl, aryl, heteroaryl,
heterocyciyl or aratkyl; or

a pharmaceutically acceptable salt thereof or a prodrug thereof.

i another aspect, the invention provides methods of treating an SCD-mediated disease
or condition in a mammal, preferably a human, wherein the methods comprise
administering to the mammal in need thereof a therapeutically effective amount of a
compound of the invention as set forth above,

in ancther aspect, the invention provides compounds or pharmaceutical compositions
useful in treating, preventing and/or diagnosing a disease or condition relating to SCD
biological activity such as the diseases encompassed by cardiovascular disorders and/or
metabolic syndrome {including dyslipidemia, insulin resistance and ocbesity).

In another aspect, the invention provides methods of preventing or treating a disease or
condition related {o elevated lipid levels, such as plasma lipid levels, especially elevated
{riglyceride or cholesterol levels, in a patient afflicted with such elevated levels,
comprising administering to said patient a therapeutically or prophylactically effective
amount of a composition as disclosed herain. The present invention also relates fo novel
compounds having therapeutic ability to reduce lipid levels in an animal, especially
triglyceride and cholesterol levels.

in another aspect, the invention provides pharmaceutical compositions comprising the
compounds of the invention as set forth above, and pharmaceutically acceptable
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excipients. in one embodiment, the present invention relates to a phanmacsutical
composition comprising a compound of the invention in a pharmaceutically acceptable
carrier and in an amount effective to modulate triglyceride fevel, or to treat diseases
related to dyslipidemia and disorders of lipid metabolism, when administered to an
animal, preferably a mammal, most preferably & human patient. In an embodiment of
stich composition, the patient has an elevated lipid level, such as elevated plasma
triglycerides or cholesterol, before administration of said compound and said compound
is present in an amount effective to reduce said lipid level.

In another aspect, the invention provides methods for treating a patient for, or protecting
a patient from developing, a disease or condition mediated by stearoyl-CoA desaturase
{SCD), which methods comprise administering to a patient afflicted with such disease or
condition, or at risk of developing such disease or condition, a therapeutically effective
amount of a compound that inhibits activity of SCD in a patient when administered

thereto.

In another aspect, the invention provides methods for treating a range of diseases
involving lipid metabolism and/or lipid homeostasis utilizing compounds identified by the
methods disclosed herein. In accordance therewith, there is disclosed hersin a range of
compounds having said activity, based on a screening assay for identifying, from a
fibrary of test compounds, a therapeutic agent which modulates the biclogical activity of
said SCD and is useful in treating a human disorder or condition relating to setum lsvels
of lipids, such as triglycerides, VLDL, HDL, LDL, and/or total cholesterol.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

Certain chemical groups named herein are preceded by a shorthand notation indicating
the tofal number of carbon atoms that are to be found in the indicated chemical group.
For example, C,-Cypalkyl describes an alkyl group, as defined below, having a total of 7
to 12 carbon atoms; Co-CroeycloalkylCi-Caalkyl describes a cycloalkylalkyl group, as
defined below, having a total of 4 to 12 carbon atoms in the cycloalky! group and 1 to 4
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cabon alems in the atkylene linker; and Cg-C1parCq-Caalkyl describes an aralkyl group,
as defined below, having a total of 6 to 10 carbon atoms in the aryt group and 1o 4
cabon atoms in the alkylene linker. The total number of carbons in the shorthand
notation does not include carbons that may exist in substituents of the group described.

Accordingly, as used in the specification and appended claims, unless specified to the
contrary, the following terms have the meaning indicated:

“‘Cyano” refers to the ~CN radical;
“Hydroxy” refers to the ~OH radical;

*Nitre” refers to the ~NO; radical;

“Amino” refers to the —N{R"),:

“Mercapte” refers to the ~8R™ radical;
*Acid” refers to the ~COOH radical;
“Trifluoromethyl” refers to the —CF 4 radical;

“Triftuoromethoxyl” refers to the —OCF, radical;

“Alkyl” refers to a straight or branched hydrocarbon chain radical consisting solely of
carbon and hydrogen atoms, containing no unsaturation, having from one to twelve
carbon atoms, preferably one to eight carbon atoms or one to six carbon atoms or one {o
four carbon atoms, and which is attached to the rest of the molecule by a single bond,
e.g., methyl, ethyl, n-propyl, 1-msthylethyl (iso-propyl}, n-butyl, n-pentyl, 1,1-
dimethylethyl {-butyl}, and the fike. Unless stated otherwise specifically in the
specification, an alkyl group may be optionally substituted by one or more of the
following groups: alkyl, alkenyl, halo, haloalky!, cyano, aryl, cycloatkyl, heterccyelyl,
heteroanyl, ~-ORY, -OC(O)}-R™, -N(R™),, -C{O)R™, -CLO)OR™, -CIOINR™),, -
NR™IC(OIOR™, -NR™JC{OR™, -NR™{S(ONR™) (where tis 110 2), -SR™, -S{O)R™
{where tis 1 to 2), -O-Si{R™); and -S{OMWN{R™™), (where tis 1 to 2}, where each R" is
independently hiydrogen, alkyl, haloalkyl, cycloalkyl, cycloalkylatkyd, arvl, aralkyl,
heterocyclyl, heterocyclylalkyl, heteroaryl or heteroarylalkyl; and each R™ is atkyl
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cycloalkyl, cycloalkylalkyl, aryl, aratkyl (e.g. tolyl}. heterocyclyl, heterocyclytalkyl,
hetergaryl or heteroarylalkyl.

"Alkenyl" refers to a straight or branched hydrocarbon chain radical group consisting
solely of carbon and hydrogen atoms, containing at least one double bond, having from
two to twelve carbon atoms, preferably two to eight carbon atoms or two to six carbon
atoms and which is atfached {o the rest of the molecule by a single bond, e.g., ethenyl,
prop-i-enyl, but-1-enyl, pent-1-enyl, penta-1 4-dienyl, and the like. Unless stated
otherwise specifically in the specification, an alkenyl group may be optionally substituted
by one or more of the following groups: alkyl, alkenyl, halo, haloalkyt, aryl, aralkyl,
cycloatkyl, cycloalkyialkyl. heterocyelyl, heterocyclylalkyl, heteroaryl, heteroarylalkyl, -
OR™, -OC{O)-R*N{R™);, -C(O)R™, -C{O)OR™, ~CLOIN(R ™), -N(R')C(O)OR™,

NR™MCOIRT, -NR"MS(O}RY (where tis 110 2), -8R, -S(O)R™ (where tis 10 2),
and -S{O)N(R™). (where tis 1 to 2), where each R is independently hydrogen, atkyl,
haloalkyl, cycloalkyl, cycloatkylalkyl, aryt aralkyl, heterocyclyl, heterocyclylalkyt,
heteroaryl, or heteroarylalkyl; and each R™ is alky!, cycloalkyl, cycloalkytalkyl, aryl,
aralkyl, heterocyclyl, heterocyclylalkyl, heteroaryl, or hetercarylatkyt.

"Alkylens” refers to a straight or branched divalent hydrocarbon chain consisting solely
of carbon and hydrogen atoms, having from one to twelve carbon atoms, preferably two
to six carbon atoms, and linking the rest of the molecule fo a radical group, e.g.,
methylene, ethylene, propylene, n-butylene, and the like. The alkylene is attached to the
rest of the molecule through a single bond and to the radical group through a single
bond. The points of attachment of the atkeylene {o the rest of the molecule and to the
radical group can be through one carbon or any two carbons within the chain, Unless
stated otherwise specifically in the specification, an atkylene group may be optionally
substituted by one or more of the following groups: alkyl, atkenvl, halg, haloalkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylatkyl, heteroaryl,
heteroarylaliyl, QR -OC(O)}-R", -N{R™),, -CIOIR™, -C{O)ORY -CLOINR™,, ~
N(R™ICOIOR™, -NR™COIR™, -NR™S(ONR™) (where tis 110 2), -SR', -S{O)R"™
(where tis 1 to 2, and -S{O}N{R ™) (where tis 1 to 2), where each RY is independently
hydrogen, atkyl, haloalkyl, cycloalkyl, cycloatkylalkyl, arvl, aralkyl, heterocyciyl,
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heterocyclylatkyi, heteroaryl, or hetercarylatkyl; and each R is alkyl, haloalkyl,
cycloatkyl, cycloatkylalkyl, aryl, aralkyl, heterocyclyl, heterocyclytalkyl, heteroaryi, or
heteroarylalioyl.

"Alkynyl” refers o a straight or branched hydrocarbon chain radical group consisting
solely of carbon and hydrogen atoms, containing at least one triple bond, having from
two o twelve carbon atoms, preferably two to eight carbon atoms or two to six carbon
atoms and which is attached to the rest of the molecule by a single bond. Unless stated
otherwise specifically in the specification, an alkyny! group may be oplionally substituted
by one or more of the following groups: alkyl, alkenyl, hale, haloalkyl, aryl, aratkyl,
cycloalkyl, cycloatkylalkyl, heterocyclyl, heterocyclyialkyl, heteroaryl, heteroarylalky, -
OR™ -OC{O)-RMN(R™),, -C{ORY™, -C{O)OR™, ~CIOIN(R™),, -NR™MC(O)OR'™, -
NR"™COIR®, -NR™IS(O)R™) (where tis 1 to 2), -SR™ -SONR™ (where tis 1 to 2),
and -S{OXN(R™); twhere tis 1 to 2), where each R™ is independently hydrogen, alkyl,
haloatkyl, cycloatkyl, cycloalkylalkyl, ary, aralkyl, heterocyclyl, heterocyclylalkyl,
heteroaryl, or heteroarylalky; and each R™ is alkyl, cycloalkyl, cycloatkylalkyl, aryt,
aralkyl, heterocyclyl, heterocyclylalkyl, heteroary! or heleroarylatkyl.

"Alkenyiene” and "alkenylene chain” refer to a straight or branched divalent hydrocarbon
chain linking the rest of the molecule to a radical group, consisting solely of carbon and
hydrogen, containing at least one double bond and having from two to twelve carbon
atoms or two to six carbon atoms, e.g., ethenylene, propenylene, n-butenylene, and the
like. Unless stated otherwise specifically in the specification, an alkenvlene chain may be
optionaily substituted by one or more of the following groups: alkyi, alkenyl, halo, cyano,
aryl, cycloaikyl, heterocyclyl, hetercaryl, ~-OR™, -OC(0)-R™, -N(R™),, -C(ORY -
C{OIOR™, -CLOINR™),, -NR™CIOIOR™, -NR™CIOIR™ -NR™{S(O}R™} (where tis
110 2), -SR™ -S{O)R™ (where tis 1 to 2), and -S(ORN(R™), (where tis 1to 2}, where
each R™ is independently hydrogen, alkyl, haloalkyl, cycloatkyt, cycioalkylatkyl, aryl,
aralkyl, heterocycly), heterocyclylalkyl, heteroaryl or heteroarylatkyl; and each R" is
alkyl, cycloalkyl, cycloatkylatkyl, aryl, aratkyl, heterocyciyl, haterocyclylatkyl, heteroaryl or
heteroarylalkyl.
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“Alkynylene” and “Alkynylene chain” refer fo a straight or branched divalent hydrocarbon
chain linking the rest of the molecide to a radical group, consisting solely of carbon and
fydrogen, containing af least one triple bond and having from two to twelve carbon
atoms or two to six carbon atoms, £.9. propynyiene, i-butynylene, and the like. Unless
stated otherwise specifically in the specification, an alkynylene chain may be optionatly
substituted by one or more of the following groups: alkyl, atkenyl, halo, cyano, aryl,
cycloalkyl, heterocyclyl, heteroaryl, -OR™, -OC(O)-R™, -N(R"™)2, -C(O)RY, -C{O)OR™, -
CIONER™),, -NRMCIOIOR™, -NRMCIOIR™, -NR"S(ONWR™) (where tis 1 t0 2), -
SR, -S{O)OR'™ (where tis 1 to 2}, -S(O)R'® (where tis 1 to 2), and -S{OWN(R™),
(where tis 110 2), where each R™ is independently hydrogen, alkyl, haloalkyl, cycloalkyl,
cycloalkylatkyl, aryl, aralkyl, heterocyclyl, heterocyclylatkyl, heteroaryl or heteroarylaikyl;
and each R™ is alkyl, cycloalkyl, cycloalkylalkyl, aryl, aratkyl, heterocyciyl,
heterocyclylalkyl, heteroaryi or hetercarytalkyl,

“Alkoxy" refers to a radical of the formula ~OR,; where R, is an alkyl radical as generally
defined above. The alkyl part of the alkoxy radical may be optionally substituted as
defined above for an alkyl radical.

“Alkoxyalkyl" refers to a radical of the formula -Ry-0O-R, where R, is an alkylene as
defined above, and R, is an alkyl radical as defined above. The oxygen atom may be
bonded {0 any carbon in the alkyl or alkylene radical. Each alkyl part of the alkoxyatkyl
radical may be optionally substituted as defined above for an alkyl group. Each alkylene
part of the alkoxyalkyl radical may be optionally substituted as defined above for an
alkylene group.

“Aryt’ refers fo aromatic monocyclic or multicyclic, preferably mono- or bi-oyelic,
hydrocarbon ring system consisting only of hydrogen and carbon and containing from six
{o nineteen carbon atoms, preferably six to ten carbon atoms, where the ring system
may be partially saturated provided that at least one ring in the ring system is aromatic.
Aryt groups include, but are not limited to groups such as fluorenyl, phenyl and naphthyl.
Unless stated otherwise specifically in the specification, the term “aryl” or the prefix "ar-“
(such as in "aralkyl") is meant to include aryl radicals optionally substituted by one or
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more substitfuents selected from the group consisting of alkyl, alkenyl, alkynyl, halo,
haloalkyl, cyano, nitro, aryl, aralkyl, cycloalkyl, cycloatkylatkyl, heterocycly!,
heterocyciylalkyl, heteroaryl, heteroarylatkyl, -R'%ORY, -R%OC(O}R™, -RE-NR™),, -
RE-CORY, -R°-CIOIORM, -RCIONRY),, -RENRMICOIOR™, -R™-
NR™MCOR™, -RENR"Y(SONR™) (where tis 110 2), -R'SR™, R®-S(O)R™ (where t
is 110 2), and -R-S{O)IN(R ™). (where tis 1 to 2), where each R™ is independently
hydrogen, alkyl, haloatkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocyclyi,
heterocyclylalkyt, heteroaryl, or heteroarylatkyl; each R is independently a direct bond
or a straight or branched alkylene or alkenylene chain; and each R is alkyl, haloalkyl,
cycloalkyl, cycloatkylalkyl, aryl, aralkyt, heterocyclyl, heterocyclylalkyl, heteroary, or
heteroarylalkyl.

"Aralkyl” refers to a radical of the formula -RyR, where R, is an alkylene chain as defined
above and Ry is one or more aryl radicals as defined above, e.g., benzyl,
diphenylmethyl, phenylethyl, phenylpropyl, and the like. The aryt part of the aralkyl
radical may be optionally substituted as described above for an ary! group. The alkylene
chain of the aralkyl radical may be optionally substituted as defined above for an
alkylene chain.

"Aralkeny!” refers to a radical of the formula -R Ry where R, is an alkenylene chain as
defined above and R, is one or more aryl radicals as defined above. The aryl part of the
aralkenyl radical may be optionally substituted as described above for anaryl group. The
alkenylene chain of the aralkenyl radical may be optionally substituted as defined above
for an alkenylene chain.

"Aryloxy" refers {0 a radical of the formula ~-OR, where Ry is an aryl group as defined
above. The aryl part of the aryloxy radical may be optionally substituled as defined
above.

"Cycloalkyl" refers to a stable non-aromatic monocyclic or bicyclic hydrocarbon radicat
consisting solely of carbon and hydrogen atoms, having from three to fifteen carbon

10
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atoms, preferably having from three to twelve carbon atoms or from three to seven
carbon atoms, and which is saturated or unsaturated and attached to the rest of the
molecule by a single bond, e.g., cyclopropyt, cyclobutyl, cyclopentyl, ayclohexyl,
decalinyt and the like. Unless otherwise stated specifically in the specification, the term
"eycloatkyl” is meant to include cycloatkyl radicals which are optionally substituted by
one or more substituents selected from the group consisting of alkyl, alkenyl, alkynyi,
halo, hatoalkyl, cyano, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heterocyciyi,
heterocyclylaikyl, heteroaryl, heteroarylalkyt, -R™-OR", .R"%.0CI0)-R™, -REN(R™),, -
REC(OR™, RECIOIORM R COINIR™),, -RINERMCIO)OR™, -R™-
NR"“COR™, -RENR"S(OWR'™) (where t is 1 10 2), RS8R, -R'-S{O}R™ (where t
is 1 10 2), and -R™-S{O)N(R™), (where tis 1 to 2), where each R is independently
hydrogen, atkyl, haloalkyl, cycloatkyl, cycloatkylalkyl, aryl, aralkyl, heterocyelyl,
heterocyclvialkyl, heteroaryl, or heteroarylatkyl; each R™ is independently a direct bond
or a straight or branched atkylene or atkenylene chain; and each R" is aliky!, haloalkyl,
cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heterocyelyl, heterocyclylalkyl, heteroaryl, or
heteroarytalkyl.

"Cycloalkylalkyl" refers to a radical of the formula -RyR, where R, is an alkylene chain as
defined above and R is a cycloalkyl radical as defined above. The cycloalkyl part of the
cycloalkyl radical may be optionally substituted as defined above for a cycloalkyl radical.
The alkylene chain of the cycloatkyl radical may be optionally substituted as defined
above for an alkylene chain.

*Halo" refers to bromo, chiore, fluere or indo.

"Haloalkyl” refers to an alkyl radical, as defined above, that is substifuted by one or more
hatlo radicals, as defined above, &.g., trifluoromethyl, difuoromethyl, trichloromethyl,

2.2, 24rifluoroethyl, 1-fluoromethyl-2-fluoroethyt, 3-bromo-2-fluoropropyl,
1-bromomethyl-2-bromoethyl, and the like. The alky! part of the haloalkyl radical may be
optionally substiiuted as defined above for an alkyl group.

11
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“Haloalkoxy” refers to an alkoxy radical, as defined above, that is substituted by one or
more halo radicals, as defined above. The alkoxy part of the haloalkoxy radical may be
optionally substituted as defined above for an atkoxy group.

“Heterooyclyl” refers to a stable 3- to 18-membered non-aromatic ring radical which
cansists of carbon atoms and from one to five heteroatoms selected from the group
consisting of nitrogen, oxygen and sulfur, preferably having from two to ten carbon
atoms. For purposes of this invention, the heterocyclyl radical may be a monocyclic,
bicyclic or tricyclic ring systen, which may include fused or bridged ring systems, which
may be partially unsaturated; and the nitrogen, carbon or sulfur atoms in the heterocyclyl
radical may be optionally oxidized: the nifrogen atom may be optionatly
alkylated/substituted; and the heterocyclyl radical may be partially or fully saturated.
Examples of such heterocyclyl radicals include, but are not limited to, dioxolanyl,
decahydroisoquinotyl, imidazoling, imidazolidinygl, isothiazoliding, isoxazolidiny,
morpholing, octahydroindolyl, octahydroiscindolyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-
oxopyrrolidiny, oxazoliding, piperidinyt, piperazinyl, 4-piperidonyl, pyrrolidiny,
pyrazolidiny, thiazolidiny!, tetrahydrofury!, trithianyl, tetrahydropyranyl, thiomorpholinyl,
thiamorpholinyl, 1-oxo-thiomorphelinyt, and 1, 1-dioxo-thiomorpholinyl, homopiperidinyl,
homapiperazinyl, and quinuclidingl. Unless stated otherwise specifically in the
specification, the ferm "heterocyclyl” is meant to include heterocyclyl radicals as defined
above which are optionally substituted by one or more substifuents selected from the
group consisting of alkyl, alkenyl, halo, haloalkyl, cyano, oxo, thioxe, aryl, aralkyt,
cycloatkyl, cycloalkylatkyl, heterocyclyl, heterocyclylalkyl, heteroaryl, heteroaryialityl, -
R™-0OR™, -R™.0C{O)}RY, -RENR™),, -RP-CORY, -RE-CIOIOR™, R*-CIOINR™.,
RENRMCOIORE, -RE-NERMCOIR, -RENRMHSOIR') (where tis 1 1o 2), R™
SR, -R.SOWR™ (where tis 1 to 2), and -R™S{O)N(R™), (where tis 1 to 2), where
each R™ is independently hydrogen, alkyl, haloalkyl, cycloalkyl, eycioalkylalkyl, aryi,
aralkyl, heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroarylatkyl, each R is
independently a direct bond or a straight or branched alkylene or alkenylene chain, and
each R is alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, aryi, aratkyl, heterocyclyl,
heterocyclylalkyl, heteroaryl, or hetercarylalkyl, and where each of the above
substituents is unsubstituted.
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"Heterocyclylalkyl" refars to a radical of the formuda -RR, where R, is an alkylene chain
as defined above and R, is a heterocyclyl radical as defined above, and if the
heterocyclyl is a nitrogen-containing heterocyclyl, the heterocyclyl may be attached to
the alkyl radical at the nitrogen atom. The alkylene chain of the heterocyclylalkyl radical
may be optionally substituted as defined above for an alkylene chain. The heterocyclyl
pari of the heterocyclylalkyl radical may be optionally substituted as defined above for a
heterocyclyl group.

“Hetercaryl” refers to a 5- to 18-membered aromatic ring radical which consists of
carbon atoms and from one to five heteroatoms selected from the group consisting of
nitrogen, oxygen and sulfur. For purposes of this invention, the heteroaryl radical may be
a monocyclic, bicyelic or tieyclic ring system, which may include fused or bridged ring
systems, which may be partially saturated provided that at least one ring in the ring
system is aromatic; and the nitrogen, carbon or sulfur atoms in the heteroaryl radical
may be optionally oxidized; the nitrogen atom may be optionally alkiylated/substituted.
Examples include, but are not limited {o, acridinyl, benzimidazolyl, benzthiazolyl,
benzindoiyl, benzothiadiazalyt, benzonaphthofuranyl, benzoxazolyl, benzodioxoly!,
benzodioxinyl, benzopyranyl, benzopyranonyl, benzofuranyl, benzofuranonyl,
benzothienyl, benzo[blthiophenyi, benzothiophenyl, benzotriazolyl,
benzol4,65imidazo[1,2-alpyridinyt, benzofc)[1,2,5]oxadiazolyl, benzo{cl1,2,51thiadiazoiyt,
carbazolyl, cinnolinyl, dibenzofuranyt, furaryl, furanonyl, isogquinelinyl, isothiazolyl,
imidazolyl, indolyl, indazolyl, isoindolyl, indolinyl, isoindolinyl, indolizinyl, isoxazolyl,
naphthyridinyl, oxadiazolyl, oxazolyl, phenazinyl, phenothiazinyl, phenoxazinyl,
phthatazinyl, pteridinyl, puringl, pyrrolyl, pyrazolyl, pyriding, pyrazinyl, pyrimidinyt,
pyridazinyl, quinazoling, quinoxatiny, quinoliny, isoquinofing, thiazolyl, thiadtazolyl,
triazolyl, tetrazolyi, triazinyl, and thiophenyl. Unless stated otherwise specifically in the
specification, the term “heteroaryl” is meant {o include hetercaryl radicals as defined
above which are optionally substituted by one or more substituents selected from the
group consisting of alkyl, atkenyl, alkynyl, hale, haloalkyl, cyano, oxe, thioxo, nitro, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl, heteroaryl,
hetercarylalkyt, -R'*-ORY, -R®-0C(0O}-RY, -R-N(R™);, -R'-C{ORY, -R"-C(OIOR™, -
RE-CON(R™),, -R™-NR™IC(OJOR™ -RENRMCIOR®, -RE-NR™HSOWR') (where
tis 110 2), R*-8R™, -R™-S(O}R™ (where tis 110 2}, and -R™Z-S(O)N(R™), (where tis 1
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to 2), where each R" is independently hydrogen, alkyl, haloalkyl, cycloalkyt,
cycloalkylatkyl, aryl, aralkyi, heterocyclyl, heterocyclylatkyt, heteroaryl, or heterparytalkyl,
sach R" is independently a direct bond or a straight or branched alkylene or alkenylene
chain; and each R™ is alkyl, haloalkyl, cycloalkyl, cycloafkylatkyl, aryl, aratkyl,
heterocyciyl, heterocyclyvlalkyl, heteroaryi, or heteroarvialicyl.

“Heteroarylatkyt” refers to a radical of the formula -R R, where R, is an atkylene chain as
defined above and R, is a heteroaryl radical as defined above. The heteroaryt part of the
hetercarylalkyl radical may be optionally substituted as defined above for a heteroaryl
group. The alkylene chain of the heteroarylalkyl radical may be optionally substituted as
defined above for an alkylene chain.

"Hydroxyalkyl" refers to a radical of the formula -R,~OH where R, is an alkylene radical
as defined above. The hydroxy group may be attached to the alkylene chain on any
carbon within the alkylene chain, The alkylene chain of the hydroxyatkyl group may be
optionally substifuted as defined above for an alkylene chain.

"A multi-ring structure” refers to a multicyclic ring system comprised of two to four rings
wherein the rings are independently selected from cycloalkyl, aryl, heterocyclyl or
heteroaryl as defined above. Each cycloalkyl may be optionally substifuted as defined
above for a cycloalkyl group. Each aryl may be optionaily substituted as defined above
for an aryt group. Each heterocyclyl may be optionally substituted as defined above for a
heteracyclyl group. Each heteroaryl may be oplionally substituted as defined above for a
heteroaryt group. The rings may be attached to each other through direct bonds or some
or alt of the rings may be fused to each other.

“Prodrugs” is meant to indicate a compound that may be converted under physiclogical
conditions or by sclvolysis to & biologically active compound of the invention. Thus, the
term "prodrug” refers to a metabolic precursor of a compound of the invention that is
pharmaceutically acceptable. A prodrug may be inactive when administered to a subject
in need thereof, but is converted in vivo to an aclive compound of the invention.
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Prodrugs are typically rapidly fransformed in vivo to yield the parent compound of the
invention, for exampie, by hydrolysis in blood or conversion in the gut or liver. The
prodrug compotind often offers advantages of solubility, tissue compatibility or delaved
release in @ mammalian organism (see, Bundgard, H., Design of Prodrugs (1985), pp. 7-
9, 21-24 {Elsevier, Amsterdamy}).

A discussion of prodrugs is provided in Higuchi, T.. ef al, "Pro-drugs as Novel Delivery
Systems,” A.C.S. Symposium Series, Vol 14, and in Bioreversible Carriers in Drug
Design, ed. Edward B. Roche, Anglican Pharmaceutical Association arid Pergamon
Press, 1887,

The term "prodrug” is also meant to include any covalently bonded cartiers which
release the active compound of the invention in vive when such prodrug is administered
to a mammalian subject. Prodrugs of a compound of the invention may be prepared by
modifying functional groups present in the compound of the invention in such a way that
the modifications are cleaved, either in routine manipulation or in vivo, 1o the parent
compound of the invention. Prodrugs include compounds of the invention wherein a
hydroxy, amino or mercapto or acid group is bonded fo any group that, when the prodrug
of the compound of the invention is administered to & mammalian subject, cleaves to
form a free hydroxy, free amino or free mercapto or acid group, respectively, Examples
of prodrugs include, but are not imited to, acetate, formate and benzoate derivatives of
alcohol or amides of amine functional groups in the compounds of the invention and the
like.

“Stable compound” and “stable structure” are meant to indicate a compound that is
sufficiently robust to survive isolation to a useful degree of purity from a reaction mbdure,
and formulation into an efficacious therapeutic agent. A skilled antisan will recognize
unstable combinations of substituents.

"Optional” or "optionally” means that the subsequently described event of circumstances
may or may not occur, and that the desaription includes instances where said event or

15



WO 2010/112520 PCT/EP2010/054234

circumstance occurs and instances in which it does not. For example, "optionally
substituted aryl” means that the aryl radical may or may not be substituied and that the
description includes both substituted aryl radicals and aryl radicals having ne
substitution.

"Pharmaceutically acceptable carrier, diluent or excipient” includes without limitation any
adjuvant, carner, excipient, glidant, sweetening agent, diluent, preservative,
dye/colorant, flavor enhancer, surfactant, wetting agent, dispersing agent, suspending
agent, stabilizer, isotonic agent, solvent, or emulsifier which has been approved by the
United States Food and Drug Administration as being acceptable for use in humans or
demestic animals.

"Pharmaceutically acceptable salt” includes both acid and base addition salts.

"Pharmaceutically acceptable acid addition salt” refers to those salts which retain the
biclogical effectiveness and properties of the free bases, which are not biclogically or
otherwise undesirable, and which are formed with inorganic acids such as, but not
fimited to, hydrochioric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid
and the like, and organic acids such as, but not limited to, acetic acid, 2,2-dichlorcacstic
acid, adipic acid, alginic acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic
acid, 4-acetamidobenzoic acid, camphoric acid, camphor-10-sulfonic acid, capric acid,
caproic acid, caprylic acid, carbonic acid, cinnamic acid, citric acid, cyclamic acid,
dodecylsulfuric acid, ethane-1,2-disulfonic acid, ethanesulfonic acid,

2-hydroxyethanesulfonic acid, formic acid, fumaric acid, galactaric acid, gentisic acid,
glucoheptonic acid, gluconic acid, glucuronic acid, glutamic acid, glutaric acid, 2-oxo-
glutaric acid, glycerophosphorire acid, glycolic actd, hippuric acid, iscbutyric acid, lactic
acid, lactobionic agid, lauric acid, maleic acid, malic acid, malonic acid, mandelic acid,
methanesulfonic acid, mucic acid, naphthalene-1,5-disulfonic acid, naphthalene-2-
sulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid, oleic acid, orotic acid, oxalic
acid, palmitic acid, pamoic acid, propionic acid, pyrogltamic acid, pyruvic acid, salicylic
acid, 4-aminosalicylic acid, sebacic acid, stearic acid, succinic acid, tartaric acid,
thiocyanic acid, p-toluenesulfonic acid, triflucroacetic acid, undecylenic acid, and the like,
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"Pharmaceutically acceptable base addition salf” refers to those salts which retain the
biological effectiveness and properties of the free acids, which are not biclogically or
otherwise undesirable. These salts are prepared from addition of an inorganic base or
an organic base to the free acid. Salts derived from inorganic bases include, but are not
limited to, the sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc,
copper, manganese, aluminum salts and the like. Preferred inorganic salts are the
ammonium, sodium, potassium, calcium, and magnesium salts. Salts derived from
organic bases include, but are not limited {o, salts of primary, secondary, and tertiary
amines, substituted amines including naturally oceurring substituted amines, cyclic
amines and basic ion exchange resing, such as ammonia, isopropylamine,
trimethylamine, diethylamine, triethylamine, tripropylamine, diethanolamine,
sthanolamine, deanol, 2-dimethylaminpethanol, 2-diethylaminoethanol,
dicyclohexytamine, lysine, arginine, histiding, caffeine, procaine, hydrabamine, choline,
betaine, benethaming, benzathine, sthylenediamine, glucosamine, methylglucamine,
theobromine, triethanclamine, tromethamine, purines, piperazine, piperidine, N-
ethylpiperidine, polyamine resins and the like. Particularly preferred organic bases are
isppropylamine, disthylamine, ethanolamine, trimethylamine, dicycichexylamine, choline
and caffeine.

Often crysiallizations produce a solvate of the compound of the invention. As used
herein, the term "solvate” refers to an aggregate that comprises ane or more molecules
of & compound of the invention with one or more molecules of solvent. The solvent may
be water, in which case the solvate may be a hydrate. Alternatively, the solvent may be
an organic solvent. Thus, the compounds of the present invention may exist as a
hydrate, including a monohydrate, dihydrate, hemihydrate, sesquihydrate, trihydrate,
tetrahydrate and the Jike, as well as the corresponding solvated forms. The compound of
the invention may be true solvates, while in other cases, the compound of the invention
may merely retain adventitious water or be a mixture of water plus some adventitious
solvent.

17



WO 2010/112520 PCT/EP2010/054234

A "pharmaceutical composition” refers to a formulation of 2 compound of the invention
and a medium generally accepted in the art for the delivery of the biologically active
compound to mammals, e.g., humans. Such a medium includes all pharmaceutically
acceptable carmiers, diluents or excipients thereof.

"Therapeutically effective amount” refers to that amount of a compound of the invention
which, when administered to a mammal, preferably a human, is sufficient fo effect
treatment, as defined below, of an SCD-mediated disease or condition in the mammal,
preferably a human. The amount of a compound of the invention which constitutes a
"therapeutically effective amount” will vary depending on the compound, the condition
and its severity, and the age and body weight of the marmal to be treated, but can be
determined rowtinely by one of ordinary skill in the art having regard to his own
knowiledge and to this disclosure,

"Treating” or "treatment” as used herein covers the treatment of the disease or condition
of interest in a mammal, preferably a human, having the disease or disorder of inferest,
and includes: {i} preventing the disease or condition from occurring in a mammal, in
particutar, when such mammal is predisposed fo the condition but has not yet been
diagnosed as having #; () inhibiting the disease or condition, i.e., arresling its
development; (i} relieving the disease or condition, i.e., causing regression of the
dissase of condition; or (v reducing the risk of developing the disease or condition.

As used herein, the terms "disease” and "condition” may be used interchangeably or
may be different in that the particutar malady or condition may not have a known
causative agent {so that eticlogy has not yet been worked out) and it is therefore not yet
recognized as a disease buf only as an undesirable condition or syndrome, wherein a
more or less specific set of symptoms have been identified by clinicians.

The compounds of the invention, or their pharmaceutically acceptable salts may contain
one or more asymmetric centers and may thus give rise 1o snantiomers, diastereomers,
and other sterecisomeric forms that may be defined, in terms of absclule
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stereochemistry, as (R)- or (8)- or, as (D})- or {L)- for amino acids. Formulae (1), (1), (1),
{V}, and (V) are meant to include all such possible isomers, as well as their racemic and
optically pure forms. Optically active (+) and (), (R}- and (S)-, or {D}- and (L.)- isomers
may be prepared using chiral synthons or chiral reagents, of resolved using conventional
techniques, such as HPLC using a chiral column. When the compounds described
herein contaln olefinic double bonds or other centers of geometric asymmetry, and
urless specified otherwise, it is intended that the compounds include both £ and Z
geometric isomers. Likewise, Formulae (1), (1), (1), V), and (V) are ment to include all
tautomeric forms.

A "sterecisomer” refers to a compound made up of the same atoms bonded by the same
bonds but having different three-dimensional structures, which are not interchangeable.
The present invention contemplates various stereoisomers and mixtures thereof and
includes "enantiomers”, which refers to two stercoisomers whose molecules are
nonsuperimposaable mirror images of one another,

The present invention includes all pharmmaceutically acceptable isotopically-labsled
compounds of the invention wherein one or more atoms are replaced by atoms having
the same atomic number, but an atomic mass or mass number different from the atomic
mass or mass number usually found in nature.

Examples of isotopes suitable for inclusion in the compounds of the invention comprises
isotopes of hydrogen, such as °H and *H, carbon, such as "'C, PC and "C, chlorine,
such as ¥C1, fluorine, such as "°F, iodine, such as ™ and ¥, nitrogen, such as N and
N, oxygen, such as 0, "0 and "0, phosphorus, such as *'P and “P, and sulphur,
such as S, Substitution with heavier isotopes such as deuterium, ie. °H, may afford
certain therapeutic advantages tesulting from greater metabolic stability, for example,
increased in vivo hait-life or reduced dosage requirements, and hence may be preferred
in some circumstances, Isotopically-labeled compounds of the invention can generally
be prepared by conventional techniques known to those skilled in the art or by
processes analogous to those described in the accompanying Examples and
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Preparations Sections using an appropriate isotopically-labeled reagent in place of the
noen-iabeled reagent previously employed.

The chemical naming protocol and structure diagrams used herein empioy and rely on
the chemical naming features as utilized by Chemdraw versions 10.0 or 11.0 (available
from Cambridgesoft Corp., Cambridge, MA) or ISIS draw version 2.5 (available from
MDL information systems).

Throughout this specification and in the claims that follow, unless the context requires
otherwise, the word “comprise’, or variations such as "comprises”, “comprised of”,
‘comprising” or “comptising of’, will be understood to imply the inglusion of a stated
nteger or step or group of integers or steps but not the exclusion of any other integer or
step or group of integers or steps and therefore inclusive and open-ended in that
additional elements.

Embaodiments of the Invention

in one embodiment the invention provides compounds of Formula {1}

(R,

wherein O is
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G;m g U< QCS b Ii
b The A

W is -NRIC(O)-, -CLONR}-, -NRICONR)-, -NRIS(O)e, ~SIOWNR")-, or a
direct bond;

Z is -C{Ry}e, -CLO)-, -0O-, -NR')-, -S{0)y, -0~ or -G-;
kis O or 1,

mis 0o §

nisQ, 1.2 3or4;

pish, 1,2, 30r4;

qist1,2,0r3;

tistor?,

uis 1orz;

R is hydrogen, alkyl, alkenyl, alkynyl, alkoxy, hydroxyalkyl, alkoxyalkyl,
cycloalkyl, cycinalkylatkyl, aryl, haloalkyl, aralkyl, heterocyclyl, heterocyclytalkyl,
hetercaryl, or heteroarylalkyl,

or R' is @ mulfi-ring structure having 2 to 4 rings wherein the dngs are
independently cycloalkyl, heterocyclyl, aryl or heteroaryl and where some or all of the
rivigs may be fused to each other;

R? is hydrogen, or atkyl;
R® is independently alkyl, halo, haloalkyl, hydroxy, or -N{R)z;

R* is independently alkyl, alkeny!, alkynyl, atkoxy, hydroxyalkyl, atkoxyalkyi,
cycloalkyl, cycloalkylatkyl, heterocyclyl, anyl, aralkyl, heteroaryl, halo, haloalkyl,
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haloatkoxy, cyano, hydroxy or -N{R')s;
R® is independently alkyl, halo, haloatkyl, hydroxy, cycloalkyl, or -N(R");
or two R¥'s on the same carbon atom form an oxo (=0,

R®is independently alkyl, alkenyl, alkynyt, alkoxy, hydroxyalkyl, alkoxyalkyl,
cycloalkyl, cycloalkylalkyl, heterocyelyl, aryl, aralkyl, heteroaryt, halo, haloaikyl,
haloalkoxy, cyano, hydroxy or -N(R),; and

R’ is independently hydrogen, alkyl, hydroxyalkyl, cycloalkyl, cycloalkylalkyl, aryl,
hetercaryl, heterocyciyl or aratkyl; or

& pharmaceutically acceptable salt thereof or 3 prodrug thereof.

Varicus embodiments of the invention are described below. it will be appreciated that
the features specified in each embodiment may he combined with other specified
features, to provide further embodiments.

in another embodiment the invention provides compounds of Formula (1), wherein

R' is hydrogen, C-Caalkyl, Co-Ceatkenyl, Co-Coalkynyl, Ci~Caalkoxy, hydroxyiCi-
Caalkyl, Cy-CaatkoxyCs-Cualkyl, C5-Creycloalkyl, Ci-CreychvalkylCi-Caalkyl, Cs-Croaryl,
haloC-Caalkyl, Tp-CioarCy-Caalkyl, C4-Cisheterocyeiyl, Gi-CigheterooyelylC-Caalkyl, Cy-
Cicheteroaryl, or CCysheteroandCCaalkyl:

or R’ is a multi-ring sfructure having 2 to 4 rings wherein the rings are
independently cycloatkyl, heterocyclyl, aryl or heferoaryl and where some or all of the
rings may be fused o each other;

R is hydrogen, or C4-Cyalkyl;
R is independently C,-Caalkyl, halo, haloC,-Caalkyl, hydroxy, or *N{R? 2

R*is independently CCsatkyl, Co-Cialkenyl, Cy-Ceatkynyl, Cs-Ceatkoxy,
hydroxyCs-Caalikyl, Co-CealkoxyC-Caalkyl, Ca-Croycloalkyl, Ca-CroycloaltkylCy-Chalkyl,
CCyeheterocyelyl, Ce-Cpparyl, Ca-CiparC-Caalkyl, C~C gheteroaryl, halo, riffuoromethyl,
trifluoromethoxy, cyano, hydroxy, o -N{R");

R® is independently C-Cqatkyl, halo, haloC-Caalkyl, hydraxy, or -N(R"):
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or two R¥s on the same carbon atom form an oxo (=0);

R" is independently C-Caalkyl, CCealkenyl, C-Csalkynyl, C,-Cealkoxy,
hydroxyC-Calkyt, atkoxyC,-Caalkyl, Co-Croycloatiyl, Cx-CroyeloalkylC-Caalkyl, Ci-
Cioheterocyelyl, Ce-Croaryl, Co-CioarCy-Caatkyl, Ci-Cuheteroaryl, hale, trifiuoromethyl,
triffuoromethoxy, cyano, hydroxy or -N(R);; and

R’ is independently hydrogen, C;-Caalkyl, hydroxyC,-Caalkyl, C5-Cieycloalkyl, Ca-
CreycloalkylCs-Caalkyl, Co-Cigaryt, Ci-Cigheteroaryl, Ci-Cigheterocyeiyl or Ce-CrparCre
Caatkyl,

A subgroup of Q for the compounds of the invention is represented by Formula (1),
wherein Q is

'\“ L ‘/' > -~ /':t\ .N‘?{’&t o v:;‘:z \,7{]?\,;

A subgroup of (J for the compounds of the invention is represented by Formula (),
wherein Q is

A subgroup of R' and W for the compounds of the invention is representad by Formula
(1), wherein W is ~N{R"YC(O)-, and R' is hydrogen, or C, Cyalkyl.

A subgroup of R' and W for the compounds of the invention is represented by Formula
(1), wherein W is -N(R")C(O)- and R' is C;-CsheteroarylC,-Caalkyl.

A subgroup of R' for the compounds of the invention is represented by Formula (1),
wherein W is a direct bond or -N(RC(O)-, and R' is
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A subgroup of R? for the compounds of the invention is represented by Formula (1),
wherein R? is hydrogen,

A subgroup of R? for the compounds of the invention is represented by Formula (i),
wherain R? is C, Caalkyl.

A subgroup of R® for the compounds of the invention is repesented by Formula (i),
wherein R® is methyl, ethyl, hydroxy, or fiucro.

A subgroup of R* for the compounds of the invention is repesented by Formuta (1),
wherein R is C,-C,atkyl.

A subgroup of R® for the compounds of the invention is repesented by Formula (),
wherein R® is C,-Cqalkyl, Cs-Cioycioalkyl, hydroxy, or two R¥'s on the same carbon atom
form an oxo (=0).

A subgroup of R® for the compounds of the invention is repesented by Formula i),
wherein two R”s on the same carbon atom form an oxo (=0}
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A subgroup of R® for the compounds of the invention is repesented by Formula (1),
wherein R® is C-Cqatkyl, Co-Croycloatkyl, chiore, fluoro, triflusromethyl, or cyano,

A subgroup of R” far the compounds of the invention is repesented by Formula (1),
wherein R’ is hydrogen, or C.-C.alkyl.

In another embodiment the invention provides compounds represented by Formula (i)

9 4

wherein Q is

L e O
S U E ji
o (RY, i(R e
" o K
» N & . )\’\

s 2 b
. \—‘N N ;({
e 1} . 2
/l;%\ ’iu)\’\ o /&\(X\
* " H R

W is -NRHIC(O)-, -C{OIN(R}-, or a direct bond,
pisQ, 1,2 3, 0r4;
gist, 2. 0or 3

R'is hydrogen, alkyl, alkenyl, alkynyl, alkoxy, hydroxyatkyl, atkoxyalkyl,
cycloatkyl, cycloatkylalkyl, aryl, haloalkyl, aralkyl, heterocyclyl, heterocyclylatkyl,
heteroaryl, or heteroarylatkyl;

R* is independently alkyl, alkoxy, hydroxyalkyl, alkoxyatkyl, cycloalkyl, halo,
trifiuoromethyl, trifluoromethoxy, cyano, hydroxy, or -N(R").;
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R® is independently C-Cqalky!, halo, triflucromethyl, trifiuoromethoxy, cyano,
hydroxy, or -N{R"),; and

R’ is independently hydrogen, or C-Caalkyl; or

a pharmaceutically acceptable salt thereof or a prodrug thersof,

A subgroup of R for the compounds of the invention is repesented by Formula (11},
wherein R' is hydrogen, C~Caalkyl, C-Cealkenyl, C»-Cyalkynyl, Ci-Ceatkoxy, hydroxyiCy-
Caalkyl, C1-CealkoxyC-Cualkyl, Cs-Croycloalkyl, CoCroycloalkylCi~Caalkyl, Co-Cooaryl,
haloC-Caalkyl, Ce-CiparC-Caalkyl, C1-Cosheterocyclyl, C4~CigheterocyclylC,-Caalkyl, Cy-
Coheteroaryl, or C-CigheteroaryiC,-Caalkyl.

A subgroup of Q for the compounds of the invention is represented by Formuta (1),

N R
PO O S Ton)
;/(\ AT /(2[\ o of
AT AT

wherein ( is

A subgroup of Q for the compounds of the invention is represented by Formula (1),

wharein Q is

A subgroup of R* for the compounds of the invention is repesented by Formula (D).
wherein R* is C-C,alkyl, C,-Cosalkoxy, hydroxyCi~Caalkyl, Ci-CealkoxyC-Caalkyl, Car
C,eycloalkyl, halo, trifluoromethyl, tifluoromethoxy, cyano, hydroxy, or -N(R'};.

In another embodiment the invention provides compounds represented by Formuta (lli):
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(1)

wherein Q is

Ny = NS N
11 e /f D Z \‘ N/ h ¥ \I e -if' \) Nf };’
; R4 )4 R#
L e N{&N Re N
I
% - - r" - )/k‘/’ t’{ }’3 . /’ \ - 1 / \ X K
K N A . % - s . X ", ?i\ . ‘. S/ 1" 5

s
S, A

N i *{ -
l/» \ ‘XJ\\N)\ e 9\
g o ) H ' ' s

W is -N{RC(O)-, -C(OIN(R')-, ot a direct bond;
pie(, 1,2 3 or4
gist, 2, or3

R'is hydrogen, alkyl, alkenyl, alkynyl, alkoxy, hydroxyatkyl, alkoxyalkyl,
cycloakkyl, cycloalkylalkyl, aryl, haloatkyl, aralkyl, heterocyciyl, heterocyciyiatkyl,
heteroaryl, or heteroarylatkyl;

R*is independently alkyl, alkoxy, hydroxyalkyl, alkoxyalkyl, cycloatkyl, hale,
trifluoromethyl, trifluoromethoxy, cyane, hydroxy, or -N(R"),;

R is independently CCaalkyl, halo, trifluoromethyl, {rifluoromethoxy, cyano,
hydroxy, or -N({R")z; and

R’ is independently hydrogen, or C~C.alkyl; or

a pharmaceutically acceptable salt thereof or a prodrug thereof.

A subgroup of R' for the compounds of the invention is repesented by Formula (1l]),
wherein R' is hydrogen, CCatitkyl, Co-Ceatkenyl, C-Cealkynyl, C-Coatkoxy, hydroxylCs-
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Caaltkyl, Cy-CoalkoxyC-Calkyl, Cs-Cioycloatkyl, Cs-CroycloalkylC,-Caatkyl, Coe-C paryd,
haloC-Caalkyl, Co-CioarCi-Caalkyl, C+Cigheterocyeiyl, Cy-CygheterocyohyiC,-Caatkyl, Cy-
Cyohetercaryl, or C-CiheteroaryiCq-Cialkyl,

A subgroup of Q for the compounds of the invention is represented by Formula (11},

) e K . - " oy . r
\ X TN NEY

whereiny W is

A subgroup of Q for the compounds of the invention is represented by Formula (1},

AR
AN

x §

wherein Q is

A subgroup of R® for the compounds of the invention is repesented by Formula (Hi},
wherein R* is C-Caatkyl, C+-Ceatkaxy, hydroxyC~Caatkyl, Ci-CealkoxyCi-Caatkyl, Ca
Creycloalkyl, halo, trifluoromethyl, triffuoromethoxy, cyano, hydroxy, or *N{R?)g.

In another embodiment the invention provides compounds represented by Formula (IV):

(V)

whersin Qis
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W is -N{R"YC(O)-, -C{OIN(R")-, or a direct bond:

kisQor 1
pisD 1,2 3 ord;
gis1,2,0r3;

R' is hydrogen, alkyl, alkenyl, alkynyl, alkoxy, hydroxyalkyl, atkoxyalkyl,
cycloatkyl, cycloatkylatkyl, aryl, haloalkyl, aralkyl, heterocyclyl, heterocyclylalkyl,
hieteroaryt, or heteroaryiatiyt;

R is independently alky!, alkoxy, hydroxyalkyl, atkoxyalkyl, cycloalkyl, hale,
trifiuoromethy), trifluoromethoxy, cyano, hydroxy, or -N(R"),;

R® is independently C-Calkyl, halo, trifluoromethyl, trifluoromethoxy, cyano,
hydroxy, or -N{R"}z; and

R’ is independently hydrogen, or C-C,alkyl; or

a pharmaceutically acceptable salt thereof or a prodrug thereof.

A subgroup of R’ for the compounds of the invention is repesented by Formula (IV),
wherein R' is hydrogen, C,-Caalkyl, Cx-Cealkenyl, Co-Caalkynyl, CCealkoxy, hydroxyiC,-
Caalkyl, C-CeatkoxyC-Cualkyl, Co-Cocycloalkyl, Cs-CroycloatkylC-Caatkyl, Ce-Cioaryl,
haloC,~Cealkyl, Co-CroarC-Caalkyl, Cs-Croheterocyclyl, C~CysheterooyciyiC,-Caalkyl, Cs-
Cioheteroaryl, or C;-CyheteroaryiC,~Caatkyt.
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A subgroup of Q for the compounds of the invention is represented by Formula (IV),

wherein Q is
Ry N Ny .
f SN @;{Rm o &(R%
; L, 5 N .
¢ P Ve NS ,

A subgroup of Q for the compounds of the invention is represented by Formwla (IV),
wherein Q is

A subgroup of R* for the compounds of the invention is repesented by Formula (IV),
wherein RYis CCaalkyl, Ci-Ceatkoxy, hydroxylC,-Cualkyl, C-CeatkoxyC-Caalkyl, Cs-
Creycloalkyl, halo, tifluoromethyl, triflucromethoxy, cyano, hydroxy, or -N(R'),.

iy another embodiment the invention provides compounds represented by Formuta {V):

Vi

wherain (J is
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W is -N(RTIC(O})-, ~C(ON(R")-, or a direct bond;
kKisQor1;

pis0, 1,2 3 ord;

gis 1,2 or3;

R is hydrogen, alky!, alkenyl, atkynyi, alkoxy, hydroxyalkyl, alkoxyalkyl,
cycloatkyl, cycloalkylalkyl, aryl, haloalkyl, aralkyl, heterocycivl, heterocyclylaikyl,
heteroaryl, or heteroarylalkyl;

R* is independently alkyl, alkoxy, hydroxyalkyl, alkoxyatkyl, cycloalkyl, haio,
trifiuoromethyl, triflucramethoxy, cyano, hydroxy., or -N(R")s;

R® is independently C,-Caalkyl, halo, trifluaromethyl, triffucronethoxy, cyano,
hydroxy, or -N(R")z; and
R’ is independently hydrogen, or C,-C.alkyl; or

a pharmaceutically acceptable salt thereof or a prodrug thereof.

A subgroup of R’ for the compounds of the invention is repesented by Formula (V)
wherein R is hydrogen, Cy~Cyalkyl, C-Cealkenyl, C-Caalkynyl, Ci-Cealkoxy, hydroxylC .~
Cealkyl, Ci-CaalkoxyCr-Caalkyl, Ci-Cooyoloatkyl, Co-CroycloatkylC,-Caalkyl, Cs-Croaryl,
haloC-Caalkyl, Ce-CioarCr-Caalkyl, C-Cisheteracyciyl, C,-CipheterocyelylC -Caalkyl, Cy-
Cisheteroaryl, or Cs-CigheteroaryiC-Caalkyl.
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A subgroup of Q for the compounds of the invention is represented by Formula (V),
wherein Q is

A subgroup of Q for the compounds of the invention is represented by Formula (V),
wherein Q is

A subgroup of R’ for the compounds of the invention is repesented by Formula (V},
wherein R* is C,-C,alkyt, C1-Cealkoxy, hydroxyC,~Cualkyl, C-CaatkoxyC-Caatkyl, Cs-
C.oycioalkyl, halo, triflucromethyl, trifluoromethoxy, cyano, hydroxy, or -N{R"),.

in ancther embodiment the invention provides compounds according to Formula (1), (1.
(), (V). or (V), wherein R' is C-Cqalkyl, cyclocalkylalkyl, aralkyl or heteroarylaikyl,

wherein the cycloalkylalkyl is

- N H F
SV VAR vt R R v

whaerein the aralkyl is
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wherein the C-Cgalkyl is me.thy§

ethyl,
wherein the heteroaryialky! is

\“k o _:,‘A:‘:\ ‘\.:"”*-,"w ‘
00 Cy 0

(623 P

in another embodiment the invention provides compounds according to Formula (13, (1),
(1), V), or (), wherein

R is Crealkyl, cyclocalkylatkyl, aratky! or heteroarylatkyt,

wherein the cycloalkylalkyl is selected from the group consisiting of

33



WO 2010/112520 PCT/EP2010/054234

oo
4 4 s

[ o . ' b
-y R -~ e <k

4 t ' o

‘

‘ : or

>

wherein the arafkyi is selected from the group consisting of
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tn another embodiment the invention provides compounds according to Formuda (1), (1),
(Y, VY, or (\)), wherein

R'is hydrogen, methyl, {pyridin-2-ylimethyl, {5-methyl-isoxazol-3-yhmethyl, or (1-methyl-
pyrazob-d-yhmethyl.

in another embodiment the invention provides compounds according to Formula {1), (),
{1}, (IV), or V), wherein
W is -N(R™IC{Q)-, and
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R'is hydrogen,

In another embodiment the invention provides compounds according to Formula (1), (11},
{11}, (), or V), whersin
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Wis a direct hond and R’ is

N"' NH Hw/l\ HNQ

in another embodiment the invention provides according to Formula (1), (1), (8D, V), or
(V), wherein W is -N(R")C(0)- and R" is methyl.

In another embodiment the invention provides compounds selected from the group
consisting of:

7-fluoro-N-(4-{methylcarbamoyhpyridin-2-yl)-d-oxospirofchroman-2 4 -piperidinel-
1-carboxamide;

7-fluoro-N-{(4-{methylcarbamoylipyridin-2-yl}spirofchroman-2 4'-piperidine]-1'-
carboxamide;

8-chloro-N-(4-{methylcarbamoyllpyridin-2-yl)spiro{chroman-2 4'-piperidine}-1'-
carboxamide;

B-chloro-N-{4-{methylcarbamoyl)pyridin-2-yl}-4-oxospirofchroman-2 4'-
piperidinel-1'-carboxamide;

B-fluoro-N-{4-(methylcarbamoylipyridin-2-ylispiro{chroman-2 4-pipendine}-1-
carboxamide;

7-fiuvoro-N-(B-{methylcarbamoylpyridin-2-ylyspire[chroman-2, 4" piperidine}-1*-
carboxamide;

7-fluoro-N-{5-(methylcarbamoyhpyridin-3-ylispiro[chroman-2 4'-piperidine}-1'-
carboxamide;

N-{4~{methylcarbamoyl)pyridin-2-yl)-1,3-dihydrospirefindene-2,4 -piperidine}-1'-
carboxamide,

N-{d-(methylcarbamoyhpyridin-2-ylispiro{chroman-2,4"-piperidinel-1'-
carboxamide,

7-fluoro-N-{4-(methylcarbamoyi)pyridin-2-yi)-3 4-dihydro- 1 H-spirc[naphthalene-

2 4'-piperidine]-1"-carboxamide;
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8-chioro-N-{4-{methyicarbamoylpyridin-2-y))-3, 4-dihydro-1H-spirofnaphthalene-
2.4'-piperidine}-1'-carboxamide;
&-fluoro-N-{(4-(methyicarbamoyl}pyridin-2-yl)-3,4-dihydro-1H-spiro[naphthalene-
2 4 -piperidine]-1'-carboxamide,;
N-{4-{methyicarbamoyhpyridin-2-yi)-3 4-dihydro-1 H-spirofnaphthalene-2 4'
piperidinel-1'-carboxamide;
B-fluorc-N-{4-{methylcarbamoyl)pyridin-2-y})-3H-spiro[benzofuran-2 4'-
piperidine}-1-carboxamide;
7-chioro-N-(4-{methylcarbamoyi)pyridin-2-yi)-3H-spiro[benzofuran-2 4'-
piperidine}-1'-carboxamide;
S-flucro-N-{4-{methylcarbamoyl)pyridin-2-yi}-3H-spirelbenzofuran-2 4'
piperidine]-1-carboxamide;
N-{4-{methylcarbamoyl)pyridin-2-yi}-3H-spiro{benzofuran-2 4'-piperidine}-1'-
carboxamide;
4-chloro-N-{4-(methylcarbamoylipyridin-2-yl)-1,3-dihydrospirofindene-2 4"
piperidine}-1'-carboxamide;
5-fluoro-A-(4-(methyicarbamoyl)pyridin-2-yl)-1.3-dihydrospirofindene-2,4'-
piperiding]-1-carboxarmide;
8-fluoro-N-{4-{{{5-methyl-1,2-oxazol-3-y)methyijcarbamoylipyridin-2-y1)-3 4
dikydro-1'H-spirefchromene-2 4 -piperidine}-1'-carboxamide;
S-fluoro-N-(4-{{{1-methyi- 1H-pyrazol-4-ylimethyllcarbamoyt}pyridin-2-yi)-3 4-
dihydro-1'H-spiro[chromene-2 4'-piperidine}-1'-carboxamide;
A-(4-carbamoylpyndin-2-yi)-8-fluorospiro[chroman-2,4"-piperidine]- 1'-
carboxamide; and
?—fl-uarc-—~N—(4—methyla.5~(pyridiﬁn-2-ylmethyicarbamayk)thiaza!~2~yt)s§ir0{¢hromam
2 &'-piperidine}-1'-carboxamide; or
a pharmaceutically acceptable salt thereof or a prodrug thereof.

In one embodiment, the methods of the invention are directed {owards the treatment
andfor prevention of diseases mediated by stearoyl-CoA desaturase (SCD), especially
human SCD (hSCD), preferably diseases related to dyslipidemia and disorders of lipid
metabolism, and especially a disease related to elevated plasma lipid fevels,
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cardiovascular disease, diabetes, obesity, metabolic syndrome, dermatological
disorders, and the like by administering an effective amount of a compound of the
invention.

The present invention also refates to pharmaceutical composition containing the
compounds of the invention. In one embodiment, the invention relates to a composition
comprising compounds of the invention in a pharmaceutically acceptable carrier and in
an amount effective to modulate triglyceride level or to treat diseases related to
dyslipidemia and disorders of lipid metabolism, when administered to an animal,
preferably a mammal, most preferably a human patient. In an embodiment of such
composition, the patient has an elevated lipid level, such as elevated triglycerides or
cholesterol, before administration of said compound of the invention and the compound
of the invention is present in an amount effective to reduce said lipid level.

Utility and Testing of the Compounds of the Invention

The present invention relates to compounds, pharmaceutical compaositions and methods
of using the compounds and pharmageutical compositions for the treatment and/or
prevention of diseases mediated by stearoyl-CoA desaturase (SCD), especially human
SCD (hSCD), preferably diseases related io dyslipidemia and disorders of lipid
metabolism, and especially a disease related to elevated plasma lipid levels, especially
cardiovascular disease, diabetes, obesily, metabolic syndrome, dermatological
disorders, and the like, by administering to a patient in need of such treatment an
effective amount of an SCD modutating, especially inhibiting, agent.

in general, the present invention provides a method for {reating a patient for, or
protecting a patient from developing, a disease related to dyslipidemia andfor a disorder
of lipid metabolism, wherein lipid levels in an animal, especially a human being, are
outside the normal range {i.e., abnormal lipid level, such as elevated plasma lipid levels),
especially lavels higher than normal, preferably where said lipid is & fatty acid, such as a
free or complexed fatty acid, {riglycerides, phospholipids, or cholesterol, such as where
L.DL-cholesterol levels are elevated or HDL-cholesterol levels are reduced, or any
combination of these, where said lipid-related condition or disease is an SCD-mediated
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disease or condition, comprising administering to an animal, such as a mammal,
especially a human patient, a therapeutically effective amount of a compound of the
invention or a pharmaceutical composition comprising a compound of the invention
wherein the compound modulates the activity of SCD, preferably human SCD1.

The compounds of the invention modulate, preferably inhibit, the activity of human SCD
enzymes, especially human SCD1.

The general value of the compounds of the invention in modulating, especially inhibiting,
the activity of SCD can be determined using the assay described below in Example 2.

Alternatively, the general value of the compounds in treating disorders and diseases
may be established in industry standard animal models for demonstrating the efficacy of
compounds in treating obesity, diabetes or elevated triglyceride or cholesterol levels or
for improving glucese tolerance. Such models include Zucker obese fafa rats (available
from Harlan Sprague Dawley, Inc. {Indianapolis, Indiana)), or the Zucker diabetic fatty rat
(ZDFIGmiCri-fafa) (available from Charles River Laboratories (Montreal, Quebec)), and
Sprague Dawley rats (Chades Rivers), as used in models for diet-induced obesity
(Ghibaudi, L. ef al, (2002), Obes. Res. Vol. 10, pp. 956-063). Similar models have also
been developed for mice and Lewis rat.

The compounds of the instant invention are inhibitors of delta-9 desaturases and are
useful for treating diseases and disorders in humans and other organisms, including all
those human diseases and disorders which are the resuit of aberrant delta-9 desaturase
biological activity or which may be amelicrated by modtudation of delta-9 desaturase
biological activity.

As defined herein, an SCD-mediated disease or condition is defined as any disease or
condition in which the activity of SCD is elevated and/er where inhibition of SCD activity
can be demonstrated to bring about symptomatic improvements for the individual so
treated. As defined herein, an SCD-mediated disease or condition includes, but is not
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limited to, a disease or condition which is, or is related to, cardiovascular disease,
dyslipidemias (including but not limited to disorders of serum fevels of triglycerides,
hypertriglyceridentia, VLDL, HDL, LDL, fatty acid Desaturation Index (e.g. the ratio of
18:1/18:0 falty acids, or other falty acids, as defined elsewhere herein), cholesterol, and
total cholesterol, hypercholesterolemia, as well as cholesterol disorders (including
disorders characterized by defective reverse cholesterol transport)), familial combined
hyperlipidemia, coronary arlery disease, arteriosclerosis, atherosclerosis, heart disease,
cerebrovascular disease (including but not limited to stroke, ischemic stroke and
transient ischemic attack (TIA)), peripheral vascular disease, and ischemic retinopathy.

An SCD-mediated disease or condition also includes metabolic syndrome (including but
not timited to dyslipidemia, obesity and insulin resistance, hypertension,
microalbuminemia, hyperuricasmia, and hypercoagulability), Syndrome X, diabetes,
insulin resistance, decreased glucose lerance, non-insutin-dependent diabetes
meflitus, Type !l diabetes, Type | diabetes, diabetic complications, body weight disorders
{including but not limited {o obesity, overweight, bulimia, cachexia and anorexia), weight
loss, wasting disorders, body mass index and leplin-related diseases. in a preferred
embodiment, compounds of the invention will be used to treat diabetes mellitus and/or
ohesity.

An SCD-mediated disease also includes obesity related syndromes, disorders and
diseases that include, but not limited to, obesity as a result of (i) genetics, (i) diet, (iil)
food intake volume, (iv) a metabolic disorder, {v) a hypothalamic disorder, {vi) age, (vii)
abnormal adipose distribution, {(viil) abnormal adipose compartment distribution, (ix)
compuisive eating disorders, and (x) metivational disorders which include the desire to
consume sugars, carbohydrates, alcohols or drugs. Symptoms associates with obesity
related syndromes, disorders and diseases include, but not limited to, reduced activity.
Obesity alsn increases the likelihood of sleep apnea, gallstones, osteoporosis and
certain cancers,

As used herein, the term "metabolic syndrome” is a recognized clinical term used to
describe a condition comprising combinations of Type Ui diabetes, impaired glucose
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tolerance, insulin resistance, hypertension, obesity, increased abdominal girth,
hypertriglyceridemia, low HDL, hyperuricaernia, hypercoagulability and/or
microalbuminemia. The American Heart Association has published guidefines for the
diagnosis of metabolic syndrome, Grundy, 8., et. af, (2006} Cardiol. Rev. Vol. 13, No. 8,
pp. 322-327.

An SCD-mediated disease or condition also includes fatty liver, hepatic steatosis,
vascular restenosis, hepatitis, non-alcoholic hepatitis, non-alcoholic steatohepatitis
{NASH), alcohalic hepatitis, acute fafty liver, fatty liver of pregnancy, drug-induced
hepatitis, erythrohepatic protoporphyria, iron overload disorders, hereditary
hemochromatosis, hepatic fibrosis, hepatic cirrhosis, hepatoma and conditions related
thereto.

An SCD-mediated disease ar condition alsc includes biliary cholesterol crystallization
and related conditions, such as but not imited to, galistones, primary sclerosing
chotangitis (PSC), progressive familial intrahepatic cholestasis (PFIC), high serum
garmma-glutamyl transferase (GGT) PFIC, low-GGT PFIC (i.e. Byler disease, Byler
syndrome), Caroli’s disease, biliary helminthiasis, biliary strictures, choledocholithiasis,
obstructive cholestasis, chronic cholestatic disease, presence of biliary sludge, and
cholesterolosis of galibladder.

An 5CD-mediated disease or condition also includes but is not limited {o a disease or
condition which is, or is related to primary hypertriglyceridemia, or hypertriglyceridemia
secondary to another disorder or disease, such as hyperiipoproteinemias, familial
histiocytic reticulosis, lipoprotein lipase deficiency, apolipoprotein deficiency (such as
ApoCH deficiency or ApoE deficiency), and the like, or hypertriglyceridemia of unknown
or unspecified sticlogy.

A SCD-mediated disease or condition also includes a disorder of polyunsaturated fatty
acid {PUFA) disorder, or a dermatological or skin disorder, including but not limited to
eczema, acne, rosacea, skin ageing, seborrheic skin, psoriasis, keloid scar formation or
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prevention, diseases related to production or secretions from mucous membranes. such
as monounsaturated falty acids, wax esfers, and the like. Preferably, the compounds of
the invention will prevent or attenuate keloid scar formation by reduction of excessive
sebum production that typically results in their formation. The investigation of the role of
8CD inhibitors in the freatment of acne was advanced by the discovery that rodents
lacking a functional SCD1 gene had changes to the condition of their eyes, skin, coat
{heng Y., ef al. "SCD1 is expressed in sebaceous glands and is disrupted in the assbia
mouse”, Nal. Genel. (1999) 23:268-270. Miyazaki, M., “Targeted Disruption of Stearoyl-
CoA Desaturasel Gene in Mice Causes Atrophy of Sebaceous and Meibomian Glands
and Depletion of Wax Esters in the Eyelid”, J. Nutr. (2001), Vol. 131, pp 2260-68.,
Binczek, E. et al,, "Obesity resistance of the stearoyl-CoA desaturase-deficient mouse
results from disruption of the epidermal lipid barrier and adaptive thermoregulation”, Biof.
Chem. {2007} Vol. 388 No. 4, pp 405-18).

An SCD-mediated disease or condition also includes inflammation, sinusitis, asthma,
bronchitis, pancreatitis, ostevarthritis, rheumatoid arthritis, cystic fibrosis, and
premenstrual syndrome.,

An SCD-mediated disease or condition also includes but is not limited to a disease or
condition which is, or is related o cancer, polycystic ovary syndrome, neoplasia,
mafignancy, metastases, tumours (benign or malignant), carcinogenesis, hepatomas and
the like,

An SCD-mediated disease or condition also includes a condifion where increasing lean
body mass or iean muscle mass is desired, such as is desirable in enhancing
performance through muscle building. Myopathies and fipid myopathies such as carnitine
palmitoyltransferase deficiency {CPT | or CPT i) are also included herein. Such
trealments are useful in humans and in animal husbandry, including for administration to
bovine, porcine or avian domestic animals or any other animal to reduce triglyceride
production and/or provide leaner meat products and/or healthier animals.
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An 8CD-mediated disease or condition also includes a disease or condition that is, or is
related o, neurclogical diseases, psychiatric disorders, multiple sclerosis, eye diseases,
polycystic ovary syndrome, sleep-disordered (e.g. disturbances of breathing or circadian
thythm, dysomnia, insomnia, sleep apnea, and narcolepsy), abnormal alanine
transferase levels, respiratory disorders and immune disorders.

An SCD-mediated disease or condition atso includes neurological diseases, including
mild cognitive impairment (MC!), cerebral amvloid angipathy (CAA), down syndrome
{DS), depression, schizophrenia, obsessive-compulsive disorder, and biopolar diserder.

An SCD-mediated disease or condition also includes neurodegenerative diseases,
including Alzheimer's disease, Parkinson's disease, dementia with Lewy bodies,
amyotrophic lateral sclerosis or Lou Gehrig's disease, Alpers’ disease, Leigh's disease,
Pelizacus-Merzbacher disease, Olivopontocerebeliar atrophy, Friedreich's ataxia,
leukadystrophies, Rett syndrome, Ramsay Hunt syndrome type I, and Down's
syndrome.

An SCD-mediated disease or condition also includes a disease or condition which is, or
is related to, viral diseases or infections including but not limited {o all positive strand
RNA viruses, coronaviruses, SARS virus, SARS-associated coronavirus, Togaviruses,
Picornaviruses, Coxsackievirus, Yellow Fever virus, Flaviviridae, ALPHAVIRUS
{(TOGAVIRIDAE) including Rubella virus, Eastern equine encephalitis virus, Westermn
equine sncephalitis virus, Venezuelan equine encephalitis virus, Sindbis virus, Semliki
forest virus, Chikungunya virus, Q'nyongnyong virus, Ross river virus, Mayaro virus,
Alphaviruses; ASTROVIRIDAE including Astrovirus, Human Astroviruses,
CALICIVIRIDAE including Vesicular exanthema of swine virus, Norwalk virus,
Calicivirus, Bovine calicivirus, Pig calcivirus, Hepatitis E; CORONAVIRIDAE including
Coronavirus, SARS virus, Avian infectious bronchitis virus, Bovine corgnavirus, Canine
coronavirus, Feline infectious peritonitis virus, Human coronavirys 289&, Human
coronavirus QC43, Murine hepatitis virus, Porcine epidemic diarrhea virus, Parcine
hemagglutinating encephalomyelitis virus, Porcine transmissible gastroenteritis virus,
Rat coronavirus, Turkey coronavirus, Rabbit coronavirus, Berne virus, Breda virus;
FLAVIVIRIDAE including Hepatitis C virus, West Nile virus, Yellow Fever virus, 8i. Louis
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encephalitis virus, Dengue Group, Hepatitis G virus, Japanese B encephalitis virus,
Murray Valley encephalitis virus, Central European tick-borne encephalitis virus, Far
Eastern tick-borne encephalitis virus, Kyasanur forest virus, Louping il virus, Powassan
virus, Omsk hemorrhagic fever virus, Kumilinge virus, Absetarov anzalova hypr virus,
ITheus virus, Rocio encephatitis virus, Langat virus, Pestivirus, Bovine viral diarrhea,
Hog cholera virus, Rio Bravo Group, Tyuleniy Group, Ntaya Group, Uganda S Group,
Modoc Group: PICORNAVIRIDAE including Coxsackie A virus, Rhinovirus, Nepatitis A
virus, Encephalomyocarditis virus, Mengovirus, ME virus, Human poliovirus 1, Coxsackie
B; POCYVIRIDAE including Potyvirus, Rymovirus, Bymovirus. Additionally i can be a
disease or infection caused by or linked to Hepatilis viruses, Hepatitis B virus, Hepatitis
Cvirus, human immunodeficiency virus {(HiV) and the like. Treatable viral infections
include those where the virus employs an RNA intermediate as part of the replicative
cycle (hepatitis or HiV); additionally it can be a disease or infection caused by or linked
to RNA negative strand viruses such as influenza and parainfiuenza viruses.

The compounds identified in the instant specification inhibit the desaturation of various
fatty acids (such as the Go-Cy; desaturation of stearoyl-CoA), which is accomplished by
deilta- desaturases, such as stearoyl-CoA desaturase 1 (SCD1). As such, these
compounds inhibit the formation of various fatty acids and downstream metabolites
thereof. This may lead to an accumulation of stearoyl-CoA or palmitoyl-CoA and other
upstream precursors of various fatty acids; which may possibly result in 2 negative
feedback loop causing an overall change in fatty acid metabolism. Any of these
consequences may ultimately be responsible for the overall therapeutic benefit provided
by these compounds.

Typically, a successfid SCD inhibitory therapeutic agent will meet some or all of the
following criterta, Oral availability should be at or above 20%. Animal mode} efficacy is
less than about 20 mg/Kg, 2 mg/Kg, 1 mg/Kg, or 0.5 mg/Kg and the target human dose
is between 10 and 250 mg/70 Kg, although doses outside of this range may be
acceptable. ("mg/Kg" means milligrams of compound per kitogram of body mass of the
subject to whom it is being administered). The required dosage should preferably be no
more than about once or twice a day or at meal times. The therapeutic index {or ratio of
toxic dose to therapeutic dose) should be greater than 10. The ICy, (inhibitory
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Concentration ~ 50%"} is a measure of the amount of compound required to achieve
50% inhibition of SCD activity, over a specific time period, in an SCD biological activity
assay. Any process for measuring the activity of SCD enzymes, preferably mouse or
human SCD enzymes, may be ulilized to assay the activity of the compounds usefut in
the methods of the invention in inhibiting sald SCD activity. Compounds of the invention
dernonstrate an {Cs, ("Inhibitory Concentration of 50%") in a 15 minute microsomal
assay of preferably less than 10 mM, less than § 1M, less than 2.5 pM, less than 1 oM,
tess than 750 nM, less than 500 nM, less than 250 nM, less than 100 nM, less than 50
nM, and most preferably less than 20 nM. Compounds of the invention may show
reversible inhibifion (i.e., competitive inhibition) and preferably do not inhibit other iron
binding profeins.

The identification of compounds of the invention as SCD inhibitors was readily
accomplished using the SCD enzyme and microsomal assay procedure described in
Shanklin J. and Summerville C., Proc. Natl. Acad. Sci. USA (1991), Vol. 88, pp. 2510-
2514. When tested in this assay, compounds of the invention had less than 50%
remaining SCD activity at 10 M concentration of the test compound, preferably less
than 40% remaining SCD activity at 10 uM concentration of the {est compound, more
preferably less than 30% remaining SCD activity at 10 1M concentration of the test
compound, and even mare preferably less than 20% remaining SCD activity at 10 uM
concentration of the test compound, thereby demonstrating that the compounds of the
inverition are potent inhibitors of SCD activity.

These results provide the basis for analysis of the structure-activity relationship (SAR)
between test compounds and SCD. Certain-groups tend to provide more potent
inhibitory compounds. SAR analysis is one of the tools those skilled in the art may
employ to identify preferred embodiments of the compounds of the invention for use as
therapeutic agents. Other methods of testing the compounds disciosed herein are also
readily available to those skilled in the art. Thus, in addition, the determination of the
ability of a compound to inhibit SCD may be accomplished in vive. In one such
embodiment this is accomplished by administering said chemical agent to an animal
afflicted with a triglyceride (TG}~ or very low density lipoprotein (VLDL)-related disorder

45



WO 2010/112520 PCT/EP2010/054234

and subsequently detecting a change in plasma triglyceride tevel in said animal thereby
identifying a therapsutic agent useful in treating a triglyceride (-TG)- or very low density
lipoprotein (VLDL)-related disorder. In such embodiment, the animal may be a human,
such as a human patient afflicted with such a disorder and in need of treatment of said
disorder.

In specific embodiments of such in vivo processes, said change in SCD1 activity in said
animal is a decrease in activity, preferably wherein said SCD1 modulating agent does
not substantially inhibit the biological activity of a delta-5 desaturase, delta-6 desaturase
or fatty acid synthetase or other enzymes containing iron at the active site,

The model systems useful for compound evaluation may include, but are not limited to,
the use of liver microsomes, such as from mice that have been maintained on.a high
carbohydrate diet, or from human donors, including persons suffering from obesity.
immortalized cell lines, such as HepG2 (from human liver), MCF-7 (from human breast
cancer) and 373-L1 (from mouse adipocytes) may also be used, Primary cell lings, such
as mouse primary hepatocyies, are also useful in fesling the compounds of the
invention. Where whole animals are used, mice used as @ source of primary hepatocyle
cells may aiso be used wherein the mice have been maintained on a high carbohydrate
diet to increase SCD activity in mirocrosomes andfor (o slevate plasma triglyceride levels
(i.e., the 18:1/18:0 rativ); alternatively mice on a normal diet or mice with normat
triglyceride levels may be used. Mouse models employing fransgenic mice designed for
hypertrigiyceridemia are also available. Rabbits and hamsters are also useful as animal
models, especially those expressing CETP (cholesterol ester transfer protein).

Another suitable method for determining the in vivo efficacy of the compounds of the
invention is to indirectly measure their impact on inhibition of SCD enzyme by measuring
a subject’s Desaturation Index after administration of the compound.

“Desaturation Index” as employed in this specification means the ratio of the product
over the substrate for the SCD enzyme as measured from a given tissue sample. This
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may be calcudated using three different equations 18:1n-8/18:0 {oleic acid over stearic
acid); 16:1n-7/16:0 {palmitoleic acid over palmitic acid); andfor 18:1n-7 + 18.1n-7/16.0
(measuring all reaction products of 16:0 desaturation over 18:0 substrate).

Desaturation Index is primarily measured in liver or plasma triglycerides, but may also be
measured in other selected lipid fractions from a variely of tissues, Desaturation Index,
generally speaking, is a tool for plasma lipid profiling.

A number of human diseases and disorders are the result of aberrant SCD1 biological
activity and may be ameliorated by modulation of SCD1 biclogical activity using the
therapeutic agents of the invention.

inhibition of SCD expression may also affect the fatty acid composition of membrane
phospholipids, as well as production or levels of triglycerides and cholesterof esters. The
fatty acid composition of phosphalipids uitimately determines membrane fluidity, with a
subsequent modulation of the activity of multiple enzymes present within the membrane,
while the effects on the compasition of triglycerides and cholesterol esters can affect
lipoprotein metabolism and adiposity.

Iy carrying out the procedures of the present invention it is of course to be understood
that reference to particular buffers, media, reagents, cells, cuiture conditions and the tike
are not intendad to be fimiting, but are to be read so as to include all related materials
that one of ordinary skill in the art would recognize as being of interest or value in the
particutar context in which that discussion is presented.

For example, it is often possible {o substitute one buffer system or culture medium for
another and stilt achieve similar, if not identical, resulls. Those of skill in the art will have
sufficient knowledge of such systems and methodologies so as to be able, without
undue experimentation, to make such substifutions as will optimally serve their purposes
in using the methods and procedures disclosed herein.
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Alternatively, another format can be used to measure the effect of SCD inhibition on
sebaceous gland function. In a typical study using ridnets, oral, intravenous or topical
formutations of the SCD inhibifor are administered to a rodent for a period of 1 to 8 days.
Skin samples are {aken and prepared for histological assessment to determine
sebaceous gland number, size, or lipid content. A reduction of sebaceous gland size,
number or function would indicate that the SCD inhibitor would have a beneficial impact
on ache vulgaris, (Clark, S.B, ef &/ "Pharmacological modulation of sebaceous gland
activity: mechanisms and clinical applications”, Dermatol. Clin. (2007) Vol. 25, No. 2, pp
137-48. Geiger, J.M., “Retinoids and sebaceous gland activity” Dermatology (19953, Vol
191, No. 4, pp 305-1Q).

Pharmaceutical Compositions of the nvention and Administration

The present invention also relates fo pharmaceutical composition containing the
compounds of the invention disclosed herein. In one embodiment, the present invention
relates 1o a composition comprising compounds of the invention in a pharmaceutically
acceptable carier and in an amount effective to modulate triglyceride level or to treat
diseases related to dyslipidemia and disorders of lipid metabolism, when administered to
an animal, preferably a mammal, most preferably a human patient. In an embodiment of
such composition, the patient has an elevated lipid level, such as elevated triglyceddes
ar cholesterol, before administration of said compound of the invention and the
compound of the invention is present in an amount effective o reduce said lipid level.

The pharmaceutical compositions useful herein also contain a pharmaceutically
acceptable carrier, including any suitable diluent or excipient, which includes any
pharmaceutical agent that does not itself induce the production of antibodies harmful to
the individual receiving the composition, and which may be administered without undue
toxicity. Pharmaceutically acceptable carriers include, but are not limited to, liquids, such
as water, saline, glycerol and ethanol, and the fike. A thorough discussion of
pharmaceutically acceptable carriers, diluents, and other excipients is presented in
REMINGTON'S PHARMACEUTICAL SCIENCES (Mack Pub. Co,, N.J. current edition).
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Those skilled in the art are familiar with how o determine suitable doses of the
compounds for use in treating the diseases and disorders contemplated herein.

Therapeutic doses are generally identified through a dose ranging study in humans
based on preliminary evidence derived frony animal studies. Doses must be sufficient to
result in a desired therapeutic benefit without causing unwanted side effects for the
patient. The preferred dosage range for an animal is 0.001 mg/Kg to 10,000 mg/Kag,
including 0.6 mgfKg, 1.0 mg/Kg, 2.0 mgfKg, 5.0 mg/Kg, 10 mg/Kg and 20 mg/Kg, though
doses outside this range may be acceptable. The dosing schedule may be once or twice
per day, although more often or less often may be safisfactory.

Those skilled in the art are also familiar with determining administeation methods (oral,
infravenous, inhalation, sub-cutaneous, fransdermal, {opical, etc.), dosage forms,
suitable pharmaceutical excipients and other matters relevant {o the delivery of the
compounds to a subject in need thereof.

in an alternative use of the invention, the compounds of the invention can be used in in
vitro or in vivo studies as exemplary agents for comparative purposes to find other
compounds also useful in treatment of, or protection from, the various diseases
disclosed herein.

The pharmaceuticat compositions according to the invention are those suitable for
enteral, such as oral or rectal, transdermal, intravenous, infragermal, subcutanceous,
intramuscuiar, colonical, ophthalmic, infraurethral, nasal {e.g. inhalation), intraperitoneal
and parenteral administration to mammals, including man, to inhibit stearoyl-CoA
desaturase, and for the treatment of conditions associated with stearoyl desaturase
activity. In general, the pharmaceutical compositions comprise a therapeutically effective
amount of a pharmacologically active compound of the instant invention, alone or in
combination with one or more pharmaceutically acceptable carriers.
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The pharmacologically active compounds of the invention are useful in the manufacture
of pharmaceutical compositions comprising a therapeutically effective amount thereof in
conjunction or admixture with excipients or carriers suitable for either enteral or
parenteral application. For enteral or parenteral application, it is preferred to administer
an effective amount of a pharmaceutical composition according o the invention as
tablets or gelatin capsules. Such pharmaceutical compositions may comprise, for
example, the active ingredient logether with diluents (e.g., lactose, dextrose, sucrose,
mannitol, sorbitol, cellulose andior glycine}, lubricants {e.g., silica, talcum, stearic acid,
its magnesium or calcium salt and/or polyethyleneglycol), and for tablets also comprises
binders {e.g., magnesium aluminum sificate, starch paste, gelatin, fragacanth,
methylcellulose, sodium carboxymethylceliulose and/or polyvinylpyrrolidone) and
disintegrants {e.g.. starches, agar, alginic acid or ifs sodium salt) or effervescent
mixtures and absorbants, colorants, flavors and sweeteners,

In another aspect of the present invention the compounds may be in the form of
injectable compositions, e.g. preferably aqueous isotonic solutions or suspensions, and
suppositories, which can be advantageously prepared from falty emulsions or
suspensions. The compositions may be sterilized andfor contain adjuvants, such as
preserving, stabilizing, wetting or emulsifying agents, solution promoters, salts for
regulating the osmotic pressure andfor buffers. In addition, they may also contain other
therapeutically valuable substances. The compositions may be prepared according to
conventional mixing, granulating or coating methods, and contain about €.1-75%,
preferably abouf 1-50%, of the active ingredient.

Suitable formulations for transdermal applicalion include a therapsutically effective
amount of a compound of the invention with carrier. Advantageous carriers include
absorbable pharmacologically acceptable solvents to assist passage through the skin of
the host. Characteristically, transdermal devices are in the form of a bandage comprising
a backing member, a reservoir containing the compound optionally with carriers,
optionally a rate-controiling barrier to deliver the compound of the skin of the hostat a
controlled and pre-determined rate over 8 prolonged period of time, and means {o
secure the device to the skin.
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The most suitable route will depend on the nature and severity of the condition being
treated. Those skilled in the ant are also familiar with determining administration
methods, dosage forms, suitable pharmaceutical excipients and other matters relevant to
the delivery of the compounds to a subject in need thereof,

The compounds of the invention may be usefully combined with one or more other
therapeutic agents for the treatment of SCD-mediated diseases and conditions.
Preferrably, the other therapeutic agent is selected from antidiabetics, hypolipidemic
agents, anti-obesity agents, anti-hypertensive agents or inotropic agents.

Thus, an additional aspect of the present invention concerns a pharmaceutical
composition comprising a therapeutically effective amount of a compound of the
invention in combination with one of more other therapeutic agents. For example, the
composition can be formudated to comprise a therapeutically effective amount of a
compound of the invention as defined above, in combination with another therapsutic
agent, each at an effective therapeutic dose as reporied in the art. Such therapeutic
agents may, for exampie, include insulin, insulin derivatives and mimetics; insulin
secretagogues, such as the suffonylureas, e.g., Glipizide, glyburide and Amaryl;
msulinotropic sulfonylurea receptor ligands, such as meglitinides, e.g., nateglinide and
repagiinide; PPARy and/or PPAR (peroxisome proliferator-activated receptor) ligands
such as MCC-555, MK767, L-165041, GW7282 or thiazolidinediones such as
rosiglitazons, piogiitazone, balaglitazone, troglitazone and the like: insulin sensitizers,
such as protein tyrosine phosphatase- 1B (PTP-1B) inhibitors such as PTP-112: GSK3
{glycogen synthase kinase-3) inhibitors such as SB-517955, SB-4195082, $B-216763,
NN-57-05441, NN-57-05445 or RXR ligands such as GW-0791, AGN-194204; sodium-
dependent glucose cotransporter inhibitors, such as T-1085, glycogen phosphorylase A
inhibitors, such as BAY R3401, biguanides, such as metformin; alpha-giucosidase
inhibitors, such as acarbose; GLP-1 {(glucagon like peptide~1), GLP-1 analogs, such as
Exendin-4, and GLP-1 mimetics; DPPWV (dipeptidyl peptidase IV} inhibitors such as
LAF237 (Viidagliptinjor sitagliptin; GIP and GIP mimetics such as those disclosad in WO
00/58360; PACAP and PACAP mimetics, such as those disclosed in WO 01/23420;
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typolipidemic agents, such as 3-hwydroxy-3-methyl-ghstaryt coenzyme A (HMG-Cohy
reductase inhibitors, e.g., lovastatin, pitavastatlin, simvastatin, pravastatin, cerivastatin,
mevastatin, velostatin, fluvastatin, dalvastatin, atorvastatin, rosuvastatin, fluindostatin
and rivastatin, squalene synthase inhibitors or FXAR {farnescid X receptor) and LXR (fiver
X receptor) ligands, cholestyramine, fibrates, nicolinic acid and aspirin; anti-obesily
agents, such as oriistal, anti-hypertensive agents, inofropic agents and hypolipidemic
agents, e.g., loop diuretics, such as ethacrynic acid, furosemide and torsemide;
angiotensin converting enzyme (ACE) inhibitors, such as benazeprit, caplopril, enalapril,
fosinopril, lisinopril, moexipril, perinodopril, quinaprif, ramipril and trandolapril; inhibitors
of the Na-K-ATPase mambrane pump, such as digoxin, neufrajendopeptidase (NEP)
inhibitors; ACE/NEP inhibitors, such as omapatrilat, sampatrilat and fasidotril;
angiotensin il antagonists, such as candesartaq, eprosantan, besanan, losartan,
teimisartan and vaisartan, in particular valsartan; f-adrenergic receptor bockers, such
as acebutolol, atenolol, betaxolol, bisoprolol, metoprolel, nadolol, propranoclof, sotalol
and timolol; inotrepic agents, such as digoxin, dobutamine and milrinone; calclum
channel blackers, such as amiodipine, hepridd, ditiazem, felodiping, nicardiping,
nimodipine, nifedipine, nisoldipine gnd verapamil. Other specific antidiabetic compounds
are described by Patel Mona (Expert Opin Investig Drugs, (2003) Apr; 12(4).623-33} in
the figures 110 7. A compound of the present invention may be administered either
simultaneously, before or aftey the other aclive ingredient, either separately by the same
or different route of administration or together in the same pharmaceutical formulation.

The structure of the active agents identified by code numbers {nos.}, generic or frade
names may be taken from the actual edition of the standard compendium “The Merck
Index” or from databases, e.g. Patents infernational {e.g. 43 Waorld Publications),

in ancther aspect is the use of the pharmaceutical composition as described above for
production of a medicament for the treatment of SCD-mediated disease or conditions.

In another aspect is the use of a pharmaceutical compuosition or combination as
described above for the preparation of a medicament for the treatment of conditions
associated with stearoyl-CoA desatruase activity.
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in another embodiment, the invention provides pharmaceutical compositions as
described above for the treatment of conditions associated with the inhibition of stearoyl-
CoA desaturase.

Preparations of Compounds

it is understood that in the following description, combinations of substifuents
andfor variables of the depicted formulae are permissible only i such contributions result
in stable compounds.

it will also be appreciated by those skilled in the art that in the process described
below the funictional groups of intermediate compounds may need to be protected by
suitable protecting groups. Such functional groups include hydroxy, amino, mercapto
and carboxylic acid. Suitable protecting groups for hydroxy include trialkyisily! or
diarylatkylsilyl (e.g., Foutyldimethyisiiyl, Ebutyldiphenylsilyt or frimethylsilyl),
tetrahydropyranyl, benzyl, and the like. Suitable protecting groups for amino, amidino
and guanidino include tbutoxycarbonyl, benzyloxycarbonyl, and the like. Sultable
protecting groups for mercapto include -C(O)-R” {(where R is alkyl, aryt or arylatkyt), p-
methoxybenzyl, irityl and the like. Suitable protecting groups for carboxylic acid include
alkyl, aryl or arylalkyl esters.

Protecting groups may be added or removed in accordance with standard
fechniques, which are well-known 1o those skilled in the art and as describsd herein,
The use of protecting groups is described in detail in Green, TW. and P.G. M. Wuts,
Protective Groups in Organic Synthesis (2008), 4™ Ed., Wiley. The protecting group may
also be g polymer resin such as a Wang resin or a 2-chlorotritvi-chioride resin,

it will atso be appreciated by those skilled in the art, although such protected
derivatives of compounds of this invention may not possess pharmacalogica! activity as
suich, they may be administered {o a mammal and thereafter metabolized in the body to
form compounds of the invention which are pharmacologically active. Such derivatives
may therefore be described as "prodrugs". All prodrugs of compounds of this invention
are included within the scope of the invention. |

The following reaction schemes lustrate methods to make compounds of this
invention. it is understood that one skilled in the art would be able to make these
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compounds by similar methods or by methods known to one skilled in the art. In general,
starting components may be obtained from sources such as Sigma Aldrich, Lancaster
Synthesis, Inc, Maybridge, Matrix Scientific, TCl, and Fluorochem USA, efc. or
synthesized according to sources known o those skilled in the art {see, e.g., Advanced
Organic Chemistry. Reactions, Mechanisms, and Structure, 5th edition (Wiley,
December 2000) or prepared as described in this invention. R", R? R®, RY, R®, RY, R®,
R’ Q, p, and W are defined as in the Specification unless specifically defined otherwise,
R’ is a protecting group.

in general, the compounds of Formula (1) of this invention where kis 1, mand n
are each 0; R® is hydrogen; Z is -O-; and W is ~N{F€?}C{G}~; can be synthesized following
the general procedure as described in REACTION SCHEME 1.
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REACTION SCHEME 1
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The starting materials for the above reaction scheme are commercially available
or can be prepared according to methods known 1o one skilled in the art or by methods
disclosed herein. In general, the compounds of the invention are prepared in the above
reaction scheme as follows:

A phenol compound {101) reacts with oxopiperidine {102} in the presence of a
base, such as pyrrolidine, to generate the oxospiro compound (103). Reduction of the
carbony! group of compound {103} by a reducing agent, such as, but not limited to,
sodium borohydride, affords the hydroxy compound {104} which undergoes the further
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reduction in the presence of triethylsilane in krifluoroacetic acid to afford spiro compound
{108}. In parallel, an amine compound (108} reacts with 4-nitrophenyl chioroformate (107}
o generate carbamate compound {108} which readily reacts with the spiro compound
{105} to afford the ester compound (108). Hydrolysis of the ester compound {109} under
standard reaction conditions known to one skilled in the art affords the carboxyiic acid
{110}. Amide bond formation between the carboxylic acid {110} and an amine compound
(111) affords the compounds of Formula (1) of the invention where kis 1, m and n are §;
R%is hydrogen; Z is -O- and W is -N{R")YC(O)-.

Alternatively, the compounds of Formutla {1} of this invention where mis 0, kis §;
nis 2; R¥ is hydrogen; two R¥s on the carbon adjacent to the phenyt ring together form
an oxo (=0); Z is ~0-; and W is -N(R")C(O}~; can be synthesized following the general
procedure as described in REACTION SCHEME 2.

REACTION SCHEME 2

o
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4
Hozcﬁmmgﬂ F
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R‘* {203)
R'RTNH
{118 },ﬂa NH a
Arnide formation ,_.\ ,{R e
Farmula {3)

The starting materials for the above reaction scheme are commercially available
or can be prepared according to methods known to one skilled in the art or by methods
disclosed herein. In general, the compounds of the invention are prepared in the above
reaction scheme as follows:
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The oxospiroe compound {103} is treated with an acid, such as, but not limited to,
trifluoroacetic acid, to generate the compound (201}, Compound {201} readily reacts with
compound (108) to afford the ester compound {202}, Hydrolysis of the ester compound
{202} under standard reaction conditions known to one skilled in the art affords the
carboxylic acid (203). Amide bond formation between the carboxylic acid {203) and an
amine compound (111} affords the compounds of Formuta (1) of the invention mis 0, k is
1; nis 2; R? is hydrogen; two R%s on the carbon adjacent to the phenyl ring together form
an oxo (=Q); Z is ~O-; and W is -N({R")IC{0)-.

Alternatively, the compounds of Formula {1) of this invention where kis 1, mand n
are each O, R” is hydrogen; Z is -O-, and W is -N(R")C(O)-: can be synthesized following
the general procedure as described in REACTION SCHEME 3.

REACTION SCHEME 3
O
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The starting materials for the above reaction scheme are commercially available
or can be prepared according to methods known to one skilled in the art or by methods
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disclosed herein. In general, the compounds of the invention are prepared in the above
reaction scheme as follows:

The oxospire compound (103} is reduced with a reducing agent, such as, but not
fimited fo, borane, followed by dehydration to generate the compound (301}. Compound
{301} readily reacts with compound {108) to afford compound {302). Hydrogenation of
{302) under standard condifions affords compound {303}). Hydrolysis of compound {303}
under standard reaction conditions known to one skilled in the art affords carboxylic acid
{304). Amide bond formation between carboxylic acid {304} and an amine compound
{111} affords the compounds of Formuta (I} of the invention where k is 1; m and n are
gach 0; R®, R® and R® are hydrogen; Z is -O-, and W is -NRC(O)-.

Alternatively, the compounds of Formula (1) of this invention wherekis 1, mand n
are sach 0; R' is methyl; R? is hydrogen; Z is -C(H)a-, W is -N(RNC(Q)-; and Q is

o
o
;\q‘\\\g{J\x

< can be synthesized following the general procedure as described in
REACTION SCHEME 4.
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REACTION SCHEME 4
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The starting materials for the above reaction scheme are commaercially available
or can be prepared according to methods known to one skilfed in the art or by methods
disclosed herein. In general, the compounds of the invention are prepared in the above
reaction scheme as follows:

A piperidiny! compound {401} is protected with di-tert-butyi-dicarbonate (Boc,O)
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in the presence of a solvent, such as, but not limited fo tetrahydrofuran {THF) to give the
carbarmate compound {(402). The carbamate compound (402} is then alkylated with a
base, such as, but not limited 1o, lithium diisopropylamide (LDA), and halide compound
{403} to afford the ester compound {404). Hydrolysis of the ester compound {404) under
standard reaction conditions known to one skilled in the art affords the carboxyfic acid
{405). Treatment of the compound {405) with an acid, such as, but not imited to,
phosphorus pentoxide-methanesulfonic acid (7% by weight}, provides the spire
compound {406). Reduction of the carbony! group of compound {408} by a reducing
agent, such as, but not fimited to, sodium borohydride, affords the compound {407),
which undergoes the further reduction in the presence of triefhylsiiane in triflucroacetic
acid to afford spiro compound {408}. in parallel, methyl 2-aminoisonicotinate (408)
reacts with 4-nitropheny! chloroformate (410) to generate carbamate compound {411},
which readily reacts with spire compound {408) to afford the ester compound {412},
Hydrolysis of the ester compound {412} under standard reaction conditions known to
one skilled in the art affords the carboxylic acid {413}. Amide bond formation between
the carboxylic acid {413} and an amine compound {414} affords the compounds of
Fotmuda (1) of the invention where k is 1, m and 11 are each 0; R' is methyl; R%is
r”“‘ ‘
t /;1

hydrogen; Z is -C{H)», W is -N({R™YC(O)-; and Qis SN

Alternatively, the compounds of Formula (1) of this invention where m, n and k are
each 0; R' is methyl; R? and R’ are each hydrogen; Z is -O-, Wis -N(R"}C(O)-; and Q is

oy

AN \*\{; can be synthesized following the general procedure as described in
REACTION SCHEME &,
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REACTION SCHEME 5
2 ~ DE lely]
oL i R Br ?\ﬁg : N . 7 NaH
L () ek i
F = AN R
N F
(501} (502} I\© {503)
A g C0,CaHs, benzene, reflix "y ;
LS e - R X n
LA~ 2 KOM/EICH, reflux NN
{804} (505)
s RE
/\j‘" N\ #
L e
MFE MeO,C oy N N\) N
(811) + (508) ~oL__. bl 39 NaOH
v #N O £10H, reflux

H
HO,C. 1 N N\Tr’ amide coupling
N O '
CHyNH
{507 {508)

Formauia {1}

The starting materials for the above reaction scheme are commercially available
or can be prepared according fo methods known to one skilled in the art or by methods
disclosed herein. In general, the compounds of the invention are prepared in the above
reaction scheme as follows:

The halide compound {501) is condensed via a Grignard reaction with 1-benzyl-4-
piperidine {802} o form the piperidinol compound {803}, Reaction of compound {563}
with a base, such as, but not limited to, sodium hydride, in a solvent such as, but not
limited fo, benzene-dimethylformamide, under standard reflux conditions affords the spiro
compound {504). Debenzylation of the spire compound {804} under standard reaction
conditions in the presence of ethyl chloroformate, which then readily undergoes
hydrolysis under standard reaction conditions to afford the spiro compounds (568). The
spirc compound {808} reacts with the carbamate compound {411} to afford the ester
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compound {808). Hydrolysis of the ester compound {508} under standard reaction
conditions known to one skilled in the art affords the carboxylic acid (507). Amide bong
formation between the carboxylic acid (807} and an amine compound {508) affords the
compounds of Formula (f) of the invention where m, n and k are each 0; R’ is methyl; R,

k!
i

- . H 7 3 5 4 ;}gi’rkff;i\q<
and R’ are each hydrogen; Z is -O-, Wis -N(RIC{Q}-; and Q is 7> A
Alternatively, the compounds of Formula (1) of this invention where m, n, and k are

0; pis 1; R'is methyl; R? is hydrogen: Z is -C(H)~, W is NRIC(O)-; and Q is
™

#"; can be synthesized following the geners procedure as described in
REACTION SCHEME 8.
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REACTION SCHEME 8§
Bi \\’/\Nx\v,sr Boc;OE{»,Nb B‘r\,f\N/“\,Br . Rﬁm i\faH
i Boc e DMF
L)
{501} {682} {803) 0
ST ' HGE > A reduction e JEAY
538 . yE . — , G
O ) O OH
(604) {608} (606}
reduchion RS 0 == \NH
=
(607) == RE
\_7
ML, g I
. DNF by e ag, NaOH
(@11) + (BOT) e \O il AT .
=N O BOH, raflux
(568}
==y 1S ey (38
oY oY
Y ' : Nt
HO;,C\@(NWN _ amide coupling H!;i i = \[.(
i 3 R CLAPISIRSTIPEES. = ) :
oy 3} CHNH =M a
{808} {610} Formulds (i)

The starting materials for the above reaction scheme are commercially available

or can be prepared according to methads known to one skilled in the art or by methods

disclosed herein. In general, the compounds of the invention are prepared in the above

reaction scheme as follows:

A bis{2-bromosthyljamine compound (801} is protected with di-terf-butyi-

dicarbonate (Boc,O) in the presence of a solvent, such as, but not limited to

tetrahydrofuran (THF), to give the carbamate compound (662). The carbamate
compound {602) reacts with 2,3-dihydroindent-one {623) in the presence of a base, such
as, but not limited to, sodiuny hydride, to afford the spiro compound {604). Removal of
the BOC protecting group with an acid affords compound {805}, Reduction of the

tarbonyl group of compound {808} by a reducing agent, such as, but not limited to,

sodium borohydride, affords compound {808}, which undergoes the further reduction in
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the presence of triethylsilane in triflucroacetic acid 1o afford the spiro compound (607).
The spiro compound (807} reacts with the carbamate compound (411} to afford the ester
compound {808}. Hydrolysis of the ester compound {608) under standard reaction
conditions known to one skilled in the art affords the carboxylic acid {(609), Amide bond
formation between the carboxylic acid (608} and an amine compound (840} affords the
compounds of Formula () of the invention where m, n, and k are 0; pis 1; R' is methyl:

A
D s
R? {s hydrogen: Z is -C(H)>-, W is -N(RI)IC(O)- and Qis 7~ ~F X

PREPARATION 1
Preparation of methy! 2-({4-nitrophenoxyjcarbonylaminojisonicotinate

H
MeOZC N O
T T L
~N O NO,

To a stirred mixture of methyl 2-aminopyridine-d-carboxylate (4.00 g, 26.28
mmol} and pyridine (3.20 mL, 39.568 mmol} in dichloromethane (80 mbL) and
tetrahydrofuran (80 ml) at 0 °C was added 4-nitrophenyl chioroformate (5.83 g, 28.92
mmol) in one portion under nitrogen atmosphere, The reaction mixture was stirred at
ambient temperature for 1.5 hours and filtered. The filter cake was washed with water
{500 ml.), tetrahydrofuran (300 mL) and hexanes (100 mL) and then dried to give the
title compound as an off-white solid (6.169 g, 74%): 'H NMR (300 MHz, DMSO-¢) &
11.33 {8, 1H}, 855 (d, J= 5.1 Hz, 1H), 837-8.28 {m, 3H), 7.81-7.54 {m, 3H), 3.82 (s,
3H); MS (ES-) m/z 317.9 (M + 1)

PREPARATION 1.1
Preparation of ethy! 4-methyl-2-{({4-nitrophenoxy)carbonylamino)thiazole-8~
carboxylate

- ~NQy
EtO C*‘} )

Foliowing the procedure as described for methyl 2-({4-
nitrophenoxyjcarbonylaminojisonicotinate, making non-crifical variations as required to
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replace methyl 2-aminopyridine-4-carboxylate with ethyl 2-amino-4-methylthiazole-5-
carboxylate, the title compound was obtained as a beige in 78% yield: 'H NMR (300
MHz, DMSO-d) 3 8.33(d, J= 9.1 Hz, 2H), 7.59(d, = 9.1 Mz, 2H), 4.24 (q, /= 7.1 Hz,
2H), 255 (s, 3H), 1.26 {(t, U= 7.1 Hz, 3H).

PREPARATION 2
Preparation of tert-butyl 7-fluoro-4-oxospiro[chroman-2,4"-piperidine}-1'-
carboxylate
0

I

%
Ny

NBoc

A mixture of 1-{4-fluore-2-hydroxyphenyiiethanone (6,140 g, 39.83 mmol), tert-
butyt 4-oxopiperidine-{-carboxylate (7.94 g, 38.85 mmol) and pyrrolidine (3.30 mL, 6.53
mmol} in methanol (80 mL) was stirred at ambient temperature for 16 hours under
nitrogen atmosphere, then concentrated in vacuo. The residue was purified by column
chromatography eluting with 10% ethy! acetate in hexanes, then with 30% ethyl acetate
in hexanes to afford the title compound as a yellowish gum which sofidified upon
standing at ambient temperature for 1 day (7.252 g, 54%). 'H NMR (300 MHz, CDCly) 8
7.88 (dd, J=8.7,6.7 Hz, 1H), 6.77-8.64 (m, 2H), 3.87 (br s, 2H), 3.20 (t, J = 12.1 Hz,
2H), 2.70 (s, 2H), 2.06-1.86 (m, 2H), 1.68-1.54 {m, 2H), 1.46 (s, 9H).

PREPARATION 2.1
Preparation of tert-butyt 8-chloro-4-oxospirofchroman-2,4"-piperidine}-1'-
carboxylate

Following the procedure as described in PREPARATION 2, making non-critical
variations as required {o replace 1-{4-fluoro-2-hydroxyphenyliethanone with 1-(3-chloro-
2-hydroxyphenyljethanone, the titte compound was obtained as an off-white solid in 73%
yield: 'H NMR (300 MHz, CDCls) 8 7.77 {dd, J = 7.8, 1.6 Hz, 1H), 7.57 (dd, J= 7.8, 1.6
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Hz, 1H), 7.00-6.92 (m, 1H), 3.95 (or s, 2H), 3.24 (t, J=11.6 Hz, 2H), 2.75 (s, 2H), 2.04
(d, J = 12.9 Hz, 2H), 1.68-1.54 (m, 2H), 1.46 (s, OH).

PREPARATION 2.2
Preparation of fert-butyl 8-fluoro-d-oxospire[chroman-2,4'-piperidine]-1'-

carboxylate

~~NBog
Following the procedure as described in PREPARATION 2, making non-critical
variations as required {o replace 1-{(4-fluoro-2-hydroxyphenyhiethanone with 1-(5-fluoro-
2-hydroxyphenyliethanone, the title compound was obtained as an off-white solid in 56%
vield: 'H NMR (300 MHz, CDCL) 8 7.52 (dd, J = 8.8, 3.7 Hz, 1H), 7.25-7.18 (m, 1H), 5.98
(dd, J= 8.6, 3.7 Hz, TH), 3.87 (brs, 2H), 318, J=12.5Hz, 2H), 2.71 (s, 2H), 2.01 (d, J
=12.5 Hz, 2H), 1.88-1.53 {m, 2H), 1.46 (s, OH).

PREPARATION 3
Preparation of 8-fluorospiro{chroman-2,4'-piperidine}

MNH

A To a stirred solution of ferf-butyl 8-fluoro-4-oxospirofchroman-2 4'-
piperiding}-1'-carboxylate (3.610 g, 10.76 mmol} in absolute ethanol (65 ml) was added
sodium borchydride (2.849 g, 75.31 mmol) at ambient temperafure under nitrogen
atmosphere. The reaction mixture was stirred for 2 hours, carefully quenched with ice-
cold saturated aqueous ammonium chloride solution {150 mb) and concentrated in
vacuo to remove ethanol. The agueous layer was extracied with ethyl acetate (150 mL);
The organic layer was washed with water (2 x 150 ml), dried over anhydrous sodium
suifate, filtered and concentrated in vacuo to afford terf-butyl 8-flugro-4-
hydroxyspirofchroman-2, 4 -piperidine}- 1'-carboxylate as a colorless foam (3.20 g, 88%):
'H NMR (300 MHz, CDCI) 8 7.15 (dd, J = 8.9, 2.6 Hz, 1H), 6.95-6.85 (m, 1H), 6.79 (dd,
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J=8.8 4.7 Hz, 1H}, 4.90-4.78 (m, 1H), 3.84 {br s, 2H), 3.36-3.06 (m, 2H), 2.14 (dd, J =
13.6, 8.2 Hz, 1H), 1.98-1.51 (m, 6H), 1.48 (s, 9H).

B. To a stirred mixture of fert-butyl 8-fluoro-4-hydroxyspirolchroman-2 4'-
piperidine}-1'-carboxylate (3.146 g, 8.324 mmol) in trifluoroacetic acid (32 mi.) at ambient
temperature was added friethylsilane {14.9 mL, 93.28 mmol). The resulting reaction
mixture was stirred for 16 hours, and then was concentrated in vacuo. The residue was
stirred with diethy! ether/hexanes and the resulting precipitate was collected by filtration
and washed with hexanes. The isolated solid was taken up in saturated aqueous sodium
bicarbonate solution (150 mL) and extracted with dichloromethane (3 x 100 mL). The
combined organic layer was dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo to afford the title compound as a vellowish semi-salid (1.89 g,
92%): H NMR (300 MHz, CDCl,) 4 6.84-8.72 (m, 3H), 3.38 (br s, 1H), 3.17-2.87 (m, 4H),
275 {t J=6.8 Hz, 2H), 1.88-1.73 {m, 4H), 1.69-1.54 (m, 2H); MS (ES+) m/z 222.0
{M+1).

PREPARATION 4
Preparation of 7-fluorospiro{chroman-2,4'-piperidin}-4-one hydrochloride
O
S
l e

F
o NH HCH

To a solution of terf-butyl 7-fluoro-4-oxospirofchroman-2, 4'-piperidine}-1*-
carboxylate (3.000 g, 8.945 mmol) in 1,4-dioxane {18 mL) was added 4 M hydrochloric
acid in 1,4-dioxane (9.0 ml, 36.0 mmol). The reaction mixture was stirred at reflux for 2
hours, cooled to ambient temperature and concentrated in vacuo. The residue was
trifurated with acetonitrile to afford the title compound as an off-white solid {(2.22 g, 91%):
'H NMR (300 MHz, DMSO-de) 5 9.08 (br s, 2H), 7.82 (dd, J = 8.7, 6.8 Hz, 1H), 7.07 {dd,
J =104, 2.3 Hz, TH), 6.99-6.81 (m, 1H), 3.23-3.02 (m, 4H}, 2.82 (s, 2H), 2.18-2.05 (m,
2H), 1.99-1.85 (m, 2H); MS (ES+) m/z 236.0 (M + 1).

PREPARATION 4.1
Preparation of 8-chlorospiro[chroman-2,4'-piperidin}-4-one hydrochloride
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Following the procedure as described in PREPARATION 4, making non~critical
variations as required to replace ferf-butyl 7-fluoro-4-oxospirofchroman-2 4 -piperiding]-
1-carboxylate with tert-buty! 8-chioro-4-oxospirofchroman-2,4'-piperidingl-1'-carboxylate,
the title compound was obtained as an off-white solid in 73% yield: "H NMR (300 MHz,
DMSO-ds} 8 817 (brs, 1H), 9.08 {brs, 1H), 7.80 (dd, J= 7.8, 1.5 Hz, 1H}, 7.73 (dd, J =
7.8, 1.5 Hz, 1H}, 7.15-7.08 (m, 1H), 3.31-3.18 {m, 2H), 3.12-2.93 (m, 4H), 214 {d, J =
14.1 Hz, 2H), 2.03-1.88 {m, 2H); MS (ES+) /2 262.0 (M + 1), 254.0 (M + 1).

PREPARATION 5
Preparation of fert-butyl 8-chloro-4-hydroxyspiro{chroman-2,4'-piperidine}-1'~

carboxylate

To a stirred solution of tert-butyl 8-chioro-4-oxospiro[chroman-2 4'-piperiding]-1'-
carboxylate (2.000 g, 5.685 mmol) in absolute ethanol (50 mb) under nitrogen
atmosphere was added sodium borohydride (1.5058 g, 3¢.78 mmaol). The reaction mixture
was stirved for 2 hours, carefully quenched with saturated agueous ammonium chioride
solution (100 mL) and extracted with dichloromethane (2 x 150 mL). The combined
organic layer was washed with water (150 mL), dried over anhydrous sodium sulfate,
filtered and concentrated in vacuo to afford the title compound as a colorless foam
(1.964 g, 98%): "H NMR (300 MMz, CDClL} 8 7.34 (d, J = 7.1, M), 7.27 (d, J = 8.7 Mz,
1H), 6.92-6.85 (m, 1H}f 4.93-4.84 (m, 1H), 3.90 {brs, 2H). 3.38-3.11 {m, 2H), 2.21-2. 11
{m, 1H), 2.07-1.88 (m, 3H), 1.84-1.74 {m, 1H), 1.72-1.51 {m, 2H), 1.46 (s, OH).
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PREPARATION &
Preparation of 8-.chiorospirofchroman-2,4"-piperidine]

i
A mixture of fert-butyl 8-chloro-4-hydroxyspiro{chroman-2,4"-piperidine]-1'-
carboxylate {1.909 g, 5.395 mmol) and trifluorpacetic acid {20 ml) was stirred at ambient

temperature for 15 minutes, followed by the addition of triethyisilane (8.62 mi, 53.97
mmol). The resulting reaction mixture was stirred at ambient temperature for 18 hours
and concentrated. Saturated agueous sodium bicarbonate solution (100 ml) was added
to the residue. The aqueous layer was extracted with dichloromethane (2 x 100 mbL), and
the combined organic layer was dried over anhydrous sodium sulfate, filtered and
concentrated /n vacuo. The residus was purified by column chromatography seluting with
dichloromethane/methanolfriethylamine (9:1:0.1) to afford the trifluoroacstic acid salt of
the litle compound. The salt- obtained was dissalved in dichloromethane (50 mlL},
followed by the addition of 1 N sodium hydroxide solution (75 mL). The aqueous layer
was extracted with dichioromethane {2 x 50 mL). The combined organic layer was dried
over anhydrous sodium sulfate, filtered and concentrated in vacuo to afford the title
compound as a yellow oil (0.935 g, 73%): 'H NMR (300 MHz, CDCL) 6 7.16 {dd, J= 7.8,
0.9 Hz, 1H), 6.83 (dd, J= 7.8, 0.8 Hz, 1H), 8.77-6.70 {im, 1H), 3.18-3.07 (m, 2H), 2.94-
2.84 (m, 2H), 279 (, J = 6.8 Hz, 2H), 2.27 {br 5, 1H}, 1.86-1.76 (m, 4H), 1.64-1.51 (m,
2HY); MS (ES+) m/z 238.0 (M + 1}, 240.0 (M+1).

PREPARATION 7
Preparation of 7-fluorospirofchromene-2.4"-piperidine]

To a stirred solution of terf-butyl 7-fluoro-4-oxospiro[chroman-2 4'-piperidine}-1-
carboxylate (3.841 g, 11.75 mmol) in tetrahydrofuran {30 mL} at G °C under nitrogen
atmosphere was added dropwise borane tetrahydrofuran complex {70.0 mL of 1.0 M in
tetrahydrofuran, 70.0 mmol). The reaction mixture was stirred at reflux for 16 hours, then
cocled to 0 °C and freated with 5 N aqueous hydrochloric acid solution (100 mL}. The
reaction mixiure was stirred at reflux for 3 hours, allowed to cool fo ambient temperature
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then concentrated in vacuo 1o remove tetrahydrofuran, The residual solution was cooled
to 0 °C and quenched with 4 N agueous sodium hydroxide soltdion. The agueous layer
was extracted with dichloromethane (3 x 100 mL), and the combined organic layer was
dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The residue
was purified by column chromategraphy, eluting with dichloromethane/methanol/
triethylamine (9:1:0.1) fo afford the title compound as an orange liquid (1.412 g, 55%): 'H
NMR (300 MHz, CDCls) § 6.95-6.88 (m, 1H), 6.58-8.51 {m, 2H}, 6.32 {d, /= 9.8 Hz, 1H),
5.56 (d, J=9.8 Hz, 1H), 3.15-3.02 (m, 2H), 2.91-2.80 {m, 2H), 2.01-1.80 (m, 2H), 1.83-
1.58 (m, 3H); M5 (ES+) m/z 220.1 (M + 1).

PREPARATION 8
Preparation of methy! 2{7-fluoro-4-oxospiro{chroman-2,4"-piperidine}-i'-
vicarboxamidojisonicotinate

N

MVS{};_:C . '
oy
=N O

A mixture of 7-fluorospirofchroman-2 4'-piperidinj-4-one hydrochloride (2.145 g,
7.894 mmel} and triethylamine (1.21 mL, 8.68 mmol} in N, N-dimethylformamide (25 ml)
was stirred at ambient temperature for 15 minutes, followed by the addition of methyl 2-
{{4-nitrophenoxy)-carbonylaminojisonicotinate (2.505 g, 7.896 mmol). The reaction
mixture was stirred at ambient temperature for 16 hours, diluted with ethy! acetate (75
mb) and washed with 1.85% agueous hydrochloric acid solution {2 x 50 mL). The
agueous layer was extracted with ethyl acetate (2 x 50 mL), and the combined organic
layer was washed with 1 N sodium hydroxide solution (2 x 50 mL), water (2 x 50 mL},
dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to yigld the tifle
compound as a yellow foam {2.324 g, 71%): 'H NMR (300 MMz, CDCI,) 8 8.54 (s, 1H),
8.31 (d, J= 5.0 Hz, 1H), 7.95-7.85 {(m, 1H}, 7.51 (¢, J= 5.0 Hz, 1H), 7.43 {br s, 1H),
5.80-6.66 {m, 2H), 4.01-3.88 {m, §H), 3.46-3.32 (m, 2N}, 2.73 (s, 2H), 2.18-2.07 (m, 2H),
1.79-1.65 (mmy, 2H), MS (ES+) m/z 414.0 (M + 1)

PREPARATION 8.1
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Preparation of methyl 2-{8-chloro-4-oxospiro[chroman-2,4'-piperidine}-1'-
ylcarboxamido)isonicotinate

MeQ,C , ﬁ i
1T
Following the procedure as described in PREPARATION 8, making non-critical

variations as required to replace 7-fluorospirofchroman-2 4"-piperidin]-4-one
hydrochloride with 8-chiorospirofchroman-2 4'-piperidin}-4-one hydrochioride, the title
compound was obtained as an off-white foam in 84% vield: 'H NMR (300 MMz, CDCL) 8
B.58 (s, 1H), 832 (d, /=51 Mz, 1H), 7.80 (dd, J=7.8, 1.5 Hz, 1H), 7.60 (dd, J= 7.8,
1.5 Hz, 1H), 7.82 (dd, J= 5.1, 1.3 Hz, 1H), 7.38 (br 5, 1H), 7.03-6.95 (m, 1H), 4.01 (d. /
= 13.3 Mz, 2H), 3.83 (s, 3H), 346 {t, /= 123 Hz, 2H), 2.79 (s, 2H}, 216 {d, J=13.3 Hz,
2H), 1.75 (dd, J = 13.3, 4.5 Hz, 2H); MS {ES+) m/z 430.0 {M + 1}, 4320 (M + 1).

PREARATION &

Preparation of methyl 2-(7-fluorospiro{chromene-2,4'-piperidine}-1'-
vicarboxamidolisonicotinate

MeGC

A mixture of 7-Ruorospirofchromene-2 4'-piperiding] {1.412 ¢, 6.440 mmol} and
methyl 2-({4-nifrophenoxy)carbonylamino)isonicotinate (2.045 g, 6.448 mmol) in NN-
dimethylformamide (14 mL} was stirred at ambient temperature for 18 hours, dituted with
sthyt acetate (75 ml) and washed with 1.85% agueous hydrochloric acid solution (2x50
mL}. The aqueous layer was extracted with ethyl acetate (2 x 50 ml), and the combined
organic layer was washed with 1 N sodium hydroxide solution (2 x 50 mL}, water (2 x 50
ml), dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to give the
tile compound as a yellow foam (2.316 ¢, 90%): 'H NMR (300 MHz, CDCl,) § 8.59-8.58
{m, 1H), 8.32 {dd, J=5.1, 0.7 Mz, 1H), 7.51 (dd. J= 5.1, 1.4 Hz, 1H), 7.38 (br s, 1H),
6.95 (dd, J =~ 8.9, 84 Hz, 1H), 6.63-6.55 {m, 2H}, 8.39(d, /=98 Hz, 1H}, 548 ({d, J=
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8.8 Mz, 1H), 3.97-3.87 {m, 5H), 3.53-3.40 {m, 2H), 2.15-2.04 (m, 28), 1.77-1.64 (m, 2H);
MS (ES+) myz 398.0 (M + 1).

PREPARATION 8.1
Preparation of methy! 2-(8-chlorospiro{chroman-2,4'-piperidine}-1'-
yicarboxamidolisonicotinate

ZN

|

Following the procedure as described in PREPARATION 9, making non-critical
variations as required to replace 7-fluorospiro{chromene-2 4'-piveriding] with 8-
chiorospiro[chroman-2 4'-piperiding], the title compound was obtained as an off-white
foam in 80% yield: 'H NMR (300 MHz, CDCl) § 8.58 (s, 1H), 8.32 (d, J=5.1 Hz, 1H),
7.51(dd, J=51, 1.3 Hz, 1H}, 7.38 (brs, 1H}, 7.20(d, J=7.7, 11}, 6.88 {d, /= 7.7 Hz,
1H), 6.84-6.76 {m, 1H), 3.99 (d, J = 13.0 Hz, 2H), 3.93 (s, 3H), 3.48 (t, J = 13.0 Hz, 2H),
283 J=89Hz 2H), 1.92 (d, J=13.0 Hz, 2H), 1.88 {t, J=86.8 Hz, 2H}, 1.71-1.63 (m,
2HY MS (ES+HY mz 416.0 (M + 1), 418.0 (M + 1.

PREPARATION 8.2
Preparation of methyl 2-{6-fluorospirofchroman-2,4"-piperidinel-1'-
yicarboxamidolisonicotinate

ot

Following the procedure as described in PREPARATION 9, making non-critical
variations as required o replace 7-fluorospiro[chromene-2,4'-piperiding] with 6-

H ]
MeO Gy N\,H,N

§

=N 0

fluorospirofchroman-2,4'-piperiding], the title compound was obtained as a yeliow foam
in 73%: "H NMR {300 MHz, CDCl,)  8.58 (s, 1H), 8.32 (d, J= 5.1 Hz, 1H), 7.50 (@d, J =
51,14 Hz, TH), 7.38 (br s, 1H), §.87-6.74 {m, 3H), 3.99-3.88 (m, &M}, 3.47-3.32 (v,
SH). 278 (t, J=06.8 Mz, 2H), 1.88 (d, /= 12.8 Hz, 2H), 1.81 {t. J= 6.8 Hz, 2H), 1.68-1.56
{m, 2H), MS {(ES+} m/z 400.0 (M + 1),
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PREPARATION 6.3

Preparation of methy! §-(7-fluorospirofchroman-2,4 -piperidine}-1'-
yicarboxamido)picolinate

H
MeO4C. N, _-N '
U
Following the procedure as described in PREPARATION 9, making non-critical
variations as required to replace methyl 2-({4-nitrophenoxy)carbonylaminojisonicotinate
with methyl 8-({4-nitrophenoxy)carbonylamino)picolinate and to replace 7-
fluoraspiro[chromene-2 4-piperidine] with 7-flucrospirofchroman-2 &'-piperidine]
hydrochioride, the title compound was obtained as a colorless foam in 65% yield: 'H
NMR (300 MHz, CRCL) 8 8.27 {dd, J=7.0, 2.3 Hz, 1H), 7.82-7.74 {m, 2H), 747 {brs,
1H), 7.05-8.97 {m, 1H), 6.53-8.54 {m, 2H), 4.02-3.91 (m, 5H), 3.46-3.32 (m, 2H), 2.76 {,
J=68Hz, 2H), 1.88 {d, J = 13.0 Hz, 2H)}, 1.82 {t, J = 6.8 Hz, 2H), 1.67-1.54 (m, 2H); MS
(ES+) m/z 4001 (M + 1},

PREPARATION 9.4

Preparation of methyl 84{7fluorospirofchroman-2,4'-piperidinal-{'-
yicarboxamidolnicotinate

veoss N @O@
O

N

Following the procedure as described in PREPARATION 9, making non-critical
variations as required to replace methyl 2-({4-nitrophenoxy)carbonylamino)isonicotinate
with methyl 5-({4-nitrophenoxy}carbonylamino)nicotinate and to replace 7-
fluorospirojchromene-2 4'-piperidine] with 7-Ruorospirofchroman-2,4"-piperidine]
hydrochloride, the titte compound was obtained as a yellow foam in 76% yield: 'H NMR
(300 MHz, CDClL3) 8 8.87 (d, J= 1.0 Hz 1H), 8.72 {d, J= 2.4 Hz, 1H), 8B.46-8.43 {m, 1H),
7.05-8.897 {m, 1H), 6.73 (br 5, 1H), 8.84-6.55 (m, 2H), 3.97-3.87 {m, 5H}, 3.46-3.34 {m,
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2H), 276 (1, J=B.7 Hz, 2H), 1.80 (d, J =129 Hz, 2H), 1.83 {{ J= 8.7 Hz, 2H), 1.71-1.58
{m, 2H); MS (ES+) mZ2 400.0 (M + 1).

PREPARATION 9.5
Preparation of methyl 2-{1,3-dihydrospirefindene-2, 4" -piperidine]-1'-
ylcarboxamido)isonicotinate

H
Mals0 N M.
\@/7{
=N O

Following the procedure as described in PREPARATION 9, making non-critical
variations as required to replace 7-fluorospirojchromene-2,4'-piperidine} with 1,3-
dihydrospirofindene-2 4'-piperiding], the title compound was obtained as a coloriess
foam in 56%: "H NMR (300 Mz, CDCly) § 8.59 (s, 1M}, 8.32{d, J = 5.1 Hz, 1H), 7.51
{dd, J=51, 1.3 Hz, 1H), 7.35 (br s, 1H), 7.22-7.12 {m, 4H), 3.83 (s, 3H), 3.62-3.54 (m,
4H), 2.87 (s, 4H}, 1.74-1.866 (m, 4H); MS (ES+) m/z 3680 (M + 1}

PREPARATION 8.6
Preparation of sthyt 2-{7-fluorospiro[chroman-2,4'-piperidine]-1'-yicarboxamido}-4~
methylthiazole-S-carboxylate

0
N N Xy
P Dnn ot
EtOE(f\/L 8 _Q:{F

Following the procedure as described in PREPARATION 9, making non-critical
varigtions as required to replace methyl 2-({d-nitrophenoxy)carbonylamino)isonicotinate
with 4-methyl-2-{{4-nitrophenoxy)carbonylaminoithiazole-5-carboxylate and to replace 7-
fluorospirofchromene-2 4'-piperidine] with 7-fluorospire[chroman-2.4'-piperidine]
hydrochioride, the fitle compound was obtained as a colodess foam in 85% vield: 'H
NMR (300 MHz, CDCL;) 4 8.66 (brs, 1H), 7.04-8.96 (m, 1H), 6.63-8.52 (m, 2H), 4.29 (1.
J=T71Hz, 2H), 3.80 (d, J=12.7 Hz, 2H}, 340 {t, /=127 Hz, 2H), 275 {t, /= 6.7 Hz,
2H), 2.58 (s, 3H), 1.90 (d, J= 13.2 Hz, 2H), 1.81 (t, J= 6.7 Hz, 2H), 1.67-1.56 (m, 2H},
1.33 {, J= 7.1 Hz, 3H), MS (ES+) m/2 434.0 (M + 1).
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PREPARATION 10
Preparation of methyl 2.{7 fluorospire[chroman-2,4'-piperidine]-1'-
yicarboxamidolisonicotinate

A mixture of methyl 2-(7-fluorospirolchromene-2 4-piperidine}- 1 -ylcarboxamido)-
isonicotinate (2.316 ¢, 5,828 mmol} and 10% palladium on carbon (0.232 g) in ethanol
{20 mL} and tetrahydrofuran {20 mL) was shaken on a Parr hydrogenator at 55 psi for 18
hours. The reaction mixture was fitered through a pad of Celite. The pad was washed
with sthyl acetate, and the filtrate was concentrated. The residue was purified by column
chromatography eliting with 50% ethyl acetate in hexanes to afford the titte compound
as a yellowish foam (2.110 g, 91%); "H NMR (300 MHz, CDCl,) 5 8.58 (s, 1H), 8.31 (dd,
J=8.1, 06 Hz, 1H), 7.50 {dd, /= 5.1, 1.4 Hz, 1H}, 7.41 (brs, 1H)}, 7.05-6.95 {m, 1H)},
6.62-6.54 {m, 2H), 4.00-3.90 (m, 5H), 3.46-3.34 (m, 2H), 2758 {t, J = 6.8 Hz, 2H), 1.94-
1.86 {m, 2H), 1.82 (1, J = 6.8 Hz, 2H), 1.70-1.57 (m, 2H}; MS (ES+) m/z 400.1 (M + 1},

PREPARATION 11
Preparation of 2-{7-fluoro-4-oxospirofchroman-2,4'-piperidine}-1'-
yicarboxamido)isonicotinic acid

3]
HQ,C N
17
A mixture of methyl 2-(7-fluoro-4-oxospirolchroman-2 4'-piperidine)-1*-yl-
carboxamido)isonicotinate {1.888 g, 4.567 mmol) and lithiurm hydroxide monchydrate
{0.287 g, 6.840 mmol) in tetrahydrofuran (12 mbL) and water (3 mb) was stirred at
ambient temperature for 30 minutes, then diluted with water, acidified with 10% agueous
acetic acid solution to pH ~8 and concentrated to remove tetrahydrofuran. The resufting
precipitate was collected by filtration, washed with water and dried in vacuo to afford the
title compound as an off-white solid (1.247 g, 68%): 'H NMR (300 MMz, DMSO-d;) &
13.53 (brs, 1H), 9.54 (s, 1H), 8.38(d, J=5.1 Hz, 1H), 8.28 (s. 1H), 7.81 (dd, /= 8.6, 6.9
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Hz, 1H), 7.38 {dd. J= 5.1, Q.9 Hz, 1H}, 7.02 (dd, J = 10.3, 2.4 Hz, 1H), 6.87-6.88 {m,
1H), 4.02-3.89 (m, 2H), 3.31-3.18 (m, 2H), 2.87 (s, 2H), 1.88-1.87 {m, 2H), 1.78-1.85 (m,
2H); MS (ES+) m/z 400.0 (M + 1)

PREPARATION 1.1
Preparation of 2-{7-fluorospirochroman-2,4 -piperidine]-1'-
yicarboxamidojisonicotinic acid

H
HOC R N,

=N O

Following the procedure as described in PREPARATION 11, making non-critical
variations as required to replace methyl 2-(7-fluoro-4-oxospire{fchroman-2 4'-piperidinal-
1-ylcarboxamido)isonicotinate with methyl 2-(7-fluorospirofchroman-2,4'-piperidine]-1'-
ylcarboxamidojisonicotinate, the title compound was obtained as a colorless solid in 91%
vield: 'H NMR (300 MMz, DMSO-ds) § 13.52 (br s, 1H), 9.50 (s, 1H), 8.38 (d, J=5.0, Hz,
1M}, 8.28 (s, 1H), 7.38 {d, J= 5.0 Hz, 1H), 7.18-7.056 {m, 1H), 6.72-6.61 (m, 2H), 3.93 {d,
J =134 Hz 2H), 3.32-3.18 (m, 2H), 271 {{, /= 6.3 Mz, 2H), 1. 81 {{, J=6.3 Hz, 2M),
1.76~1.85 {m, 4M); MS (ES+) nmvz 386.0 (M + 1.

PREPARATION 11.2
Preparation of 2-(8-chiorospirofchroman-2,4'-piperidine}-1'-

yicarboxamidolisonicotinic acid
HOC

L

N O

Following the procedure as described in PREPARATION 11, making non-critical
variations as required to replace methyl 2-(7-fluore-4-oxospiro{chroman-2, 4 -pipetidine]-
1'-ylcarboxamidolisonicotinate with methyl 2-(8-chlorospirofchroman-2,4-piperidine}-1'-
vicarboxamido)isonicotinate, the title compound was obtained as an off-white solid in
94% vield: 'H NMR {300 MHz, DMSO-ds) 8 9.44 (s, 1H), 8.34 (d. J=5.1 Hz, 1H), 8.26
(s, 1H), 7.36 (dd. J= 51, 1.1 Hz, 1H), 7.23 (4, J= 7.8, 1H), 7.07 (d, J = 7.8 Hz, 1H),
8.87-8.79 {(m, 1H), 4.03 (d, J~ 134 Hz, 2H), 3.21 {t, /= 13.4Hz 2H), 278 {{, J=6.6 Hz,
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2H), 1.84 (t, J = 6.6 Hz, 2H), 1.78-1.57 (m, 4H); MS (ES+) m/z 402.1 (M + 1), 404.0 (M +
1).

PREPARATION 11.3
Preparation of 2-(B-chloro-4-oxospiro{chroman-2,4'-piperidine]-1'-
yicarboxamidolisonicotinic acid

HOZC, S

Following the procedure as described in PREPARATION 11, making non-critical
variations as required to replace methyl 2-(7-Suoro-4-oxospiro{chroman-2 4"-piperidinal-
1-ylcarboxamidolisonicotinate with methyl 2-(8-chloro-4-axospirg[chroman-2 4"
pipertidine}-1-ylcarboxamido)isonicatinate, the title compound was obtained as a
yelowish solid in 86% yield: "t NMR (300 MMz, DMSO-ds) 5 9.54 (s, 1M}, 8.37(d, J =
4.9 Hz, 1H), 828 (s, 1H), 7.78 (d, J= 7.8, 1H), 7.72 (d, J= 78 Hz 1H), 7.38 {d, /=49
Hz, 1H), 7.13-7.05 {m, 1H), 4.05 (d, J= 13.6 Hz, 2H), 319 {t. J = 12.1 Hz, 2H), 2.85 (s,
2H), 1.95 {d, J = 13.6 Hz, 2H), 1.88-1.68 {m, 2H); M8 {(ES+) vz 4160 (M + 1), 4180 (M
+ 1}

PREPARATION 11.4
Preparation of 2-{6-fluorospiro{chroman-2,4'-piperidine}-1"-
vlcarboxamido)isonicotinic acid

F
HOLC ;il N
l \n/
=N 0

Following the procedure as described in PREPARATION 11, making non-criticat
variations as required to replace methyl 2-(7-fluoro-4-oxospircfchroman-2,4'-piperidine}-
1-ylcarboxamido)iscnicotinate with methyl 2-(6-flucrospirofchroman-2 4'-piperiding}-1-
vicarboxamidolisonicotinate, the title compound was obtained as an off-white solid in
97% yield: 'H NMR (300 MHz, DMSO-d;) 4 9.36 (s, 1H), 8.30 (d, J = 4.7 Hz, 1H), 8.23
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{s, 1H), 7.36 {d, J= 4.7 Hz, 1H), 7.00-6.76 (m, 3H}, 3.92 (d, J = 12.7 Hz, 2H), 3.23 {1, J =
11.3 Hz, 2H), 2.79-2.68 (m, 2H), 1.85-1.51 (m, 8H); MS (ES+) m/z 386.0 (M + 1).

PREPARATION 1.5
Preparation of 8<{7-flucrospirclchroman-2,4'-piperidine]-1'-
yicarboxamido)picolinic acid

Nad@’nF
T

Following the procedure as described in PREPARATION 11, meking non-criticat
variations as required to replace methyl 2-(7-fluoro-4-oxospiro{chroman-2 4'-piperidine}-
1'-yicarboxamide)isonicotinate with methy! 6-(7-fluorospirofchroman-2,4*piperidine}-1'-
ylcarboxamido)picolinate, the title compound was obtained as a colorless solid in 95%
yield: MS (ES+) m/z 386.0 (M + 1).

HOLC

PREPARATION 11.6
Preparation of §-(7-fluorospirofchroman-2,4 -piperidine}-1'-

vicarboxamido)nicotinic acid

Following the procedure as described in PREPARATION 11, making non-critical
variations as required to replace methy! 2-(7-fluoro-d-oxospiro{chroman-2 4-piperiding}-
1'-ylcarboxamide)isonicotinate with methy! 5-(7-fluorospirofchroman-2,4'-piperidine}-1*
ylcarboxamido)nicotinate, the title compound was obtained as an off-white solid in 86%
yield: 'H NMR (300 MHz, DMSO-d) 8 8.96 (s, 1H), 8.87 (d, J= 2.1 Mz, 1H), 8.83 (s, 1H),
8.42 {s, 1H), 7.18-7.07 {m, 18}, B.71-8.62 {m, 2H), 3.91 {d, J = 13.6 Hz, 2H), 3.41-3.20
(m, 2H), 2.72 (t, J= 8.3 Hz, 2H), 1.82 (1, S = 6.3 Mz, 2H), 1.74 (d, J = 13.6 Hz, 2H), 1.69-
1.67 {m, 2H); MS (ES+) nv/z 386.0 (M + 1)
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PREPARATION 11.7
Preparation of 2-(1,3-dihydrospirofindene-2,4 -piparidine]-t'-
yicarboxamidolisonicotinic acid
=Y
HG,C Q N(/
S
~ N ?}r
Following the procedure as described in PREPARATION 11, making non-criticat
variations as required to replace methyl 2-(7-fluoro-4-oxospiro{chroman-2.4"-piperiding}-
1'-ylcarboxamidojisonicotinate with methyl 2-(1, 3-dihydrospiro{indene-2, 4 -piperidine}-1'-
ylcarboxamido)isonicotinate, the title compound was obtained as a colorless solid in 84%
yigld: MS (ES+) mvz 3520 (M + 1),

PREPARATION 12

Preparation of 7-fluorospiro{chroman-2,4'-piperidine] hydrachloride

_-NH HCI

A Following the procedure as described PREPARATION 5, making non-
critical variations as required fo replace fert-butyl 8-chloro-4-oxospiro{chroman-2 4'-
piperidinel~1'-carboxylate with tert-butyl 7-fluaro-4-oxospiro[chroman-2 A-piperidinel-1'-
carboxylate, fert-butyt 7-flusro-4-hydroxyspirofchroman-2,4'"-piperidine}- 1'-carboxylate
was obtained as a colorless solid in 95% yield: 'H NMR (300 MMz, CDCL) § 7.42-7.35
{m, 1), 6.71-6.62 (m, 1H), 8.56 {dd, J= 10.2, 2.4 Hz, 1H), 4.859-4.78 {m, 1H), 3.85 (brs,
2H}, 3.34-3.07 (m, 2H), 2,13 {dd, J = 13.7, 6.0 Hz, 1H), 2.00-1.51 (m, 6H), 1.48 (s, OH),

B. A mixture of feri-butyl 7-fluoro-4-hydroxyspiro{chroman-2,4"-piperidine]-1-
carboxylate (15.60 g, 46.24 mmol} and trifluoroacetic acid (74 ml) was stired at ambient
temperature for 15 minutes. Triethylsilane {74.0 mL, 463.3 mmol) was added, and the
resulting reaction mixture was stirred for 16 hours. The midure was concentrated, and to
the residue was added 1 N agueous potassium hydroxide solution (400 mL). The
agueous layer was extracted with dichioromethane (2 x 300 mL), and the combined
organic layer was dried over anhydrous sodium sulfate, filtered and concentrated in
vacuo. The residue was purified by column chromatography eluting with
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dichloromethane/methanolftriethylamine {85:5:0.5) and further triturated with hexanes to
afford a mixture of trifiuoroacetic acid salt and free base of 7-flucrospirofchroman-2,4'-
piperidine] along with tnfluoroacetic acid salt and free base of 7-fluorospiro[chromene-
2.4 -piperidine]. The mixture of four compounds was stirred with 4 M hydrochioric acid in
dioxane {50 ml) at ambient temperature for 1 hour, and then was concentrated. The
residue was triturated with ether and the solid was collected by filiration to afford a beige
solid. The solid was faken Lp in 1 N agueous potassium hydroxide solution (300 mi) and
extracted with dichloromethane {2 x 150 mbL). The combined organic layer was dried
over anhydrous sodium sulffate, filtered and concentrated in vacuo to give ca. 7 g of o,
which solidified upon standing at ambient temperature. The above material was
digsolved in ethanol {30 mb) and {etrahydrofuran (30 ml) and was hydrogenated in a
Parr apparatus at 55 psi with 10% palladium on carbon {0.700 g, 10% by weight) for 24
hours. The reaction mixiure was filtered through a pad of Celite, the pad was washed
with dichioromethane, and the filirate was concentrated. The residue was stirred with 4
M hydrochloric acid in dioxane (25 ml) for 30 minutes, and then concentrated. The
residue was dissolved in methano| and precipitated with ether to afford the title
compound as an off-white solid (5.553 g, 46%): 'H NMR {300 MMz, CDCL) 8 9.74 (br s,
1H), 8.58 (br s, 1H), 7.05-6.97 (m, 1H), 6.66-8.52 (m, 2H), 3.45-3.25 (m, 4H), 275, J=
6.5 Hz, 2H), 2.17-1.84 (m, 6M); MS (ES+} mv/z 222.0 (M + 1),

PREPARATION 13

Preparation of methyl 8-{{4-nitrophenoxyjcarbonylaminojpicolinate
N N0
R : =
ore
: NO

A A mixture of 8-aminopicolinic acid {2.000 g, 14.48 mmol) and

MEOQC

concentrated sulfuric acid (2 mL} in anhydrous methano! {20 mL) was stirred at reflux for
24 hours. The reaction mixture was allowed to cool to ambient temperature and was
quenched with saturated agueous sodium bicarbonate solution (150 mib). The aqueocus
layer was exiracted with dichloromethane (2 x 100 mlb). The combined organic layer was
dried over anhydrous sodium sulfate, fiitered and concentrated in vacuo to afford methyl
8-aminopicolinate as a colorless sokid (1.563 g, 71%): "M NMR ({300 MHz, CDClg) & 7.58-
7.47 {m, 2H), 6.67 {d, J=7.90 Hz, 1H}, 4.76 (br s, 2H)}, 3.85 (s, 3H).
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8. To a stirred solution of methy! 6-aminopicelinate (0.855 g, 6.277 mmol} in
dichioromethane (50ml) at © °C under nitrogen atmeosphere was added pyridine (8,770
mik.. 8.520 mmol), followed by the addition of by 4-nitrophenyl chioroformate {(1.382 g,
6.806 mmol). The reaction mixture was stirred at 0 °C for 1 hour and then at ambient
temperature for another hour, then fillered. The collected solid was washed with water,
dichioromethane and dried. The solid was stirred in dichloromethane (40 ml) for 30
minutes, collected by filtration and dried to afford the title compound as a colorless solid
{(1.911 g, 96%): 'H NMR {300 MHz, DMSO-ds) 5 11.40 (s, 1H), 8.35-8.28 (m, 2H), 8.11-
7.99 (m, 2H), 7.82 (dd, J=86.9, 1.4 Hz, 1H), 7.57-7.50 {m, 2H), 3.89 (s, 3H); MS {ES+)
mfz 340.0 (M + 23).

PREPARATION 14

Preparation of methy! 5-({(4-nitrophenoxyjcarbonylaminojnicotinate

H
T ¢
N NO,

A Following the procedure as described in Step A of PREPARATION 12,
making non-critical variations as required to replace 6-aminopicolinic acid with 5-
aminonicotinic acid, methyl 5-aminonicotinate was obtained as a colorless solid in 80%
vield: & "M NMR (300 MHz, DMSO-d;) 5 8.24 (d, J= 1.7 Hz, 1H), 8.12{d. J= 2.7 Hz,
1H), 7.44-7.41 {m, 1H}, .66 (br s, 2H), 3.83 {s, 3H}.

B. To a stirred solution of methyl 5-aminonicofinate (3.503 g, 23.02 mmiol} in
dichlpromethane {350 mL) at ambient temperature was added pyridine {2.80 mi, 34.62
mmol}. The resulting mixture was cooled to 0 °C, followed by the addition of 4-
nitrophenyl chioroformate (5. 104 g, 25.32 mmol) under nitrogen atmosphere. The
cooling bath was removed, and the reaction mixiure was stirred for 2 hours and then
filtered. The solid was washed with water, ether and dried to afford the title compound as
a coloriess solid (6.376 g, B7%): "H NMR (300 MMz, DMSO-ds) & 10.97 (s, 1H), 8.89 (d,
J=28Hz, 1H), 880 (d, J= 1.7 Hz, 1), 851 (s, 1H), 833 {d, =91 Hz, 2H), 758 (d, J
= 8.1 Hz, 2H), 3.89 {5, 3H}.
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PREPARATION 18
Preparation of 2,2'-(henzylazanediyihiiiethanoi
Bn
o >Ny
A mixfure of diethanol amine { 12.10 g, 115.1 mmol}, benzyl bromide (13.70 mL,

115.3 mmol} and potassium carbonate (31.81 g, 230.2 mmol) in acetone (120 mL) was
stirred at reffux for 18 hours, and then was allowed fo cool to ambient temperature. The
solid was removed by filtration, and the filtrate was concenirated in vacuo. The residue
was purified by column chromatography, eiuted with 10% methanol in dichloromethane
to give the title compound as a yellowish oif (16.39 g, 73%): 'H NMR (300 MHz, CDCEL) &
7.36-7.23 (m, 5H), 3.70 (s, 2H), 3.62 (1, J= 53 Mz 4H), 2.72 ¢, J= 5.3 Hz, 4H), 248 (br
s, 2H}.

PREPARATION 16
Preparation of 1,3-dihydrospiro[indene-2,.4"-piperidine}

Y %
D @NH

A To a stirred solution of 2, 2-(benzylazanediyl)diethanol (14,60 g, 74.77
mimof} in toluene (140 mb} at 0 °C was slowly added phosphorus tribromide (21.1 mi,
224.5 mmol} under nitrogen atmosphere. The resuiting paste was stired at reflux for 8
hours, and then was allowed to cool to ambient temperature. The reaction mixture was
guenched with ice-cold water (400 mL) and filtered. The organic phase of the filirate was
separated. The filter cake was washed with 4 N agueous sodium hydroxide solution (400
ml), and the filtrate was exiracted with dichloromethane (3 x 100 mbL). The combined
organic layer was dried over anhydrous sodium sulfate, filtered and concentrated in
vacug. The residue was purified by column chromatography and eluted with 5% ethyi
acetate in hexanes to afford N-benzyl-2-bromo-N-(2-bromoethyl)ethanamineg as a
colorless liguid (13.30 g, 55%) "H NMR (300 MHz, CDCly) § 7.368-7.25 (m, 5H), 3.73 (s,
2HY), 334 (t, J= 7.3 Hz 4H), 298 (1, J= 7.3 Hz, 4H).

B. 1-Indanone (1.895 g, 14.34 mmuol} and freshly purified N-benzyl-2-bromo-
N.{2-bromaethylethanamine {(6.905 g, 21.51 mmol) were combined in NM.N-
dimethylformamide at ambient temperature and heated to 50 °C under nitrogen
atmosphere. Sedium hydride (60% in mineral oil, 1.434 g, 35.85 mmol) was added, and
the resulting reaction mixture was stirred at 50 °C for 18 hours, cooled to ambient
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temperature, quenched with water (75 mL) and extracted with ethyl acetate {150 mL).
The organic layer was washed with water, dried over anhydrous sodium sulfate, filtered
and concentrated in vacuo. The residue was purified by column chromatography eluting
with 50% ethyl acetate in hexanes to afford 1'-benzyispirofindens-2 4'-piperidin}-1(3H)-
one as a cream solid (0.752 g, 18%): 'H NMR (300 MHz, CDCl,) 8§ 7.78 (d, J = 7.6 Hz,
1H), 7.63-7.56 {m, tH), 745 {d, J= 7.6 Hz, 1H), 7.41-7.22 (m, 8H), 3.56 (s, 2H), 3.03 (s,
2Hj}, 2.98-2.89 (m, 2H), 2.24-2.00 {(m, 4H), 1.37 {d, /= 11.8 Hz, 2H); MS (ES+) my/z
2821 (M + 1),

C. To a stirred solution of 1-benzyispirofindene-2 4'-piperidin}~1{3H)-one
(0.752 g, 2.581 mmol) in absolute ethanol (28 mL) at ambient temperature under
nitrogen atmosphere was added sodium borohydride (0.683 g, 18.05 mmol}). The
reaction mixture was stirred for 2 hours, cooled to 8 °C and carefully quenched with
saturated aqueous amnonium chioride salution (75 mL). The mixture was concentrated
in vacuo to remove ethanol, and the agueous layer was exiracted with ethyl acetate (2 x
50 ml}, and then with dichioromsthane (5 x 50 mbL). The combined dichloromethane
layer was dried over anhydrous sodium sulfate, filtered and concentrated in vacuo to
afford 1'-benzyl-1,3-dihydrospirofindens-2 4'-piperidin]-1-ol as a colortess foam (0.700 g,
92%): MS {(ES+) m/z 284.2 (M + 1),

D. To a stirred solution of 1'-benzyi-1,3-dihydrospirolindene-2,4'-piperidin}-1-
ol {1.400 g, 4.772 mmol) in trifluoroacetic acid (15 mi) at ambient temperature was
added triethyisilane (8.0 mb, 50.08 mwnol). The resulting reaction mixture was stirred for
16 hours, and then concenirated in vacuo. The residue was taken up in 1 N agueous
sodium hydroxide solution (50 mL) and extracted with dichloromesthane (2 x 75 mL). The
combined organic layer was concentrated in vacuo, and the residue was dissolved in
ethyl acetate (75 ml) and washed with brine (2 x 50 mL). The organic iayer was dried
over anhydrous sodium sufhate, filtered and concentrated in vacuo to afford 1'-benzyl-
1.3-dihydrospiro[indene-2,4-piperidine] as a colorless solid {0.947 g, 72%); "H NMR
(300 MHz, CDCIly) 8 7.38-7.23 {m, 5H), 7.18-7.10 {m, 4H), 3.54 {5, 2H), 2.80 (s, 4H),
2.48 {(br s, 4H), 1.68 (1, J = 5.5 Hz, 4H), MS (ES+) m/z 278.2 (M+1).

E. A mixture of 1-benzyi-1,3-dihydrospirofindene-2 4'-piperidine] (0.947 g,
3.414 mmol) and ethyt chloroformate (0.430 ml) in toluene (10 mL} was stirred at reflux
for 18 hours under nitrogen atmosphere. The mixture was allowed to ¢ool to ambient
temperature, diluted with ethyl acetate {75 ml), washed with saturated aqueous sodium
bicarbonate solution (50 mbL) and brine (80 mL). The organic layer was dried over
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anhydrous sodium sulfate, filtered and concentrated in vacuo o afford a light yellow oil
which was stired in 2 mixture of ethanol {10 mbL) and 50% aqueous potassium hydroxide
solution (5 ml) at reflux for 20 hours. The reaction mixture was allowed to cool to
ambient temperature and concentrated to remove ethanol. The residue was diluted with
water (35 mb) and extracted with dichloromethane {2 x 50 mL). The combined organic
layer was dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The
residue was purified by column chromatography eluting with
dichloromethaneimethanolftriethylamine {8/1/0.1) to afford the title compound as &
yellowish semisolid (0.492 g, 77%): 'H NMR (300 MHz, CDCly) & 7.21-7.08 {m, 4H),
2.91-2.85 {m, 4H), 2.81 (s, 4H), 1.72 {br s, 1H), 1.63-1.55 {m, 4H); MS (ES+) m/z 188.2
(M+1}.

PREPARATION 17

Preparation of 2-(7-fluorospiro[chroman-2,4'-piperidine}]-1'-yicarboxamido}-4~
methyithiazole-S-carboxylic acid

HOLC

A mixture of ethyl 2-(7-fluorospire[chroman-2,4'-piperidine]-1'-yicarboxamido)-4-
methylthiazole-5-carboxylate (1.176 g, 2.713 mmol) and 1 N aqueous sodium hydroxide
solution (5.4 ml., 5.4 mmol} in ethano! (11 mL} was stirred at reflux for 2 hours.
Additional 1 N sodium hydroxide solution was added (2.2 ml), and the reaction mixture
was stirred at reflux for another 3 hours. The reaction mixture was allowed to cool
ambient temperature and diluted with water {75 mb). The aqueous layer was extracted
with ethyl acetate (75 mL} and then acidified with 10% agueous hydrochloric acid. The
resulting precipitate was collected by filtration, washed with water and ether and dried {o
afford the title compound as an off-white solid {0.448 g, 40%): 'H NMR (300 MHz,
DMSO-dy) 8 7.18-7.08 (m, 1H), 6.72-6.60 {m, 2H), 3.99 (d, /= 13.3Hz, 2H), 3.20-3.19
(m, 2H), 2.78 (t, J = 6.0 Hz, 2H), 2.47 (s, 3H}, 1.85-1.51 (m, 6H); MS (ES+) m/z 406.0 (M
+ 1)

EXAMPLE 1
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Synthesis of 7-flucro-N-{(4-(methylcarbamoyl)pyridin-2-yl)-4-oxospiro[chroman-
2.4'-piperidine]-1'-carboxamide hydrochloride

N

N
HCH

Iz

A To a mixture of 2-(7-fluore-4-oxospirofchroman-2 4'-piperidingl-1'-
yvlcarboxamido)isonicotinic acid (1.385 g, 3.483 mmol}, methylamine hydrochloride
(1.178 g, 17.46 mmol), 1-hydroxybenzotriazole (0.708 g, 5.239 mmol) and {-sthyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (1.004 g, 5.237 mmol) in N.N-
dimethylformamide (25 mL) was added N, N-diisopropytethylamine (5.00 mi., 28.70
mmol}. The reaction mixture was stirred for 16 hours at ambient temperature, diluted
with ethyl acetate (75 ml.) and washed with saturated agueous sodium bicarbonate
solution (50 mi}. The aqueous layer was extracted with ethy) acetate {50 mL), and the
combined organic layer was washed with water (50 mL), dried over anhydrous sodium
sulfate, fitered and concentrated in vacuo. The residue was purified by column
chromatography eluting with 4% methanol in dichloromethane to afford 7-fluoro-N-{(4-
{methylcarbamoyl)pyridin-2-yl)-4-oxospiro[chroman-2,4'-piperidine}- '-carboxamide as a
yellowish foam (0.844 g, 58%): "M NMR (300 MHz, CDCly) 5 8.30 (d, J = 5.1 Hz, 1H),
8.23 {s, TH), 7.91 {dd, /=87, 6.6 Hz, 1H), 7.45-7.38 (m, 2H), 6.81-6.67 {m, 2H}, 6.48
{brs, 1H), 3.94 (d, /= 13.4 Hz, 2H), 3.47-3.33 (m, 2H), 2.98 (d, J=4.9 Hz, 3H), 2.74 (s,
2H), 214 (d, J = 13.4 Hz, 2H), 1.78-1.865 (m, 2H); MS (ES+) m/2 413.1 (M + 1).

B. A mixture of 7-fluore-N-(4-{methylcarbamoyl)pyridin-2-yi)-4~
oxospiro[chroman-2,4'-piperidinel-1'-carboxamide {0.200 g, 0.485 mmol} and 1.25 M
hydrochioric acid in methano! (1.00 wi, 1.25 mmol) in dichloromethane (6 ml) was
stirred at ambient temperature for 30 minutes. The mixture was concentrated to dryness
and the residue was precipitated from methanol with ether to yield the title compound as
an off-white solid (0.191 g, 88%): "H NMR (300 MHz, DMSO-dq) & 11.18 (brs, 1H), 9.12
{q. /=4.0Hz, 1H), 843 (d, J =58 Hz, 1H), 8.31 (s, 1H), 7.86-7.768 (m, 1H), 7.66 (d, J=
5.8 Hz, TH), 7.01 {d, /= 10.1 Mz, 1H), 6.97-6.87 {m, 1H), 410 (d, J= 13.4 Hz, 2H), 3.34
{t, J= 111 Hz, 2H), 2.89 (5, 2H), 2.80{d, J=4.0Hz, 3H), 1.88 (d, J= 134 Hz, 2H), 1.78
(t. J=11.1 Hz, 2H} C NMR (75 MHz, DMSO-dy) 5 190.0, 186.9 (d, Jo.r = 252.9 Hz),
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163.4, 180.3 (d, Jor = 14.0 Hz}, 153.2, 151.4, 147.5, 140.8, 128.7 (d, Jor= 116 HE),
117.8(d, Jor=2.2 Hz), 115.2, 114.0, 108.3 {d, Jor = 22.8 Hz), 105.1(d, Jor= 24.6 Hz),
79.0, 46.3, 33.2, 26 4, MS (ES+) m/z 413.0 (M + 1).

EXAMPLE 1.1
Synthesis of 7-flucro-N-(4-{methylcarbamoyl}pyridin-2-yljspirofchroman-2,4’-
piperidine]-1'-carboxamide

N Ty
L
Following the procedure as described in Step A of EXAMPLE 1, making non-
critical variations as required to replace 2-(7-fluoro-4-oxospirofchroman-2 4'-pipeniding]-
1-ylcarboxamidojisonicotinic acid with 2-(7-flucrospira[chroman-2 4'-piperidine}-1'
ylcarboxamidojisonicotinic acid, the title compound was obtained as a colorless solid in
72% yield: mp 177-178°C; '"H NMR (300 MHz, CDCly) 3 8.30 (d, J = 5.1 Hz, 1H), 8.26 (s,
1H), 7.43 (dd, J= 5.4, 1.5 Hz, 1H), 7.40 (s, 1H), 7.05-6.97 (m, 1H), 6.64-8.54 (m, 2H),
6.45 (br s, 1H), 3.83 (d, J =135 Hz, 2H), 3.47-3.34 (m, 2H}, 2.99 (d, J=4.9 Hz, 3H),
1.76 {, J = 8.7 Hz, 2H), 1.86-1.79 {m, 4H), 1.70-1.57 {m, 2H); C NMR (75 MHz, CDCLy)
5168.3, 162.0 (d, Jor= 243.4 H2), 183.7 (d, Jor= 11.8 H2), 153.7, 153.3, 148.5, 143 .8,
130.3 {d, Jop= 9.6 Mz}, 116.9, 116.68 (d, Jor= 3.0 Hz), 108.5 107.5 {d, Jor=21.6 H2},
104.2 {d, Jop= 24.0 He), 72,7, 40.1, 34.3, 31.9, 26.8, 20.7, MS (ES+) m/z 3890 (M + 1).

BXAMPLE 1.2
Synthesis of 8-chlora-N-{4-(methylcarbamoyl)pyridin-2-ylispirofchroman-2,4’-
piperidine}-1'-carboxamide hydrochioride

=N
HCI
A Following the procedure as described in Step A of EXAMPLE 1, making
non-critical vartations as required to replace 2-(7-fluoro-4-oxospire{chroman-2,4'-
piperidine]-1'-ylcarboxamide)isonicotinic acid with 2-(8-chlorospirofchroman-2 4'-

86



WO 2010/112520 PCT/EP2010/054234

piperidine]-1-ylcarboxamido)isonicotinic acid, 8-chloro-N-{4-(methylcarbamoyl)pyridin-2-
yspirolchroman-2,4'-piperidine}-1'-carboxamide was obtained as a colorless foam in
76% vield: 'H NMR (300 MHz, CDCL) 5 8.30 (d. J = 5.1 Mz, 1H), 8.27 {s, 1H), 7.43 (ad, J
=51, 1.3 Hz, 1H), 740 (br s, 1H), 7.20(d, J=7.8 Hz, 1H), 8.88 (d, J= 7.8 Hz, 1H),
6.84-8.77 {m, 1H}, 6.47 (brs, 1H), 388 (&, J=12.9 Hz, 2H), 348 {{, J = 12.9 Hz, 2H),
2.99(d, J=4.9Hz, 3H), 283 (1, J=6.8Hz, 2H), 1.93(d, J= 128 Hz, 2H), 1.87 ¢, J =
6.8 Hz, 2H), 1.71-1.58 {m, 2H}; MS (ES+) m/z 415.0 (M + 1}, 417.0 (M+1).

B. Following the procedure as described in Step B of EXAMPLE 1, making
non-critical variations as required to replace 7-fluoro-N-{4-{methylcarbamoyi)pyridin-2-
yi)-4-oxospiro{chroman-2 4'-piperidine}-1*-carboxamide with 8-chloro-N-{4-
{methylcarbamoyl)pyndin-2-yl)spirojchroman-2,4'-piperidine}-1"-carboxamide, the title
compound was obtained as a colorless solid in 78% yield: "H NMR (300 MHz, DMSO-d,)
8§ 11.10 (br 5, 1H), 9.14-8.07 {m, 1H), 843 (d, J= 6.1 Hz, 1H}, 8.28 (s, tH), 7.64 (dd, J =
8.1, 14 Hz, 1H), 7.24 (dd, /= 7.8, 1.2 Hz, 1H), 7.08 (dd, /= 7.8, 1.2 Hz, 1H), 6.87-6.80
(m, 1H), 417 {d, J= 13.3 Hz, 2H}, 3.30 (t, J = 114 Hz, 2H}, 2.84-2.75 (m, 5H), 1.82-1.63
{m, 6H), °C NMR (75 MHz, DMSO-ds) & 163.5, 153.3, 151.5, 148.1, 147.4, 140.8, 128.3,
127.5, 123.6, 120.8, 1204, 1152, 114.0, 74.0, 33.7, 30.5, 26.4, 20.8, M5 (E&+) m#&z
415.0 (M + 1), 417.Q (M=+1).

EXAMPLE 1.3
Synthesis of 8-chloro-N-{4-{methylcarbamoyl)pyridin-2-yl}-4-oxospiro{chroman-
2,4"-piperidine]-1'-carboxamide hydrochioride

/
TZ
Y,

=N
HOI

A. Following the procedure as described in Step A of EXAMPLE 1, making
non-critical variations as required to replace 2-(7-fluoro-4-oxospirofchroman-2 4'-
piperiding}-1'-ylcarboxamido)isonicotinic acid with 2-(B-chloro-4-oxospirofchroman-2.4'-
piperidinel}-1-ylcarboxamidojisoniceotinic acid, 8-chioro-N-(4-{methylcarbamoyl)pyridin-2-
yii-4-pxospirofchroman-2 4'-pipedding}-'-carboxamide was obtained as a yellowish
foam in 58% vield: "M NMR (300 MHz, CDCL) § 8.30 (d, J = 5.1 Hz, 1H), 8.24 (s, 1H),
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T80 {dd, J=7.8,1.6Hz 1H), 760{dd, J=7.8, 1.6 Hz, 1H), 7.45 (brs, 1H), 743 {dd, J
= 5.1, 1.3 Hz, 1), 7.05-7.95 (m, 1H), 6.46 (br s, 1H), 4.00 (d, J=13.5 Hz, 2H), 3.52-
3.39 (m, 2H), 288 (d, J= 4.9 Hz, 3H), 279 (s, 2H), 216 (d, J= 135 Hz, 2H}, 1.72 (td, J
= 13.5, 4.7 Hz, 2H); MS (ES+) m/z 428.0 (M + 1), 431.0 (M+1).

B. Following the procedure as described in Step B of EXAMPLE 1, making
non-critical variations as required {o replace 7-fluoro-N-{4-{methyicarbamoylpyridin-2-
yl)-4-oxospirofchroman-2 4 -piperidine}-1'-carboxamide with 8-chioro-INV-(4-
{methylcarbamovl)-pyridin-2-yl)-4-oxospire[chroman-2 4 -piperidine}- 1 -carboxamide, the
titte compound was obtained as a colorless solid in 88% yield: mp 215 °C (dec.); 'H
NMR (300 MHz, DMSO-d) & 10.43 (br s, 1H), 8.94-8.85 (m, 1H}, 8.38 (d, J= 5.5 Hz,
1H), 847 {5, 1H), 7.79 (dd, J= 7.8, 1.3 Hz, 1H). 7.72 (dd, J= 7.8, 1.3 Hz, 1H}, 750 (4, J
=55 Hz, 1H), 7.14-7.05 {m, 1H), 4.11({d, J=13.5 Hz, 28), 3.25 (4, J = 12.0 Hz, 2H),
2.96 (s, 2H), 2.80 (d, J = 4.5 Hz, 3H), 2.00 (t, J = 13.5 Hz, 2H),1.85-1.71 (m, 2H), P°C
NMR {75 MHz, DMSO-d;) 6 190.7, 163.5, 153.8, 153.3, 151.5, 1474, 141.0, 136.2,
124.8, 122.2, 121.8, 1217, 115.2, 113.9, 79.4, 46.4, 33.1, 26.4;, MS (ES+) mz 429.0 (M
+ 1), 431.0 (M+1).

EXAMPLE 1.4
Synthesis of 6-fluoro-N-{4-{methylcarbamoyl)pyridin-2-yi)spirofchroman-2,4'-
piperidine]-1'-carboxamide

O
: |
: @(o ~
™ ESS ~
N ;’\/T

=N O

Following the procedure as described in Step A of EXAMPLE 1, making non-
critical variations as required o replace 2-(7-fluoro-4-oxospiro[chroman-2 4'-piperidine]-
T-yicarboxamidolisonicotinic acid with 2-(8-fluorospirofchroman-2,4-piperidine}- 1™
ylcarboxamida)isonicotinic acid, the title compound was obtained as a colorless solid in
62% yield: mp 175-176 °C; 'H NMR (300 MHz, CDCl;) 8 8.30 {d, J = 4.9 Hz, 1H), B.27
{s, 1H), 7.46-7.37 (m, 2H), 8.87-6.74 {m, 3H), .43 (br s, 1H), 3.92 (d, /= 13.4 Hz, 2H},
340, J=123Hz, 2H), 289 (d, J=4.8Hz 3H}, 279 (1, J= 6.8 Hz, 2H), 1.80{d, J=
13.4 Hz, 2H), 1.81 & J = 6.6 Hz, 2H), 1.69-1.54 (m, 2H); **C NMR (75 MHz, CDCL) 8
166.3, 156.7 (d, Jor=238.2 Hz), 153.8, 153.3, 148.7 (d, Jor= 1.8 Hz), 148.4, 143.9,
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1221 (d, doe= 7.4 H2), 118.0{d, Jor= 8.1 Hz), 116.8, 1153 (d, Jor= 224 Hz), 1142
{d, Jor= 23,1 H2), 108.5, 72.3, 40.1, 34.1, 31.7, 26.7, 21.5, M5 (ES+) m/z 380.0 (M + 1).

EXAMPLE 1.5
Synthesis of 7-fluore-N-{6-{methylcarbamoyl)pyridin-2-yl}spiro[chroman-2,4'-
piperidinel-{'-carboxamide

9 H
~ N N N
N ST
H )D/ j{f

Following the procedure as described in EXAMPLE 1, making non-critical
variations as required to replace 2-(7-fluoro-4-oxospiro[chroman-2 4'-piperiding}-1*-
yicarboxamidolisonicotinic acid with 8-{7-fluorespiro[chroman-2, 4'-piperidine]-1*-

ylecarboxarmide)picalinic acid, the titte compound was obtained as a colorless solid in
37% yield: mp 126-128 °C. "H NMR (300 MHz, CDCla) § 8,16 (d, J= 7.8 Mz, 1H), 7.87-
7768 {m, 2H), 7.72 {brs, 1H), 7.17 {br s, 1H), 6.64-6.54 (m, 2H}, 3.94 (d, J = 13.1 Mz,
2H), 3.41(t, J=11.8Hz, 2H), 3.00 (d, J= 49 Hz, 3H), 276 ({, J=8.7 Hz, 2H), 1.91(d, J
=13.1Hz, 2H), 1.83 (t, J= 6.7 Mz, 2H), 1.71-1.59 {m, 2H); *C NMR (75 MHz, CDCl) &
164.6, 182.0 (d, Jor= 243.4 H2), 153.8 (d, Jor= 11.8 Hz}, 153.6, 151 .3, 147.8, 1384,
130.3 {d, Joe = 8.6 Hz), 116.8, 118.7 (d, Jos=3.1Hz), 115.9, 107.5 {d. Jor=21.5 H2},
104.2 (d, Jor= 24.0 HZ), 72.8, 40.1, 34.3, 31.9, 26.0, 20.7; MS (ES+) m/z 309.0 (M + 1).

EXAMPLE 1.6
Synthesis of 7-fluoro-N-(5{methylcarbamoyl}pyridin-3-yl)spiro{chroman-2,4'-
piperidine}-1‘-carboxamide

| S
o H !f\ N
7 0o 8] F
"’\,N R \ﬁf
(I R
N

Following the procedure as described in EXAMPLE 1, making non-critical
variations as required to replace 2-(7-fluoro-4-oxospiro[chroman-2, 4'-piperidine}-1*-
yicarboxamido)isonicotinic acid with 5-(7-fluorospiro[chroman-2,4'-piperiding]-1'-
yicarboxamido)nicotinic acid, the title compound was obtained as a colorless solid in
68% yield: mp 231-233 °C; 'H NMR (300 MHz, DMSO-dy) 5 8.91 (s, 1H), 8.78 (br s, 1H),
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8.61-8.53 (m, 2H}, 8.29-B.26 (m, 1H), 7.16-7.08 (m, 1H), 8.71-6.62 (m, 2H), 3.91 (d, J =
13.8 Hz, 2H), 3.31-3.22 {m, 2H), 278 {4, J= 4B Hz, 3H), 272 (¢, J= 8.8 Hz, 2H), 1.82 (1,
J=8.6Hz, 26), 1.74 (4, J = 13.5 Hz, 2H), 1.69-1.56 {m, 2H); "C NMR (75 MMz, DMSO-
ds) § 1658.2, 161.1{d, Jor= 2405 Hz), 154.4, 153.8 (d, Jor= 12.1 Hz), 143.0, 140.8,
137.2, 1308 {d, Jor= 9.7 Hz), 1287, 1252, 117.5d, Jor= 29 Hz}, 1068 {d, Jor=21.2
Hz), 103.6 (d, Jor=23.8 Hz), 73.4, 38.6, 33.8, 30.5, 26.2, 20.1; MS (ES+) m/z 390.0 (M
+1).

EXAMPLE 1.7
Synthesis of N-(4d-(methylicarbamoyl)pyridin-2-yi)-1,3-dihydrospirofindene-2 4'-
piperidine}-1’-carboxamide

1 H

Following the procedure as described for 7-fluoro-N-{4-(methylcarbamoyi)pyridin-2-yl}-4-
oxospirofchroman-2,4'-piperidine]-1"-carboxamide, making non-critical variations as
reguired to replace 2-(7-fluoro-4-oxospiro{chroman-2,4'-piperiding]-1'-
yicarboxamido)isonicotinic acid with 2-(1,3-dihydrospirofindene-2 4'-piperiding}-1'-
vlcarboxamido)isonicotinic acid, the fitle compound was obtained as a coloriess solid in
84% yield: mp 226-231 °C; 'H NMR (300 MHz, CDCL) § 8.30 (d, J=5.1 Hz, 1H), 8.27
{s, 1H), 7.43 (dd, J= 8.1, 14 Hz, 1H}, 7.40 (s, 1H), 7.23-7.12 (m, 4H), .53 (brs, 1H},
3.61-3.54 (m, 4H), 2.99 (4, J = 4.8 Hz, 3H), 2.87 (s, 4H), 1.75-1.88 (m, 4H); "*C NMR (75
MHz, COCl;) 5 166.3, 153.8, 183.3, 148.4, 143.8, 141.5, 126.4, 124.8, 116.8, 108.86,
44.2, 422,419, 36.5, 26.7, MS (ES+) m/z 3851 (M + 1),

The following Examples were prepared following the procedures as described
in the above reaction schemes and examples or known by one skilled in the art.

No. Chemical Name MW
N-{4-(methylcarbamoylpyridin-2-yl)spiro[chroman-2 4'-

1.8 piperidine]-1-carboxamide 380.44

1o | 7fuoro-N-(4-(methylcarbamoyl)pyridin-2-yi)-3 4-dihydro- 398,43

1H-spiro{naphthalene-2 4™-piperiding}-1'-carboxamide o
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No. Chemical Name W
8-chioro-N-{4-(methylcarbamoyl)pyridin-2-yl}-3 4-dihydro-
1.10 1H-spirofnaphthalene-2 4'-piperidine)-1-carboxamide 412.91
&-fluora-N-{4-{methylcarbamoylpyridin-2-yi)-3 4-dihydro-
1.1 1H-spira[naphthalene-2 4'-piperidine]-1-carboxamide 388.43
N-{4-(methylcarbamoyl)pyridin-2-yl)-3 4-dihydro-1H-
1.12 spirofnaphthalene-2 4'-piperidinel-1'-carboxaride 378.47
B-fluoro-N-{4-(methylcarbamoyl)pyridin-2-yl)-3H-
1.13 spiro[benzofuran-2,4'-piperidine}-1'-carboxamide 384.40
7-chioro-N-{4-{methyicarbamoyhpyridin-2-yi)-3H-
1.14 spiro[banzofuran-2,4'-piperidine}- 1 -carboxamide 400.86
S-fluoro-N-{4-(methylcarbamoyl)pyridin-2-yi}-3H-
1.15 spirolbenzofuran-2 4'-piperidinel-1-carboxaride 384 .40
N-{4-(methylcarbamoypyridin-2-yi)-3H-
1.18 spiro{benzofuran-2,4'-pipendine}-1-carboxamide 366.41
4-chioro-N-{4-{methylcarbamoylipyridin-2-y)-1,3-
1.7 dihydrospirofindene-2,4-piperidineg}-1'-carboxamide 382.43
5-fluoro-N-(4-(methylcarbamoyl)pyridin-2-yi}-1,3-
1.18 dihydrospiro{indene-2 4'-piperidine}-1'-carboxamide 388.89

EXAMPLE 2

Synthesis of -fluoro-N-{4-{[{§-methyl-1,2-oxazol-3-yimethyljcarbamoyi}pyridin-2-

yi-3,4-dihydro-1'H-spircfchromene-2,4'-piperidine}-1'-carboxamide hydrochloride

ad
o-n

To a stirred midture of 2-(B-fluorospirofchroman-2 4'-piperidine]-1'-

yicarboxamidoisonicotinic acid (0.300 g, 0.778 mmol), 1-(5-methyl-isoxazol-3-

vhimethaneamine hydrobromide (0.150 g, 0.777 mmol), 1-hydroxybenzotriazole (0.158 g,
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1.188 mmol) and 1-ethvi-3-(3-dimethvlaminopropyljcarbodiimide hydrochloride (0.224 g,
1.168 mmol} in N, N-dimethylformamide (3 mi) was added N N-disopropylethylamine
(0.5850 ml, 3.157 mmol). The reaction mixture was stitred at ambient temperature for 20
hours, diluted with ethyl acetate (75 mbL), washed with saturated aqueous sodium
bigarbonate solution {2 x 50 mL) and water {2 x 50 mL). The organic layer was dried
over anhydrous sodium sulfate, filtered and concentrated in vacuo to afford an off-white
foam. The foam was dissclved in dichloromethane (10 mL), stirred with 4 M hydrochloric
acid in dioxane (0.5 mL) at ambient temperature for 30 minutes, and then concentrated.
The residue was dissolvad in methanol and precipitated with ether. The precipitate was
collected by fillvation and dried in & vacuum oven at 70 °C overnight to afford the litle
compound as a colotless solid (0.257 g, 64%): 'H NMR (300 MHz, DMSO-ds) § 8.96 (br
s, TH), 942 {t, J =56 Hz, 1H), 8.38 (d, J= 5.1 Hz, 1H), 8.17 (5, 1H), 7.45(d, J = 5.1 Hz,
1H), 6.98-6.88 (m, 2H}, 6.84-6.78 (m, 1H}, 817 (s, 1H), 446 (8, J = 5.6 Hz, 2H}, 3.88 {d,
J=13.6Hz, 2H), 328 (¢, J= 114 Hz, 2H), 275 (t, J=8.7 Hz, 2H}, 2.37 {s, 3H), 1.79 (t,
J= 8.7 Hz, 2H), 1.73(d, J = 13.5 Hz, 2H), 1.68-1.55 {m, 2H); °C NMR (75 MHz, DMSO-
di) & 169.5, 1641, 161.6, 1558 (d, Jor= 2354 Hz), 153.6, 1526, 148.9(d, Jp== 1.6
Hz), 145.3, 143.4, 1228 (d, Jor= 76 H2), 117.8{d, Jor= 82 Hz), 115.2{d, Jer=22.3
Hz), 1181, 1138 {d, Jor=23.0 Hz), 113.2, 101.2, 72.7, 39.9, 35.0, 33.7, 30.2, 20.8,
11.7; MS (ES+) m/z 480.1 (M + 1).

EXAMPLE 2.4
Synthesis of 6-fluoro-N-(4-{[{1-methyl-1H-pyrazol-4-ylimethyllcarbamoyl}pyridin-2-
yi}-3,4-dihydro-1'H-spirofchromene-2 4"-piperidine}-1'-carboxamide hydrochloride

Foltowing the procedure as described in EXAMPLE 2, making non-critical
variations as required to replace 1-(8-methyl-isoxazol-3-yfimethaneamine hydrobromide
with (t-methyl-1H-pyrazol-4-yhimethaneamine hydrochloride, the tile compound was
obtained as a colorless solid in 82% yield: *H NMR (300 MHz, DMSO-ds) § 10.28 (br s,
1H), 9.28 (t, J=56Hz, 1H), 837 (d, /= 5.7 Hz, 1H), 8.15 (s, 1H), 7.62 {s, 1H), 7.48 (d,
J=87Hz, 1H), 7.36 (s, 1H), 6.88-6.87 (m, 2H), 6.83-8.77 (m, 1H), 4.2B {d, /= 5.6 Hz,
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2H), 3.98 (d, J = 13.4 Hz, 2M), 3.78 (s, 3H), 3.29 {t, J= 1.1 Hz, 2H), 2.74 (t, J= 8.5 Hz,
2H), 1.84-1.68 (m, 4H), 1.68-1.56 (m, 2H), °C NMR (75 MHz, DMSO-dy) & 183.0, 155.8
{d, Jor=235.5 Hz), 153.3, 151.6, 148.8 {d, Jor= 1.6 H2), 147.2, 141.2, 137.9, 1208,
122.8 (d, Joe = 7.6 Hz), 1181, 117.8(d, Jor=8.2 Hz), 115.3, 1152 (d, Jor= 22.4 Ha),
114.0, 113.8 (d, Jor= 22.8 Hz), 72.6, 38.3, 33.7, 30,2, 20.8; MS (ES+) mz 4791 (M +
1.

EXAMPLE 3
Synthesis of N-{(4-carbamovylpyridin-2-yi}-8-fluorospiro{chroman-2,4 -piperidine}-1'~
carboxamide
hog
Q g [ 5 =
HsN~ | =y \n/
AL | Q

To a stirred mixture of 2-(6-fluorospirofchroman-2 4'-piperiding)]-1'-
yicarboxamidojisonicotinic acid {0.300 g, 0.778 mmol), ammonium chioride (0.231 g,
3.883 mmol), 1-hydroxybenzotriazole (0.158 g, 1.169 mmol) and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (0.224 g, 1.168 mmol) in AL N-
dimethylformamide (3 mL} was added N, N-diisopropylethylamine {1.10 mi, 6.315 mmal).
The reaction mixture was stirred for 20 hours and then filtered. The collected solid was
washed with saturated agueous sodium Bicarbonate solution, water and ethyl acetate,
and then suspended in methanol and stirred at reflux for 30 minutes. The remaining solid
was collected by filtration to afford the title compound as a coloriess solid (0.190 g,

84%): mp 2685-267 °C; 'H NMR (300 MHz, DMSO-ds) § 8.38 (s, 1H), 8.32 (d, /= 3.6 Hz,
1H), 813 {brs, 2H), 7.81 (s, 1H), 7.32 (d, J= 38 Hz, 1H), 7.00-6.76 (m, 3H), 392 (d, =
12.6 Hz, 2H), 3.30-3.16 (m, 2H), 2.74 (br s, 2H), 1.88-1.51 {m, 6M); C NMR (75 MHz,
DMSQ-ds) 5 168.8, 165.8 {d, Jor> 235.2 Hz), 154.8, 154.3, 149.0 (d, Jor= 1.6 H2),
147.7, 143.1, 122.9(d, Jor= 7.8 Hz}, 117.9{d, Jor=82 Hz), 1158.2 (d, Jor= 22.3 Mz},
115.2, 1138 (d, Jor= 230 Hz), 1118, 72.8, 38.7, 33.8, 30.3, 20.8, MS (ES+) m/z 385.0
{M+ 1)
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EXAMPLE 4
Synthesis of 7-fluoro-N-{4-methyl-8-{pyridin-2-yimethylcarbamoylithiazol-2-
y!}spim[chrsman«z,é-"-piperidine]*’i .carboxamide

QVM/L b DOQ
0

F

To a stirred suspension of 2-(7-fluorospiro[chroman-2 4’ -piperidine}-1'-
yicarboxamido)-4-methyithiazole-5-carbexylic acid {0.240 g, 0.592 mmol) in
dichloromeathane (12 ml} at ambient temperature under nitrogen atmosphere was added
N N-dimethylformamide (2 drops), followed by the dropwise addition of oxalyt chloride
{0.080 mL, 0.917 mmol). The resulting reaction mixture was stirred at ambient
temperature for 1 hour and then concentrated fo dryness. 2-{Aminomethyl)pyridine
{0.100 mi, 0.878 mmol) and triethytamine {0.250 mL, 1.794 mmolj were combined in
tetrahydrofuran {4 mL) at 0 °C. To this cold solution was added dropwise the acid
chloride in tetrahydrofuran (8 mL}. After 10 minutes the cooling bath was removed, and
the reaction mixture was stirred at ambient temperature for 16 hours, guenched with
saturated agueous sodium bicarbonate sclution (50 ml) and extracted with
dichloromethane (2 x 50 mbL). The combined organic layer was dried over anhydrous
sadium sulphate, filtered and concentrated in vacuo. The residue was purified by
preparative thin layer chromatography and eluted with 10% acetone in dichioromethane,
and then triturated with ether/hexanes fo afford the title compound as a colortess solid
{0.930 g, 44%): mp 185-167 °C; "M NMR (300 MHz, CDCly) 5 9.36 (brs, 1H), 8.54 (d, J =
4.0 Hz, 1H), 7.71-7.61 (m, 1H), 7.32-7.14 (m, 3H), 7.04-6.94 (m, 1H), 8.62-8.50 (m, 2H),
470, J=41Hz 2H), 3.93(d, J= 116 Hz, 2H), 3.37 {t, J= 124 Hz, 2H), 274 {{, J=
6.1 Hz, 2H), 2.60 (s, 3H), 1.87 (d, J= 13.6 Hz, 2H), 1.80 ({f, J= 6.1 Hz, 2H}, 1.66-1.53
{r, 2H): PG NMR (75 MHz, CDCly) 5 182.4, 162.0 {d. Jor= 243.4 Hz), 160.8, 155.7,
153.8, 153.7 (d, Jor= 11.8 Hzy, 150.0, 149.0, 136.7, 130.3 (d, Jor= 96 Hz), 1224,
121.9, 11868 {d, Jor= 3.0 Hz), 107.5 (d, Jor= 21.6 Hz), 104.2 (d, Jor= 241 Hz), 72.6,
446, 40.0, 34.1, 31.8, 20.7, 16.7; MS (ES+) m/z 486.0 (M + 1).
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EXANPLE 5
Measuring Stearoyl-CoA Desaturase Inhibition Activity of a Test Compound Using
Mouse Liver Microsomes

The identification of compounds of the invention as SCD inhibitors was readily
accomplished using the SCD microsomal assay procedure described in Shanklin J. and
Summerville C., Proc. Nall. Acad. Sci. USA (1891}, Vol. 88, pp. 2510-2514,

Preparation of Mouse Liver Microsomes:

Male ICR outbread mice, on a high-carbohydrate, low fat diet, under light halothane
{15% in mineral oil) anesthesia are sacrificed by exsanguination during periods of high
enzyme activity. Livers are immediately rinsed with cold 0.9% NaCi solution, weighed
and minced with scissors. All procedures are performed at 4°C unless specified
otherwise. Livers are homogenized in a solution (1/3 wiv) containing 0.25 M sucrose, 62
mM potassium phosphate buffer (pH 7.0), 0.15 M KCI, 15 mM A-acetyleysteine, S mM
MaCl, and 0.1 mM EDTA using 4 strokes of a Potter-Elvehjem tissue homogenizer, The
homogenate is centrifuged at 10,400 x g for 20 min to eliminate mitochondria and
ceflular debris. The supernatant is filtered through a 3-layer cheesecloth and centrifuged
at 105,000 x g for 60 min. The microsomal pellet is gently resuspended in the same
homogenization solution with a small glassfefion homogenizer and stored at 70 °C.
The absence of mitochondrial contamination is enzymatically assessed. The protein
concentration is measured using bovine serum albumin as the standard.

Incubation of Mouse Liver Microsomes with Test Compounds:

Desaturase activity is measured as the release of *H,0 from [9.10-"H]stearoyl-CoA.
Reactions per assay point conditions are as follows: 2 ul. 1.5 mM stearoyl-Cof, 0.25 pl
1 mCimL "M stearoy! CoA, 10 pl 20 mM NADH, 36.75 pL 0.1 M PK buffer

(K HPO/NaH,PQ,, pH 7.2). The test compound or control solution is added ina 1 pl
volume. Reactions are started by adding 50 pl of microsomes {1.25 mgimL). The plates
are mixed and after 15 min incubation on a heating block {25 °C), the reactions are
siopped by the addition of 10 pl. 60% PCA. An aliquot of 100 pL is then transferred to a
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fitter plate pretreated with charcoal and the plate centrifuged at 4000 rpm for 1 minute.
The flow through containing the *H.0 released by the SCD1 desaturation reaction is
added to scintiffation fluid and the radioactivity measured in a Packard TopCount. The
data is analysed to identify the [Ce, for test compounds and reference compounds.

Representative compounds of the invention showed activity as inhibitors of SCD when
lested in this assay. The activity was defined in terms of % SCD enzyme activity
remaining at the desired concentration of the test compound or as the 1Cy;
concentration. The ICy, (affinity) of the example compounds toward the stearoyl-CoA
desaturase is comprised between around 20 mM and 0.0001 M or between around 5
uM and 0.0001 1M or between arcund 1 1M and 0.0001 M.

The following Table provides data that exemplifies representative compounds and their
Microsomal 1Cqs (M) data.

Example Activity Data

Example Compound name Microsomal ICs, (i)

7-fluoro-N-{4~{methylcarbamoy))pyridin-2-
1 yi}-4-oxospiro[chroman-2 4 -piperidine]-1'- 0.524
carboxamide hydrochioride

7-fiuoro-N-(4-(methylcarbamoypyridin-2-
14 _ yspiro{chroman-2 4'-piperigine}-1'- 0017
carboxamide

8-chloro-N-{4-{methylcarbamoylipyridin-2-
12 yhspirojchroman-2 4'-piperiding]-1'- 0.003
carboxamide hydrochloride

8-chioro-N-{(4-(methylcarbamoyl)pwidin-2-
yi}-4-oxospiro[chroman-2 4'-piperiding]- 1 0.056
carboxamide hydrochioride

e
[ %]

§-fivoro-A-{4-({1-methyl-1H-pyrazoi-4-

ylimethylcarbamoyl}pyridin-2- o
2.1 yhspira{chroman-2 4-piperidine}-1'- 0.040
carboxamide hydrochloride

_ 7-fluoro-N-(4-methyl-5-(pyridin-2-

4 yimethylcarbamoyljthiazol-2- 0.048

yhspiro[chroman-2 4'-piperidine}-1-
carboxamide
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Those skilled in the art are aware of a vatiety of modifications to this assay that can be
useful for measuring inhibition of stearoyl-CoA desaturase activity in microsomes or in
cells by {est compounds.

All of the U.8. patents, U.S. patent application publications, 1J.S. patent applications,
foreign patents, foreign patent applications and non-patent publications referred to in this
specification are incorporated herein by reference in their entireties.

From the foregeing it will be appreciated that, although specific embodiments of the
invention have been described herein for purposes of lustration, various modifications
may be made without deviating from the spirit and scope of the invention. Accordingtly,
the invention is not limited except as by the appended claims.
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CLAIMS
We Claim:
1. A compound represented by Formula (I):
(l)
wherein Q is

iy 2 AN N2y
\‘ o, ’r ",‘ Nf" .{, A e "a".: s f"" '}::
f\)\‘m : j(‘”‘ ¥
,ff

.!

D /%5

W is <NRIC(O)-, ~C{OIN{R)-, -NRIC{OINR)-, -NRIS(O)-, ~S(OWNR")-, or a
direct bond;

Z is ~C{R™)y, ~CLO)-, -0-, N(R")-, -8(Q), -0-, 01 ~8-:

kisQor1;

mis0to 8

nis, 1,2, 3ord;

pisd 1,2 3or4

qis 1 2, 0or3;

tis1or2,

vis tora;

R'is hydrogen, alkyl, atkenyl, alkynyl, alkoxy, hydroxyatkyl, alkoxyalkyl,
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cyctoalkyl, cycloalkylatkyl, aryl, haloalkyl, aralkyl, heterocyclyl, heterocyclylalicyl,
heteroaryl, or heteroarylalkyl;

or RY is a multi-ring structure having 2 to 4 rings wherein the rings are
independently cycloalkyl, heterocyelyl, aryl or hetercaryl and where some or all of the
rings may be fused {o each other;

R?is hydrogen, or atkyl;

R® is independently alkyl, halo, haloatkyl, hydroxy, of -N(R")z;

R is independently alkyl, atkenyl, alkynyl, alkoxy, hydroxyatkyt, alkoxyalkyl,
cycloalkyl, | cycloalkyialkyl, heterocyelyl, aryl, aralkyl, heteroaryl, hale, haloalkyl,
haloalkoxy, cyano, hydroxy, or -N{R"),;

R® is independently alkyl, halo, haloalkyl, hydroxy, cycloatkyl, or -N(R"),:

or two R%s on the same carbon atom form an oxo (=0

R® is independently alkyt, alkenyl, alkynyl, alkoxy, hydroxyatkyl, alkoxyalkyi,

cycloatkyl, , cycloalkylalkyl, heterocyelyl, ary, aralkyl, heteroaryl, halo, haloalkyl,
haloatkoxy, cyano, hydroxy, or -N{R'),; and

R’ is independently hydrogen, alkyl, hydroxyalky!, cycloalkyl, cycloatkylatkyl, aryl,
heteroaryl, heferocyelyl or aralkyl; or

a pharmaceutically acceptable salt thereof.

2. The compound according {o claim 2, or a pharmaceutically acceptable salt
thereof, whersin

R'is hydrogen, C-C,alkyl, C-Ceatkenyl, Co-Cealkynyl, Ci-Coalkoxy, bydroxyCi-
Caatkyl, Ci-CealkoxyC-Caatkyl, Cs-Croycloatkyl, Ci-CroycloalkyiC -Caatkyl, Co-Cosaryl,
haloC,-Caalkyl, Co-CiparCy-Caalkyl, C-Cisheterocyelyl, C4-CooheterocyelyviC ~Caalkyl, Co-
Ciheteroaryl, or C-CyoheleroaryiC,-Calkyl;

or R' is a multi-ring structure having 2 to 4 rings wherein the rngs are
independently cycloalkyl, heterocyalyl, aryl or heteroaryl and where some or all of the
rings may be fused to each other;

R?is hydrogen, or C,-Caalkyl;

99



WO 2010/112520 PCT/EP2010/054234

R* is independently C:-Cqalkyl, halo, haloC~Caalkyl, hydroxy, or -N(R")a;

R'is Ci-Caalkyl, Co-Coalkenyl, CCeatkynyl, C-Coalkoxy, hydroxyC-Calkyl, Cy
CealkoxyCi~Caalkyl, Cy-Creycloalkyl, Cx-CroyctoalkyiC,-Caalkyl, Ci-Cygheterocyciyl, Ce-
Croaryl, Ce-CroarCy-Caalkyl, C1-Cigheteroaryl, halo, trifuoromethyl, trifluoromethoxy,
cyano, hydroxy, or -N{R™

R" is independently C,-Cqatkyl, halo, haloC,-Calkyl, hydroxy, Cs-Croycloalkyl, or
"N(R?)@?

or two R”s on the same carbon atom form an oxo (=O);

R® is independently C,-Caalkyl, C-Caalkenyl, Co-Csalkynyl, C-Caalkoxy,
hydroxyC.-C.alkyl, Ci-CeatkoxyC.-Caalkyl, Cy-Croycloatkyl, Co-CroyaloalkylC ~Caalkyt,
C-Cyoheterocyeiyl, Ce-Ciaryl, Cs-CiparCi-Cialkyl, C-Cygheteroaryl, halo, trifluoromethyl,
trifluoromethoxy, cyano, hydroxy, or -N{R")z; and

R’ is independently hydrogen, C-Cqatkyl, hydroxyCy-Caalkyl, Co-Cooycloatkyl, Car
CooycloatkylC,-Cualkyl, Ci-Cparyl, C-Cysheteroaryl, C-Crgheterocyciyi or Cs-CiparCy-
C.alkyl.

3. The compound according to claim 1 or 2, or a pharmaceutically acceptable salt
thereof, wherein Q is

S N

' S ar

4 B

4, The compound according to claim 1 or 2, or a phanmaceutically acceptable salt
thereof, wherein Q is

R4
—N
v / >\,’
,.v“ S ‘; N
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A, The compound according to any one of the preceeding claims, or a
pharmaceutically acceptable salt thereof, wherein W is -N{R)C{0}-, and

R’ is hydrogen, or C~Caalkyl.

6. The compound according to any one of claims 1-4, or a pharmaceutically
acceptable salt thereof, wherein W is -N{R"YC(O}-, and

R’ is a Ci~CsheteroarylC-Calkyl.

7. The compound according to any one of claims 14, or a pharmaceutically
acceptable salt thereof, wherein W is a direct bond or -N{R")C(O)~, and R' is

S
N===( | N== |
- e
¥ L] 3
PV
v \ i
7 N==S -
LY ‘.,\
oF
8. The compound according to any one of the preceeding claims, or 8

pharmaceutically acceptable salt thereof, wherein 1 is 1 and R” is C-Caalkyl, Ca-
Creycloalkyt, or hydroxy; or it is 2 and two R™'s on the same carbon atom form an oxo
{=.

9 The compound according to any one of the preceeding claims, or a
pharmaceutically acceptable salt thereof, wherein nis 2 and two R%s on the same
carbon atom form an oxo {(=0).
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10.  The compound according to any one of the preceeding claims, or a
pharmaceutically acceptable salt thereof, wherein p is 1 and R® is C,-Caalkyl, Cs-
seycloatkyl, chloro, fluoro, triffuoromethyd, or cyano.

11, The compound according to claim 1, or a pharmaceutically acceptable sait
thereof, wherein the compound is represented by Formula (i)

wherein Q is

Y M M s
: j jt\{w}q ) I }'{Rd To j (R ‘i (R4,
NN NI IAAN T NP

L L /b\ i e

8

Bat I)\

W is -NRYC(O)-, ~-C(OIN(R}-, or a direct bond;

pisQ, 1,2 3 0rd;
gis 1,2 or3;

R’ is hydrogen, alkyl, alkenyl, atkynyl, alkoxy, hydroxyalkyl, atkoxyalkyl,
cycloalkyl, cycloalkylaltkyl, aryl, haloalkyl, aralkyl, heterocyclyl, heterocyciylalkyl,
heteroaryl, or heteroarylalioyl;

R* is independently alkyl, atkoxy, hydroxyalkyl, alkoxyalky!, cycloalkyi, hala,
trifluoromethyl, frifluoromethoxy, cyano, hydroxy or -N{R"),;

R® is independently C-Cialkyl, halo, trifluoromethyl, trifluoromethoxy, cyano,
hydroxy, or -N(R").; and
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R’ is independently hydrogen, or C,-C,alkyl: or

a pharmaceutically acceptable salt thereof.

12. The compound according to claim 8, or a pharmaceutically acceptable salt

thereof, wherein

R’ is hydrogen, C,-Caalkyl, C,-Csalkenyl, Co-Cealkynyl, Ci-Csalkoxy, hydroxyCi-
Caalkyl, Ci-CoalkoxyC-Caalkyl, C4-Creycloalkyl, Ca-CroycloalkylC -Caalkyl, Co-Croaryl,
haloC,-Caalkyl, Cs-CrarC~Gaatkyl, Ci-Cigheterocyeiyl, Co-CisheterocyeiyiC-Cealkyl, Cy-
Cupheteroaryl, or C-CigheteroaryiC,-Caatkyl; and

R*is Cy-Caalkyl, Ci-Coatkony, hydroxyC,-Caalkyl, C-CealkoxyCy-Caalkyl, Cs
Creyeloalkyl, halo, trifluoromethyl, trifiuoromethoxy, cyano, hydroxy, or -N(R'},.
13.  The compound according to Claim 11 or 12, or a pharmaceutically acceptable
salt thereof, wherein R' is C;-Ca alkyl, cyclocalkylatikyl, aratkyl or heteroarylaitkyi,

wherein the cycloalkylatkyl is
. ‘ ' F F
)\‘/\V ./{WL—-" N-F P o ,
/ ' '
% o F'\‘t

wherein the aralkyl is
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SN /\/}\.L f”\\/"\ HON F/\T"\\ e
L A L7 L\/ L\,} ° \)L _ |

14, The compound according to Claim 13, or a pharmaceuticaily acceptable salt
thereof, wherein

R'is C-Caatkyl, cyclocalkylatkyl, aratkyl or heteroarylalkyl,

wherein the cycloalkylalkyl is selected from the group consisiting of

[ ® - + ¥
4.
t LY A
Y k! Y ¥, "‘"
* K \ )
t v
B » L
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wherein the aralkzy‘l is selected from the group consisting of

\Q O, ,\ .,

wherein the heteroarytalky! is selected from the group consisting of
(:h‘\ ,:"\{6,&’ ”*N'
()
) J ar ‘ o .

15.  The compound according to-any one of Claims 1 through 4, 11 and 12, or a

pharmaceutically acceptable salf thereof, wherein R’ is hydrogen, methyl, (pyridin-2-
yhimethyl, (6-methyl-isoxazol-3-yiimethyl, or {{-methyl-pyrazol-4-ylimethyl.

16.  The compound according to any one of Claims 1 through 4, 11 and 12, ora
pharmaceutically acceptable salt thereof, wherein
W is -N(R"YC{0)-, and

R’ is hydrogen,
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17.  The compound according to any one of Claims 1 through 4, 11 and 12, ora
pharmaceutically acceplable salt thereof, wherein
W is a direct bond or -N({R"C(O)-, and R' is
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18.  The compound accerding to any one of Claims 1 through 4, 11 and 12, or a
pharmaceutically acceptable salt thereof, wherein

W is -N{R)C{O}, and
R’ is methyl,

18.  The compound of any one of claims 1-10, or a pharmaceutically acceptable salt
thereof, whersin Kis 1.

20.  The compound of claim 1, wherein the compound is selected from the group
consisting of:
7-fluaro-N-{4-{methylcarbamoyl)pyridin-2-yi}-4-oxospiro{chroman-2 4'-piperiding]-
1'-carboxamide;
7-fluoro-N-(4-(methylcarbamoylipyridin-2-yljspirofchroman-2 4'-piperidine]-1-
carboxamide;
8-chioro-N-{4-{methylcarbamoylpyridin-2-yi)spirofchroman-2 4'-piperidine}- 1'-
carboxamide;
8-chloro-N-(4-{methylcarbamoyl)pyridin-2-yl}-4-oxospircfchromarn-2 4™
piperidine}-1'-carboxamide;
B-fluoro-N-(4-(methylcarbamoylpyridin-2-yl}spiro[chroman-2,4'-piperidine}- -

carboxamide;
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7-fluoro-N-{B-{methylcarbamoyl)pyridin-2-yl)spiro]chroman-2 4'-piperidine}-1’-
carboxamide;

7-fluoro-N-(5-(methylcarbamoylpyridin-3-yi)spirofchroman-2 4 -piperidine}-1'-
carboxamide;

N-(4-(methylearbamoytipyridin-2-yl}-1, 3-dibydrospirofindene-2 4 -piperidineg]-1'-
carboxamide;

N-{4-{methylcarbamoylpyridin-2-y)spiro{chroman-2 4-piperidine]-1-
carboxamide;

7-fluoro-N-{4-(methylcarbamoyl)pyridin-2-yl)-3 4-dihydro-1H-spiro[naphthalene-
2,4-piperidine}-1'-carboxamide;

8-chiore-N-{4-(methylcarbamoylpyridin-2-y1)-3,4-dihydro-1 H-spiroinaphthalene-
2 4'-piperidine]-1-carboxamide;

8-fluoro-N-(4-{methylcarbamoylipyridin-2-yi)-3 4-dihydro-1H-spirofnaphthalene-
2 4'-piperidine}]-1-carboxamide;

N-{4-{methyicarbamoyl)pyridir-2-y1}-3,4-dihydro- 1 H-spirofnaphthalene-2 4
piperidine}-1'-carboxamide;

S-fiuoro-N-{4-(methylcarbamoypyridin-2-yl)-3H-spircibenzofuran-2 4’
piperidine}-1'-carboxamide;

7-chioro-N-{4-(methylcarbamoyhpyridin-2-y|)-3H-spirefbenzofuran-2 4'-
piperidine}-1-carboxamide;

5-fluoro-N-{4-(methylcarbamoyl)pyridin-2-yl)-3H-spiro[benzofuran-2 4'-
piperidine}-1'-carboxamide;

N-{4-(methylcarbamoyl}pyridin-2-yl}-3H-spirclbenzofuran-2 4'-piperidine]-1'-
carboxamide;

4-chioro-N-{4-{methylcarbamoyl)pyridin-2-yl)-1,3-dihydrospirofindene-2 4’
piperidine]-1'-carboxamide:

S-fluoro-N-(4-{methylcarbamoyl)pyridin-2-yl)-1,3-dihydrospirofindene-2,4'-
piperiding]-1-carboxamide;

8-fluoro-N-{4-{{{5-methyl-1,2-oxazol-3-ymethyljcarbamoyl)pyridin-2-yl)-3,4-
dihydro-1'H-spirofchromene-2 4'-piperidine}-1'-carboxamide;

&-fluoro-N-{4~{[{ 1-methyl- 1H-pyrazol-4-ymethyilcarbamoyiipyridin-2-y1}-3,4-
dihydro-1'H-spirofchromene-2 4 -piperidine}- 1 -carboxamide;
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N-{4-carbamoylpyridin-2-yl}-6-fluorospirofchroman-2, 4-piperidine]- 1-
carboxamide;

T-fluoro-N-(4-methyl-5~{pyridin-2-yimethylcarbamoyl)thiazol-2-yi)spirefchroman-
2 4'-piperidine}-1'-carboxamide; or

a pharmaceutically acceptable salt thereof.

21. A pharmaceutical composition, comprising: the compound according to claims 1-
20, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
excipient or carrier.

22. A method of inhibiting human stearoyl-CoA desaturase (hSCD) activity
comprising:

contacting a source of hSCD with a compound according to any one of claims 1~
20, or a pharmaceutically acceptable salt thereof.

23. A method of treating a disease or condition mediated by stearoyl-CoA desalurase
{SCD) in a mammal, comprising:

administering to the mammal in need thereof a therapeautically effective amount of the
compound according to claims 1-20, or a pharmaceutically acceptable saft thereof,

24,  The methed according to claim 23, wherein the disease or condition is metabolic
syndrome, Syndrome X, diabetes, insulin resistance, decreased glucose tolerance, non-
insulin-dependent diabetes meliitus, Type I diabetes, Type | diabetes, diabstic
complications, body weight disorders, weight loss, body mass index or leptin related
diseases.

25.  The method according to claim 24, wherein the metabelic syndrome is
dystipidemia, obesity, insulin resistance, hypertension, microalbuminemia,
hyperuricaemia and hypercoagulability,
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26 The method according to claim 24, wherein the body weight disorder is obesity,
poverweight, cachexia and anorexia.

27.  The method according to claim 23, wherein the disease or condition is a skin
disorder.

28.  The method according to claim 27, wherein the skin disorder is eczema, ache,
psoriasis, rosacea, seborrheic skin or keloid scar formation or prevention.

28. A pharmaceutical composition comprising a3 therapeutically effective amount of a
compound according to claims 1-20, or a pharmaceutically acceptable salt thereof, in
combination with a therapeutically effective ameunt of insulin, insulin derivative or
mimetic; insulin secretagogue; insulinotropic sulfonylurea receptor ligand; PPAR ligand;
insulin sensitizer; biguanide; alpha-glucosidase inhibitors; GLP-1, GLP-1 analog of
mimetic, DPRIV inhibitor; HMG-CoA reductase inhibitor; squalene synthase inhibitor;
FXR or LXR figand; choleslyraming; fibrales; nicotinic acid; or asplrin

30. Use of a compound of Formula (i) according to claims 1-20, or a
pharmaceutically acceptable salt thereof, for the preparation of a pharmaceutical
composition for the treatment of a disorder or disease in a subject mediated by the
inhibition of stearovl-CoA desaturase.

31, Acompound of Formuta (1) according to claims 1-20, or a pharmaceutically
acceptable salt thereof, for use a5 a medicament.

32, Apharmaceutical composition according to claim 21 or 29 for use as a

rmedicament.
33. Use of a pharmaceutical composition according to claims 21 or 29 for the

preparation of a medicament for the treatment of a disorder or disease in a subject
mediated by the inhibition of stearoyl-CoA desaturase.
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