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Uloa, Bra. J. Pharmacy/. (2007) 151:915-929;
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I sopropyl pyrimdinyl, cyclopropyl pyrimdinyl,
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5hydr oxy, cyano, trifluoromethyl, difluoronethyl,
fluoronethyl, trifluoronethoxy, difl uoronethoxy,
wapoahkbesul f onyl, furyl, norpholino, nethyl enedi/vg3009/041076
pyridyl, G 4al kyl phenyl, hal ophenyl, ]
di met hyl am nophenyl, Cptal kyl am do, -CONR2R3 in wh 143 PCT
R, and R3 each are independently hydrogen, G 4al kyl,
hydroxy_al kyl, am no Cl-tal ky! or It) and R3taken
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"Al kenyl" nmeans a straight or branched al kyl group

conpose of. 2 t.o carbons with a t. one double .
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mul ti parenthetic terms are intended to clarify
30bwtohg rel ati onships to those skilled in the art.

For exanple, a termsuch as ((R) al kyl) nmeans an al kyl
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R. The i nvention includes %I ;pharmaceutical ly
acceptable salt fornms of t oUhds.
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15 invention includes all stereoisoneric forns of the

compounds includi ng enantioners and di ast ereromners

Met hods of maki ng and separatifig stereoi soners are

known in the art. The invention includes

all tautoneric forns of the conpounds. An exanpl e 20of

a tautoneric pair is showmn below N .RL NH Synt heti c
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"ACN' for acetonitrile; "DVE' for 1, 2-dinmethoxyet hane;
"HOBt" for 1- hydroxybenzotriazole hydrate; "D EA" for
walziosopoopyl et hyl ami nc, "N " for CF3(CF2) 3S02-PCHENS2009/041076
"TMOF" for trinethylorthofornmate. AbbreV|at|ons aS, 1163 PCT

used herein, are defined as follows: "1 x" for oncg

"2 x" for 25tmﬁce "3 x" for thrice, "C' for degrees

Cel sius, "eq" for equi val ent or equivalents, "g" for

P or Dol 5 ¢ dihsaroBe i L sfasron %%ﬁ% Ipyrimidinyl,
m | bj7ldilyelFs SH- c&&lbpenfa@d]pyﬁrﬁlﬂmlyi 5&(7, @fetrﬁhﬁf@ﬂulrbﬁﬂﬁyl 7 8E
for nonnal for

mi | fiﬁhwp?senawm At 6Hf> <9Pylmlqﬁll}?téaha5 rotﬁﬁ%@@%olyﬂ ﬁ“rH)IF B‘i‘bSWBI?F‘ with

or bHoWBstituchds' 1ncfepénd61§i@fr§bte@t€@ bR &oup é%—ﬁSlStfll%r of C1 4alky1
retention time trmsp ere, psSI

Hou ﬁdscyf}éi‘lkﬁélqﬁmhélo?lh?élhcl 438&9?% Cralpadpal leeswééﬁwcwoxyas at"
or C??aqkﬂthlo en&%ﬁ H&é?l%gy halwydff@& aRhE &Yl Aky BT BNL NRR?,

oi n f'or enantioneric excess,
NSpyrmhdmvaslsm wlenedieyy, Wﬁ}éysth@mécvlﬁ%ﬂbét Pyyimidigg) naphgy |,

el egt I, nﬂM kﬁﬂ@g@pbgﬁdﬂaéﬁﬁﬁpﬁﬁvgg qummnggﬂ&ﬁrmwnﬂ

high re ution utlon
spe @ltdrbmestl e, SubStENE! witlod-2| sulqsmuﬂnf@ depraderglyaplstedrtien the

1§ peg}o(l?@&}sfsﬁ%of’ﬂplggcw@@ ft‘f gﬂké%% Lﬁﬁl%al,lﬁ gt AE'ﬁILékoxy, and

"TLSR’®:, "tic" for thin |ayer chronatography, " NVR'
for nuclear magnetic resonance spectroscopy, "1H' for
proton, "6" for delta, "s" for 5singlet, "d" for
douBF Bthydrddén, Eoralityt,idplietdroxyalkylf or C qaaimboetkyl; " mi' f or
nultiplet “br" for broad, "Hz" for hertz, and "a",
11", "R', "S", "E', and "Z" are st er eocheni ca
1sles K@i@ a!yﬂr@gl@ ‘Camﬂyn a,. 4153Q1r(§3®@1k§1k bl ¢1adminna1k§ﬂ1e art.
Schenme 1. RRN=C=N-R HN-R1 9: S | N+ , HH VI |
10l al b Compounds of Fornul a I are prepared as
I 11 ysitSaat &d talkh Bg&ﬁéﬂv@ﬂh tﬁ?ﬁlﬁ‘ﬂ@nlﬂon}_ ﬂ)ewllﬁ@I ﬁBB}ear@fattached is
Formula IIl (3-quinuclidone) is known, is commercially
avapreagmnl, pmolwlﬁyl peepfiapapeeragyy ndr(hoadvpaizng.
t ho%@gllﬁﬁeghbﬁdﬁb@nﬂ The ketone can be converted
to the correspondi ng cyanohydlln of Formula IV by
29eaction with sodium5 or potassium cyani de plus an
aci V can be reduced to the
cor?%%%on %ﬁgﬂg nS%%§§ﬁ§?H%%ﬁ%6und (borane conpl ex)
of Fornmula V by reaction with boraneitetrahydrofuran
conpl ex. Another aspFhteof diermpoution bisteFRorsnukrofformare krgcording to
reagl e g i th heteroaryl isothiocyanates directly in an
i nert solvent to give the thioureas of Fornula VI.
2AIternat|ver, the 10 heteroaryl am ne can be reacted
W th thiocarbonyl-diimdazole to give an activated
speci es which can be used wyt houtN4gol ati on to convert
the conpound of Formula V ﬂhe(conpound of Formul a
VI. The heteroaryl am ne be., pNepared by net hods
known to those skilled int art. The thiourea of
Forrmul a VI can be cyclized usiing, for exanpl e,
di -i sopropyl 15carbodiim de to give the oxazoline of
Formula VI1 which may be deprotected via treatnent
W th aci 8hdiRer@ipést SR iR & alcoRBburdl@ MHaklaQfor tNChere R' is
conpound of Forrmula |I. The conmpound of Formula | may
39e podestid\fecn tha gepup gpsisaing at ey liosmebiinds of Fornul a
I a @H&hﬁ%l‘f@d&&s&ﬁz&l% Hl%ﬁﬁ?@ }EQQW] dfn{étﬂgg@rﬁBEd tﬁlg}{ Ipyrazolyl,
exanpl €, Vvia chiral chronagograp hy g
R1- NCS CH2NHi LHH 131 CH2NH3-ti - base Xl Vi a
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| aHa Alternatively, the free amno group of
t he qui nuclidine of Fornmula V can be 5bl ocked wth,
wo 2009ex@anpl e, car bobenzyl oxy-chl ori de (" CBZ- ClPQT/US2009/041076

gi ve the conmpound of Formula VIII, as illustrated hq63PCT
Reaction Scheme 2. The racem c conpound of Fornmul a
VIIl can be resolved into its enantioners, Fornmula |IX
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Another aspect of the invention is a compound of formula I or Ia where R' is
selected from the group consisting of phenylthiazolyl, (chloro)(methyl)pyridinyl,
(bromo)(phenyl)pyrimidinyl, methoxypyrimidinyl, difluoromethoxypyrimidinyl,
difluoroethoxypyrimidinyl, cyclopentoxypyrimidinyl, (methylphenyl)pyrimidinyl,
(methoxyphenyl)pyrimidinyl, bromopyrazinyl, chloropyrazinyl, methylthiopyrazinyl,
methoxybenzothiazolyl, ethoxybenzothiazolyl, difluoromethoxybenzothiazolyl,
thiazolopyridinonyl, trifluoromethylindazolyl, benzimidazolyl, isoquinoinyl, and

quinazolinyl or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is a compound or formula I or Ia where R' is
selected from the group consisting of thiazolyl, pyridinyl, pyridazinyl, pyrimidinyl,
pyrazinyl, benzothiazolyl, thiazolopyridinyl, indazolyl, benzimidazolyl, isoquinoinyl,
and quinazolinyl, and is substituted with 0-3 substituents independently selected from
the group consisting of C; 4alkyl, C; scycloalkyl, Cy_shaloalkyl, Cy 4alkoxy,
Ci.shaloalkoxy, Cs.seycloalkoxy, Cy.aalkylthio, phenoxy, benzyloxy, halo, hydroxy,
cyano, Cyqalkylsulfonyl, NR’R?, pyrrolidinonyl, methylenedioxy, furyl, thienyl,
triazolyl, pyrimidinyl, naphthyl, C,_salkylamido, CONRR’, pyridyl, phenyl, and
benzyl, and where pyridyl, phenyl and benzyl are substituted with 0-2 substituents
independently selected from the group consisting of halo, C;_salkyl, C;_salkoxy,
C\.shaloalkyl, C;_shaloalkoxy, and NR*R?; or a pharmaceutically acceptable salt
thereof.

Another aspect of the invention is a compound or formula I or Ia where R' is
selected from the group consisting of pyridinyl, pyrimidinyl, pyrazinyl,
thiazolopyridinyl, and isoquinoinyl, and is substituted with 0-3 substituents
independently selected from the group consisting of C;_salkyl, Cs_scycloalkyl,
Cy_4haloalkyl, C;_salkoxy, C; 4haloalkoxy, C;scycloalkoxy, C; 4alkylthio, phenoxy,
benzyloxy, halo, hydroxy, cyano, C;_4alkylsulfonyl, NR’R?, pyrrolidinonyl,
methylenedioxy, furyl, thienyl, triazolyl, pyrimidinyl, naphthyl, C,_salkylamido,
CONRR?, pyridyl, phenyl, and benzyl, and where pyridyl, phenyl and benzyl are
substituted with 0-2 substituents independently selected from the group consisting of
halo, Cy salkyl, Cy jalkoxy, Ci shaloalkyl, C; shaloalkoxy, and NR2R3; ora

pharmaceutically acceptable salt thereof.
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Another aspect of the invention is a compound or formula I or Ia where R' is
selected from the group consisting of pyridinyl and isoquinoinyl, and is substituted
with 0-3 substituents independently selected from the group consisting of C_salkyl,
Cs.scycloalkyl, Cy.4haloalkyl, Cy_salkoxy, C;_shaloalkoxy, Cs.scycloalkoxy,

5 Cpraalkylthio, phenoxy, benzyloxy, halo, hydroxy, cyano, Cysalkylsulfonyl, NR’R?,
pyrrolidinonyl, methylenedioxy, furyl, thienyl, triazolyl, pyrimidinyl, naphthyl,
Csalkylamido, CONR’R?, pyridyl, phenyl, and benzyl, and where pyridyl, phenyl
and benzyl are substituted with 0-2 substituents independently selected from the
group consisting of halo, C.salkyl, C,4alkoxy, C;shaloalkyl, C;_shaloalkoxy, and

10 NR’R’; or a pharmaceutically acceptable salt thereof.

Another aspect of the invention is a compound selected from the group

consisting of
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or a pharmaceutically acceptable salt thereof.

20 Another aspect of the invention is a compound of formula I where R; is
selected from the group consisting of thiazole, thiadiazole, isoxazole, oxazole,
pyrazole, imidazole, pyridine, pyrazine, pyridazine, pyrimidine, quinoline,

isoquinoline, quinoxaline, indazole, indole, 2-indolone, benzothiazole,
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benzimidazole, benzoxazole, benzo(d)isothiazole, benzisoxazole, isothiazolo-[5,4-
b]pyridine, (1,2,4)-triazolo[1,5-a]pyridine, thiazolo[5,4-b]pyridine and
tetrahydrobenzothiazole in which each group is optionally substituted with one or
two substituents selected from the group consisting of C.4alkyl, C;.4alkoxy, halogen,
hydroxy, cyano, trifluoromethyl, difluoromethyl, fluoromethyl, trifluoromethoxy,
difluoromethoxy, C;_salkylsulfonyl, furyl, morpholino, methylenedioxy, pyridyl,
Ci.salkylphenyl, halophenyl, dimethylaminophenyl, C;_salkylamido, -CONR,R3 in
which R, and R; each are independently hydrogen, C;.salkyl, hydroxy C,.salkyl,
amino Cy 4alkyl or R, and Rjtaken together with the atom to which they are attached
are Cs¢cycloalkyl; phenyl, substituted phenyl, phenylmethyl, substituted
phenylmethyl in which said substituted phenyl and substituted phenylmethyl are
substituted with substituents independently selected from the group consisting of
halogen, C,.salkyl, Ci.salkoxy, trifluoromethyl and trifluromethoxy; or a

pharmaceutically acceptable salt thereof.

For a compound of formula I or Ia, the scope of any instance of a variable
substituent, including R', R?, and R?, can be used independently with the scope of
any other instance of a variable substituent. As such, the invention includes

combinations of the different aspects.

Unless specified otherwise, these terms have the following meanings.
“Alkyl” means a straight or branched alkyl group composed of 1 to 4 carbons.
“Alkenyl” means a straight or branched alkyl group composed of 2 to 4 carbons with
at least one double bond. “Alkynyl” means a straight or branched alkyl group
composed of 2 to 4 carbons with at least one triple bond. “Cycloalkyl” means a
monocyclic ring system composed of 3 to 7 carbons. “Haloalkyl” and “haloalkoxy”
include all halogenated isomers from monohalo to perhalo. Terms with a
hydrocarbon moiety (e.g. alkoxy) include straight and branched isomers for the
hydrocarbon portion. Parenthetic and multiparenthetic terms are intended to clarify
bonding relationships to those skilled in the art. For example, a term such as

((R)alkyl) means an alkyl substituent further substituted with the substituent R.

10
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The invention includes all pharmaceutically acceptable salt forms of the
compounds. Pharmaceutically acceptable salts are those in which the counter ions do
not contribute significantly to the physiological activity or toxicity of the compounds
and as such function as pharmacological equivalents. These salts can be made
according to common organic techniques employing commercially available
reagents. Some anionic salt forms include acetate, acistrate, besylate, bromide,
chloride, citrate, fumarate, glucouronate, hydrobromide, hydrochloride, hydroiodide,
iodide, lactate, maleate, mesylate, nitrate, pamoate, phosphate, succinate, sulfate,
tartrate, tosylate, and xinofoate. Some cationic salt forms include ammonium,
aluminum, benzathine, bismuth, calcium, choline, diethylamine, diethanolamine,
lithium, magnesium, meglumine, 4-phenylcyclohexylamine, piperazine, potassium,

sodium, tromethamine, and zinc.

Some of the compounds of the invention exist in stereoisomeric forms. The
invention includes all stereoisomeric forms of the compounds including enantiomers
and diastereromers. Methods of making and separating stereoisomers are known in

the art.

The invention includes all tautomeric forms of the compounds. An example

of a tautomeric pair is shown below.

H
N\R1 N\R1
1 A
N [ N NH

Synthetic Methods

The compounds may be made by methods known in the art including those
described below and including variations within the skill of the art. Some reagents
and intermediates are known in the art. Other reagents and intermediates can be
made by methods known in the art using readily available materials. The variables
(e.g. numbered “R” substituents) used to describe the synthesis of the compounds are

intended only to illustrate how to make the compounds and are not to be confused

11
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with variables used in the claims or in other sections of the specification. The
following methods are for illustrative purposes and are not intended to limit the scope
of the invention.

Some of the compounds may be prepared using the reactions and techniques
described in this section. The reactions are performed in solvents appropriate to the
reagents and materials employed and are suitable for the transformations being
effected. It is understood by one skilled in the art of organic synthesis that the
functionality present on various portions of the molecule must be compatible with the
reagents and reactions proposed. Such restrictions to the substituents which are
compatible with the reaction conditions will be readily apparent to one skilled in the
art and alternate methods must then be used.

Abbreviations used in the schemes generally follow conventions used in the
art. Chemical abbreviations used in the specification and examples are defined as
follows: “NaHMDS” for sodium bis(trimethylsilyl)amide; "DMF" for N,N-
dimethylformamide; “MeOH” for methanol; “NBS” for N-bromosuccinimide; “Ar”
for aryl; "TFA" for trifluoroacetic acid; “LAH” for lithium aluminum hydride;
“BOC”, “DMSO” for dimethylsulfoxide; “h” for hours; “rt” for room temperature or
retention time (context will dictate); “min” for minutes; "EtOAc" for ethyl acetate;
"THF" for tetrahydrofuran; “EDTA” for ethylenediaminetetraacetic acid; “Et,O” for
diethyl ether; "DMAP" for 4-dimethylaminopyridine; “DCE” for 1,2-dichloroethane;
“ACN” for acetonitrile; “DME?” for 1,2-dimethoxyethane; “HOBt” for 1-
hydroxybenzotriazole hydrate; “DIEA” for diisopropylethylamine, “Nf” for
CF3(CF;,)380;-; and “TMOF” for trimethylorthoformate.

Abbreviations as used herein, are defined as follows: “1 x” for once, “2 x” for
twice, “3 x” for thrice, "°C" for degrees Celsius, “eq” for equivalent or equivalents,
“g” for gram or grams, “mg” for milligram or milligrams, “L” for liter or liters, “mL”
for milliliter or milliliters, “uL.” for microliter or microliters, “N” for normal, “M” for
molar, “mmol” for millimole or millimoles, “min” for minute or minutes, “h” for
hour or hours, “rt” for room temperature, “RT” for retention time, “atm” for
atmosphere, “psi” for pounds per square inch, “conc.” for concentrate, “sat” or “sat’d
“ for saturated, “MW” for molecular weight, “mp” for melting point, “ee” for
enantiomeric excess, “MS” or “Mass Spec” for mass spectrometry, “ESI” for

electrospray ionization mass spectroscopy, “HR” for high resolution, “HRMS” for

12
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high resolution mass spectrometry , “LCMS” for liquid chromatography mass
spectrometry, “HPLC” for high pressure liquid chromatography, “RP HPLC” for
reverse phase HPLC, “TLC” or “tlc” for thin layer chromatography, “NMR” for
nuclear magnetic resonance spectroscopy, “!H” for proton, “8” for delta, “s” for
5 singlet, “d” for doublet, “t” for triplet, “q” for quartet, “m” for multiplet, “br” for
broad, “Hz” for hertz, and “a”, “B”, “R”, “S”, “E”, and “Z” are stereochemical

designations familiar to one skilled in the art.
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Compounds of Formula I are prepared as illustrated in Reaction Scheme 1.
The ketone of Formula IIT (3-quinuclidone) is known, is commercially available, or
may be prepared by methods known to those skilled in the art. The ketone can be
converted to the corresponding cyanohydrin of Formula IV by reaction with sodium
or potassium cyanide plus an acid. The compound of Formula I'V can be reduced to
the corresponding amino-methyl compound (borane complex) of Formula V by
reaction with borane/tetrahydrofuran complex.

The compound of Formula V can be reacted with heteroaryl isothiocyanates
directly in an inert solvent to give the thiourcas of Formula VI. Alternatively, the
heteroarylamine can be reacted with thiocarbonyl-diimidazole to give an activated
species which can be used without isolation to convert the compound of Formula V
to the compound of Formula VI. The heteroarylamine may be prepared by methods
known to those skilled in the art.

The thiourea of Formula VI can be cyclized using, for example, di-isopropyl
carbodiimide to give the oxazoline of Formula VII which may be deprotected via
treatment with acid to give the racemic final product of the compound of Formula I.
The compound of Formula I may be resolved into pure enantiomer compounds of
Formula Ia and Formula Ib by means known in the art, for example, via chiral

chromatography.
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Alternatively, the free amino group of the quinuclidine of Formula V can be
5 blocked with, for example, carbobenzyloxy-chloride (“CBZ-CI1”) to give the
compound of Formula VIII, as illustrated in Reaction Scheme 2.

The racemic compound of Formula VIII can be resolved into its enantiomers,
Formula IX and Formula X by, for example, chiral chromatography. Either the
compound of Formula IX or Formula X, and preferably the compound of Formula X,

10 can then be carried on as shown in Reaction Scheme 2.

The borane group in the compound of Formula X can be removed, for
example, by treatment with dilute hydrochloric acid, and the carbobenzyloxy group
can be removed, for example, by catalytic hydrogenation to give the chiral
quinuclidine amine of Formula XI. Similarly to Reaction Scheme 1, the amine salt of

15  Formula XI can be reacted with isothiocyanates to give the thiourea of Formula Vla,

which can then be reacted with dialkyl carbodiimides or mixed thioureas (as from

15
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reaction with thiocarbonyl diimidazole) to give the chiral oxazoline quinuclidine

compounds of Formula Ia, and its tautomer, Formula Ila.

Scheme 2a.
OH

AjLCH NH, Hel ' R,-NCS on ¥ AN=C=N-R
Ly e W™ s CHNHg'er 0 /] cHnn— — =

B N N HN-R
H;’ “H CIH base !

X
5 v Xil

Alternatively, the borane group of V may be removed with hydrochloric acid
to give dihydrochloride salt XII, which can be reacted in the presence of base with an
isothiocyanate to give intermediate thiourea XIII, which can then be cyclized as in
Reaction Schemes 1-2 to give I. XII may also be prepared by other methods, as

10 referenced in US Patent #5,137,895 (8/11/1992).

Scheme 3.
H
OH b N~R,

CS,, NaOH _ ase O

2 S [ CHoNHz'CI — -«

Ri-NH, ——— R1—N=< + N [N "y N

CH3l s— -CIH -2 CH3SH

XIv Xl la

Additionally, the (hetero)aromatic amines may be reacted with carbon

15  disulfide, sodium hydroxide, and methyl iodide to give intermediate dimethyl
carbonimidodithioates XIV. These are reacted with dihydrochloride XI in the
presence of base to eliminate two moles of methanethiol and generate desired

products la directly.
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Biological methods

D) a7 Nicotinic Acetycholine Receptor Binding. Membranes were prepared for
binding using HEK293 cells stably expressing the rat a7 nicotinic acetycholine
S receptor (rat a7 nAChR). Cells were homogenized at 4°C in hypotonic lysis buffer

consisting of 10 mM Tris (pH 7.4), 5 mM EDTA and protease inhibitors and
centrifuged at 32000 xg for 20 minutes. The pellet was washed once in membrane
wash buffer consisting of 50 mM Tris (pH 7.4), 1 mM EDTA and protease inhibitors
and centrifuged at 32000 xg for 20 minutes. This pellet was then resuspended in

10 assay buffer consisting 50 mM KH,PO, (pH 7.4 at 25°C), | mM EDTA, 0.005 %
Triton-X 100 and 0.1% (v/v) Sigma Protease Inhibitor Cocktail. Aliquots were then

frozen in dry ice/ethanol and kept at -80°C until the day of the assay.

1) A Ca’" -Sensitive, Fluorescence-Based Assay a-7 for Nicotinic Acetylcholine
15 Receptor Channel Function In Mammalian Cells (“FLIPR”). Summary: Lead
compounds are evaluated for agonist activity at a-7, a3p4, a4af2, and alp1dle
sub-types of nicotinic ACh receptor ion channels expressed in mammalian HEK 293
cells. Agonist potency and efficacy values are determined from kinetic fluorescence
Ca’" influx measurements made using a 384 well FLIPR (Fluorescence Image Plate
20 Reader). The utility of fluorescent indicators for measuring changes in intracellular
divalent cation concentrations, particularly Ca>", for drug discovery endeavors is well

documented (Rudiger, R., ef al., Nature Reviews, 2003, 4:579-586; Gonzalez J.E., et

al., Receptors and Channels, 2002, 8:283-295). In this assay, channel expressing

HEK cell lines seeded in 384 well assay plates are loaded with a membrane permeant
25  fluorescent Ca*" indicator dye, whose 510 nm green emission signal increases in
response to elevation of intracellular Ca®" concentration. The basal fluorescence
from the cells is monitored in real time, followed by the acute addition of test
compounds. If the compound is an agonist at any of the non-selective cation
channels, the latter open and allow the movement of extracellular Ca* ions into the
30 cell cytoplasm, where they bind to the Ca>" indicator dye, and produce an increase in

fluorescence output signal , which is detected by a cooled CCD imaging camera.
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Materials and Methods: Reagents: The acetomethoxy (AM) ester of the Ca®*

indicator dye Fluo-4 was obtained from InVitrogen, (Carlsbad, CA). Acetylcholine

and all buffer constituents were purchased from Sigma Chemical Company, St.

Louis, MO. G418 and Minimal Essential Medium were purchased from InVitrogen
5  Life Technologies, Carlsbad, CA. Fetal bovine serum was purchased from

(InVitrogen, Carlsbad, CA).

Cell Culture: HEK-293 cells were grown in Minimal Essential Medium
containing 10% (v/v) fetal bovine serum at 37° C in a 5% CO, incubator. HEK-293
10 cells stably expressing the ion channels were grown in the same medium with the

addition of 500 pg/ml G418.

Ca®" flux assays of Ca>" channels expressed in HEK-293 cells: HEK-293

cells expressing the ion channels of interest were plated in 384 well, black-walled,

15  clear-bottomed, poly-D-lysine coated plates at a density of ~20,000 cells/well in 20
ul of Minimal Essential Medium containing 10% (v/v) fetal bovine serum and
incubated for 2 days at 29° C in a 5% CO; incubator. Prior to assay, cells were
loaded with the Fluo-4 AM ester. Cell loading was accomplished by removing the
culture medium and replacing it with 30 pl/well of the AM ester of the dye (5 uM)

20  mixed with Hanks Balanced Salt Solution (#14175-095) containing 20mM HEPES,
2.5mM probenecid,0.5mM CaCl,, ImM MgCI2 and 10uM atropine. Dye loading
was allowed to proceed for 90 minutes at room temperature at which time the dye
loading solution was removed and replaced with 40 pl/well of Hanks buffer. Cells
loaded with dye were loaded onto a FLIPR384 (Molecular Devices, Sunnyvale, CA).

25  Fluo-4 dye was excited using the 488 nm line of an argon laser. Emission was
filtered using a 540 +/- 30 nm bandpass filter. For evaluation of the effects of test
compounds using the Ca>" flux assay, compounds to be tested were provided in assay
ready plates. For nicotinic receptor ion channel expressing cells, the assay was
initiated by the addition of 20 ul/well of Hanks buffer containing test compounds.

30  For all assays, data were collected at 1 Hz for 10 seconds (baseline), at which time
the compound containing stimulus buffers are added, and further measurements

collected at 0.33Hz for 3 min.
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Data Analysis: The statistical robustness of the nicotinic receptor Ca*" flux
assays is determined from blanks and totals wells. The totals wells define maximal
channel activation for each compound test plate (Maximum efficacious dose of
acetylcholine), and the blanks wells which contain matched DMSO only, define zero

5 channel activation. The raw fluorescence units data files generated on the FLIPR

plate reader are automatically exported and processed by in-house data analysis tools.
The reduced percent activation data for each concentration of test compound are fit
using MathlIQ fitting engine (ID Business Solutions Limited, Surrey, UK). Data were
analyzed by fitting maximum amplitudes of change in fluorescence, for Ca®" flux for

10 agiven condition of test compound. Potencies (ECs, values) of compounds are
calculated from the average of three assay wells from a twenty point CRC. Test
compound efficacy values (Ymax values) are expressed relative to a maximal

response to acetylcholine in the total wells.

15 Ill)  Fos quantification assay: Male Wistar rats are treated with drug (1-10
mg/kg) or vehicle (2 ml/kg, sc). Two hours after treatments, the rats are rapidly
decapitated and discrete brain regions of interest are isolated on ice and weighed and
flash frozen with liquid nitrogen and stored at -80 deg. C. Further processing of the
brain tissue for nuclear extracts as well as for Fos quantification are in accordance

20  with the protocol prescribed by a commercially available ELISA-based
chemiluminiscence detection kit (catalog #39860, EZ-detect c-Fos Trans kit, Pierce

Biotechnology Inc., Rockford, IL).

V)  MK-801 Disrupted Set-Shift Assay in rats: This assay uses a modification of
25  the protocol described by Stefani et al. (Behavioral Neuroscience, 2003, 117: 728-

737). Test compounds are assessed for their ability to reverse an MK-801-induced

performance deficit (0.03 mg/kg, i.p., single dose) in this assay.

The activity of specific compounds described herein and tested in the above

30  assay (II) is provided in Table 1.
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Pharmaceutical Compositions and Methods of Treatment

Compounds of formula I bind to alpha 7 and can be useful in treating
affective disorders and neurodegenerative disorders. Therefore, another aspect of the
invention is a composition comprising a compound of formula I, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

Another aspect of the invention is the use of a compound of formula I in the
manufacture of a medicament for the treatment of affective disorders or
neurodegenerative disorders.

Another aspect of the invention is the use of a compound of formula I in the
manufacture of a medicament for the treatment of schizophrenia or Alzheimer’s
Disease.

Another aspect of the invention is a method of treating affective disorders or
neurodegenerative disorders comprising administering to a patient a therapeutically
effective amount of a compound of formula 1.

Another aspect of the invention is a method of treating schizophrenia or
Alzheimer’s Disease comprising comprising administering to a patient a
therapeutically effective amount of a compound of formula I.

Another aspect of the invention is a method of treating schizophrenia
comprising administering to a patient a therapeutically effective amount of a
compound of formula 1.

Another aspect of the invention is a method of treating Alzheimer’s Disease
comprising comprising administering to a patient a therapeutically effective amount
of a compound of formula I.

“Patient” means a person suitable for therapy as understood by practitioners
in the field of affective disorders and neurodegenerative disorders.

29 ¢

“Treatment,” “therapy,” and related terms are used as understood by
practitioners in the field of affective disorders and neurodegenerative disorders.
The compounds of this invention are generally given as pharmaceutical
compositions comprised of a therapeutically effective amount of a compound or its
pharmaceutically acceptable salt and a pharmaceutically acceptable carrier and may
contain conventional excipients. Pharmaceutically acceptable carriers are those

conventionally known carriers having acceptable safety profiles. Compositions
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encompass all common solid and liquid forms including for example capsules,
tablets, losenges, and powders as well as liquid suspensions, syrups, elixers, and
solutions. Compositions are made using common formulation techniques, and
conventional excipients (such as binding and wetting agents) and vehicles (such as
water and alcohols) are generally used for compositions. See, for example,
Remington's Pharmaceutical Sciences, Mack Publishing Company, Easton, PA, 17th
edition, 1985.

Solid compositions are normally formulated in dosage units and compositions
providing from about 1 to 1000 mg of the active ingredient per dose are preferred.
Some examples of dosages are 1 mg, 10 mg, 100 mg, 250 mg, 500 mg, and 1000 mg.
Generally, other agents will be present in a unit range similar to agents of that class
used clinically. Typically, this is 0.25-1000 mg/unit.

Liquid compositions are usually in dosage unit ranges. Generally, the liquid
composition will be in a unit dosage range of 1-100 mg/mL. Some examples of
dosages are 1 mg/mL, 10 mg/mL, 25 mg/mL, 50 mg/mL, and 100 mg/mL.
Generally, other agents will be present in a unit range similar to agents of that class
used clinically. Typically, this is 1-100 mg/mL.

The invention encompasses all conventional modes of administration; oral
and parenteral methods are preferred. Generally, the dosing regimen will be similar
to other agents used clinically. Typically, the daily dose will be 1-100 mg/kg body
weight daily. Generally, more compound is required orally and less parenterally.
The specific dosing regime, however, will be determined by a physician using sound

medical judgement.

DESCRIPTION OF SPECIFIC EMBODIMENTS

'H-NMR spectra were run on a Bruker 500, 400, or 300 MHz instrument and
chemical shifts were reported in ppm () with reference to tetramethylsilane (6=0.0).
All evaporations were carried out under reduced pressure. Unless otherwise stated,
LC/MS analyses were carried out on a Shimadzu instrument using a Phenomenex-
Luna 4.6x50mm S 10 reverse phase column employing a flow rate of 4 mL/min using
a 0.1% TFA in methanol/water gradient [0-100% in 3 min, with 4 min run time] and

a UV detector set at 220 nm or Gemini C18 4.6x50mm 5u reverse phase column
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employing a flow rate of 5 mL/min using a 10 mM ammonium acetate
acetonitrile/water gradient [5-95% in 3 min, with 4 min run time] and a UV detector
set at 220 nm (negative-ion mass spectrometry). Unless otherwise stated, purification
could be done by preparative C-18 column employing gradients of methanol-water
containing 0.1% of trifluoroacetic acid (TFA), and using a Shimadzu High
Performance Liquid Preparative Chromatographic System employing an XTERRA

30x100 mm S5 column at 40 mL/min flow rate with a 12 min gradient.

EXAMPLE 1
N-(benzo[d]thiazol-2-yl)-4H-1"-azaspirofoxazole-5,3"-bicyclo[2.2.2]octan]-2-amine

10
[f]c\”

Step A: N-(Benzo[d]thiazol-2-yl)- ' H-imidazole-1-carbothioamide

@"_f:{\sjg

To benzo[d]thiazol-2-amine (20 g, 133 mmol) in acetonitrile (300 mL) was
added 1,1'- thiocarbonyldiimidazole (30.8 g, 173 mmol). The reaction was stirred at
50 °C for 24 hours. The reaction was cooled to room temperature and the precipitate
was filtered and washed with acetonitrile (2 x 50 mL). The yellow powder was dried
in a vacuum oven (40°C) for 2 hours. The product, N-(benzo[d]thiazol-2-y1)- 'H-
imidazole-1-carbothioamide (28.9 g, 111 mmol), was taken directly to the next step

without any further purification.

Step B: (3-((3-Benzo[d]thiazol-2-ylthioureido)methyl)-3-hydroxy-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate

OH H
A
47D
I S
BHy
To N-(benzo[d]thiazol-2-yl)- 'H-imidazole-1-carbothioamide (9.2 g, 35

mmol) in N,N-dimethylformamide (100 mL) was added (3-(aminomethyl)-3-
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hydroxy-1-ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (6.0 g, 35 mmol) which
was synthesized according to Swain C.J., et. al., J. Med. Chem., 35:1019-1031
(1992). The reaction was stirred at 65 °C for 15 hours. The reaction was cooled and
concentrated to yield the crude product. The crude material was purified via flash
5  chromatography (50-100% ethyl acetate/hexanes) yielding the first spot/fractions

detected by TLC as the product. The fractions were combined and concentrated to
yield (3-((3-benzo[d]thiazol-2-ylthioureido)methyl)-3-hydroxy-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (10.6 g, 29.1 mmol, 83 % yield) as
an off-white powder. 'H NMR (500 MHz, DMSO-ds) & ppm 11.88 (s, 1 H), 10.30 (s,

10  1H),7.94(d, /<=7.63Hz, 1 H), 7.55-7.74 (m, 1 H), 7.37 - 7.53 (m, J=7.32, 7.32 Hz,
1 H), 7.16 - 7.37 (m, J=7.63, 7.63 Hz, 1 H), 5.39 (s, 1 H), 3.85 (d, 2 H), 2.65 - 3.08
(m, 6 H), 1.99 -2.22 (m, 1 H), 1.79 - 1.97 (m, 2 H), 1.66 - 1.79 (m, 1 H), 1.08 - 1.63
(m, 4 H). MS (LC/MS) R.T. = 3.40; [M+H] = 363.1

15 Step C: (2-(Benzo[d]thiazol-2-ylamino)-4H-1"-ammoniospirofoxazole-5,3'-
bicyclof2.2.2]octane]-1"-yl)trihydroborate

10
[

|
BHjy"

To (3-((3-benzo[d]thiazol-2-ylthioureido)methyl)-3-hydroxy-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (10.6 g, 29.1 mmol) in N,N-

20  dimethylformamide (100 mL) was added N,N'-diisopropylcarbodiimide (11.4 mL,
72.8 mmol). The reaction was stirred at 70 °C for 4 hours. The reaction was
concentrated to yield a crude residue. A small amount of ethyl acetate (20 mL) was
added and the suspension was sonicated. The solids were filtered and washed with
small portions of ethyl acetate (2 x 10 mL). The solids were dried in a vacuum oven

25 (80 °C) to yield (2-(benzo[d]thiazol-2-ylamino)-4H-1'-ammoniospiro[ oxazole-5,3'-
bicyclo[2.2.2]octane]-1"-y)trihydroborate (6.83 g, 20.8 mmol, 72 % yield) as a white
powder. "HNMR (500 MHz, DMSO-ds) & ppm 9.09 (br. s., 1 H) 7.81 (d, /=7.63 Hz,
1 H)7.63(d, /<7.93Hz, 1 H)7.30-7.40 (m, 1 H) 7.15-7.24 (m, 1 H) 3.88 (d,
J=10.38 Hz, 1 H) 3.77 (d, /=10.38 Hz, 1 H) 3.25 -3.37 (m, 1 H) 3.17 (dd, J=14.95,
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1.83 Hz, 1 H) 2.99 - 3.10 (m, 1 H) 2.79 - 2.98 (m, 3 H) 2.27 (br.s., 1 H) 1.98 - 2.11
(m, 1 H) 1.71 - 1.88 (m, 3 H) 1.45 (br. s., 3 H). MS (LC/MS) R.T. = 2.44; [M+H-
BH;] = 315.1.

5 Step D: N-(Benzo[d]thiazol-2-yl)-4H-1"-azaspirofoxazole-5,3"-bicyclo[2.2.2]octan]-

T
A

To (2-(benzo[d]thiazol-2-ylamino)-4H-1'-ammoniospiro[oxazole-5,3'-

2-amine

bicyclo[2.2.2]octane]-1"-yDtrihydroborate (6.6 g, 20.1 mmol) in acetone (9 mL) was
10  added 3M HCI (50.3 mL, 151 mmol). The reaction was stirred at room temperature
for 4 hours. The reaction was complete by TLC (lower spot). Ethyl acetate was
added and the aqueous layer was then separated. The aqueous layer was neutralized
with 1N sodium hydroxide. The product was extracted with ethyl acetate (2 x 150
mL). The organics were combined, dried with magnesium sulfate, filtered, and
15  concentrated in vacuo to afford a white powder. A small amount of ethyl acetate (20
mL) was added to the powder. The solids were sonicated and filtered to yield
racemic N-(benzo[d]thiazol-2-yl)-4H-1'-azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-
2-amine (5.13 g, 16.3 mmol, 81 % yield) as a white powder. "H NMR (500 MHz,
DMSO-ds) 6 ppm 9.02 (br. s., 1 H) 7.79 (d, /=7.02 Hz, 1 H) 7.62 (d, /=7.63 Hz, 1 H)
20 7.29-7.38(m,1H)7.15-7.22 (m, 1 H) 3.90 (d, /=10.07 Hz, 1 H) 3.65 (d, /=10.07
Hz, 1 H)2.98 - 3.10 (m, 2 H) 2.73 - 2.88 (m, 2 H) 2.67 (t, J/=7.78 Hz, 2 H) 2.07 (br.
s., 1 H)1.93 (br.s., 1 H) 1.42 - 1.67 (m, 3 H). MS (LC/MS)R.T. = 1.15; [M+H]" =
315.3.
The enantiomers were separated using a Chiralpak AD-H (3x25 cm, 5 uM)
25  column with a mobile phase consisting of CO,/(methanol/ACN/DEA = 70/30/0.1
(v/viv)) =77/23. The wavelength was set at 300 nM. The separated peaks were
concentrated in vacuo to yield white powders. The first peak off the column was (S)-
N-(benzo[d]thiazol-2-y1)-4H-1"-azaspiro[ oxazole-5,3'-bicyclo[2.2.2Joctan]-2-amine
(1.45 g, 4.61 mmol, 29.4 % yield). (la; S-isomer): "H NMR (400 MHz, DMSO-dq)
30 dppm?9.03 (br.s., 1 H)7.78 (d, J/=7.05 Hz, 1 H) 7.61 (d, J/=7.55 Hz, 1 H) 7.27 - 7.37
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(m, 1 H)7.11 -7.23 (m, 1 H) 3.89 (d, /=10.07 Hz, 1 H) 3.64 (d, /~=10.07 Hz, 1 H)
2.96 -3.09 (m, 2 H) 2.71 - 2.88 (m, 2 H) 2.66 (t, /=7.81 Hz, 2 H) 2.02 - 2.11 (m, 1 H)
1.85-1.97 (m, 1 H) 1.41 - 1.65 (m, 3 H). MS (LC/MS)R.T. = 1.15; [M+H]" =
315.3. Optical rotation (1.23 mg/mL, DMSO) = +5.20°. The second peak was (R)-
5 N-(benzo[d]thiazol-2-yl)-4H-1"-azaspiro[ oxazole-5,3'-bicyclo[2.2.2 Joctan]-2-amine

(1.21 g, 3.85 mmol, 24.5 % yield). (1b; R-isomer): "H NMR (500 MHz, DMSO-ds)
dppm 9.02 (br. s., 1 H) 7.79 (d, /=7.32 Hz, 1 H) 7.62 (d, /=7.63 Hz, 1 H) 7.33 (t,
J=7.63Hz, 1 H) 7.18 (t, /=7.48 Hz, 1 H) 3.90 (d, /=10.07 Hz, 1 H) 3.65 (d, /=10.07
Hz, 1 H) 2.98 - 3.10 (m, 2 H) 2.73 - 2.87 (m, 2 H) 2.67 (t, J/=7.63 Hz, 2 H) 2.08 (br.

10 s, 1H)1.93 (br.s.,, 1H)1.42-1.67 (m, 3 H). MS (LC/MS)R.T. = 1.15; [M+H]" =
315.3; Optical rotation (3.9 mg/mL, DMSO) =-3.92°,

EXAMPLE 2
N-(5-Methoxythiazolo[5,4-b]pyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
15 bicyclof2.2.2]octan]-2-amine

Fasee
P

Step A: 5-Methoxythiazolo[5,4-b] pyridin-2-amine

N A
_<S N" o7

20 In a 500ml, 3-neck flask equipped with a mechanical stirrer, dropping funnel
and thermometer, acetic acid (100 mL) was added and cooled in an ice bath.
Potassium thiocyanate (40 g, 412 mmol) and 6-methoxypyridin-3-amine (6.2 g, 49.9
mmol) were added to the reaction mixture. The reaction was cooled in an ice-salt
bath until the reaction temperature reached <0 °C. A solution of bromine (8 mL, 156

25  mmol) in acetic acid (30.0 mL) was added dropwise over 2 hours at a rate that
maintained the reaction temperature <0 °C. Mechanical stirring was required. After
the addition was complete, the mixture was left to stir and allowed to slowly warm to
room temperature overnight. Water (30 mL) was then added and the mixture was

heated to 85 °C in an oil bath. This mixture was then filtered while still hot. The
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orange filter cake was returned to the reaction flask, and an additional 50 ml acetic
acid was added. The mixture was heated again to 85 °C, and then filtered while still
hot once more. The combined filtrates were cooled in an ice bath and neutralized to
pH 8 with conc. ammonium hydroxide. A purple precipitate formed which was then
collected by filtration to afford 5 g of crude material. This crude material was
recrystallized from methanol (40 mL) to yield 5-methoxythiazolo[5,4-b]pyridin-2-
amine (3 g, 16.55 mmol, 33.1 % yield) as purple crystals. 'H NMR (300 MHz,
DMSO-ds) 6 ppm 7.60 (1 H, d, /=8.42 Hz), 7.41 (2 H, s), 6.67 (1 H, d, /=8.78 Hz),
3.81 3 H,s).

Step B: (3-Hydroxy-3-((3-(5-methoxythiazolo[5,4-b]pyridin-2-yl)thioureido)methyl)-
1-ammoniobicyclo[2.2.2 ]octan-1-yl)trihydroborate

S
AT LT
= SN o7
BH5

5-Methoxythiazolo[5,4-b]pyridin-2-amine (2.4g, 13.24 mmol) was divided
among 5 x 20 mL screw-cap vials. To each vial was added acetonitrile (10 mL) and
thiocarbonyl diimidazole (600 mg). All vials were heated at 60 °C overnight. The
reaction vials were combined and concentrated to yield crude N-(5-
methoxythiazolo[5,4-b]pyridin-2-yl)-1H-imidazole-1-carbothioamide product.

This crude product was suspended in N,N-dimethylformamide (50ml) and (3-
(aminomethyl)-3-hydroxy-1-ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (2.7g,
15.88 mmol) was then added. The reaction was heated at 70 °C for 4 hours. LC/MS
showed essentially complete conversion. The reaction was cooled to room
temperature and then poured into water. The product was extracted first with
toluene, and then with chloroform. The organics were combined, washed with water
and brine, dried over sodium sulfate, filtered and concentrated iz vacuo to afford
crude material. This crude material was purified via flash chromatography (20-100%
ethyl acetate-hexane). The product fractions were collected and concentrated in
vacuo to afford (3-hydroxy-3-((3-(5-methoxythiazolo[5,4-b]pyridin-2-
yDthioureido)methyl)- 1-ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (1.36 g,
3.46 mmol, 26.1 % yield). "HNMR showed a 1: 0.55 molar ratio of (3-hydroxy-3-
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((3-(5-methoxythiazolo[5,4-b]pyridin-2-yl)thioureido)methyl)-1-
ammoniobicyclo[2.2.2]octan-1-y)trihydroborate (1.36 g, 3.46 mmol, 26.1 % yield)
to S5-methoxythiazolo[5,4-b]pyridin-2-amine (.34 g, 1.876 mmol, 14.17 % yield).
The mixture was taken directly to the next step without any further purification. MS

(LC/MS) R.T. = 3.23; [M+H]* = 392.1.

Step C: (2-(5-Methoxy-3a, 7a-dihydrothiazolo[5,4-b[pyridin-2-ylamino)-4H-1'-
ammoniospirofoxazole-5,3"-bicyclof2.2.2]octane]-1"-yl)trihydroborate

N X
st
N
L
BH3"

To (3-hydroxy-3-((3-(5-methoxythiazolo[5,4-b]pyridin-2-
yDthioureido)methyl)-1-ammoniobicyclo[2.2.2]octan-1-y)trihydroborate (1.7 g, 3.46
mmol) in N,N-dimethylformamide (10 mL) was added N,N'-diisopropylcarbodiimide
(1.89 mL, 12.10 mmol). The reaction was stirred at 70 °C for 2 hours. The mixture
was cooled and then poured into water. The product was extracted with toluene and
chloroform. The organic layers were combined, washed with brine, dried over
sodium sulfate, filtered and concentrated in vacuo to afford crude material. This
solid material was triturated with ether. The solids were then filtered and dried to
yield (2-(5-methoxy-3a,7a-dihydrothiazolo[5,4-b]pyridin-2-ylamino)-4H-1'-
ammoniospiro[oxazole-5,3'-bicyclo[2.2.2]octane]-1'-yl)trihydroborate (700 mg, 1.94
mmol, 56.0 % yield). "H NMR (300 MHz, DMSO-d5) & ppm 8.98 (1 H, s), 7.86 (1
H, d, /=8.78 Hz), 6.81 (1 H, d, /=8.42 Hz), 3.87 (3 H, 5), 3.83 (1 H, 5), 3.68 - 3.78 (1
H, m), 3.31 (1 H, s), 3.15-3.29 (1 H, m), 2.78 - 3.14 (4 H, m), 2.26 (1 H, br. s.), 2.04
(1 H, br.s.), 1.63 - 1.89 (3 H, m).
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Step D: N-(5-Methoxythiazolo[5,4-b]pyridin-2-yl)-4H-1"-azaspiro[oxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine

o /\ZN_{mo/
A5

To (2-(5-methoxythiazolo[5,4-b]pyridin-2-ylamino)-4H-1'-
ammoniospiro[oxazole-5,3"-bicyclo[2.2.2]octane]-1'-y)trihydroborate (780 mg, 2.17
mmol) in acetone (10 mL) was added 3M HCI (10 mL, 329 mmol). The reaction was
stirred at room temperature for 2 hours. Chloroform and water were added and the
aqueous layer was then separated. The aqueous layer was neutralized with sodium
bicarbonate. The product was extracted with chloroform (2x). The organics were
combined, dried over sodium sulfate, filtered and concentrated iz vacuo to afford
racemic N-(5-methoxythiazolo[5,4-b]pyridin-2-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (588 mg, 1.70 mmol, 78 % yield) as a white powder.
'H NMR (500 MHz, DMSO-ds) & ppm 8.90 (1 H, br. s.), 7.82 - 7.86 (1 H, m), 6.80 (1
H, d, /=8.85 Hz), 3.84 - 3.89 (4 H, m), 3.61 (1 H, d, /~=10.07 Hz), 3.03 (2 H, d,
J=5.19 Hz), 2.73 - 2.86 (2 H, m), 2.66 (2 H, t, J/=7.78 Hz), 2.07 (1 H, br. s.), 1.92 (1
H, br. 8.), 1.45 - 1.65 (3 H, m). MS (LC/MS) R.T. = 1.29; [M+H]" = 346.1.

The enantiomers were separated using a Chiralpak AD-H (30 x 250mm, S5um)
column with a mobile phase consisting of 35% methanol (0.1% DEA) in CO,. The
wavelength was set at 300 nM. The separated peaks were concentrated in vacuo to
yield white powders. The first peak off the column was (S)-N-(5-
methoxythiazolo[5,4-b]pyridin-2-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (212 mg, 0.61 mmol, 36.1 % yield). (2a; S-isomer): 'H
NMR (500 MHz, DMSO-ds) 6 ppm 8.89 (1 H, br. s.), 7.84 (1 H, d, /=8.85 Hz), 6.77 -
6.82 (1 H, m), 3.84-3.89 (4 H, m), 3.61 (1 H, d, /=10.07 Hz), 3.03 (2 H, d, /=5.19
Hz), 2.74 - 2.86 (2 H, m), 2.66 (2 H, t, /=7.63 Hz), 2.06 (1 H, br. s.), 1.92 (1 H, br.
s.), 1.44 - 1.65 (3 H, m). MS (LC/MS) R.T. = 1.47; [M+H]" = 346.2. Optical
rotation (3.57 mg/ml, DMSQO) = -2.58°. The second peak was (R)-N-(5-
methoxythiazolo[5,4-b]pyridin-2-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (242 mg, 0.70 mmol, 41.2 % yield). (2b; R-isomer): 'H
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NMR (500 MHz, DMSO-ds) 6 ppm 8.89 (1 H, br. s.), 7.84 (1 H, d, /=8.85 Hz), 6.79
(1 H,d, /~8.55Hz), 3.82-3.90 (4 H, m), 3.61 (1 H, d, /=10.07 Hz), 3.03 (2 H, d,
J=5.49 Hz), 2.74 - 2.86 (2 H, m), 2.66 (2 H, t, J/=7.78 Hz), 2.06 (1 H, br. s.), 1.92 (1
H, br.s.), 1.42 - 1.67 (3 H, m). MS (LC/MS) R.T. = 1.30; [M+H]" = 346.2. Optical
rotation (3.29 mg/ml, DMSO) = +2.43°.

EXAMPLE 3

(2-(5H-1"-Azaspirofoxazole-4,3 -bicyclo[2.2.2] octane]-2-ylamine) benzo[d] thiazol-6-
vl)pyrrolidin-1-yl)methanone

MD*Q

Step A: tert-Butyl 6-(pyrrolidine-1-carbonyl)benzo[d[thiazol-2-ylcarbamate

[N

In a 250 ml flask was added 2-(tert-butoxycarbonyl-amino)benzo[d]thiazole-
6-carboxylic acid (1.0 g, 3.4 mmol) and pyrrolidine (0.559 mL, 6.8 mmol) in
tetrahydrofuran (50 mL). To this solution was added EDC (1.3 g, 6.8 mmol), 1-
hydroxybenzotriaxole (1.041 g, 6.8 mmol) and Hunig's Base (2.37 mL, 13.59 mmol).
The reaction was stirred at 25 °C for 1 hour. The reaction was then poured into water
and dichloromethane. The water was extracted 3 times with dichloromethane and the
organic layers were combined and concentrated. The residue was taken up in a small
amount of dichloromethane and precipitated out with diethyl ether/hexanes. The
flask was put in the freezer for 1 hour and filtered. The white precipitate was
collected to yield tert-butyl 6-(pyrrolidine-1-carbonyl)benzo[d]thiazol-2-ylcarbamate
(1.09 g, 3.14 mmol, 92 % yield). "H NMR (500 MHz, DMSO-ds) & ppm 11.95 (s, 1
H), 8.14 (s, 1 H), 7.61 - 7.77 (m, J=8.39, 1.98 Hz, 1 H), 7.46 - 7.63 (m, 1 H), 3.39 -
3.63 (m,4 H), 1.74 - 2.00 (m, 4 H), 1.45 - 1.62 (m, 9 H). MS (LC/MS) R.T. = 3.40;
[M+H] = 363.1.
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Step B: (2-Aminobenzo[d]thiazol-6-yl)(pyrrolidin-1-yl)methone

HMD*Q

tert-Butyl 6-(pyrrolidine-1-carbonyl)benzo[d]thiazol-2-ylcarbamate (1.09 g,
3.14 mmol) was dissolved in dichloromethane (10 mL) and TFA (3 mL, 38.9 mmol)
5 and the reaction was stirred at 25 °C overnight. The reaction was poured into a

separatory funnel and carefully neutralized with sodium bicarbonate. The liquid was
extracted 3 times with chloroform/methanol (4:1). The organic layers were
concentrated to a white residue and triturated in diethyl ether. The precipitate was
collected to yield (2-aminobenzo[d]thiazol-6-y1)(pyrrolidin-1-yl)methone (0.497 g,

10 2.0 mmol, 64 %). "H NMR (400 MHz, DMSO-ds) & ppm 7.86 (d, J=1.51 Hz, 1 H),
7.65 (s,2 H), 7.35-7.46 (m, 1 H), 7.26 - 7.35 (m, 1 H), 3.41 - 3.57 (m, 4 H), 1.64 -
1.97 (m, 4 H). MS (LC/MS) R.T. = 1.39; [M+H] = 248.1.

Step C: (2-(5H-1"-Azaspiro[oxazole-4,3 -bicyclo[2.2.2]octane]-2-
15 ylamine)benzo[d] thiazol-6-yl)pyrrolidin-1-yl)methanone

MD*Q
[N

(2-(5H-1"-Azaspiro[oxazole-4,3’-bicyclo[2.2.2]octane]-2-ylamine )benzo-
[d]thiazol-6-yl)pyrrolidin-1-yl)methanone was prepared by following the general
procedures of Example 1, Steps A-D and using (2-aminobenzo[d]thiazol-6-

20  yl)(pyrrolidin-1-yl)methone (Example 3, Step B) as the starting material. "H NMR
(400 MHz, DMSO-d) 6 ppm 9.05 (br. s., 1 H) 7.99 (d, J=1.76 Hz, 1 H) 7.60 (d,
J=8.31Hz, 1 H) 7.48 (dd, /=8.31, 1.76 Hz, 1 H) 3.90 (d, /=10.07 Hz, 1 H) 3.65 (d,
J=10.07 Hz, 1 H) 3.42 - 3.52 (m, 4 H) 3.04 (s, 2 H) 2.75 - 2.87 (m, 2 H) 2.67 (t,
J=7.81Hz,2 H)2.08 (br.s., 1 H) 1.76 - 1.98 (m, 5 H) 1.41 - 1.65 (m, 3 H). MS

25 (LC/MS)R.T.=1.33; [M+H] =412.2,
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N-(5-Phenylthiazol-2-yl)-4H-1-azaspiro[oxazole-5,3 -bicyclo[2.2.2 ] octan]-2-amine

S
|

HN—G

[@OC N

Step A: (3-Hydroxy-3-((3-(5-phenylithiazol-2-yl)thioureido)methyl)-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate

g @)LH\KHKSJ/@
e S
BHy

To 5-phenylthiazol-2-amine (0.52 g, 2.9 mmol) in acetonitrile (6 mL) was
added 1,1'-thiocarbonyldiimidazole (0.68 g, 3.8 mmol). The reaction mixture was
stirred at 65 °C for 2 hours. The precipitate was filtered and washed with acetonitrile
(2 x 20 mL) to yield intermediate N-(5-phenylthiazol-2-yl)- "H-imidazole-1-
carbothioamide. The intermediate was taken up in N,N-dimethylformamide (30 mL)
and treated with (3-(aminomethyl)-3-hydroxy-1-ammoniobicyclo[2.2.2]octan-1-
yDtrihydroborate (0.5 g, 2.9 mmol). The reaction mixture was stirred for 5 hours at
65 °C. The reaction was concentrated in vacuo and purified via silica gel
chromatography (30-100% ethyl acetate/hexane). The product fractions were
combined and concentrated in vacuo to yield (3-hydroxy-3-((3-(5-phenylthiazol-2-
ylthioureido)methyl)-1-ammoniobicyclo[2.2.2]octan- 1 -y])trihydroborate (.85 g, 2.19
mmol, 74.4 % yield) as a white powder. LC/MS confirmed product with loss of BH3
in the LC/MS conditions: retention time 3.26 (M+1-BH;= 375.33).
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Step B: (2-(5-Phenylthiazol-2-ylamino)-4H-1 -ammoniospiro-{oxazole-5,3 -
bicyclof2.2.2]octane]-1’-yl)trihydroborate

S
|

HN—

[ﬁ]od\“ N

BH;
To (3-hydroxy-3-((3-(5-phenylthiazol-2-yl)thioureido)methyl)-1-

5 ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (0.8 g, 2.1 mmol) in N,N-
dimethylformamide (20 mL) was added N,N'-diisopropylcarbodiimide (1.12 mL, 7.2
mmol). The reaction mixture was stirred at 70 °C for 4 hours. The reaction was
concentrated in vacuo and purified via silica gel chromatography (40-100% ethyl
acetate/hexane). The combined product fractions were concentrated in vacuo to yield

10 (2-(5-phenylthiazol-2-ylamino)-4H-1'-ammoniospiro[oxazole-5,3'-
bicyclo[2.2.2]octane]-1'-yl)trihydroborate (0.51 g, 1.44 mmol, 70 % yield) as a white
powder. LCMS- mass corresponds to BH3 lost in the LC/MS conditions: retention
time 2.46 (M+1-BH;=341.36).

15 Step C: N-(5-Phenylthiazol-2-yl)-4H-1"-azaspiro[oxazole-5,3 -bicyclo[2.2.2]octan]-

2-amine

S
|

HN—Q

[ﬂ]@ N

To (2-(5-phenylthiazol-2-ylamino)-4H-1'-ammoniospiro[ oxazole-5,3'-
bicyclo[2.2.2]octane]-1"-yDtrihydroborate (0.56 g, 1.58 mmol) in acetone (9 mL) was
20 added 3 M HCI (3.95 mL, 11.86 mmol). The reaction mixture was stirred at room
temperature for 4 hours and then neutralized with 1N sodium hydroxide. The
product was extracted with ethyl acetate (2 x 20 mL), followed by chloroform (2 x 20
mL). The organics were combined, dried with magnesium sulfate, filtered, and
concentrated in vacuo to afford a white powder. The crude product was purified by

25  reverse phase HPLC (Phenomenex Luna 30 X 100mm; 220 wavelength; gradient
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time 10 min; flow rate 40 ml/min; solvent A; 10% methanol-90% water-0.1% TFA,
solvent B; 90% methanol-10% water-0.1% TFA). The fractions were combined,
neutralized with 1N sodium hydroxide and extracted with ethyl acetate (2 x 30 mL)
and chloroform (2 x 30 mL). The organics were combined, dried with magnesium
sulfate, filtered and concentrated in vacuo to yield N-(5-phenylthiazol-2-yl)-4H-1'-
azaspiro[oxazole-5,3'-bicyclo[2.2.2]octan]-2-amine (0.4 g, 1.175 mmol, 74.3 %
yield) as a white powder. 'H NMR (500 MHz, DMSO-dg) & ppm 8.63 (1 H, br. s.),
7.71 (1 H,s),7.52(2H, d, /<7.32 Hz), 7.37 (2 H, t, J=7.78 Hz), 7.25 (1 H, t, J=7.32
Hz), 3.82 (1 H, d, /=10.07 Hz), 3.57 (1 H, d, /=9.77 Hz), 3.02 (2 H, d, /=4.27 Hz),
2.79 2 H,t, /~7.63 Hz), 2.66 (2 H, t, J=7.63 Hz), 2.04 (1 H, br. s.), 1.92 - 1.97 (1 H,
m), 1.44 - 1.65 (3 H, m). MS (LC/MS) R.T. = 1.52; [M+H]" = 341.3.

The enantiomers were separated using a Chiralpak AS-H (30 x 250mm, 5um)
column with a mobile phase consisting of 30% methanol (0.1%DEA) in CO, and UV
monitored at 300 nm. The separated peaks were concentrated in vacuo to yield white
powders. The first peak off the column yielded 0.4 g, 1.15 mmol, 32.7 % (4a, S-
isomer): "H NMR (500 MHz, DMSO-ds) & ppm 8.69 (s, 1 H), 7.69 - 7.87 (m, 1 H),
7.52 -7.66 (m, J/~=10.99 Hz, 2 H), 7.37 - 7.51 (m, 2 H), 7.21 - 7.38 (m, 2 H), 3.52 -
4.00 (m, 2 H), 2.98 - 3.23 (m, 2 H), 2.78 - 2.94 (m, 2 H), 2.64 - 2.78 (m, 2 H), 1.88 -
2.19 (m, J=60.43 Hz, 2 H), 1.40 - 1.77 (m, 3 H). MS (LC/MS) R.T. = 1.77; [M+H]"
=341.1. The second peak yielded 0.4 g, 1.15 mmol, 32.7 %. (4b, R-isomer):L. M.P.
187-9 °C. 'H NMR (500 MHz, DMSO-ds) 8 ppm 8.64 (s, 1 H), 7.62 - 7.84 (m, 1 H),
7.44 -7.61 (m, 2 H), 7.33 - 7.46 (m, 2 H), 7.18 - 7.31 (m, 1 H), 3.50 - 3.99 (m, 2 H),
2.94 -3.14 (m, 2 H), 2.74 - 2.91 (m, 2 H), 2.61 - 2.72 (m, 2 H), 2.05 (s, 1 H), 1.82 -
2.00 (m, 1 H), 1.34 - 1.72 (m, 3 H). MS (LC/MS) R.T. = 1.78; [M+H]" = 341.1.

EXAMPLE 5
N-(6-Methoxybenzo[d]thiazol-2-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

Step A:  N-(6-Methoxybenzo[d]thiazol-2-yl)- ' H-imidazole-1-carbothioamide
S

— H
STV
S
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To 6-methoxybenzo[d]thiazol-2-amine (0.53 g, 2.94 mmol) in acetonitrile (20
mL) was added 1,1'-thiocarbonyldiimidazole (0.681 g, 3.82 mmol). The reaction
mixture was stirred at 65 °C for 24 hours. The precipitate was filtered and washed
with acetonitrile (2 x 20 mL) to yield the product. The product was taken directly to

5 the next step without any further purification or characterization.

Step B: (3-Hydroxy-3-((3-(6-methoxybenzo[d]thiazol-2-yl)-thioureido)methyl)-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate

H
AT
- S
BH5"

10 To N-(6-methoxybenzo[d]thiazol-2-yl)- 'H-imidazole- 1-carbothioamide (.82
g, 2.82 mmol) in N,N-dimethylformamide (20 mL) was added (3-(aminomethyl)-3-
hydroxy-1-ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (0.48 g, 2.82 mmol).
The reaction mixture was stirred at 65°C for 6 hours. The reaction was concentrated
in vacuo and then purified by silica gel chromatography (30%-100% ecthyl

15  acetate/hexanes). The pure fractions were combined and concentrated to yield (3-
hydroxy-3-((3-(6-methoxybenzo[d]thiazol-2-yl)thioureido)methyl)-1-
ammoniobicyclo[2.2.2]octan-1-yDtrihydroborate (0.7 g, 1.78 mmol, 63.2 % yield) as
a white powder. LC/MS confirmed product as loss of BH3 in the LC/MS conditions:
retention time 3.11 (M+1-BH3=379.4).

20
Step C: (2-(6-Methoxybenzo[d]thiazol-2-ylamino)-4H-1"-ammoniospiro[oxazole-
5,3"%bicyclof2.2.2]octane]-1"-yl)trihydroborate

I

S o)
—
BHy

To (3-hydroxy-3-((3-(6-methoxybenzo[ d]thiazol-2-yl)thioureido)methyl)-1-
25  ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (0.68 g, 1.73 mmol) in N,N-
dimethylformamide (20 mL) was added N,N'-diisopropylcarbodiimide (0.95 mL, 6.1

mmol). The reaction mixture was stirred at 70 °C for 4 hours. The reaction was
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concentrated and purified via silica gel chromatography (40-100% ethyl
acetate/hexane). The product fractions were combined and concentrated in vacuo to
yield (2-(6-methoxybenzo[d]thiazol-2-ylamino)-4H-1'-ammoniospiro[oxazole-5,3'-
bicyclo[2.2.2]octane]-1'"-y)trihydroborate (0.35 g, 0.98 mmol, 56.4 % yield) as a
white powder. LC/MS MH' - BH; = 345.2.

Step D: N-(6-Methoxybenzo[d]thiazol-2-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine
|

O
) @j*ﬁ

To (2-(6-methoxybenzo[d]thiazol-2-ylamino)-4H-1"-ammoniospiro[ oxazole-
5,3"-bicyclo[2.2.2]octane]-1'-yl)trihydroborate (0.33 g, 0.921 mmol) in acetone (9
mL) was added 3 M HCI (2.30 mL, 6.91 mmol). The reaction was stirred at room
temperature for 4 hours and then neutralized with 1N sodium hydroxide. The
product was extracted with ethyl acetate (2 x 20 mL), followed by chloroform (2 x 20
mL). The organics were combined, dried with magnesium sulfate, filtered, and
concentrated in vacuo to afford a white powder. The crude product was purified by
reverse phase HPLC (Phenomenex Luna 30 X 100mm; 220 wavelength; gradient
time 10 min; flow rate 40 ml/min; solvent A; 10% methanol-90% water-0.1% TFA,
solvent B; 90% methanol-10% water-0.1% TFA). The fractions were combined,
neutralized with 1N sodium hydroxide and extracted with ethyl acetate (2 x 30 mL).
The organics were combined, dried with magnesium sulfate, filtered and concentrated
in vacuo to yield N-(6-methoxybenzo[d]thiazol-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (0.25 g, 0.73 mmol, 79 % yield) as a white powder. 'H
NMR (500 MHz, DMSO-ds) 6 ppm 8.88 (1 H, d, /=1.22 Hz), 7.48 - 7.52 (1 H, m),
7.40 (1H, d, /=2.75 Hz), 6.92 (1 H, dd, J/=8.70, 2.59 Hz), 3.87 (1 H, d, /=9.77 Hz),
3.77(3H,s),3.61 (1H,d,/~9.77Hz),3.03 2 H, s),2.75-2.86 (2H, m), 2.67 (2 H,
t, J=7.78 Hz), 2.06 (1 H, br. s.), 1.91 (1 H, br. s.), 1.41 - 1.65 (3 H, m). MS (LC/MS)
R.T. = 1.44; [M+H]" = 345.3.

The enantiomers were separated using a Chiralpak AD-H (30 x 250mm, 5um)
column with a mobile phase consisting of 23% methanol (0.1%DEA) in CO, and UV
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monitored at 220 nm. The separated peaks were concentrated in vacuo to yield white
powders. The first peak off the column yielded 205.5 mg, 0.60 mmol, 34.1 %. (5a,
S-isomer): 'H NMR (400 MHz, DMSO-ds) & ppm 8.88 (1 H, br. s.), 7.50 (1 H, d,
J=8.81 Hz), 7.40 (1 H, d, /=2.52 Hz), 6.92 (1 H, dd, /=8.81, 2.77 Hz), 3.87 (1 H, d,
J=9.82 Hz), 3.77 (3 H, s), 3.58 - 3.65 (1 H, m), 3.02 (2 H, 5), 2.74 - 2.86 (2 H, m),
2.66 (2 H,t, /=7.68 Hz), 2.03 - 2.08 (1 H, m), 1.91 (1 H, br. s.), 1.39 - 1.65 (3 H, m).
MS (LC/MS) R.T. = 1.40; [M+H]" = 345.2. The second peak yielded 206.9 mg, 0.6
mmol, 34 %. (5b, R-isomer): 'H NMR (400 MHz, DMSO-d) & ppm 8.88 (1 H, br.
s.), 7.50 (1 H, d, /=8.56 Hz), 7.40 (1 H, d, /=2.52 Hz), 6.93 (1 H, dd, /=8.81, 2.52
Hz), 3.87 (1 H, d, /=10.07 Hz), 3.77 (3 H, ), 3.62 (1 H, d, /=10.07 Hz), 3.02 (2 H,
s), 2.75-2.86 (2 H, m), 2.67 (2 H, t, /=7.68 Hz), 2.04 - 2.09 (1 H, m), 1.92 (1 H, br.
s.), .42 - 1.66 (3 H, m). MS (LC/MS) R.T. = 1.70; [M+H]" = 345.1.

EXAMPLE 6
N-(4-Methylbenzo[d]thiazol-2-yl)-4H-1"-azaspirofoxazole-5,3'-bicyclof2.2.2] octan] -

2-amine

N

HN—

[@Ob S

Step A: N-(4-Methylbenzo[d]thiazol-2-yl)- ' H-imidazole-1-carbothioamide

S0

To 4-methylbenzo[d]thiazol-2-amine (1.1 g, 6.7 mmol) in acetonitrile (30
mL) was added 1,1'-thiocarbonyldiimidazole (1.552 g, 8.71 mmol). The reaction
mixture was stirred at 50°C for 18 hours. The reaction was cooled to room
temperature and the precipitate was filtered and washed with acetonitrile (2 x 50 mL).
The yellow powder was dried in a vacuum oven (50 °C) for 1 hour to yield N-(4-
methylbenzo[d]thiazol-2-y1)- 'H-imidazole-1-carbothioamide (900 mg, 3.28 mmol,
49 % yield) and then used in the next step without any further purification or

characterization.
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Step B: (3-Hydroxy-3-((3-(4-methylbenzo[d]thiazol-2-yl)thioureido)methyl)-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate

OH H\(N
/[ e R
BH5

To N-(4-methylbenzo[d]thiazol-2-y1)- 'H-imidazole-1-carbothioamide (0.71
g, 2.59 mmol) in N,N-dimethylformamide (20 mL) was added (3-(aminomethyl)-3-
hydroxy-1-ammoniobicyclo[2.2.2]octan-1-y])trihydroborate (0.44 g, 2.59 mmol).
The reaction mixture was stirred at 70 °C for 4 hours. The reaction was concentrated
and purified via silica gel chromatography (40-100% ethyl acetate/hexanes). The
product fractions were concentrated in vacuo to yield (3-hydroxy-3-((3-(4-
methylbenzo[d]thiazol-2-yl)thioureido)methyl)-1-ammoniobicyclo[2.2.2]octan-1-
y)trihydroborate (0.65 g, 1.73 mmol, 66.7 % yield) as a white powder. "H NMR
(500 MHz, DMSO-dg) 6 ppm 11.93 (1 H, s), 7.74 (1 H, d, J/=7.63 Hz), 7.22 - 7.26 (1
H, m), 7.19 (1 H, t, /=7.63 Hz), 3.75-3.93 (2H, m), 2.72 - 2.95 (6 H, m), 2.56 (3 H,
s),2.03-2.14(1 H, m), 1.95 (1 H, br. s.), 1.78 - 1.87 (1 H, m), 1.73 (1 H, ddd,
J=13.81,9.23, 5.04 Hz), 1.56 (1 H, td, /=9.99, 7.78 Hz), 1.38 (2 H, br. 5.). (LC/MS)
R.T.=3.70; [M+H]" = 375.2.

Step C: (2-(4-Methylbenzo[d]thiazol-2-ylamino)-4H-1'-ammonio-spirofoxazole-5,3'-
bicyclof2.2.2]octane]-1"-yl)trihydroborate

N

HN—C
®) S
\
(0
Ly
BHs
To (3-hydroxy-3-((3-(4-methylbenzo[d]thiazol-2-yl)thioureido)methyl)-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (0.62 g, 1.65 mmol) in N,N-
dimethylformamide (20 mL) was added N,N'-diisopropylcarbodiimide(0.33 mL, 2.14
mmol). The reaction mixture was stirred at 70 °C for 4 hours. The reaction was
concentrated and purified via silica gel chromatography (40-100% ethyl
acetate/hexanes). The product fractions were concentrated in vacuo to yield (2-(4-

methylbenzo[d]thiazol-2-ylamino)-4H-1"-ammoniospiro[oxazole-5,3'-
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clt 5\ N 295 ++ c 5 N a
Activity based on EC50nM val ues: +++ = < 100 nM ++=100

W0 2009081924V +=1000 - 100000 nM NT = Not tested MNA/ESIN0Y/041076
active (> 1000000 nM Pharnaceutical Conpositions %QPCT
Met hods of Treatnment Conpounds of fornula | bind t o
al pha? and can be useful in treating affective
di sorders and neurodegenerative disorders. Therefore,

Conphr e AL BN & T8RN 580 ace

PhaGARE St det alH NVRCGOP VER], ©NSD %)tésh@hﬁmo (sam;i) az 61 (d J=7.63
pharmaceutically acceptable carrier

asplét! Bt 7tlde 7r1ﬂ\£€1m! 7 O%tré 4k bH).g. Q?dﬁpbdﬂégélfl 1 H),
forgyh &y i, ié“ﬁz VIEH‘)U‘.‘% @@E#B@{)Of 3ATRA LATERE 913 1580 (m, 2

treatment of affective disorders or neurodegeneratlve
i sH).de}0s.3.09 (m, 1 H), 2.85 - 2.94 (m, 4 H), 2.57 (s, 4 H), 2.28 (s, 1 H), 2.06 (s, 1

H), 1.75 - 1.83 (m, 4 H), 1.45 (s, 1 H). (LC/MS) R.T. = 2.73; [M+H]" = 343.2.

Step D: N-(4-Methylbenzo[d]thiazol-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN—</

10 [16((5

To (2-(4-methylbenzo[d]thiazol-2-ylamino)-4H-1'-ammoniospiro[ oxazole-
5,3"-bicyclo[2.2.2]octane]-1'-yD)trihydroborate (0.38 g, 1.11 mmol) in acetone (9 mL)
was added 3 M HCI (2.78 mL, 8.33 mmol). The reaction mixture was stirred at room
temperature for 4 hours. Ethyl acetate was added and the aqueous layer was

15  collected and neutralized with 1N sodium hydroxide. The product was extracted with
ethyl acetate (2 x 40 mL). The organics were combined, dried with magnesium
sulfate, filtered and concentrated in vacuo to afford N-(4-methylbenzo[d]thiazol-2-
yD)-4H-1'-azaspiro[oxazole-5,3'-bicyclo[2.2.2]octan]-2-amine (0.195 g, 0.594 mmol,
53.5 % yield) as a white powder. 'H NMR (500 MHz, DMSO-ds) & ppm 8.84 (s, 1

20 H), 7.60(d, /<7.32Hz, 1 H), 7.13-7.17 (m, 1 H), 7.08 (t, /=7.63 Hz, 1 H), 3.92 (d,
J=10.07 Hz, 1 H), 3.66 (d, J=9.77 Hz, 1 H), 3.04 (s, 2 H), 2.76 - 2.85 (m, 2 H), 2.68
(t, /=7.48 Hz, 2 H), 2.56 (s, 3 H), 2.09 (s, ] H), 1.93 (s, 1 H), 1.61 (d, /=3.05 Hz, 1
H), 1.60 (s, 1 H), 1.50 (dd, J=7.17, 2.59 Hz, 1 H). (LC/MS) R.T. = 1.76; [M+H]" =
329.2.

25 The enantiomers were separated using a Chiralcel OJ-H (30 x 250mm, 5um)
column with a mobile phase consisting of 30% methanol (0.1%DEA) in CO, and UV
monitored at 300 nm. The separated peaks were concentrated in vacuo to yield white
powders. The first peak off the column yielded 0.07 g, 0.21 mmol, 38.9 %. (6a, S-
isomer): 'H NMR (500 MHz, DMSO-de) & ppm 8.83 (br. s., 1 H) 7.59 (d, J=7.63 Hz,

30 1H)7.11-7.18 (m, 1 H) 7.08 (t, /=7.63 Hz, 1 H) 3.92 (d, /=10.38 Hz, 1 H) 3.66 (d,
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Al zhei ner' s Di sease. Anot her aspect of thlgl]l 3PCT

invention is a nmethod of treating affective disord §

or neur odegenerative di sorders conprising

adm nistering to a patient a therapeutically

anotiet BT B FaTemboin s @ ab el 250 3m
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1ﬁeurodegenerative disorderggAMéiégfnent," "t herapy, "
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neur odegener ati ve di sorders.” & conpounds of this

i nvention are generally given as phatimaceuti ca
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effective amount of a conpoung-of i phar maceutical |y
acceptable salt and a ph rn@g@uti a accept abl e
carrier and nay contaiggéﬁgygmtional exci pi ents.
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| osenges, and powders as wel I as_liquid suspensions,
syrups, elixers, and so&?ﬁio sitions are nmade
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exci pi ents (such as bindi ng &and wedfi ng agents) and
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Phar macelt Fenp R B IErs R kT E R gy Oitrit? 30
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conmpositions.are ropl Ly fornmul ated in dosage units
o aPEs o2 pirane TSR g obiedbtieh Fot GREdG0 Y of
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15To benzo[d]thiazol-2-amne (20 g, 133 nmol) in
acetonitrile (300 nL) was added 1,1'-

wa bioogsmobonyl di i m dazole (30.8 g, 173 nmol). TPET/US2009/041076
reaction was stirred at 50 C for 24 hours. The 11163 PCT
reacti on was cooled to roomtenperature and the
precipitate was filtered and washed with acetonitrile
(2 x 50 nmL). The yeIIOM/pomder was dried in a vacuum

ovegt % %j'f{jfﬁ ééf}g nfﬂ_[fl]t zglgd?—rZ—oy(;)lill%gdreido)methyl)—S—hydroxy—]—
20| Hhiﬁtallzﬁbzeyclo[gQVZMMDWMWFG%aQQ 111 mmmol ), was
taken directly to the next step MAthOUE any further

purification Step B:

(3- 0- Benzo[ d] t hi azol - I Hhi ur@ yO 3- hydr oxy- 1
- annnnloblcyclo[z 2 y(IS oborate ( OH
N\ 25BH3-

N- (benzo[ d] t hi azol - 2 y?? 11-1-i m dazol e-1 - car bot hi oam
de (9.2 N?(5—cmd$!’.tlb):nzlo[d Nia¥old- et Byindi @uzom - cheb of HiGnitd 0.3 g,

a

by o 01 Pelon BTk e S0t hresrded GrpmipareRsba-
te ﬁﬁuf&@ aﬁﬁlom@cwﬁz |2<2l]odfﬁﬁl(:ﬁb)t@1h§?(ﬁ'§ﬂ)oﬁrﬁig (REB0S, diong nin®d1).
Swain C.J,, et. al. em 35:1019-1031

( 198bq reaction nysEs 35 ﬁtlma@f). ¢ fad hourse J herepetfoneps gapgestrated
The o BAE O ia WARa A_hRAthaRIRehpES (BOQIUO'Vﬁétl‘?ﬂ ab@aty/h&laflesh. Mhe
crude product. The crude material was purified via

f 1 aBlodB el vgicaphsenrged 70ggaderiald Gdet-tt e/ hexanes)
ld'eHﬁ&%Bm&GﬁALkE&EZﬁﬁﬂ%ﬁ&ﬁ@ﬁﬁ&ﬁﬁﬁ3n§hgﬁiﬁd by TLC as

t he product fractions were conbl ned and
congempniabiexrle[d.2yAlesttag-1-yDtrihydroborate (0.25 g, 0.63 mmol, 61.9 % yield)

g e e R e R L e

g, 290)1.98w0l/=783 1% yHeld) (Gs=2am Hfzfl—M/}W P®- pAMeSL H)u-Bz (s, 1

0.9 i gl Pl i PG ade 1400 30 {85 o

1%4) 6H)37)§§3r 531 .94 ot 32, H)glg% 1(-.|89 (ni3 lg) 1.%8 -Zégﬁz (drﬂlgi’) 1.52

m : S, , 3. :

§6£ 1%)529%56’% 1.99 - 2.22 (m 1 H, 1.79-
97 (n1 2 H) , 1 66 1. 79 (n1 1 FD 1 08 1.63 (m 4

6) i N+ BH3- To

(3 ﬁfgp 67e r(%f flfoﬁfi’bﬁ%ﬂ[dfzhl%oz Hw@w@d&}hwwmowm{ywew 3~

-1- @ﬁgg@l q[ 1-y1)tri hydroborate
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added and t he suspensi ni cated. The solids

were filtered and wash&d 'th smal | portions of ethyl

2Gcetate (2 x 10 nL). Thé'8olids were dried in a vacuum
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ol eaismgniobigyatgld RIgtan- Ry teihpdrehorate (G2} g, iOHBdnoold ma .&-
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(LC, M5) RT. = 2.44; [M+HBH3}5 = 315.1. 5Step D
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10s., 1 H 1.93 (br. s., 1 H 1.42- 1.67(m 3 H. M
(LMS) RT. = 1.15; [M11]1 = 315.3; Optical rotation
W@ 3009/18m926rL. DMSO) = - 3. 92. PCT/US2009/041076

EXAMPLE 2

N- (' - Af et hoxyt hi azol o[ 5, 4-41pyridin-2-y0-4H1' - aza 1661?‘ PCT
o[ oxazol e-5,3 15bi cycl o[ 2. 2. 2Joaani -2-am ne Step A

5- Met hoxyt hi azol o[ 5, 4- b] pyridin-2-am ne H2ZN- 20l n a

500 - k .e wth .a ne anlc

ot P ber s gl nted Sty it PR PSR ERAES ¢ aci
(108icpdig 2@@30@411@}3@' ~yamchydadbeek (011 Q0. 2|7 (Erﬁndlaﬁt?m % yield) as a
Pot assi um t hi pcyanat ¢ EYE{O g 412 mmol

6- mehioRYFFi & HMK QRY Y\@S%d@égvpgl 81%48)11%? &9 &b dey93

to {he [eags [ - Xiy fleH) 7T h&e(tt reacs N Wes oseel e, WHE‘Q H)
ice-salt bath until the reaction tenperature reach
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C. Nechadnl.éalbrst.idrtbi ng was required. After the
addi tion was conplete, the mixture was left to stir
and allowed to slowy warmto roomtenperature
oV eSmp GhtN-(AEhlrobedd/dithyazob syt Heh] ‘addptto pmazolde 3 -
heated to 85 Cin an oil bath. This
1@2 E’WZ /%52]?%%% Tf8red while still hot. The orange
filter cake was returned to the reac€ion flask, and an
additional 50 m acetic acid was \dded. The m xture
was heated again to 85 C and-n\t en tered whi | e
still hot once nore. The/c nedS rates were
cooled in an ice bath éjg)\rallzed to pH 8 with
conc. ammoni um hydr oxi A purple precipitate forned
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vials 'were heated at 60 C overni'ght. The react’i on
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The reaction was te t 70 C for, 4 hours.
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vas yleRiol 18 fo@dé90Mhd BRNRERLHKIR ARt waNspRyred into
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washed with water 25and brine, dried over sodium
sulfate, filtered and concentrated in vacuo to afford
crude material. This crude material was purified via
flash chromat ography (20-100% et hyl acet at e- hexane).
The product fractions were collected and concentrated
in vacuo to afford
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5To (2-(5-nethoxythiazol o[ 5, 4-b] pyri di n-2-yl am no) - 4H
anmoni ospi r o[ oxazol e-5, 3' -bi cycl o[ 2. 2. 2] octane] -1' - yet

w0 2teydsioborate (780 ng, 2.17 nunol) in acet oneP(1/0S2919/041076
was added 3M HC1 (10 nmL, 329 mmol ). The reaction mﬁﬁ63PCT
stirred at roomtenperature for 2 hours. Chlorofor
and water were added and t he aqueous | ayer was then
separated. The aqueous | ayer was neutralized with

cil BFBF P bl AL 368 JerPlg b el HoAk ot

oveDMEBLNE ppHl §. 95 @r. sf |1|H)67f7efctdaﬁﬂ 30encent) yat ed A=n93 Hz, 1 H)
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Hz) bicgela(3. 2.2] 8- 2(a@nitd; (Oniyl g, Q36®r(n201|-$5 2% ydekd), 7%, Reiyqmer): 'H

2. 0% o udo b S30He B 00 305 o 503 o

ena(ti, JFETIeY Hz Vel E7. B@@%&DSG—IZUSHDIQ 9a (&;m:t(at)patg 1Dy 167 @0

(e S0 0o o Ay Dy 1Cans (P8 Td LA 2 1)

was2gelbrad., 3901.9M 2.01hen sieppr.af edePeARSHIVAS (LC/MS) R.T. =2.07;
concentrated in vacua to yield white powders. The

fir MTHEZ3 the col um was (S)- N-(5-

nmet hoxyt hi azol o[ 5, 4- b]pyr|d|n 2-yl)-4H 11- azaspi r o[ oxa
zol e-5,3" - bicyclo[2.2. 2]oct 2 antne (212 ng, 0.61

mmol, 36.1 %yield). (2a; 11- 1 NMR (500
lg‘/HZ N ?@in@)%a?mg@c{}bﬁZ 229 %%i ﬁ']c_zz zr0[0§az})le— 73 %%ytl:loﬁ‘ 2, 9joctan] 2-

|n) 3.61 (1 H, d, JlOO?HW)WeBOB(ZH d 3519
Hz), 2.74 - 2.86 (2 H, m), 2.66(2 H t, J=7.63 Hz),
2.06(1 H br. s.), 1.92 (1 H br. s.), 1.44 - 1.65 (3

H m. M5 (LOM) RT. = 1. 47 [ 346.2. Optica
rotation (3.57 nmg/ M, DMSO 'Zgggﬁzjhe second peak
was (R)-N-(5- ’<

met hoxyt hi azol o[ 5, 4- b] py{.| N. y1) 4H 11- azaspiro

[ oxazol e-5 , 3" - 30bicyclo[2.2.2]octan]-2-am ne (242
0. 70 mol, 41.2 %yield). (2b; Risomer): 1H NWR

ng,

50 9 1 H,
24,08 e - @@enéff%mw%% PR Ll g Bl o
(4H m, 3.61 (1H dJ ~10.07 He), 3.03 (2 H d
J=5.49 Hz), 2.74 - 2.86{T2 HNRY,V2G6(2 H, t, J=7.78
Hz), 2.06 (1 H br. s.)X 73(& 1N. s.), 1.42 -
1.67(3 H m. Ms (LOVB) R T.S= 1.307 [MH = 346. 2.

Cot' cal 5 516410 AT 1 BNED i NN

( 2- watpdied hd cthinsarberpyddiamidizeled 2321 g ldycpaph. Thogactioamisture
ykv%s étﬂl%h Q{?ﬁ)z“@i f@l ié“hd%FsO ' Th? reaﬂ%f %! dofleB 1 Wb MMELAMIRRENd
A tert yrro i ne-1
25 C aﬂb@wﬁm@t@w[s dijtetiad alxbtvaS.hecyWéla mmmi@ (2 k§0anIQ5 0 harpellow

fIa 0

(B PRl sivacuum oven (0.0 for v to sl (-
156bmo[tddmydaml %ﬂ)—dH(lﬂm@lzgje 13;a14:>0ﬂn®|n)1d®(r1(8 g)37r4trminold7ﬁ%
t( (I’)ll 21%1%8) Ianc{ th%n us \N% n tIh%j ael:xg stgegt&'ttﬁ %rl‘l}p Furtéeré)u 1?1 a}tl)on
hy dtlexacheinzanr i axol e (1.041 g, 6. 8 nmol ) and Hunlg S
Base (2.37 niL, 13.59 mmol ). The reaction was stirred
at 25 Cfor 1 hour. The reactign was then poured into
wat er and di chl oronet hane. The water was extracted 3
times with di chl oronet hane and the 20organic | ayers
wer e conbi ned and concentrated. The residue was taken
up in a small anmount of dichloronethane and
preC|p|tated out mnth d|ethyl ether/hexanes The fl ask

o N



20yl ) (pyrrolidin-1 -yl)nmethone (Exanple 3, Step B) as

the starting material.NVR (400 MHz, DMSO45) 6 ppm 9. 05
W@ 09131926 1 H) 7.99 (d, J=1.76 Hz, 1 H) 7.60 (RCT/USBNBI41076

Hz, 1 H 7.48 (dd, J=8.31, 1.76 Hz, 1 H) 3.90 (d, L L1&3 PCT

J=10.07 Hz, 1 H) 3.65 (d, J=10.07 Hz, 1 H 3.42 -39

(m 4H 3.04 (s, 2H 2.75-2.87 (m 2 FD 2.67 (t,

J 7.81 Hz, 2 H 2.08 (br. s., 1 H 1.76- 1.98 (n1 5 FD

= %‘fpf (. 5 (]&ﬁeézzg)d]zm%zo%—2(—y|7%0ur21d0)methyl) 3]hy§roxy 1-

N'(5mﬁb€t6b’zkﬁcbb[@.2@]oo?an32ﬂd)W%Wr&bara@aspl ro[ oxazol e-5, 3'
hi cycl o[ 2. 2. 2Joet ani - 2- am ne 5 Step A

(3- Hydr ny- 3-0- (5- phenyl 4 hixazel - H- Nehi-qur ei doj i net hyO-
1- ammoni obi cycl o[ 2. 2 ' obont e r(
OH H BH3- 4§ enylt |azoI-’-an1ne (0.52 g,
2.9 mol) in acetonltrBﬁe (6 nmL) was added

react | on HtoUPE M BEE TG Pl Gr bt 107

The4 prrﬁﬁd)lp)intTQ,Nedim&yffd)ﬂntaﬁﬁM2@ ) was hkidd W {aminomethyl)-3-

N CheBivbn) i Bsbier o P | PSS e Bl 4 4 pme)

TheThé’lie@thdSﬁ Ghiifug \V@%tlﬁ&kéﬁ OuE for MNulN: dih8edabrydnfvads FBfGeHated

t th
( 3 '(1 )Uﬁ\%ﬁgv I?a ge ﬁ%ﬁ@&{%ﬁ@%éﬁ%ﬁ%ﬁtw rgrohexang)o Thg
n- 11‘)r0)zh:,lc)ttflr'clbtm{lﬁi (V@QQ:"oﬁéeﬁtrthd B deuc?to %w'MTEgL(b 1ﬁ_13@n26§@1‘ﬁ{1dd%81 2-

m xture was stirred for hours at

19 ea&khl@ﬁeweédﬁc%hxdf%Yebamwomblﬁxfl%[%a 2M4nf1| d&fﬂbﬁ/%oborate
si | o g@bﬁﬂﬁ&l”@t% GiAPY a(AHte HOQTEEHIINIMR (500 MHz, DMSO-dy)

acetat hexane The product fractions were conbined

anddppmdérit l(atléﬁ I nl6vaeuld), t/¢3yil.dFd.05 Hz, 3 H), 7.13 (ddd, J=9.46,
r-oXY, e

yl)?ﬁ?dﬁ%%?do%ﬁ%?%gF ?¥bann0%§zl?d§%}8ﬁg(ﬁié] é¥a41 HZI

pt r Hhy2d¥3ebet ab,& H), 351 ¢, J21410t HralH), 7@44%3yme1 H), 1a89- n94 (m,

1301 ATDREPE e Bonairondd T it i e 38D, Pt P

( MHLEBKS eon'f?ﬁae&ﬁl)oducz s loSt @BHB:in the LC/MS conditions: retention time
n 2 yl am i noF4H 1' - ammon
|osg§?éﬂb¥%§ :@5% - hicyclo[ 2.2.2Joct aner
-yQri hydroborate HN-C _ BH3 To
(3-hydroxy-34(3-(5 phenyl t hj azol I)thloureldo)neth
) - dlep §arf¥n§ %6126%1”6‘[1‘?0 zﬁﬂwwéﬁffl)/ VPO Bseo4t %3/
26 0. gzcﬁolo[g 212]Me)' ) M %roﬂ)r&’i@t hyl for mami de (20 ni)
was added N/ N - d||sopropylearbod||n1de (.12 m, 7.2
nmol ). The reaction nixture d at 70 Cfor 4
hours. The reacti on was con r n vacuo and
purified via silica gel r ogf aphy (40-100% et hyl
acet at e/ hexane). The c product fractions were
concentrated in vacuo tguyield

10( 2- (5- phenyl t hi azol - 2-yl['am no) - 4H 11- anmoni ospi r o[ 0x
azol e- 5, B B3-(3-0y-bbiooRl]izni@zoke2-ghigpurditle yettryi 3 by dbror bt e

| ovenmuielieddo byt adR P RrBRR

C ondintettgMimdnitl €20ingl) was Atded M- {iddbaropriceb@Kilmi &O).587 mL,

5S C. ) ) ) o .
2& ( g%gﬂ@i‘f&ﬂ t Hicdagtiommixiirg pag stired 26 ) (Cofont Boust-g Ty, rgaction was
t hi Mbﬁfa?ed%naéﬁﬁﬁeﬂrwazmm g@Fchihdtdkraphf@40-100% ethyl
(2-(5- henylthlazol | am no) - 4H 1' - anmpni ospi r o[ oxaz

ol ea@taﬁ expiicgy Ehgpprod @t SOpaNEE 0911069%?4 Ry @rgsoygtdd2-(H-
(0.56 g, 1.58 mmpl) in acetone (9 nL) was 20 added 3 M
HC1L (3.95 nL, 11 86 mmol ). The reaction m xture was
stirred at roomtenperature fas 4 hours and then
neutralized with 1N sodi um hydroxi de. The product was
extracted with ethyl acetate (2 x 20 nL), followed by
chl oroform (2 x 20




mL). The organics were conbined, dried wi th nagnesi um
sulfate, filtered, and concentrated in vacuo to afford
w@2mhbiisw2@owder. The crude product was puri fi eBCyS89/041076
reverse phase HPLC (Phenonmenex Luna 30 X 100nm 22‘?[111 3PCT
wavel ength; gradient time 10 mn; flowrate 40 m/ 'ﬁ,
sol vent A; 10% net hanol-90% wat er - 0. 1% TFA, sol vent B;
90% et hanol - 10% wat er- 0. 1% TFA). The fracti ons were

e

chl chsacflqnmz(]é’ctahe]sv -yitihy didberagy @RMigES. 6\ﬁﬁﬁcﬂ m‘@ﬁdltgds a white
dried wth ﬁesmisulfate filtered

coné‘é‘i“\"‘lelfatfleaT (304 Mz DY1SRP-€p) ppm 7.29 (5, 1H) 699 7.05 (m, 2 H),
N- (39pleny. Hﬁﬁéqlg %75%1) J—41|'d‘3]8 He 1H£ 3.26 -3, 35 (m, 1 ED. 3.13 (dd,

azaspl I‘O[ oxazol e- OCt an -Z-am ne

§0. £14,9511.87 §zad). 2.9%4 33‘%(@ éHil)2 &5~ 292, B lpoddiey 1 H), 1.98

PR 45 RN, O 3Ny

. 7=%f 13183 lhlzl)e, LO/N%:O@clltlbhs tetentigeAmg 2. 2P M+ 1382 798.2H, d,

.7=10.07 Hz), 3.57 (1 H, d, .7=9.77 Hz), 3.02(2 H, d,

.7=4.27 Hz), 102.79 (2 H t, J=7.63 Hz), 2.66(2 H, t,
J 7568 DkHzY- e F2B&AG U] middool-2-8)-YH- [1-a8Rpiro-lax@Zol4-13H, m) ,
1@4 blgyc}olggz%cf%_ MS (LOMS) RT. = 1.52; [MeH =

fifi omers were separ at ed using a
Chiral pak AS-H (30 x 250mMm 5un) Q .~- with a nobile
phase consisting of 30% rret .' ) in CO2 and
WV nonitored at 300 nm te peaks were
concentrated in vacua t y V\,hlte 15powders. The

first peak off the col yielded 0.4 g, 1.15 mol,
32. 7 % (B&g2-GH-besNd lidadoFD-yNnvh d3-4E5 O Qundvirdmios Pivb [ 55220165, 3 -

6 m g. , 1 H, 7.69- 7.87 1 , (.52 -7.6

J :Egl.cé‘"go [glgz%,(ﬁ%tarlbeﬂ P Drhydropoggie @% gzz'gbi)‘?mo}). lé‘fc@t??es(g Hélmwas

2 Hydded 392 HCl 46.DL( 13.6 Zinkd)). T%eg&cnorﬁva"s?stlfred at&oth’}l tendperalure

-2.94%1m 2 H, 2.64 - 2.78 (m - 19 (m
13=g#pr 430pp. Ediy| goctate wizy addedzpd (ﬂrﬁ aqseqlw laywswsmlw@ﬂ apd T

= 1n&1¥r)al1£ewbx|/‘ ith lg\Osodﬁﬂrlhderoxﬂlﬁ He %%qct%%xﬁ‘dc%lddﬁﬂl e@hg‘i acetate

% (4b, R-isonmer):L MP. 187-9
| |:| (2N< m RLI 5"@1@ WICS W@@H&’G)edﬁdrf?ﬂ ml@l I@lgelgsmn}_ 1|l|§ate filtered

(7 6§nd c%n%(lﬂ%ed 4 Jzikuo th- a%rd’NKDPfsﬂyeI{zH%l 1ﬁndé)zo1 273(1§’> 3 1/ H;16
2. ngasp13) qszlmS 32b1|sgrclo (2. 2'241001%}29111111@1@0 Sg, |-L[)68 ngn(ﬂ,16&% yiedd) as

245 5l oyl s B g 1S Q- i sty Do, s 1)

25 EXZ\MDILEE[)57 06 (d8; ASehnoV Henzk], d]91 (d J=10.07 Hz, 2 H), 3.64 (d,

tb.hl;? q@%%;&c%% - 26858 01 95329813 f’ﬁ) 2.67 (1, J=7.63 Hz, 4 H),

N- ( 8.0\ & Uhny bERZAf Y] 188i-a 20l (m22 Y0 1154l- um(@l@za{)e} 44 casbam, 2

o Do s i a0gMaT2982 0. 53 ¢ 2. 94 mmol)

25 n acet ofﬁetéhhlllt%n{ei?s%%%p\ﬁ@?ed%@qgg Chlralpak AS-H (30 x 250mm, 5pum)
1,1' -t hiocarbonyl diimdazole (0 3.82 mmol ). The

r eaee!iBn With atmabde Rhase §QHSFSF1%0fa3tOb/61516‘@aI¥0é (0. PADRA ) sCOsTing UV
pr eﬁ"fo %&rﬁg{? 3‘@@?&1& 'TIhE % fjclte% & n\é\érﬁllate %31;0%% ]ior )hél@ white
(2 x to yiel d o o uct uc

t ak powdhiry. eﬂmlfystm@alﬁtfﬁ‘@e n@lxmnyteéd@d\mltlmoﬁ% mm}olfijrﬂt%e(ﬂa R-

purificati o r.ac [ '

(3. byet YPB 0346 0REE ne B e @50osd yom e e
30luThedhyObrls., 1 H) 7.14 - 7.53 (m, 2 H) 6.82 - 7.09 (m, 2 H) 3.91 (d, /=9.77 Hz, 1
anmoni obi cycl o[ 2. 2. 2Joctan-1-yOQri hydroborate Hs ( OH

HO S BH, - To

N- ( 6- met hoxybenzo[ d] t hi azol - 2-y1) - 11- Li m dazol e-1-carb
othioamde (.82 g, 2.82 mol) in N, N-di nethyl f or mam de
(20 nL.) was added (3-(am nonet hyl) - 3-

hydr oxy- 1- anmoni obi cycl o[ 2. 2. 2] oct an- 1-yQiri hydr obor at
e (0.48 g, 2.82 nmmol). The reaction m xture was
stlrred at 65Cfor 6 hours The reaction was

o T e 1 - o o o . - o . - o



bi cycl o[ 2. 2. 2] oct ane] - 1-yetri hydroborate (0.35 g, 0.98

mol, 56.4%yield) as a 5 white powder. LCO M5- BH3 =
WR4H9/23198t ep D PCT/US2009/041076

N- ( 6- Met hoxybenzo[ d] t hi azol - 2- 0- 4H P- azaspi r of oxazplllgg PCT

5,3 - hicyclo[2.2.2Joctuni-2-am ne HN 0--\( 10To

(2- (6- met hoxybenzo[ d] t hi azol - 2-yl am no) - 4H1' - atmoni os

p| ro[ oxazol e-

2 Sl Fo AL ANE 1 L YR SR AR

(2 300 o, -6DR (ﬁirTDH))18ThQ wemct quswas.@t(mmHgilao 13O, 1
nBSrature for 4 hours and.then neﬁtrall
sod

MRy HFOP R T TheO M AR &R¢ peqen WFMPHW
aceb;?,ts @ik, 38070, b S- 1£d?ﬁér}9\”@10!\1 éﬁi@'h@ﬁ@fm%(a%) Kppf 11.43

The' organi cs were conbi ne dri ed

Pragfhesi. Uil s0q Gr.e,, 1)1 r-deh0 (amd HodriBerdt Hamed H)A- N déu9.77

to It u
pur | @39% Kw\{ efzc,’gﬁ%ﬂgg = %‘Eﬁcﬁg F@rrréggl e? iél@g 40 %7
100%‘[7}2 (IQZADHWhQéF 2A9th, 1 gi b8l ehp>S {m, rﬂeH)lDS?m h71 €AW b le-

0 4 ST P oK S0 a0, 19 TP

fracti ons were conbi ned, 20neutralized wt h IN sodi um
ydrOX| de and extracted w acetate (2 x 30

! The organi cs were COIT%TQ%@%E%(?H ed with magnesi um

s uI fz\a(tée(;hlzfmob&;ebﬁ@zha@d LaneRNt-uatsgith [otuzyaO\BE-bicocly 2. Hoctan] -
N- ( 6- met hoxybenzo[ d] t hi azol frk’lg 4H 11- aza. spi ro[ oxaz

ol e-5, 31- bicycl o] 2. 2. 2] oct BCamne (0.25 g, 0.73

nmol , 79 % yi el d) asaV\/nlte po sl I1-1 NMR (500
MHz, DMVBO- d6) 6 ppm 8.88(1 M Mj,%z Hz), 7.48
27.52 (1L H m), 25 7.40/( ‘R{dSJ 8 Hz), 6.92 (1
H, dd, J87O 2.59 ﬁﬁfﬂ (1 H d, J=9.77 Hz),
377(3Hs)361( J=9.77 Hz), 3.03 (2 H,
s), 2.75 - 2.86 (2 H m, 2.67(2 H t, J=7.78 Hz),
2.06(1 H br, s.), 1.91 (1 H br. s.), 1.41 - 1.65 (3
Iy ﬁlﬁy A[\/@’—(Q:@lwgf)e@_oﬁi]thmzq_l %ml) {-prﬂazole—ézggr@thzoamzde
The enanti onmers were ar ated é,ISI ng a Chiral pak AD-H
(30 x 250mm 5ttm) 30 g W b| | e phase
consi sting of 23% net ha 0. A in CO2 and W
nmonitored at 220 nm The se%arate peaks were

concent r’bd @dhloroberbfd]thiazyli 2drainedi. t4eg, rmwdﬁhsl) inldeetohitrils {30

eak off the m vyi el ded 20 . 6 34. 1
D 2 tud vt T I b RS r s T Uk i The st B
( 1 Hlsrrzddlrj; 55@;906 fosr9 38 ﬁﬁ-ﬂri 1‘1'15 dréhcaldné&gﬁﬂool'da)to roétﬂ%ﬂerglgre?ild the

2(i1| precigijate weofilier sd( ang wp?]e@ with @ftomgrllSQZ 50 B%b ('ihq_yellw
3. Og&ﬁde'ﬁwﬁ alrledan Z4racuu3} fn (42) °t) £ hode t@?leﬁdzN He- t,

J=

1. 39hlor0hergg @tlya:pq)l 2@1) $ﬁ\{/5m(c@€glwg)ca@0th10am1c@ (,11(36 g[ M)_pﬂ)mol 64 %
345 %ld% IREnsPERMth REAK Xﬂeﬁl{vﬁﬁ&t %%fu%h%un@ca@loﬂ apol ,

340/y b, R-isoner): DMS0-4) 6 ppm
8. SQMFEWHZMEm s.), 7. 50(1 H d, J=8.56 Hz), 7.40(1 H,
o, J=2.52 Hz), 6.93 (1 H dd, J=8.81, 2.52 10 Hz),
3.87 (1 H d, J=10.07 Hz), 3.77 (3 H s), 3.62(1 H d,
J=10.07 Hz), 3.02 (2 H s), 2.75 - 2.86 (2 H m, 2.67
(2 H t, J=7.68 Hz), 2.04 -2.09 (1 H m, 1.92 (1 H
br. s.), 1.42 - 1.66(3 H m. M5 (LM RT. =1.70;

[ MtHr = 345.1. EXAMPLE 6 15N (4- Me vl benzo[ d]

t hi azol - 2-y0-4H- 11- azaspi ro[ ayazol e-5, 3' -bicycl o[ 2. 2. 2
Joet anT 2-am ne To

4- et hyl benzo[ d] t hi azol -2-anmine (1.1 g, 6.7 mmol) in
acetonitrile (30 nth) was added

1, 11-t hi ocarbonyl dii m dazole (1.552 g, 8.71 mmol). The
reaction mxture was stirred at 50C for 18 hours. The
reacti on was cooled to roomtenperature and the
precipitate was filtered and washed with acetonitrile
(2 x 50 nth) 25The yellom1pomder was drled in a

N ~\



, 1.75 - 1.83 (m 4 H, 1.45 (s, 1 H. (LOM) RT.
= 2.73; [M-HTE = 343.2. Step D
wWoR(©4AMoAyl benzo[ d] t hi azol - 2-y0- 4H P- azaspi r oOPOKHEWIE41076
_?_631- bi eyel p[ 2. 2. 2] octun] -2-am ne HN 1(1--/-*%/ {)1183 PCT
(2-(4-met hylbenzo[ d] t hi azol - 2-ylam no) - 4H 1' - anmoni osp
i ro[ oxazol e5, 3' -bicycl o[ 2. 2. 2] octane]-1" -yl )tiihydrobo

2 8,900 O T DS el TR

st i bm@gniabicF MIVIEE0R0F BYNG-Rydrobordtenour s. Et hyl acetate
was added and the aqueous | ayer, was 15col | ected and

neutralized with I N sogi am Rhyd ' The product was
extracted with ethyl c 51(2%4 ). The organics
were conbi ned, drie ~Y'h magrsesi um fat e, filtered
and concentrated in nmBHf to afford
N4 net hy b = 2- 1) -4 . . .

o aen ¢ B iE AT hiagp i fhmidesylg lecsportioamig .86 &
5 0. 295mg0]) &ﬁ%lﬁ%&lfoﬁ&nﬁde",@@'hﬁb hps aklca (MM@OWN}GDSJ

1500,y R0, 5, PUL 847 5 %) B, e

ﬂ gr&é’udﬂlwas LtidrBd at 30 9(2 fdrd, hoﬂrslqhQFeaJ:'ﬂZon vﬂas Idbnce&rﬁ@i 4nd purified

2 6g1a(stl1ca gel-y:hr@gla[qgraphy ‘(4)0 log%s%hy gcet%e/pﬁxan%) O’ghe(;goduf
H) fractRas &8re c@ndél}lt;ratéld z@)lfa&éb' 5‘[09 311E|§d @53 rchjorwenz&d]ﬁgazbﬁz

1q. mlbth[ownﬂpirlpéﬂstb@)é iy v semebivelo %él@éta%éyy&tr&tywborate
usi (194? 1 hAbeced. 6@9y1’€ld§gsoa\?$h1?e39fmfb SHtk (S&) MR, MMISE) -de)

a nobi phase’ consisting of 30% met hanol (0 1ADEA)
CO) dapu 1&1\92 floms.t bHe# 84tbr300 Hind.08the ss épghr/ai2dtr. pedki 7.40 -

fir 0008 SERLEa ARl LN PN 8§@T @ezg%z’hg%m%gﬁzfl?ozdrﬁg 1 H)

38. 9.6% 308 &, GH) 3.08h)s., [1H} 1.3NVRO 6AC H{/)—lz73 ONEO1 d6)1.@ -

I bt A S o1

J1038HZ 366dJ977HZ 3.04 (s, 2

H) te@gf ((%r(g Cé orobfn;q;%]ihz }gﬁzﬁ ) Jlg 1 qun};%onzﬁgpzm xdfill)é—iS’—

(M bBydih/2. 2“@0&zwiv§>z)tﬁhﬁroﬁora¢e75 [I\/H-I] = 329.1. The
second peak yield 0.07 g, 0.21 mmol, 38.1 % (6b,

R-isoner): 1HNWR (500 MHz, m 8. 84 (br.

s., 1 H 7.59 (d, J763 J=7.20 Hz,
1 H 7.08 (t, J=7.48 Hz, %QZN 77Hz 1 H)
3.66 (d, J=10.07 Hz, 1Iz1fN -309(m2H)273

-2.87 (m 2 H 2.62 -2.72{m 2 H 2.56 (s, 3 H 2.05
- 212 (m 1 H 1.93 (br. s.,1H)156 1.67 (m 2 H
2Q. 45 - 1T&B-((3r(6-dhl¢dpbenid {thiGtolR)yl RhiTureido imeTtyl)-I-depxy=1 -

329
N (AT S Lyt e O 093 5 3D o
5 Bimcldiytfpmhampide @OZHIQO’tasraddedN Nmilrseplﬁbylﬁlrbodumlde (0M® mL, 1.2
;‘r Cg{nh lg}o?rl)? ngga% t\isrz]r!tsas %ggg@ 4(h10u9'52 T%e re%gtzon was c)oncentrated
1, land ﬂurnﬁeawb@nmh g¢1lcmodamk@h§ Uo4H%Gsthyl as&ataﬁadahe). The
eact i on m xture was stirred at 50C h urs. The
$eaB‘i°|dB‘ﬁ FREONE YSTeSANTeB B "oEtod éﬁlfg& Qﬁ@’ef‘%?édﬂ“”d‘z‘
pr e?laﬁhﬂo@-ﬂﬁ waﬁmfoln ots f@&a@@@tswaslhﬁaomztj]om@}oni trile
(2x50 2/ ow powder was dried in a vacuum
oveh) t(l}mdr C)ratf:g}l 18- Redrmpe)l, §,§ é[%dylﬂ_dz% a white powder. 'H NMR
chl or obenzo[ d] t hi azol - 2-y1) -
"H i m dazol e-1 -carbot hioanmide (0.33 g, 1.12 mmol, 18.5
% yield) and then used in thesgext step w thout any
further purification or characterization. 25 Step B:
(34(3-14-Cnhl orobenzo[ d] t hi azol - 2- At hi our ei doj net hyl ) -3
-hydro 1-
anunani abi cycl o[ 2. 2. 2Jactan-1- Atri hydrobarate CI H N
O—I H BHS To

o o T O L T L 1 "~ AN A1 * 0 1@ 1 1 I e



amoni obi cycl o[ 2. 2. 2] octan-1-yl ) tri hydroborate (0.23

g, 0.58 mmol) in N, Ndi net hyl fonnam de (20 nL) was
w@omed3mdN - di i sopropyl carbodiimde (0.117 ni,POI/@S2009/041076

nol ). The reaction mxture was stirred at 70 C fo 1%3PCT

hours. The reaction was 25concentrated and purifie

via silica gel chromatography (40-100% et hyl

acet at el hexanes). The product fractions were

concentrated jn vacua ield (2-(4-

el EBBMTS Bt i 599 o i CTe @ Lk DI 1 B

azo B 2] P@H@rﬁk L1iplRR 0P er)at
(0. ({%55 0. 217@)%(13@@14%8%5 ﬁél el d £%8%Wy|ltogg ovvdglr)@?(d

NVR/T Ha- H) BMS0 3¢ (6 | r%lé’(%‘tfté“%llﬁ)ﬂfz 7D EQo-3.11

J_;(Iggl ﬁggz ’d- i‘% gm%ZH)(?zg (%r7 @3{8)'1200 b H 711@1(69 188 (m, 3

3=18) 286 Kbr, s 13HD LEC/MS ré‘@ntsmt(nirﬂ ER @I’}HSB&@ BHUD).

J=15.26, 1.53 Hz, 1 H 3.01 -3.11 (m 1 H 2.81 -3.00

(m 3 H) 231(br s., 1 H) 2.03 - 2.15 (m 1 H 1.70-
8gte1(7 m: I@(Whl@m@ﬁnz(oﬁf]lhzaol 2-B)Hy-1" azaspzr@fog@zo@‘ 5,3"-

r d] t hi azol - 2- y0- 4H P- azaspi r o[ oxazol e
élpfghz% 02{ ’%\%ct uni - 2- am ne c HN- Kt 0-\K

(2 (4-chl orobenzo[ d] t hi azol - _{n @ AH-1' - anmmoni osp
i ro[ oxazol e5, 3' - bi cycl o[ 2 cta e] 1' Gyl ) trihydrobo
rate (0.08 g, 0.221 mol i tone (9 nL) was added
3 MHC1L (0.551 nL, 1 654 mmol ). The reaction mXxture
lvas st i rfe@-(bshtorsbeorn(d] dmmar 2y lamgn o) @t - ¥-ahmumospikd| byazole-

ana ReUEV T 2e e PRRACHRA &Y B ab i pugS pr ey mo

was waxiddad 8 edHeI theoehihyd.07aeeibbt &hé ﬁvadﬂoﬂ@vaﬁkﬁrred'rdﬁ €oom

organi cs were conbiped dried w esi um ulfate

1 DRBnEt T A SRTan It astletert o Ate) 00 CRERAe fer s

N-( éoll'ébﬂe@ ﬁl‘itblﬁﬂﬁrﬁl[z@&l twith aRQbodidm hydroxide. The product was extracted with
H F- azaspi ro[ oxazol e-5, 3' - bi cycl o] 2. 2. 2] oct an] - 2-

1) -
lgm) Ryl agetats (gx 4pmi). Fhopreames vese @%lgﬁ%ﬂr@d HaghRYive
pow@lﬁfate MteSrlad\Ma(c%Q&nWéd znmy@glt@)aff@rdmﬁ% &1&%&&5@1 |thiazolb-
H) 7'(dd, J=7.78, 1.0
1. Oyl)ﬁﬂ la_gzarsly)lro,{oyg_azoletS 3 j)wyclq@ q%octg_n ﬁ)an@ng@ Q6cg 0. 17 mmol

J 182 Q¢ Mgld)]%s J‘&éhl?é é)%zwdéldzHMg (2%0 1?#[ %M';%G%) pri 29%3](& S.,

2 11H)ﬁ|9.3 (6./7214Hg, 1HYT1.58 2d,008.65Hz1l H) 7.15 &id, /= 81556214{1& 1

2€nz:%? é Isj(q\\/\€%7ell_:les’elp%)r a%s (éi usllbr%#gz Eﬁﬁ?%?(l:é’lﬁgl}h&[egtp i

X zsam BRNY.6T @] 63V, B 1D 2r08libl. @, pHAS&2c0199i(st | Hy 1.a8 -

2O Beterl (SR Do e ayELenoLh has e

v ac ua torpd &bﬁm‘iﬂ'&kst\@er@ @éfﬁﬁ[e‘d usthB@ Chirkiphk RSAK(30fF250Meh, 5pm)
colum was (S

chl eflBBe b [adljlébhlp (alz%P consisting afi§0%e mgthanoh (G brBEA) By mng UV
253 4bhfé}ﬁ%r9c[ #2309 %ilno qth@ %pa?aied%ﬁﬁve@@cola@erﬂmte@ zrg%cm CPﬁleld white

.8 %yield). (7a, S-isoner)
ppnp@vcg:@ (‘e ﬁrsg peak]_off_;)he golymn QI@lded pg¢)$4 320 Hkmm]_)l ﬂp 2P0 4(921 S-

(2 150%95 W%NT!?%S%Q’R%L}Z (Dg]\%sétdi) S %éz sH)]i 13’(9 0%; (%4 42d14 Ha,

(m 120)F)582d,768.55 PLZODH() A5 2ddHy=25%8. 1641z, I EHJ 398 (&z= 1(20}1)& 1

2. B S0yl a7 Eof e b Ay g

3gecand PRAkS WasSs., 1 H) 1.93 (br. s., 1 H) 1.43 - 1.69 (m, 3 H). MS (LC/MS) R.T.
(R) -N-(4-chl orobenzo[d] thiazol -2-yl1)-4H 1' - azaspi r o[ ox
azol e-5,3" - bicyclo[2.2.2]octan]-2-anine (0.11 g, 0.30
mmol, 35.2 %yield). (7b, Rigomer): 'Ft NWVR (500 MHz,
DMS0-64) 6 ppm 8.89 (br. s., 1 H) 7.77 (d, .7=7.93 Hz,

1 H 7.40 (d, J=7.93 Hz, 1 H 7.16 (t, J=7.93 Hz, 1 H)
3.94 (d, J=10.07 Hz, 1 H) 3.67 (d, 10J=10.07 Hz, 1 H)
2.99 -3.11 (m 2 H 2.74 - 2.88 (m 2 H 2.68 (t,

J778Hz 2H)211(br s., 1 H 1.90 - 201(m1
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hydr oxy- 1- ammoni obi cycl o[ 2. 2. 2] oct an- 1-y1)tri hydrobora

te (0.748 g, 4.4 mmol ). The reaction m xture was
wariopnsgd2@t 70 "C for 4 hours. The reacti on waBCT/US2009/041076

concentrated and purified via silica gel 11163 PCT

chr omat ogr aphy (60-100% et hyl acet at e/ hexane). The

product fractions were concentrat ed in vacuo to yield

(343- 1H benzo[ d] i m dazol -

10y|th|o reldo) t.hyl) amoni obi cycl o[ 2. 2.

21 ocedh. %'%dmaa@a@% o 5800 P hpor g 0037

m 01’1’16 H!
gbrengfibluﬁl% (%13 té@uto»a) (I@BV\Q%V il) HMM&@@@NWDA@@Q@@&%DH@ 02

Hz, (18 )1, H)77. ﬁis(d(ﬂ@dM HIZ:Q Hﬂ)@ 583d%8 S3.Hal Hé 7.33 (¢4, /=5536.44

(211 (oo Adg i B ool 8 92k b

#) , 2220292 (132 HP.62- B3 (1, BEY) 109br(sm 1 11)5139}{)d, JA1,224Hz, 1 H)

g ;fjléd F—I?,&?Ih ggHélgMgiLgé\A@LI&}"%/sé g:)éé #}\/?Jr%—l d 36%65'2)8%1021‘1 r0§at10n =

| oss3pf. BH3 in the LCMS conditions: retention time

2.75 (Mr1-BH3= 332.2). Step C
(2- (4H Benzo[ dJi m dazol - 2-yl am no) - 4H P- anmoni ospi rol a
yazol e-5,3"- 20 EXAMPLE 10

Neyel 0[2 2. 2Joctqner| | -%/O:rl hydroborate HN-<' H | N+ -
1 H3 N-(1-Mghyl-" H-benzo[d]imidazol-2-yl)-4H-1"-azaspiro[oxazole-5,3 -

(343- 1H benzo[ d] i m daggl.122 Yhiipunelg) met hyl ) - 3- hydr
oxy-1- ammoni obi cycl o[ 2. 2. 2] oct an- 1- Htr| hydr obor at e

(1.0 g, 29mm|)|nNNd|met I de (20 nL) was
added N, N -dii sopropyl car bod| % 587 L, 253.77
mol ). The reaction m xt gstirred at 70 C. for 4
hours. The reaction wag o ntrated and purified via
silica gel chromatography (40-100% et hyl

acet at e/ hexane). The product fractions were

con . 4 -
ben%‘{; él nf/d dMI ol lvgi:b%%ar{‘? ] M%a%g A A a[rl;r'_r%lrﬁlfloosl%lj Yol g%éo%ﬁlde
-5,3" - b| cycl o[ 2. 2. 2] oct anej -k - yl)trl hydr oborate (0.81
g, 2.6 nmmol, 90%yi el d)[;i/?\‘ e-pewder . 1FI NVR (500
MHz, DVBO-d6) 6 ppm 7. 2 ‘\(99- 7.05 (m 2
1), 3.90 (t, J=9.77 Hz, 1 H)S 3.75d, J=10.38 Hz, 1
||:|)|Z’ i EDGTO 1 %waéfl (Imberilzow]lmla;dzgl% qugl’e (528]5;,184’7 1%%101)]1n I%)gétomtrlle
2 280(sL) mas;qyldedll gghm@rt@@y](dnmdychlg (2 (115@ 11 3 lmgp_ol)( rhhe 3
) , [ of
el s RSB0 B R 55
( MMR@*—UT@% t@g precipitate gagfﬁiteﬁ):d and washed with acetonitrile (2 x 50 mL).
26\|' ( Jfﬁe %ell%%%é?(vgglj wa{p dg%éﬁl a \2ac¥19m é\'f_én](40 °C) for 1 hour to yield N-(1-
10bme§hgl b- ae@ommmaumz 2b-elii-imedabdle- 1Htaitioi@amide (1.6 g, 5@2

ox agn oé,b@ %209 [del(i) anc(Ii ﬁl%r? Iuse J[he nex 2ep%vhlfh%ut_an9%rﬁlero S&fr catgon or

bi cylialramie&zéhoa] octane] -11-yptri hydroborate (0.77 g, 2.5
mol) in acetone (9 nL) was added 3 MH Cl (6.2 niL,
18.6 mmol ). The reaction was stirred at room

2t enperature 15for 4 hours. Ethyl acetate was added and
t he aqueous | ayer was collected and neutralized with

I N sodi um hydroxi de. The product was extracted with
ethyl acetate (2 x 40 nL). The organics were conbi ned,
dried with magnesium sulfate, filtered and
concentrated in vacua to afford

N- (H benzo[ d] i m dazol - 2-y1) - 4H lazaspi r o[ oxazol e- 5, 31-
bi cycl o[ 2. 2. 2] octan] -2-anmne (0.5 g, 1.68 nmol, 68 %
yield) as 20 a white powder. %H NVR (500 MHz, DVSO46)
6 ppm11.45 (s, 1 H), 9.20 (s, 1 H, 7.32 (s, 1 H,
7.00 (dd, 1=5.65, 2.90 Hz, 4 H), 3.91 (d, 1=10.07 Hz, 2
H, 3.64 (d, 1=10.07 Hz, 2 H, 2.98 - 3.05 (m 4 H),
2.73 -2.82 (m 4 H, 2.67 (t, 1=7.63 Hz, 4 H), 2.03
(d, J=2.75 Hz, 2 H), 1.85 1.92 (m 2 H), 1 54 1.63

)
)
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To

N- (6- chl orobenzo[ d] t hi azol -2-y1)-1Hi m dazol e-1 - car bot
whemansides (0.86 g, 52.9 mmol) in N, N-di net hyl f BCTrESE00€041076

(20 nmL) was added (3-(am nonethyl)- 3-

hydroxy-l-anm)niobicyclo[2.2.2]octan-1-y1)trihydrololépéPCT

te (0.5 g, 2.9 mmol). The reaction was stirred at 70

"C for 4 hours. The reaction was concentrated and

R e RN e R T

congmmbkiabiettid /D 2\asam-1 Pl)zyzlhﬁl’rdbomte
(343-(6-chl orobenzo[ d]t hi azol -

10yl ) t hi our ei do) net hyl ) amhyﬂro 3 n-n|ob|cyclo[2 2
. 2] oct an- 1- yptrlhydragéiﬁLe/ ¥§% 34.6 %
yleld) as a white po , DNBC>ds) 6

ppm 11.92 (br. s., 1 FﬁHQ 89 (hr sS., 1 H) 8.08 (br.

(br o VTN fgen iy P Py HrodtniSiniae

9=101..R0g, B4 nimdd) in2N,8[7dim3th@Rorfrmide (B) nid.) 88s fdared (5., 1
A LA ER ST

395 14.0450h6p1) CThe reaction was stirred at 70 °C for 4 hours The reaction was

2- (6-Cnhl orobenzol dl i.hi azol- H 1' - anmpni 0S
I( r oé%ﬂcg&t Bur(l) ed via sﬂ?ca gel c%1r0mat0graphy (60- 100% ethyl P

bi Ck(éélta@e[/l?exgneg] PRd lﬁfﬂéhclﬂfaddo)ﬂ &vbr’@%gﬁc@w‘[@f B vadB IO yER (3-
orobean Jthi azo 1- ) thiourei
19i0) hﬁfrw 3434 Lt diﬁppnzommzew ap@noueselwmzthzﬂ) -
oct %ﬂmlomlﬂn)c dib[PY | QRAL la%ﬁtrl(lg)drggcgate Or. Q%g SRl A mbINgS % yield) as

N, Ndi et hyl onmmde was ad

N, Ne wdite BopdcoplCOay ned Rredycpastlgssyaf BH; ipthada6V YIS cpditions:
reaghi 8oy MRS 391 (8Bl 3@ ¢ for 4 hours. The

reaction was concentrated and purified via silica ge
chronatography (40-100% et hyl acet at e/ hexane). The

5p 0 acuo to
léi eﬁ%}?}&g (i éy ﬁ)ﬁ‘ hg??%gﬁnzzgfdéﬁz%cngpﬁ la%z?no) 4?1 M
y| anmmoyiospitoldvaanterrdii-igpia/ A C@znie 1 5B ikkbrapedto] 2. 2. 2
]octane]-1"- yl)tri hydroborate (Q, 1 , 0.33 mol,
35.5 %yield) as a white pomqﬁq (500 MHz,
DVS0-6/6) 6 ppm 9.10 (hr. 4< 5 (d, J=2.14 Hz,
1 H 7.60 (d, J=8.55 Hz N7. 36 (dd, J=8.55, 2.14
1 H 3.88 (d, J=10 1 H 3.76 (d, J=10. 38
1H 3 26 - 3.37 (rnBHg FD 3 17 (dd, J=14.95, 1.83
, 1 H 00 - 3.11 éb - 2.97 (m 3 H
.28 (brTO @ hydg_oqu)3 #3- mcthzl ﬁtb@ﬁ? dj_1m[u|5aze_|_l %9 - 1.88
h'r'_blﬁl)elcﬂor')_réi@thglk)"rl an)ﬁnomo%lc'ﬁlo 2L§é W&an- 1@%&&@%0@&&6‘(@9 g,

63. nesr bib ehY slinpthifamamide-(yOmaHves #ded Pil¥'o[ oxazol e-
, S obipLRhBodthOI A 2D, T Kbkl ot Whred at 10-C for

or obenzo[ d] t'hi aZol m no - amonosp
r o[ é)hglzrgl ‘Ehe reaction was concentrated and purified via sﬂlca gel chromatography

S 3LaPIRYSH A PhOSHATTh: drd b N SROEBEGf s b B

,\@3

2

01 2!\)/\&) E-E-E

1'n ace one was a
y@ldqz (mmth)yl memzebzﬁllmdmohéwlaﬁﬂmﬂﬂé{dl amnrop@spiro[oxazole-

2% PR p st 2L Db a R IR b PR Gyt e o

I N Svﬁdd: powdry, drDXMIRe(40T VA DOBE ) \Sapnex3 ¢ @etsed HyiA3a - 7.44
15et hyl acetate &P X 40 nLi. The orgénics wer e
contried) 7.4 1 &t (Wt I hbYhe s 1Sk HY%(d {5105z L Fhd-77 (d,
concentrated in vacua to afford

N- (6- chl orobenzo[ d] t hi azol - 2-

yl)-4H 1' - azaspi r o[ oxazol e- 5, 1-bi cycl o[ 2. 2. 2] octan] - 2
-amne (0.06 g, 0.17 mmol, 62.4 %yield) as a white
powder. 1H NMR (500 MHz, DMSO-d6) 6 ppm 9.03 (br. s.
1H 7.93 (d, 1=2.14 Hz, 1 H 7.58 (d, 1=8.55 Hz, 1 H)
7.35 (dd, J=8.55, 2.14 Hz, 1 20 H 3.90 (d, 1=10.07

Hz, 1 FD 3 65 (d 1=10. 07 Ft 1H 299 - 3.11 (m 2 H

P ———. TN P —



amoni obi cycl o[ 2. 2. 2] oct an- 1-yptri hydroborate (1.28 g,

3 56 mol, 88 "Ayield) as a white powder. LC/ M5
w@ooebiisryed product as |oss of BH3 in the LC/ MPCT/US2009/041076

conditions: retention tinme 3.01 (M+l- BH3= 346. 2).

Step C 63 peT

(2-(14l1let hyl -1 H benzo[ dJi m dazol - 2-yl am no) -4H 1

Fannnnlosplro[oxazole 5, 31- bi eyel o[ 2. 2. 2Joctaner

(5 TS AP i 7 R b ame T He d 4D e, 1486

yl) ) 1 ISE] Gl(:jl[ EE@IQ);HEB I(oy Koh; ﬂﬂammz eb(rﬁ,ychpt 22 dor ] ,aatpnecl-y11
tr| ydroborate (1.

N TR O T DRRATHED) ¢ 2Ry ekl LARISarAEhon time 2.37 (Vi1
d| | sopopybgarbodiimde (1.55 nm, 9 9 mml). The
reaction was stirred at 70C for 4 hours. The reaction
fas concentrated and purified via silica gel

chr oo V- aRMN i AQr BORSPE N0 BL B -2L1E] NEXBHEDxazb S, 3-
product fractions were concentrated in vactto to yield
(2- PevaieP R\l o4/ edziof d] i mi dazol - 2-yl ani no) - 4H- 11- anmo

ni ospi r o[ oxazol e- 25 N

5,3' -bicyclo[ 2. 2. 2] oet ane] - 1'unAg t rdr oborate (0.94
g, 2.9 nmmol, 87 %yield) asoe(whi e~powder. 1H NWR
(400 MHz, DI\/ISOdG) 6 pp l\(br’ sS., 1H) 7.34 -
7.44 (m 1 H 7.26 - 74 7.00 - 12(m2

5 358 o g e T 015 S

1Q dd amgrenids 86 oxazBES, BrszCﬂCIGH? 22]@8ne]-B- y@)&lllé’dllobqraiel)(o 9228

1 2T g0 Eut3 iPhaged nt s Eudora By (M sk

r et gt stored ta IrGSBmZGIBﬁer:(tMe Yor LBH@H:S F1iZy1 2getat&wat glded and the
D: ( acé%gli?s F}éa(r) 91'5{‘]00 (ect‘tgcﬁ 'flndznegto ahzgd \(vﬁﬁ ‘ZPQISSE ﬁﬁ[hyérox%e TIlz_l)é product
nEchgléxtthecﬂ)e/ﬁtH ofhgl] dcetadta2 @l40 2aly)| At u@priddHvdre combined, dried

1)t PR e eBer R eBed s oge ey v it bradma T Tt

was 11@@6’&6 @n%dﬂﬁ] 2-§1§-4H- Mazasgito[dx4¥0RL I 3’ bU?&lo[?eZﬂ;]bd:t@ff] -2-amine
was stlrred at roomtenperature for 4 hours

acetties delsmmakied arieldt #e vaiiseowden afglé\lMMéoocMﬁlzé%Mé@ -ds) &

and,figybhialisaed Y\’Ht)k)3hN7$19‘éh1UlTH5‘¥‘iV5°>ﬁ'3§'8m Fﬁ%@@o‘i%km 2
was extracted wth e acetate (2
or gnP 03 (e E0.¢bhbil rfé)d%ﬁjﬁdb Ed 003w 2 h%@ﬁée|3m2 97 3.08 (m,

2@&1 'OE %fr)rggﬁgi !]Lﬁé £y, ARfb §PACEAKA #1281 B oY2840 (01 A 1869 1.96
|'1i ¢theintZp].4Q + hbdard HR- M&ILQVMS) R T.azhédhilMoHixa3t1e- 5, 3

ol R L A AT B G TP

ppMcSudd with A.nasbilé mlasa, chbsistingdSf 22% dhethfnwvl (011%IDER) &3O, and UV

Z' Eﬁ?{loéﬂn(g%(} ?(tg)og 9111891“@9 Zq_pé%teﬂ g@&ksgv’_e%e]co(ngentr teﬁ&n %ﬂ%ggt?o yield white
28. OBovdbrs. 21@1% firdt pgak7(ﬁf1ﬁ1t3 coldmA yﬁ:jdeﬁll) 063 g"b 205 rﬁﬂloﬁ 89.8 % (10a,

1=7.81 Hz, 01 -2.09 q(2 é

H & isguery @@‘6 (%)OI-”P}[HZ NEME @6}\@PIR9'{3‘1 (br %, 14@) 7. Mﬁfﬁ @, 1

312 T nti r

i FaT287 T T PR EHYRIS (E PR RIS P,

phadel 0cifrié, 3 tH)dgh9ds, 33202 et hihon, 2(H), 2170059 (ni, A PD@}61aﬂ?d74

uv j t e, r.at Re
con@’%ltrlg%sy(b? 319% ?-21 d 838 1%%6 %[5 WC/MS)RT
301 r s87daakijoE312. heOpnéaMrmatyona déd)2€l D egond PedOGeldedd. 06 g,
39.8% (10a, R-isoner):NVR(500 MHz, DWVMS0-4) 6 ppm 9. 31
(br. s., 1 H 7.35 - 7.45 (m 1 H 7.26- 7.34(m 1 H
7.00 - 7.15 (m 2 H 3.93 (d, ¢g=10.10 Hz, 1 H) 3.67

(d, 1=10.10 Hz, 1 H 3.59 (s, 3 H 2.93 -3.13 (m 2 H)
2.74 -2.89 (m 2 H 2.61 -2.74 (m 2 H 2.05 (br. s.,
1H)1.91(br. s., 1 H 1. 38- 1.68(m 3 H. M

(L MS) RT. 301. 37; [ M+H]| 312.2. Optical rotation
= - 16. 02 The second peak y|eIded 0. 06 9, 0. 19 nnDI

NS N N7 o NN R R AN



met hyl ) - 3- hydr oxy- 1- anmoni obi cycl o[ 2. 2. 2] octan-1-y1)tr
i hydroborate (3.2 g, 7.9 mnor) and

WORAMABIYRE opr opyl carbodi i mde (4.3 L, 27 6 mMmeAD/US1009/041076
N, Ndi et hyl f ormami de (10 nL). The reaction was heahﬁg3PCT
to 70 C for 2 hours and then poured into water and
chl oroform The organic was coll ected and concentrat ed
to a 15residue. The residue was triturated in et her

and the precipitat mas cal l,ected via vacuu

£l prlamn&x Yoot Ui Q10 Spiner abNIB (e i DM30-dsih pigp 931

gra wogy 733530 B {8, 1 H) 7.25 - 733(m 1HF?693 7.11 (m, 2 H) 3.93 (dd,
Ethalébenzo d] thi azol - azaspi r o[ oxazol e-

5 si 9.9% yBIHag b H2 357 6dd i) 9223591%112103 581 34N U - Inkds(m, 2
pl aggd 7&%@@}&@9&@9”%%@LWH%@h g?r s\"ﬁ@j ey (‘b{“'sl‘ Ymy137-

ammoni ospi r o[ oxazol e-5 bi cycl o] LE& ane] - -ye

?i hydP obot Hi-eMESHO/MY,R-T. 3437 o] AR BCPpi@) Wt

24.1 ) in acetone (10 nlL). The reaction was

nmonitoréd by HPLC. After 2 hours, the reaction was

conplete by LG MS. The 25 reaction was poured into

wat er and chl orof orm and ic layer was set

asi de. The aqueous | ayer %%Qﬁﬁgﬁg‘gllzed and extracted

Wt IV- @k 06:9b1zo0d( B¥)ol- 2 4 BECantpied b aizok Ot I0bick @ f2i 03 octan] -
s concentrated to a white reS|due The solid was

1%‘Valturated in ether and the dp@é?pltate coll ected to

yield 314.4 ng (0.877 nmol, [ 0). of the desired
material . 1HNVR (400 Pi?ff?rppwrs 89 (1 H,
br. s.), 7.50 (1 H, B 38 (1 H d,
J=2.52 Hz), 6.91 (1 —8 81, 2.52 Hz), 4.03 (2
H g, J=7.05 Hz), 3.87 (1 H, d, J=10.07 Hz), 3.62 (1

H d, J=10.07 Hz), 3.02 (2 H, s), 2.78 (2 H, t, J=7.81
6 2. : 7. Y de 91

ﬂegér %gé é‘}ho ?eﬂ%ﬁa‘]z@z%z%’? 1)- l_{fP zgic;zi)lé?’]sg)zf%otﬁo)ﬂ{u,d}
J 7 05 Hz). M5 (LCMS) RT. = gﬁ? [ MiH = 359. 0.
The enantiomers were separated u r@ a Chiral pak AS-H
(30 x 250mMm 5pm col ugn @i phase
consi sting of 30% net hanol My In CO2 and WV
nonitored at 300 nm The sepaFaied peaks were
concentrated in vacua to yield white 10powders. The
13irst pel o vap placeddi-gthoryhrnzpidiyiagel-2amige (o> 4.7/ Z%mmol) and
31 alé%sgﬁla%@h 1 $phe@Rdidiond (17 7@@/@ Ko'iﬂqn%lg in DVBENAET 1 Bl
7. 3§k1q_rep.pt1(0§ wag h@tqhto @é) C oserglght( ]'_F hgy reag‘@pn @mglrgyas Hlteaed and
Hz) the%r&%ltﬁt% wWils cgllectl:d?o Q?oréi"é)il gra'r)fnsg(o (8% nﬁ!nold102‘]’/“)1& I'QSZ colored

-2a®dezH n), 266(2H t, J763Hz) 205(1H
pr. s.), 1.91 (1 H br. s.), 1.43 - 151.64(3 H, m,

1. 33 (3 H t, J=7.02 Hz). MBS (LCMS) RT. = 1.81;

[ M+Blep B= (359 (8-Etiithebez ey dhitiapé dk INfielrddd s 81y -3y drddy- 164

R T [P o e

737(1HdJ244 ngH J=2.75 Hz),
4.02 (2 H g, J=7~0% %L =9. 77 Hz),
3.61 (1 H d, J=9.77 2 NER. 72 -2.85 (2

H n), 2.62 -2.69 20(2 H n) 204(1 1 J=2.44 1),
1.90(1 H, d, J=4.27 Hz), 1.42 - 1.63 (3 H"m, 1.29 -
1. 35(3 Hn arjial WBplatddB)6- Rha'xybenz:b[cf}@uaz{)lMEH) 'H-136@uz4le-1-

251 BB R 8B 25 Bmihand Caprbiamedpiickbeieosl 3 - bi o
yclo[2.2.2] onmen] - 252-amine HN-</ Step A

N- 05- Met hyl benzo[ d] t hi azal - 2-y0-111-i m dazol e- 1- ear bot
hi aam de Nr-Thrj_,S 85 g3To

6- nmet hyl benzo[ d] t hi azol -2-amne (1. g, 6.2 mmol) in
acetonitrile (30 nL) was added

1,1 -thiocarbonyl diimdazole (1.44 g, 8.1 nmol). The
reaction was stirred at 50C for 18 hours. The reaction
was cooled to roon1tenperature and the preC|p|tate was

M 1 e



Syi el d

(2-(6-net hyl benzo[ d] t hi azol - 2-yl am no) - 4H 11- anmoni osp
W0 cpoxazol e- 5, 3' - PCT/US2009/041076

bi cycl o[ 2. 2. 2] oct ane] - 11-yetri hydroborate (0. 65 g,

1.899 mmol, 83 %yield) as a white powder. 1H NWR ](léé%)PCT

MHz, DMSO-d6) 6 ppm9.03 (1 H, br. s.), 7.59 (1 H 5s),

7.51 (1 H d, J=8.24 Hz), 7.15(1 H, d, J=8.24 Hz),

3.86 (1 H.d, ,1=10.38 3, 741 H .4, 1310, 38 |
3. 2%‘(‘%‘%&‘8&“@3%39%@: t%'bté‘gy‘i—rﬁ'io,(rat% “ﬁf@lg ﬁl,g%&}moi):‘f@’%
10Hﬂ])net18/1f819nam13e @59mlC)1 'ﬂ“ﬂe ré’ﬁ):tlorﬁwa%(heate@to%) A3 Adter Mhours the
2.36(3.H s), (1 H t, J=10, 22
Hz) reatitlopowas pQurS@-, 1n60\;)wp4er arﬁd ch],ggaf?rmqqg?e (Fggqnlc wa%ex-prgcted and
[ MtEncent@4bd-tda red oil. ThisBRatédial was used i 1n the next reaction without any
N-(6 Al et hyl benzo[ d] t hi azol -2-y0-4H 1
5 . aBudpl ReiTisKipASr ehasackrizatianhi cycl of 2. 2. 2Joct anP2- ani ne
HN- K# LN-z To
(2-(6-nethylbenzo[ d] thi azol -2-ylani noz 4H 1' - atmoni osp
| 1 oPieR &z dP€G Egoxylieeapld /g op2-2jogénoartél Wmmommrﬂ?rxem5 3=

at ebz(ch%/@ 09&11791%5}%? Oggtgtone (9 m) was added 3

M HCI e reacti on m xture was
stlrred at 20 room tenperat g tapurs Et hyl

acet ate was added and hQ) er was col |l ected
and neutralized wt oxi de. The product

was extracted with cetate (2 X 40 nmL). The
or gani cs vvere conmbi &, dried with nagnesium sul fate,

ilter e SlQQ,Qf@]ﬂ%eﬁz@ E@l(ls gthWenio?d hid Al g—yl)thloureldo)

(6- ne enzo
y 1) mthyl?%almgpiwflea[rmmdilel@ [32 2biceydhdjtahairdoctt @ ¢, 2-9

ool i B atf Bl WS B

S ) dm%ﬂ&?fo(rﬂanh—ﬂde @p,ml?. 8¢ leattjondyas he@e@b 2L, for72 H.(ﬁl@S].anldl then

. BBl ier o gflologh g0y yrat gl Sfsa dy b la 0o

IST) reRido@ Th rehidie, wad wrltufaBedhiz ptherZind G{cPrédipitje, wad .cOBecfel] vird

ni V%%Hé%ltr%%géol{liﬁlﬁ ljlr%ramqk\)éﬁéﬁjg]w.%%{of éfagg%c’lel;!’

[ M+H] 30329. 2. The enant i orrers wer e separated
usin%%a Chi ral cel x 25 cm 5ftm colum wth
3090 1R Oh Yot @m@%&%ﬁfﬁlq@wl) Affd! W%ﬂfomo@& At 300

nm ,ithgoLenabalgt-praks were concentrated in vacuo to

yi el d white powders. The first peak off the colum
yielded 0.11 g, 0.34 %\%g oR-lsomer) 1H

NVR (500 5MHz, DMSO-d H, 7.57 (s,
2 H, 7.48 (d, .7=8, 3(d J824Hz 2
2@1) 389(d J=10. 3 ,363(d J=10. 38 Hz, 2

: 7
( t) 918 ? \@%ﬁ&{%eﬁﬁ%—eth?x%%l}zo% ﬁlAf%gg%— ELHH)G% 4%{) p
1. gzm(ngmoﬁ)mequxaz_ql65 3L bidy o 2. Qﬁﬂocﬂanb—]}], y])trﬂ;lgdl(odctatelﬂﬁ) Mg, 1.34
L
350 g o Wil A, E P T Rt g B lfon v
yi ehrldenbr&d)b)OHRECg AftEr Bdounsydie, redsboRivay dbﬁ’[p,le‘uSsy EOMES.) The
1- 1 NVR (500 DVSO- d 8. 1 7.58 .

2% 3y P o YT S opr T i e hleg 1o Posie

, The dducod.188r (vak nediFdlred Zndextradtedvith 3h16@Dfdrh, (2x)=The Sctond

}éorg%)rlelfﬁaggmvwafg\]opéenggteigd a Zhi%'e%iiu'e? g‘heﬂ?o'h%gyv% gr]itcléated in
1 H}therlana Dhe(pgecipitatdcolldot&@Do yield H4 4y (R HNmmdl, 493 ¢Jadf the
J=9.77, 2.75 Hz, 1 H. M5 (LM RT. =1.80; [MWHE
= 15329.2. Optical rotation= + 10.08. EX4MPLE 13
2- (4H 11- Azaspi r o[ oxazol e- 5, 3%4bi cycl o[ 2. 2. 2Joct and- 2-
yl am noMenzo[ d] t hi azol -6- 01 20 OH Step A
N-(6-(tert-Butyl diniethylsilyloxy)benzo[d]thiazol-2-.3
4) - 1Hi m dazol e- | car bot hi oam de TBSOS 25To
6- (tert-butyl di met hyl silyl oxy)benzo[d]thiazol -2-am ne
(pr epar ed as descrl bed |n V\D 2007/ 086800 p. 102) (3 1

A A ~re ey o o



To

(2-(6-(tert-butyl dinmethylsilyl oxy) benzo[ d] t hi azol - 2-yl
wa@ionejwadt Fammoni ospi r o[ oxazol e-5, 3' - bi cycl o[ BCRU2}000041076

ane]-1'-yetri hydroborate (3.2 g, 6 98 nmol) in acefﬁg?PCT

(10 m.) was added HCl (8.14 nL, 24.43 mol) The

reaction was 10stirred at roomterrperature for 3

hours. The mxture was poured into water and

neutral i zed sat ted sodi.um bj carbonate. The

nautous et BN RHReTE SHSH i § AERRGY bFobmt. 7@ (1 H.

or gani=e shaygr7.3%s £ al J-echad,)ans (qqncaanysameﬂsz Hz)va@y@z H,

The remi ni n% residue was triturated in et
af f 86704 EHep C87(1HdJ1007Hz)362(1HdJ1007Hz)302(2H s),

2- (4R 1 BZAFPI. iﬂhﬂx%@fﬁﬁﬁ J&Té%'}@z)ﬁci @5[(% 3AVAR 301 @ﬂp]H%r 8.,

yl am no) benzo| d%t hi azol - 6.

41. 59 yil 6 &3 Haw).d -3aH3P Het, p(oMéHZ) M& (IM?/MSRP(BOT)I i MHH]"
%@@)6ppm936(1Hhr s.), 885 (1 H br. s.),

. (I H d, J=8.85 Hz), 7.12(1 H, d, J=2.44 Hz),

6 78 (1 Fhe aﬂainmﬂrre& \85@: Sebalétbdlﬂdxﬁlg ai@h&@l(oakHS -HI(30X=2P0m@i/ Spum)

Hz
2 7liolu1§n g/étgl (aénqlple ase ﬁorggtnég ?—f 3’0[/2 mﬁt%e;no%é] 85?&%& r&(g?(dfd uv
HL Obfl\o/rgt(ﬁrg) at 30090 T hHseﬂﬁfaiedSpeéks werdiébneentrated (Bvdduo 9 yiellvhite

1 nahitt e e o Bl Uimugich A2 4mE QI3 MAD 17 ragl 12

X 2§Qmer I INNRG %mmzvmmoad6cogbm gfﬂmﬁbﬁ:@w @t(umgd
of 30% rret hanol TI%O 1% DEA The wavel engt h

set Jat5300, Hi8 (e, Sepdt H?)eé IpebRsddadreds grid rAaQ3e@ H q,
It ”ey?g(?ﬂimq)% ¥ Fl' g J‘QLI(?OWXW%?(l fhe AldstuBest i, 5), 2.72

25azé§§:(25{mkéé@l(éH5t Y17 HykPf ol B, 1] okt Q] Habiyb.arki4d -

el 070 900 AR Aef R L A

SO @Bq seborpipreri@yi8BlEd 5§ nigr 0. 164 nmo8 284 % 1(1#h; Boisomsr)) | H NMR

(1 ot s S b (. (s i ud AsS . iy P

3. 64 2. 4lzt|Hz§I 6. 9J1=(1®{ Q7J=HZ7)5 H23 .25 (2 B q05=7(® Ilﬂz) 31’)36 (12H7c2

- 2.84 (2 nboH (2 % 0(1

et e Ml R i) 30y O 5o 7 b By mipg 63 -2.69
24 4@2H rglk) 594(1Lnutu ﬁ)z44|}/§) 1(90%h MY, R4D7 Hz) 1. 8051 3N, D,

331. secon

(R 130 ¢ A8 3 BomaphS oL SAAS T8 51 53 B aYerdpa12. 2] oct ane
]-2-yl am no) benzo[ d] t hi azol -6-0l (375 ng, 1.14 mmol,
39.3 %yield). (13b, Risoner): tHNVR (500 MHz,

DVB0-4) 6 ppm 7.40 (1 H, EXQELER Hz), 7.11(1 H, d,

‘] 2 1\4 fb Mg %Sylg% é/lz { lgﬂ]aézﬁ 62 d?/d 4HI gzag’;lm{ éxa%é/ 'jz% bzcgcl%[ 2826§ detan /-

2H s) 2.73 - 2.84 (2 H, m)2c2m65(2H t, J=7.78 Hz)

2.04(1 H br. s.), 1.90(1 H br.y 154 1.62(2 H,

m, 1.43 - 1.52(1 H m. Msqu,qus. = 1.43; [ MeHr
331. 4. EXAMPLE 14 0

1ON- 14,5, 6, 7- Tet r ahydr Ol\d]thl azol - 2-y0-4H 1' - azas

piro[oxazol e-5,3" - Dbi [Z.2.2l cetanl -2-amine S (N

Step A

N- 64, 5, 6, 7- Tet rahydr obenzo[ d] t hi azol - 2-. 0- 1H i m dazol e
- 1- Sp Hothaj oMl dbertb/dithiazol-2-yl)-TH-imidazole- ] carbothioamide
4,5,6, 7- tetrahydrobenzo[d]tmazol 2-amne (0.5 g, 3.24
mml) in acetonitrile my-—was —agdded

di (1H i m dazol -1-yl ) ne thi .58 g, 3.24 mol).
The reaction was stirred atS50 C fof 4 hours. The
reacti on was cool ed and 20concentrated to yield crude
product. The crude material was purified via flash

chr omat ogr aphy (50-100% et hyl acet ate-hexane) to yield
N-(4,5,6, 7-

t et rahydr obenzo[ d] t hi azol - 2-y1) - 1H-i mi dazol e-| - car bot h
ioam de (0.60 g, 2.27 mmol, 70.0 %yield) as a white
powder. 25 Step B:

A A e T T D T Y T L T 1 ~




(TLC) as the product. The fractions were conbi ned and
concentrated to yield (2-

W@ 2009/181976 t et r ahydr obenzo[ d] t hi azol - 2- yl am no) PAFUS200E6M1076
noni ospi r o[ oxazol e-5, 3" - 11163 PCT
bi cycl o[ 2. 2. 2] oct ane] - 11-yetri hydroborate (0.38 g,
1.14 mol, 84 %yield) as a white powder. Ili NWVR (500
MHz, DAI SO D6) 6 ppm 8.26 - 8 86 (m 1 H), 3 78 (d
J=9. 46
3.30 (m ’F%éﬁﬂ%en@ %]% a%gl 2- ilmpbe (ZfHég mmrgB E}zac%tmntrge FBO mL)
2 7&as adllc®4 1(—fﬁ1003rﬂd)1yld2mﬁlézole a.4%, Qmmrﬂolb‘b TheZedBioh $vas stirred
I\/B tES@/ %é§rs I8 hpurs_ ’Tég' Bq%?tlc[n]wg_scgﬂé% taToe genllpeffa%ure andségp
D prempltate was filtered and washed with acetonitrile (2 x 50 mL). The yellow
N-(4,5 7- Tetruhydrobenzo%do]zthl nzol - 2- 0-4H 11- azaspl r
) oizaz%ﬂrévﬁsdleedlnwmuewa{l Cz%éth@wl 0 ickHAHE HN (N S
1. 181%‘{ fbenzlo d]thiazol- x O)- 'H-imidazole-1- carbothloamlde (1.06 g, 3.86 mmol, 62
(2- 6 7- tetrahydr obenzo[ d] t hi azol - 2-yl am no) - 4H 1'

- bayithas[uosirdhaenest gep witkope any] fprther preatinepr

1- ytﬁtr,“ [gborate (0.36 g, 1.08 nmmol) in acetone (9
% Cé%%og 3MNC (0.36 mL, 1.08 mol). The

reactlon 15was stirred at roomtenperature for 4

ou ti

s 2L OF L PP BT B R b sl PO BB
sepammbadbzcmz aAqeous! ylazyzéydrmManaeut rali zed with I'N
sodi um hydroxi de. The product was,extracted wth ethyl
acetate (2 x 40 nL). The r@-anmCSN At e -cQTbi ned, dried
w t h magnesi um sul fate, 1] e aentrated in
vaeuo to afford racem 4,5, 637-

20t et r ahydr obenzo[ d] t hi aB'd - 2- y1) - 4H 11- azaspi r o] oxazo

55 RS A B B o 0

M S© B nn®Dop M, 18-dBaethdforBarfiide (26 miL) Whs, adBed7@- (élu:imomc@yIM—

1£'I)Z : h%drgy%’— 1 -§1§E1§ﬂi%?iﬁ¥d§% igléﬁocgg]bld%l()tg’}lydfg%%%e '&o%fog_? 3 g?_rﬂélagl).

( m The tdpctioh waS stirekd al 22 CA4r Haqursl Hie, reabti@6mixturé wag oqncéntrated

o Tufin YRk f chrliomranly A 1o ¥l R gy S

X Zﬁﬁﬂn‘m fragtigns eetclwoncenirithd & vaedbi tb §igkh@sle/ desns-$3-(Gg of

23% ano i n The wavel en S se
2 TR i o s iy e P et PR -
20 ac yptrihpdrsbehtd (0ME ¢ ©.3peWHRS1S66.8TNe/idlil Y st vasRlkowldr. Mre

col rm vvas,l‘(9

tet nz%fldiMﬁHazoWSZz yl)-4H 11- azaspi r o[ oxazol e
-5, 31 bi cycl o[ 2. 2. 2] oct an] - 2- am ne (0.1 g, 0.29 mol,
36.8 % |eI d). (1l4a, S—lsorrerzg "FT NMR (500 MHz

DI VP (@—A/{geﬁm{bgnzz)éd]ﬂgazgglez pning)-44- {_Damng)ng)gpszoxazoled 3-
J=9p 46151 ,2 hokdne ik SrobliiQe (7 Hz, 1 H), 2.94 - 3.04
(m " ﬁé?fﬁs%”-é?g%’f*(%wﬁ, 2.00 (s, 1'H, 1.5 -

1.94 (m 1 5H), 1.70- 1.81 (m J* Hz, 4 H), 1.39-
1.65 (m 3 H. M5 (LC MS R/?N S [ MEH] = 319. 1.
The second peak was

(R-N(4,56,7-tetrah o[d]thiazol 2- yl)-4H

1' - azaspi ro[oxazol e-5, % ‘bl cycl o[ 2. 2. 2] oct an] - 2- am ne
?O 11 g, 0.30 mmol, 38. 2 %yl eld). (14b, R-isoner):NWR

(500 MHzTo BHMWKERy DEY3-65-mpiy B[ d]thBiz S8 { hihictscidy)thyl)-1-

S Tl By o b s S abefins

1H, 1.85- 1.90 (m 1 H, 1.70- 1.79 (m J=2.42 Hz ,
4 H, 1.39 - 1.63 (m 3 H; [M1-1]+ = 319.1.

EX4VMPLE 15 36

N- (4-1 sopropyl thi azol -2-31)-4H 11-azaspi ro[ oxazol e-5, 3
"-bieyclo[2. 2.2]octani-2- 15amne Step A

N- (4-1 sopropylt hiazol -2: 0- 1H i m dazole- 1- car bot hi oam d
e 11 ,S 20To 4-isopropylthiazol-2-amne (1.04 g, 7.31
mml) |n acetonltrlle (30 m_) was added

o S o I s % —



5.33 nmmol ). The reaction was stirred at 50 C for 24
hours. The reaction was concentrated to yield a crude

w0 2®pdsw26 The crude material was purified via PCEES2009/041076
chr omat ogr aphy (50-100% et hyl acet at e- hexanes) 11163 PCT
yi el ding the second spot/fractions 25(TLC) as the
product. The fractions were combined and concentrated
to yield (2-(5-

0 hi a lLam n .rolo | e
R e P R R A R N
( O 328 gmmbl)2 thbuOn&%s%lijtb(ﬁitd’)) °@$ora1 }Wﬁfst EhB wadt&rn wakH
NNRC@;lscgrgraMalzgné ith(]rﬁceti epﬁas gdeg6 Tﬁe @retilglta(twa§ﬁlﬁ)red @d%shed
2 9Vith Blldidortd) ethyq addatt SThelch)d»er %asgcg-neﬁ?m a %ac';ﬁlrg 2011@|:_r|zf5@0"C) to
yw’gﬂn%ﬂ@m}hymeﬂo dﬂglgazslﬁ ammuil)éﬁaf -amnigepppipo[oxazels-S -
E‘I' ((:618 cg&[g rz??ézldt%ng% gé@tr}}érdg%oﬁgé‘(ﬁ 8225 RbJ ALRBXRZ9) Gk Alx
(2- %’/Vhl-w poyrco p;lH NMRa@QO MHzy Déffﬁ@rdé)ﬁmml 903 drhtdimi sospbe o[ H,

eceteh iy Mearlol 2 d, ChopL sl o e

( 0. &44(ﬂ-H d,.3F10mHY), 3 Ihél Hedl v+ 1o onas3 sitz), Briddl &t dreohi26

TR B0 ghBl e 2 ER A SRLRACESS ST 20

aquemw Japer sl 0hensssepamnat e (LIHEISaRIR ees7d; fyieH]"
%eéjt ralized 15with I N sodi um hydroxi de. The
proé " was extracted with ethyl acetate (2 x 40 nlL).
The organi cs were conbined, dried with magnesium
ulfate, filtered, and concent r at ed nvacuato afford
r ac&igh & NY- (%Me%@eﬁﬁ{/{/f’alﬂzalz%w ﬁ)aZ%mfomzo le-5,3"
gzaglgwhgng%g@&,g - Dgmine DI cycl o] 2. 2. 2] oct an] - 2- am ne
(0 80 % yield) as a vv-hite powder.
1H NMR(SOOI\/HZ DA/80 D6) 6HHm 891(m 1
H), 206.52 (s, 1 H, 3.83 1 H, 3.57
(d, J=9.46 Hz, ,2994766/ ,258-2.92(m5
H),202(s 1H) 1.82 £, 'Zlmll—l) 1.38- 1.66
(m 3 H, LOMS) RT. =
1.27; [M;q_@ (6 rgqjl'pyllg_enzo thlazofﬁéllmaﬁ)ﬁ%ﬂeqrgm%m@lro[oxazole
se p§r33151€ﬂ:1 5h Q%c@anﬁhi' ry@'trﬁ&hro%ra!é‘ (6 30 2X0. '?(I)SQM) i tﬁ)chemne (9 mL)

colum with a nobi hasé consi sting of 23% et hanol
(0. vy 9ddBEA}\4 He1 GO23 rfﬂhé 2panmal.e Teargadilonasxtyrstwag stiB@Iout
M
T FRRL, 6 RARC T M Ce RN AR Rl BB B e
( S) chlle(idd agb@uuﬁyled Wiith 2 dll so@um hydr0x1de The product was extracted with

-2
etﬁ'\e;l- a(:(atatgi? R Qb %O)fﬁez grlggmgs \)éege %})ngty geidoglrled i 1%& 1’1681111’1’1
S | sufwey jilter&dl.dndl\ﬂb‘luﬁn(rﬁ@d)ml\ﬂdmo tDAﬂiSﬂI‘DG@ rrﬁthphmnﬂ)[cﬁﬁliazol—}

H?: %3-_4§{7’1'-(a%a}sg%cgggazg%ﬁgf-bﬁ%ﬁgztzzﬂ@ a%n(]gz’(—jdnéiﬂ;_&. f9'2g,g 8_mlmol, 83

28. 88, )(IE'IH) & ahhhitedoQder( SH NMVRIY5001MB2, BMSOR) § Ppm 3.96)(1 H, br.
1. 38- 1’1( 3}—% 1.20£d, J=6.71 Hz 6%2?. \Y;S3

(LCH N§)57F€1 Sk=7.49 86H, §.NRRP4 Hzp g3 {1 Hthe~8 8¢ ity 3p84k H. d,
Was j= 1007HZ) 3.63 (1H d, J= 977Hz 298 304 2H, m),2.72 - 2.85 (2 H, m),

(R) - ((4 i sop rogl}f t hi azol - -azaspi r&[ oxazol e
5 %66 by ot 22, 2§06k Brf)- 2>2/0 Phél (8. 195, 1.9L @51, br.s.),

4. y ( 5

o vi S5 b8 MR 6ad TR P MR T R

3. 82294, 3944Hz 1H, 357(d J=9.46 Hz, 1 H),

2.99 (s, 2 H, 2.60 - 2.90 (m 5H, 2.02 (s, 2 H,

1.82 - 1.96 (m 1 H, 1.38- 1.62 (m 3 H, 1.20 (d,
J=6.78 Hz, 6 H. M5 (LCM5) RgF. = 1.49; [MHr =

307.3. 10EX4Al1PLE 16

N- ( Thi azol -2-y1)-4H 11- azaspi r oki azol e-5, 31- bi cycl o[ 2.
2.2l octanl-2-amne Step A

N- ( Thi azol - 2-y0- 1Hi m dazole- 1- car bot hi oam de C N 15
To thlazol 2-amne (2.12 g, 21 17 mmol) in

e Y o



amoni obi cycl o 2. 2. 2] octan-1-yl ) tri hydroborate (1.2 g,
3.84 mmoo in N,Ndinethylfomamde (20 nL) was added
WA BIYRE opr opyl car bodi i mde (2.09 ni, 13.45 memi$2009/041076
The reaction was stirred at 50 C for 24 hours. The11163PCT
reacti on was concentrated to yield a crude residue.
The crude material was purified via flash 25
chr omat ogr aphy (50-100% et hyl acet at e- hexane) vyi el di ng
the first spot/fractions (T roduct, The
fracti on@%@?@wezﬁﬁiowv%aepamf%&élﬁ&éﬁﬁifrale @Jf%%% &Fq Cppnm)
(t hp@gah W%h%b%&@n‘of‘dd‘ﬂ/b@m BRI U] QsamRlder 500'3nm b'rhe
cycl o[ 2. 2. 2] oct anel - \ﬂ% )tri hydroborate (0. 84(}[?1
D FEPATRGTDGRKS Y Gacats Flf’”e"“ﬁm\kﬂ’é’rleld whitRY desso 0 DRt peak
DNSQT@@ B 18 0?(711 0154( &1 AQ 132 R bmel - 3108MRZ 500
7084(1%%% e %z H 3 a3 o quz(
H) MHZGDN(SD d@a$13®rr08795r{za 1 EID H)57 (8 22@) 7 38 2D JEhR4 Bz 1H R 5,13
2.1

2, 1o 1 oo 280 0 At B 8, By TR sss S T00 %3 06

( m (8, 491, 2]7543.8@5{1;11, BHH)2. 6B JELGE MB) 4 B), T.37s, 7. H572.06 (s, 2 H),

R 200 LR U B

HN- ROIO =41 . @ [lNZFFH 329 2. Optical rotation = -4.52. The second peak ylelded

2-(th | e-
1 2 & fomaiob 5 Tt et Serageri 1 OGS GOBRETS DG 71 ppm

2. 0§ 96‘6@'1)1{)'715%81 AN 40%d TR WA, @ﬂ@'eﬂm?(M }a@24(f@z $31), 3.89
). he reaction was stirred room

t enﬁbﬂal(lﬂ@H%drH)ﬁ hd (s =101 % bt §- %(C\N&sz %Iﬂ?)ﬁél[)ez By - 2.84
TLC b 5ROz, 7%‘1193&' H)a§‘§‘7gst §5M’af cg(‘édﬁﬁ ),an8 ( % her, 1.55-

a er ‘'was then sépar aquéous 1'ayer
vvas 1 ﬁél(lltlr%tHi) 2ed (A6 viF?. ﬁ7,|21\75§(5@||1diﬂ1 M&Iﬁ&iméR Trire .80; [M+H]" =

1$r og%:ﬁ aFPS{a'h@Et? mth ethyl acetate (2 x 40 nl).
he organ cs Were co |ned dried with nmagnesi um
sulfate filtered, and concentrated in vacuo to afford

raccm c N-(thi azol - 2- yl)-4 i ro[ oxazol e-5, 3' -
bi cycl o[ 2. 2. 2] oct an] - 2- amé?éf[‘(lggba%, 1.44 mol, 70.2 %

yi el2dyHas-Aaasphrofoaaiotens) ' hicykkd [ NVR] dc 0] - Midzm i AoVMBAG YN thiazol-6-
ppm 8.64 (s, 1 H), 7.24 (d, J=3.74 Hz, 2 H), 7.01 (d,

20J=3.75 Hz, 2 H), 3.78 (d Jﬂ 80 Hz, 2 H), 3.53 (d,
J=9.80 Hz, 2 H), 2.97 - s4 ~) 74- 2.86 (m
4 H, 2.65 (t, .7=7.84 ,0_4( , 1.88
(s 2 H, 1.53 - 1.6 56(m2H)
(LMS) RT. = 0. :2651 The

enantl oners were separat ed using a Chiralcel QJ-H (30
X 250mm 5i _tm colum with a nobile phase consisting
of @é/A”W-h@ﬁ& B{K/)?zd%/@t%}zok})b%[d]tm‘é‘oﬂz%%m'z#sz%dk I-
was set at The "separat ed peaks were
coné@ﬁ@fﬁa’ﬂ@dfel n vacua to yield white powders. The
first peak off the colum was
(S)-N-(thiazol -2- yl) 4H 1" -
azaspi ro[ oxazol e- 5, 31- bi cycl o[ 2. Z 24 oct an] - 2- am ne
(0.12 g, O0.43 nnDI 181 d) /=616a,
S-isoner):11-1 NVR (400 06) 6 ppm 8.64 (s, 1
H, 7.26 (d, .73.75 Hz, 2 Y 7N0 (d, .7=3.77 Hz, 2
25), 3. 78T({Q—tert_6 1Bhethilsilydot)benZo[ & 15&123@% %ﬁ}das
2.95 310{)v u@,}—gﬁh?lgzﬂ (]6Jh (gp
_7:¢q58@bqqzm %@907 6@({)1(%02) $3 ]_|)g 11105g8m(>]§ n a@ethjntrﬂg_(?g}gnL)
1- 691214 mdedj'thlﬂl)carb% 5ﬁ%lum1cﬂazoclfl (A58 ¢ A4y mrﬁ@) (el rMRYiofRwdls heated
.1. The second peak was
( R) 10[\1 @ﬁqught 2’]1}9193.0‘[4(}\4. was-cooled to room temperature and the precipitate
azaspi ro[ oxazol e- 5, 31- bi cycl o[ 2. 2. 2] oct an] - 2- ami ne
(0.15 g, 0.52 mml, 22.960/) wgeld). (16b, R-isomer):
1H NVR (400 MHz, DMBO-d6) 6 ppm8.64 (s, 1 H), 7.25
5(d, J=3.74 Hz, 2 H), 7.00 (d, ..3.76 Hz, 2 H), 3.78
(d J:9 80 Hz, 2 H), 3.53 (d, J=9.80 Hz, 2 H), 2.95 -
(m 4 H, 2.75 - 2.84 (m 4 H, 2.65 (t, J=7.80
Hz, 4 H, 2.01 (s, 2 H, 1.88 (s, 2 H), 154 1.62 (m

A A A o~ 7 ~ 1N R AN 71 o~ R A\ ~ NS



202.88. [MrH = 399.34. 25 Step C

N- (4- 14- Met hoxyphenyl) - 5- net hyI t hi azol - 2-y0-4H 11- azas
w@refizmazol e-5, 3' - hicycl o 2. 2. 2] oct ani - 2- ami PE&I/US2009/041076

To

(3 hydroxy- 34(3- (4- (4- et hoxypheny1) - 5- met hyl t h azbi163PCT

yfI t hi our ei do) net hyl ) - 1- anmoni obi cycl o[ 2. 2. 2] oct an- 1-y

A R R Ry TR M e Wﬂuct)N G

was (t§ﬁbﬁ®m@nﬁhylﬁlmy§tﬁﬁmd &ﬁai?fe}fygrlHlmﬁl@é)szle 1Thaebothloam1de
reaction was co 0ete TLC (| ower spot
acet ate>va® e é’ﬁ’éel‘?)h‘éfasa'&]éf‘é‘&h@“llya';?él?e %%St??o‘l"‘lﬂ&‘:‘f Y
and @bt ruditcafd. WS ﬁclMs;Roh 5% iasygnop{{d%gsﬂwe product
was extracted )Aitih ethyl acetate 10(2 x 40 nlL). The
organi cs were conbined, dried with magnesi um sul f ate,
]IC\II- ng%ﬁ ;B:d r?e ?(Eg(éQQM@B}Z%%%%ZsUﬁoWH?g[EﬁhzézfoflQr d racemc

X
et Wihiorkeidognet lgriYzydwmf-awaglgbwmlfz{%éz%@@a@l Bl uhydygberate
o[2.2.2]octan]-2-amne (0.Q5 g4 0.12 |, 66.8 %

yield) as a white Tpsddgs , DAI SO D6) 6
ppm 7.58 (d, J=8.24 H N, 6J9 JlSSHz 2 H,
3.83 (d, 1=9.16 Hz, 1 H), 153.80 (s, 356(d

J=9.46 Hz, 1 H), 3.00 (s, 2 H, 2.74 - 2883 (m 2

I?:I) ’661( tg’lTO(lN 16 iféﬁ)’ﬂ{uyi(ﬁgﬁ%ylig}ggﬁf)ﬁ&z%ﬁwZO_JL% L?gﬁ Fg*?mdgtzole 1-

1Q= 7(;@120th-iz>g1mr_ﬂe 3.85 §/8.J6LThMS)n RNFd1mt1@1me;an{1M-(l4lﬁ ndt.) was added

28(5%2 élm_l E?) }]1' dro yalr %r%lmlomablc%cl%p,g 2] ctan 1 lgtflgyﬁotﬁrate
t and.6e, )91&6dmn<ﬂj) pThedezn:ﬂoﬁwafrheaed at &1 ‘EpfoA.‘Z hours The reaction was

BT Ly 2o 1S et S b NG o i i ver

oH Naé‘bcﬁbﬂcd andlon@n8siited I vaguStd RIS B G(3- (@f-(tert—

3-(an noneth -3-h Xy-1- ) .
1o RO BB s bo T AT Ty b ey mr B v dropd 7
MY, ahndBioBIRIII[2 212]dcRint BhYyEinAfrbRate (632 %Ms aWaBowadaled a
sol uti on of 3-isothiocyanatopyridine 298 ng, 2.19

mml ) in tetrahydrofuran (1.5 nL) and the reaction

M Xkidp € WaS6-Bli BB himbin 9B, ﬁ)@%f@%@zow Waﬂz'zrgﬁIz/H-the
reaction mxture was evapora in vacuo and t

r esvienipsiiof @aggscy 3 s’é}FJrCéB[ 2. édf@chnéb‘] wil)arl@@mmfﬂte
chromat ogr aphy (3% met hanol /gth acetate) to yield
(3-hydroxy-343- pyri di pt 3- Wﬁrgﬁrﬁﬁ%yl )-1-
amoni obi cycl of 2 2. -\WL- yIN droborate (294.6
ng, 0.96 mmol, Nas a white foam Ili NWR
500 MHz, AfeODd4) Hp m8.56 - 8.70 (m 1 H), 15

.24 3.67 2.15 - 8.36 (m 1 H, 808 -3.77 (m 1 H),
3.53 - 2T@G-(3r(6-GerHputyhlingphylsigloxg)bergoldithiqrol- 7. 32 -

7 o8y e S5kl 2l Pl

2' H§4 9 g, 978mmb])8ON(Nrdinictli)formartide (10.169) wamaddedH)3- MBS

2

( E) dldsozor(opylcargodungge 5. 4[ I\/Eg4 51 mmo##;]glﬁe geéglgtll?’ornéo rhga%[% 10 I()r‘;(ej and

255, nmBniteredbycCING. 21“}% r2dctioc tvaneloledl ahd ﬂiep pourb(yﬂhrcodamrmtre of

HN (\, N.20803- T | ut | f .
5 PSR- atcp i Rk Greies S o psapgmyreted invacto
a”mFH¢ Rhiabyig] rediducdval [nd@tagd-ih eﬂ!lér) tThic pyedipixbro fmak eol(c2R4 tdafford

addgd( (t%l])lﬁft’lfllgﬁqa’ﬂml}%x%%enz%t t%laz " -d]am1(no) [&-I) Was

N, N - met hanedi yl i denedi propan2-amni ne (121 ng, 0.96
mrol ) in N, N-dinmethyl formam dgg(1 nL) and the reaction
25m xture was allowed to stand at roomtenperature for
7 days. An additional 133 ng

N, N - met hanedi yl i denedi propan-2-amne in 0.5 nL

N, N- di et hyl f or manmi de was added and the reaction was
left to continue for another 7 days. The reaction was



purified via colum chromat ography (5-10%
nmet hanol i et hyl acetate) to afford (E)-(2-

W@ popp/18iope 3- yl i mi no) - 1' - anmoni ospi r o[ oxazol i di PEF/BSB09/11076
icyclo[2.2.2]octanc]-1"- ylitrihydroborate (134.3
0.49 mmol, 51.3 %yield). tH NVMR (500 Mz, MeOD) 6”38?7?“
8.34 - 8.60 (m 1 H), 8.16 (d, J=4.27 Hz, 1 H), 759-
796(m1H) 7.35 (dd, 5 J=8.24, 4.88 Hz, 1

g ggm 10§Lp rﬁ;oxa%p}_%z 33b1 1%9 Eﬁ,ioc% ébl' Hé’[rglgdr'_q)%raﬁ 4} ?%,g 7215

H) . m#ao2372(80% yicsd). NﬂS(fﬂ)G/MiS) R4 =B.67 [NIAM-BH;i) = 445. 86 -
1.70 (m 2 H. M5 (LOWS) RT. :0.65; [ MtH BH3r =
259.21. Step C t-Azaspiro[ozazolidine-5,3[2. 2 . 2]
oct 8RED: 22(4315) AMLdpAenSLRYE S 9L Fiey3 1AM REocraneN2( (1) 4NN
suspensi on of
?E) yl(’@"@ﬂifﬁ@dﬁi]r‘ﬁl@w{/ﬁ% no) - 1' - anmoni ospi r o[ oxazol i di ne
, 3" -bicyclo[2.2.2]octanc] -1yl )drihydroborate (127
rTg, 0.47 mmol ) in acet ghe 5%@8’% 3M
hydrochloric acid (2 ~0. 00 nd the m xture
was 15al |l owed to st a m tenperature for 2 hrs.

It was then added it to a scparatory funnel containing
wat er anto CHlodteoftotyhlinFHglsilplpry)benze) rdéth@ecpérmrem) -fihdh

t he, A0UERUS, fAUSl. ¥as, IRAS) Dasl G 0 SadlumGR!R9%ab Sy

sol I on e fi Xt ure
chl omef)anpretdtier &) hy.) whhaaida@Héﬁb(&sMph]a,SZé 4&amnmlasﬁ®dewt1bin was

1 RSl SR BEh R e SR e Tneg ot bt

vac uéutrallfvd vfl&ﬁslatﬂltmedlmslupuﬁd:afrbceﬁtethe 2judoms layer was then extracted

ggg 2 ﬁg@?@ﬂ%t@é%’%@m legilz'l s?asr r OX gﬁe Cc%](é/c?glngatlt c? zr)zqzlacuo The
N- ( Fénazlﬁﬁgaﬂemﬁmzasaﬁiulmdmaeﬁw&o abﬂoﬁyl@&aﬁilaz@mmct ane] - 2
-ylidene) pyridin-3-am ne I‘aﬁ}? ng 074 muol , 15.8%

yi ePRPIEEORZQlR P Pebigytlpld 2npatene %@law>b%i%[élﬁnaégl ol pphme.

1§ 39 9() I13Hr1f101541 5 ‘%y"@lci‘) aga%lté 9®weﬂe‘r41@iﬂ\ﬂz (50@ M'D[z Iﬂ\’lg@ ds) O ppm

3 89 3(561 H.begs pg X1 H1b11—|§) 73415{17H( d, J 3%@123@ Hz(1 HLde 2.44

SB e B g8 2 g 2acd® d Piphaly Parl o,

Hj . IS Q7LICNE). R 3106 € 10.1262.7] MR (=H259 216.(2 B0, EXARPHE), 2.04
19
N- ( QyPrI’ibdi Sn)-’ ﬁ'—g%l- %I—Prﬁ) 571124356|6r4 foka oMeS (Jscél\fs)ol cycl 062

2Q. 2[MeHEr 332-28m ne  Step A

2- Bronp-6-i sot hi oeyanat opyri di

of 6. b GBI G et edasingg Chrslgek pRg 0% S0 Sum)
chl eg10fhR kvith G2ndkiid ha%@@éﬂéﬁhbg sRI0bORthEe o GD06 MEA)IPCDZ The
nol ) and wat er (tg was assenbl ed, and to this was
add@vaveée% Wisi et 800 B R ebaeied Peals overigcongengBtepyrpyaruo to

i n ehlonafYoibd. mﬁrst'rﬁéﬁk BE%tdoRﬁtha%t(S)"@ xag-stirred
at roomtenperature for 4 hours. The 10r eact i on

2 x pagprirohIgzele-adsbieydleld-2t2gockans bateatiesn henr o d Hipzodfcpl (395.2
t t B
Orobl LTRSS SRS, SRl gl Do o

nagpmlmm(sm biat.¢ 8. %i(l tHebed.).and (e dsﬁ&ﬁrfﬂz),e')u@(dr}atded

tor D orhas Dbl e de st helf i Bhedaile Yo v

af f oﬂd) (2-Ho) 01196 63.03 QUH, hnpzyanampym e, a5 5((2 81l t, rg7.61HAY. 2.04

3@5‘&&1351% 2 G EY. 85 Rl meadfH) oG Do i) MK

6.91 711(m 1 H. I\/B(LC/I\/IS) RT. =1.92; [MH
= 216 86. Step B:
N—(6- Br onppyri di n- 2- 320- 4H- P- ggaspi r o[ oxazol e-5, 3" -bi c
yclo[2.2.2]octurd - 2-amne Br N 20N To a
sol ution of 2-bronp-6-isothiocyanatopyridine (281 ny,
1.31 mmol) in N, Ndinethylfonnanmide (8 nL) and Hunig's
base (0.6 nL, 3.44 mvl) was added (+/-)
3 (am norret hyI )qw nucl i di n- 3- oI d| hydr ochI or| de (300

A ~ A - ' ~re_ I |



2.06- 2.24 (m 2 H, 1.57- 1.87(m 3 H. M (LC M)

RT = 1.76; [MH = 259.25. 25 30 EXAMPLE 20
wOR(4A§W2dVet hayi phenyl ) t hi azol - 2- 320- 4H 11- az aB@I/USJ00N@1076

zole-5,3" - bicyclo[2.2.2Joetani-2-anthe 5 Step AQ

N- ( 5- (4- Met havphenyl j t hi azol - 2-y1) - 1H i ni dazol e- 1- 8aPbPCT

ot hi oam de ,>-NH N EN? To

5- (4- nmet hoxyphcnyl )t hi azol -2-amine (1.07 g, 5.19 nmol)

[ it ol t et dr of

wis CRNER Rt akea s or S erseeRgd s @238

6. 74zaBpTRI[ gxazd1B8,3r-Bid¢d16[Q12. 2N SanS -2 K Ta@fin AbenB8E|thieFol -5&1 (375 mg,
hours. The reaction was cool ed to room tenperature and

t he | &unqhi 1981 % Y- {130 BrieamenThBl Wikcl 600 . RASREd) 0 ppm
Wi L0469l 6, 892K SRS IE (71, A9.40) 304 (I, 66l 18 5% 2h o)

N- ( 5-

fre§ ﬁ@éﬂbﬂe@hy’éi h9 a0l 3.20 gl d el (9 HE 20881 (2 Bapbbthi béhi2 H.

de . 1. 8 [ ) m
ng,ez?(%r(% m%l, pJ%@. g‘?—EB, 2 043, Br. OV &) @, B8 53, 1.54 L2315 m

0
The prégﬁc?’mas t dken’direct

oran .
t helA&xt.53( eH, m.t MOULCARY) R.Tr+t hdd; [Yhdflactadt.#zat i on.
Step B:

(3- Hydr ny- 3-0- (4- (4- net hoxi phenyl j t hi azol - 2-yQt hi our e
do) net hyl ) - 1- EXAMPLE 14

. @ mmoni g&lfﬁé%l P gwe% n a%j/ égeentzoa[g]_ t%ib}/og Z[JE l)ljy Ig—r] ng%gpaz;o?oxgzge—l}l, 3"

H+ 20

N- (4- (4- met hoxyphenyl jitykiogz 0Liatayl-P-akbihd m dazol e- 1- car
bot hi oami de (0.57 g, 1.82 nmmol) in
N, N-di met hyl formam de (20 nlL) was ed (3-
(aninonethyl)-3-hydroxy-1-annnﬁﬂpn ycl o[ 2. 2. 2] octan-1
-yHt ri hydroborate (0.31 g 1;@2 ﬁnol). The reaction
was stirred at 60 C for houts. The reaction was
cool ed and concentrated/fo /i€l d crude product. The
crude material was purified via flash chronat ography
(60-100% et hyl acet at e-hexane) yielding the first
Spo raGk > et . gl Gt | ioami
wor S L e B b DL b LRl B PP tamide
1% 3- hydr oxy- 3- 43- (4- (4- met hoxyphenyl ) t hi azol - 2- yHt hi our
ei do) net hyl ) - 1- S
annnniobicycl0[2.2.2]octgg:lEgyLNMhydroborate (0.6 g,
1.43 mmol, 790/) vyield) Mhitf:@omder. 1H NMR (500
MHz, DMBO d6) 6 ppm 11.74 (s, M), 7.91 (d, 1=8.55

Hz, 2 H), 7.43 (s, 1 H), 6.97 (d) 1=8.85 Hz, 2 H),
5.50 (s, 1 H, 3.62-3.98 (m 5MN), 102.70 - 3.10 (m
6 H, 2-%4,6,%;7—t@tr%droﬂ>e%[d tﬁiaz@l—j?aminé-gﬁﬁ', 31249&m()mm 2

H, 1.11 - 1.82 (m 4 H). M (LG M) R T = 3.54
[ Mrpetaitglp720 mLgwapadded di(1H-imidazol-1-yl)methanethione (0.58 g, 3.24

(2- (4 (A ol azal : ) ! .
ospﬁégf%QE%%%E%?%MQE?§§%?§P2é%#%f%%%ﬁﬁ%??%*ﬁ§%§?ﬁ|u ?gnd
20 ar egneertiatedNp yield cr&BHBoduct. The Tonde material was purified via flash
(3 r@%gr)a&?ﬂ (634064 <51 RAAVPNKA) 1 1bid 3@l e yH hi oure
ammenighiraeciopd thi2oR]-9bi 1dhintidazbler i-tuylolrtinbonide .40z, 327 gnmol,
14 [.),.in N Ndi nethyl formanm de (20 nli) was added
N,hﬁqu?gggb%ﬁ@?ﬁﬁ%ﬂ&&89¥nide (0.66 nL, 4.23 mol). The
reaction was stirred at 70 C for 24 hours. The sol vent

s 20 renoved in vacuo and the residue was purified
y flash chromat ography (50-100% et hyl
acet at e- hexanes), collecting the first conponent as
the product, to yield (2-(4-
(4- met hoxyphenyHt hi azol - 2-yl am no) - 4H 11- anmoni ospi r of
oxazol e-5, 3' -
bi cycl o[ 2. 2. 2] oct ane] - 11- yetr lpydr oborate (0.45 g,
1.17 mmol, 83 %yield) as a white powder. |FINWVR (500
MHz, DMSO- d6) 6 ppm8.65 (s, 1 H), 7.89 (d, J=7.32 Hz,
2 25H), 7.15 -7.43 (m 1 H), 6.95 (d, J=8.85 Hz, 2 H),
3.64 - 3.93 (m 5H, 3.23 -3.31 (m J=1.53 Hz, 1 H),
3.09 - 3.21 (m 1 H, 2.99 - 3.09(m 1 H, 2.79 -

~ o~ s - ~ o~ ~ A o n

2



154H E- azaspi r o[ oxazol e-5, 3' - bi cycl o[ 2. 2. 2] octan] - 2-am
ine (0.3 g, 0.77 mol, 72.1 %yield) as a white
w@omdes192dlH NVR (500 MHz, DMBO-d6) ti ppm 8. 56PCHUSA09/041076
, 7.77 - 8.00 (m J=8.55 Hz, 2 H), 7.27 (s, 1 H
6.80 - 7.08 (m 2 H), 3.87 (d, J=9.77 Hz, 1 H), 3.7g063PCT
(s, 3 H, 3.61 (d, J=9.77 Hz, 1 H), 302(s,3|—|)
260-292(m4H) 206(32 H, 1.82 -2.00 (m 1

Uit 2 ot Dl o Yoy i 2o at od

usi Worhdukdnio)mbpak 1-DmdnloBRy oo 23VT0 1aib 1y hihy @b evare Wit h
a nobi |l e phase consisting of 30% net hanol (0. 1% DEA)
in CO2. The wavel ength Hset at 220 nM The

separat ed peaks were £Qp NW vacua to yield
white powders. The fi r%h-peak ffg ol um was
(S)- N-(4- (4- % >
25met hoxyphenyet hi azol - 2-y1)-4H 1' - azas oxazol e-5,
3751 Oy oTONaS T bR Dot ol Do B B 8e- ol
%2 %bo{hﬂéhrﬁid@ )o. 541§| 2NMnB§a|§r51Q(N Mﬂ?ethg%ﬁ@rﬂ@e) (20 niff f&a@ a@cﬁad (3-

s), (a@nggnet )é? %YCQO}HI -ﬁﬁnmoglobgy%lg 2|.2| 2 gctgnjl-gl)tyrhy ?orate (0.35
3. 7% 9 ﬁm'dlg q’)le re%ct@g(vgas |§‘z1rré11 at ‘309C %} 3"11?01115 21’119 geaét?on"xlvas %)mled

r argl c)onceptrgtyd (q[ylﬂd cmde plg)dyct Ihggude I]}atgms(l 2vap1pur|q§ed via ﬂa4sh
Th ec@é%%tﬁgla @aﬁgo \Al\@%% legyl\@etaaf hexaiie) gre%g tllM I spot/ﬁ'chﬂO?fs
1R (MQ)&S (h¢ -pmastubio xihp Hiretydny taieapoibingd yid conpgnirated ragplid( 3

O e T

VHz amﬁibﬁi@bldyclﬁ2Qm}ocﬁ.nSBy]Otilhyﬂrolbmate 80.51 g, 1.38 0@, 68.2 thy yield)

3 88855 By sy B Bpschpgi m a8 7okt

Iﬁ? H),3. @J(dﬁ?J 3.58)5.342H 3 H)23 8@(&12141!3 78)4. 882H§a H)22 33 0234

1@1 eavcz%w B (du oSl ke 1 Folods 1 g vl - R
T+ 659.371. 3. 10 EXAMPLE 21

(R) - N-( -(4H 1' - Azaspi ro[ oxazol e- 5, 3' - bi eyel o[ 2. 2. 2Joc

tane] - 2- yl am no) henzo[ dJt hi azol - 6-yl ) aeetam de 15

Ste
tep C: (2-(4,5,6,7-Tetrahydrobenzo/d]thigzol-2-vlamino 4H 1-
(34 nzy(l zgtycar bon “Ivam no [rr]et ﬁz g nf}

ra
ammmmempwf@m{a@l@ éj@exdqzﬁ? iimcmehy’ %@/mdmb@rqte OH H

-li To
(3 (am nonet hyl ) - 3- hydr oxy- 1- @ cyclo[2.2. 2] octa
n-1- 20 yl)trihydroborate (1BNg‘< nol) in

di chl or onet hane (150 rrL) X dded sodi um car bonat e
(200 ni, 200 mmol) and | Mhloroformate (9.5 mi,
66.5 mmol ). The reactlofN xture was stirred at room
Lhenmperature for 40 m nut gs; Dichl oronmet hane and wat er

wer e added and t he aqueous | ayer was then separated
and ext r' beGeydeyai3n((4. ho.d rt@trﬂhmér@h@@ﬂéh@a(@ﬂ) The

ggggﬁ@%&%@&ﬁ%&ﬁ% dg?db'ﬂ: 910 %l]t%g%x?‘{_eryp Srgfsoiﬂgllate (058 137
pur imfmoddn N, iE- dﬁmﬁhﬁf%mamtﬂa(ﬁgnh}a wps gdded NIQigiphyplylcarbodiimide
ace 0’:\}4&‘ Jﬂ,n%( ﬁrsn)al)t :me reQ gll“\lxg:ats s‘urreadC at L78‘%S fol & h&urs. o’?be ac‘iiion

and conce
2§ 3- pebamzyttiatey cncambl«imwlnmm esmr)uﬁelfhcy&r)lde?mhlydxl ovay plrified via flash

a nIObIC clo ] roborat e .
At e R R TSR ﬁswg?%%ﬁctms
I\/Hz CDC13) 6 ppm7.30 - 7.43 (5 H m, 527 (1 H br.
s.), 5.12(2 H, s), 3.36(2 H d, J=6.04 Hz), 2.76 -

3.21 (6 H, m, 2.21 (1 H br.g¢s.), 1.97 (1 H br. s.),
1.71 - 1.86 (2 H m. The enantioners were separat ed
using a Chiral pak QJ-H (5 x 25) columm with 5a nobile
phase consisting of 20% acetonitrile/methanol (1:1) in
CX2. The wavel ength was set at 210 nM The first peak
off t he coI um was (R) (3

. L T T - P A



N O 15 To
N-(2-(1H i m dazol e- 1- car bot hi oam do) benzo[ d] t hi azol - 6-

w@ eaemsans de (300 ng, 0.95 mmol) in PCT/US2009/041076
N, N- di net hyl formam de (10 nli) was added (S)- 3- 163 PCT
(ani nonet hyl ) qui nucl i din-3-ol, 2 HCL (238 mgy, 1 mbl'f
and triethylamne (0.39 nL, 2.84 mml ). The reaction
was heated to 80 C for 3 hours. N,
20di.i. s yIc ii.m de (0.59 , 3 78 | ) .was
¢ heh oS HRheSERe Yhe gBkon bispubie fulonSirata g o
heat£sls, aitet&ﬁy@oﬁdnrzo[anmiwrz yzariﬁﬁ@l)hﬁ{ 1'Tahﬁndsrﬁ@@@trb[@saaw&ss 3.

00 t hen chl or of orm and were a
o birtol 2%0%55.%)@%0@0%@@&& D8 £ 0,26 st e a white
yl ehglvddr. uﬁwmq@wmﬂbmzw €6 ak suas, 1YY, ki7ked =9.46
via flash chronmat ography [ 10% anmoni um
hy dHaxi Hbﬂrﬁét(ﬁ;a’rram J:IZI bef3olr9nf)3 302(5TrHe14p?5@adéHZ 1 H) 2.96 -
fraegt (NN | r her
az ag FIJF ?lg[ O%Zzzggelé?%h{ Eﬁé 2’7‘%{3?228‘52&2 4qjie)f gr119e$ % BH)

bent6p d] BhimzbH),8-43yfl, Atet ¥MA A€/ ENR.T5=Rp0; D/Iﬂgﬂﬁﬁﬂ 319.1.
41. 2% vyield) as a white solid. 1H NM R (300 MHz,

DMSO-d6) 6 ppm 9.98(1 H, s), 8.93 (1 H, br. s.),

8. 13fep D, N-H, 3,6 1- B8 akitlyqbenzb [ 2higzbI-Pryl) e H- V'=Basp2roayzole-5,3 -

3 60, 2.01 Hz), 3.88(1 H, d, J=9.88
5?—|z g""f‘ﬁﬁHZ(g ”%d?‘”ﬁ’” 88 Hz), )3 02 ((2 H s)., 2.74 -
285 (2 H m, 2.66(2 H t, J=7.68/F), 2.05 (4 H, s),
1.91 (1 H, br. s.),141-16E§§\ . MB (LT MB)

RT. = 1.55; [MrH = 372.2. &N 22

(R -N-(6-(Di fthororret hoz d] t hi azol - 2-y0-4H 11-az
aspi ro[ oxazol e-5, 3" - bi .2.2Joetani-2-anthe S 0
F 10 Step A

6- (D Tt hpy pnatshag {e}méﬂeﬁﬂognghﬁ%gi -2 %IaﬁﬁﬁdjﬁHTP
4(d|fluororrefﬁoxy)anllln O mmol) in acetic
aci emmouiosiio axazoladdebicysdal égé’, ermnc Thi' ﬂbyéwéméor@kzm g, 1.08

(12,4 SR t drfo
m nut es)r“('r %%%ﬂz\&fgél ssgllv\?ségmd @t3| on) ]ﬁ? Ihl%lﬁl?'sTﬁe Foactn
1 x vas girted etion@ télﬁpe@ﬁunﬂfor éﬁlibuﬁs Ao Irgaction weseimplesciydl L.C
d dro 20 m nut es.
: ea‘(:li)wgr s\ﬂlgt Et?l arc?téat Cr?cgegm ? {he a%ueoPs a%er 6&\1/21% Eilﬁen s?ﬁarateidt The
was acpreuutselaiydr whonealtmmeﬂ writh 10F so80kh lmdrom Tat prodacndvaz Okiracted

ot PADEEA! G RAp MG APaO 8y B0 B b e pgpgresium

conhilfaed ﬁltcwaﬁ hedlconcétratediin eqcua Qkfford raostRic Ns.QIgH,61mM

ulfate, filt ntrated in v 0 ord
2@ &F‘Wd&%PFB?Pﬁ ﬁ%@?g ¥ﬁ 42%@]*‘????5‘2[87‘3291%2? #Récyflfb?a%; Jgetan]-2
52. émmenqb 28 870.9% 1361, ds YASeld) aseal WIGW po@ldérd H NMR (580 8pHB:
N-(6- (D fthoronet ho, 9) benz L
t hi Q-DO) P B 855 Obres. 1 H). 257 9(d -5t i i e 3.55 (d, J=9.76
To ( I 0 | I e .
2 e e B PEE A g L) PR RGP 140 PBem.
1, 1H.t IS0 afBekyHzd# i 1d%(zol & (0 349) S L.GMHBLT. = THe
ea Stirred at 70 C overnight. The reaction
2\§A/asﬁ%:%%fe\3ﬁ?o roomtenperature and the precipitate was
filteredlliecnynt@intrs were separated using a Chiralpak AD-H (30 x 250mm, 5um)

I PSSP oY hrORH e Thob oy o B DR e, The

% yiw@{félén @ syedt Bw\hMO ITihél sepBta®id peiks were concentrated in vacuo to

(12) (D|fluoro hwo i azol - 2- 320- 4H-Pa
zaspﬁelrdo‘f'las?&?zwgs Bhe S é% ffﬁlezsogﬂ%w%ﬁ Y-t

HN- Cfri N To a solution of

N- (6-(di fl uoromet hoxy)benzo[d]thiazol-2-y1l)-1Him dazo
| e- | -carbothi oam de (285 ng, ¢0.87 nmol) in

N, N-di net hyl formam de (5 nL) was added

(S)-3-(am nonet hyl ) qui nuclidin-3-0!, 2 HC (200 nyg,
0.87 nmmol) and triethylamne (0.4 nL, 2.87 mml). The
reaction was heated to 70 C for 2 hours. 15

N, | NI d| | sopropyl car bodi | m de (O 4 m_ 2 57 nTrDI) was

a .



EXAVPLE 23 (R)- N-(6-Met haxypyrimdin-4-yl)-4H1

' -azaspi ro[ oxazol e-5, 31-bi cycl o[ 2. 2. 2Joet ani - 2-am ne
woRMIM3S N 5 Step A PCT/US2009/041076

4-1 sot hi ocyanat o- 6- net hoxypvrim dine Si N NN

a bright orange solution of 111;83 PCT

1,1 -thiocarbonyl di pyridin-2(1H) -one (1.86 g, 7.99

nmol ) in dichloromethane at roomtenperature was added

or Rl e S A BT G rbdafiee Brpurib e ey >
houtigine Tdne gmﬁnam\aed % pRldleslb eisphagtut NMR @06 MHz,
t he nmyj eaks. The deep orange sol ution

con® PR 820 &89 Shreti hihg Ma»ﬁ‘ﬁé‘%&slﬁ)i%%@df 9.77
Theghi | ]T-IE 3toa _Was (RUB if)i £k b2y8§dn11 '8% 9@6 (schmniaéﬁglr@ﬁp(*ﬁYI
(10-50% &t hyl "acet at et’hexanes)

4- Eé»tlhmocly &t =54 hHe hﬂak@dy—’rﬂ*rﬁ@ﬁ(ﬁ&(fﬁ S g,C/HISFR.T. = 1.54;

B0 18 Ca s sEoaf IR Y 20 TR it

d sla@Hmamplro axmkeas Yibicsylo[ 205 p¢t @ RB)miR: T0.1 =g, 8.305nmol,

6 1
(10 K2 TR 1A CByofes AR (G0 MH2 DYSB DB E G- 896
5, S(br s,hl Hyel7®[(2, J29.24 0t BH), 32526(mﬁ@ 78- HztINH<;(2 9 N.69 (m, 2 H),

Ol To_ (S).- 3- 1N t ) ucI 3- ol
g 03P 67 B (106 S bpoB- SPVERah Bl d: W1 o 22 iz 4
1. 480 nmml 163 ndN3 Mo divmet iy Fronmami de (15 IrTL) was added
Cs2C01 (1.22 g, 3.74 mmol ) and
4-i sot hi ocyanat o- 6- net hoxypyri mdine (0.25 g, 1.5
mrol ). The suspensi on was gStimped;at room t enper at ure
for 30 m nutes 25di i sopropyl carbodi i m de S
L A1 ot bk At Bl et A Slogdd 2Joctan]-2-
§t| rred at roomtenperature {9 {) .18 hours. The m xture
was concentrated and purified by silica gel
chr omat ogr aphy (5-15%[9: 1 net hanol\ ammoni um
hydr oxi de]/chl oroform to affordy
(R) - N-(6-net hoxypyri m di n- 4- MHy 1' azaspi r o[ oxazol e-
5, 31-bicycl o[ 2. 2. 2] oct an] - 2-%)#63 (0.21 g, 0.72 mol,
48. 2% yi el d) 5as a whi t;{@?i/'\l MP. 186-8 C. 11-1NWR
(400 MHz, MeOD) 6 ppm 8. H s), 6.17 (1 H, br.
s.), 3.92 - 4.04 (1 H, . 73.89(3 H, s), 3.68(1 H, d,
J=10.32 Hz), 3.12 - 3.23 (1 H m, 2.98 - 3 12 (1 H,
n, 2.67 - 2.97 (4 H, ,.2.11 (2 H, br. s.)
1. 8dtep 4 A{-(‘fn%f.oprwl@weylrr\%yl)#f?ml lazqfe-g zmrb[ommjmlde 290 3.
10EXAMPLE 24 N=  H s
(R - N-(6-Methoxy[ I, 2, 4f L[] Not, 5 akyri di n-2-y0- 4H I t
-azaspi ro[ oxazol e-5, 3' - |%§/‘§I o[N2-R. 2Joet ani - 2- ami ne
N, HN-C N 15Step A: 5- Al et hoXypyri di n-2- am ne
et hoxyear bonyl thiourea HH To
26 rret hoxYpgisoionyIthizan-remrsd ] .048, “hiibiinol)nn alictuanic (§UAL)
gm@g'ddfgcjj 9%%1%5a@90)%¥/fcﬁm?@aggle t( ?g,t d\?\ggl%"go InraItrhg &e‘agtiiozn?\xé%i‘rshtirred
t e rrp)teiOa‘tlemel SchoarsniTyhteactidvevayicktlud ® roas taqreent aat éd in

o B Onlite BRSO AR s AR RABE ) Tesyepow

yi eb@iarder B 2R ify 3QBculizaveDMBCE Yipr Bh@ps TR, R&Iuet NHA- br .

23 ) ooty yBat Ridiolgy Gutstgdimdl B 508 iy ssht o

H,  dicld] Svas Qakelmidhect!d 1Sthe Bedtlstep Iwithdut2@¢ Eurtler ﬂu.nﬁlﬁ?onldr
Hz). M5 (LOMS) R T. = 2.40; [MH = 256. 1.

94



25 Step B:
6- Al et hoxy-17, 2, 4firiazol o[], 5-al pyridin-2-am ne -NH2

wWa 0094 smedhoxypyri di n- 2- am ne et hoxycar bonyl t hPOUDE®09/041076
(10.21 g, 40 mmol) in ethanol (57 ni) and net hanol g;PCT
nm.) was added hydroxyl am ne hydrochl oride (14 5g, b
mol ) and Hunig's Base (21 nL, 120 mmol). The m xture
was stirred at roomtenperature for 2 hours, and t hen
heat.ed 4 hours he re i on ed to
R AN R S R T e T U
CongRmbkiabiefkld/D. 2\p6d- BORkrinepbsagpended in
chl orof orm The solids re filtered off to yield 6-
met hoxy-[ 1, 2, 4] tri azol of 18- a] pyri di n- 2- ani ne (6. 05g.
33.2 mml, 83 %yiel dfy: 00/MHz, DMSO- c/ 6)
6 ppm 8.30(1 H, d, J 1.8 s7. 34/ 32 (1 H m,
7.16 - 7.23 (1 H, E %2(2 H br. s.), 3.78(3 H, s).
ME (LT |VB) NR4 Tsoprop@lt}ﬁazoﬂ My T il & le2] -carbothioanhitle (@5 AEE.26

Ser BT RN o B ol Ol B2 Jg% dégr'ﬁgé%%t yBS hydroxy-

ammrammnﬂo‘éttyabm Teéaet @ﬁmlyhllos&h@r(@@ 96m.24 AmahHf Thé
6- met hoxy41, 2, 4]triazol 0 ylidin- 2-amne (1.35

g, geagg)nmz?mstlrr tgo% % agurs | emmtl?lg‘@@s d and concentrated

DNBQ) H48 e ?i@)ﬁh& 28 &r@tdé‘fnat@rlal 'V&%S &)ﬂﬁé%l)wa flask ﬂhromZtogﬁtEIhy
22(1 n? s), 3.78
(@d&épeﬂ@rl acetate- hexane) to yield (3 hydroxy 3- ((3 (4- 1sopr0pylth1azol 2

16 | §%§1@u§é@db§tﬁ@tﬁ§l) G- R hIoYey b 22 b thh- 22 Pk droBoteRY 5b €,
6 rrét5& muw 1702 %]ythlql)alz oIt pawddrpyit N (300 AT ENIBOFs)gh ppm

Rer(
Jp@%loca boﬁ&?&ﬂﬁ%??ﬁ?@l i%%%g}%%&@?zgggggz3hné ?HL
The2 PeagLeom, WHs 1t5i-rir¥dmat H)obht t Boben.dode MS (LC/MS) R.T.
overr§|4§:;’htl\,I ﬁfnqggbrated in 25vacuo and purified via

flash" ch ography yleldlng
12-i sot hi ocyanat o- 6- net hoxy

| 0 | d|n 6 ,
12051 bt v a8l b Y - A (’%8’6’01%0 Rl
PPMOBy DB 201 bttand]- 13730 iR by qte 7. 54(1 H, d, .7=9. 88
Hz), 7.34 (1 H, dd, J=9.51, 2.56 Hz), 3.88 (3 H s).
Step D
(10- N- (6- Met hoxy-J1, 2, 4firi azol
11- azuspirof[ oxazol e-5,31-b

-al pyridi n-2-y0-4H
. 2.2Joct ani - 2- am ne

NNckO HN--</  To /4
2-i sot hi ocyanat o- 6- met hox#i- 1R, 4] tri azol o[ 1, 5-a] pyri d
ine (160 ng, 0 78 5 mmo)/ri , N- di et hyl f or mam de

(5mM) was added (S)- 3- (agﬁponethyl)qU|nucI|d|n3 01, 2
HC1 (178 ngy, 0.78 nmol) and triethylamne (0.32 m,
2.33 mm’ra (3 %a)xpems (molyvaﬁylﬂsﬁalzé1tp¢1)tatoul7emo§;n&tﬁy1) 1

hour . propylcar iimde

2has a@ﬂl@woalaxsfé%[%?& Q- lré]étél%l}’%ﬂbqlﬁui(g%?‘bg lﬁ%énrﬁﬁ)&tw %1
was dineaty8ermdmidO26 0w afRUNSN’ Hh@ﬁro‘fo?@h@gdlﬁﬁlﬂe Pousred

i nto _aqueous sodi um bi car bonat e/ chl or of or m

pr oddé mngds Tereagieneyay ikyd o 0n Ccliar Bt sy rhhe Teqgtion was
co npéﬂ%@lgra@érdg@weﬁisd WEdG . MARN Gl Wubid ARSI WS %ﬁﬂﬁedj\ﬁé f&kh

over sodiumsulfate, filtered, and concentrated in

vac d@om@mrﬁpwpflp% ethyhaqetaaeshﬁxerrwbﬁﬂﬂmg ithephgond 3p@gactions
10 H@XI
2% N %@I\Iﬁm( ) megjg%d%e 1R gagulatﬁglkgge% mega&f QM e @ecd kil (2-(5-
a)] prprdpylthiazglt)-ydminD)-4Hz Bspinronicfprareree5,33bichilely &l 2d¢canc]-
.2.2loctan]-2-amne (114.5 ng, 15 0.33 mol, 42 %
yield) as a white powder. 1H NWR (500 MHz, CDC13) 6
ppm8.51 (1 H, br. s.), 8.08 3 H d, 1=2.44 Hz), 7.35
(1 H d, 1=9.77 Hz), 7.18(1 H, dd, 1=9.46, 2.44 Hz),
3.92(1 H, d, J=8.85 Hz), 3.84(3 H s), 3.58(1 H, d,
1=8.85 Hz), 3.36 - 3.41 (1 H m, 2.72- 3.05(4 H m,
2.18- 2.260 H m 1=13.26, 9.98, 3.66, 3.49, 3.49 Hz),
2.13 (1 H br. s.), 1L.79(1 H br. s.), 1.67 - 1.76(1

A A PN NS NN SN A ~~



(R -N(5-(trifluoronethyl)pyrazin-2-yl)-4H1'-azaspiro

[ oxazol e-5, 3" - 20bi cycl o[ 2. 2. 2] oct an] - 2- am ne was
wpe@paswes by foll owi ng the general procedures PET/US2009/041076

Exanpl e 23, Steps A-B and using

5-(trifluoromethyl)pyrazin-2-anine (fromStep A abovéj PCT

as the starting material. |HNVR (400 MHz, CD Cl13) 6

ppm 9.08(1 H, br. s.), 835 (1 H s), 832 (1 H s),

3.95 (1.H . .d, 1=9.57 . 3.61 (1. d, 19.57 b
: sg‘%l)i“}ﬁ,dmcd?’&faﬁ%@z?g@s B% m?%?l@))} Y*z”.ﬁé asa Y.%%p?"é&%? T MR
2 06500 mﬂ,@il\zs@td6)rﬁ)ppn16 651(s 1H_)'4?( 5 @EBLH)M. 20 13 412(m 1. 18Y 2.96 -

wg@z%m KNG 297(m 4H) 227 (s 1}1)[201'?r 1H) 78 ° (1)90(m 3 H),

(R) 16 (H3 Ehups el aongasal):; mfém}ﬂvts%ﬂ{ qaaazsm akihanee-
-5, 31- Dbi cycl o[ 2. 2. 2Joet anr 2-am ne Step
&- FPUbt-0- 111- i ndazol - 3-ami ne  NH2
2,4-difluorobenzonitrile (1.21 g, 8.70 nnDI) was added
hydra2| ne nonohydrate (8.46 nL, 174 mml%‘? The m xture
was Sk & d&( t-EBoprepyithiazplor-y Hol esasainel ordrete-Hdur ed ont o
|ce extracted with ethyl acetate,
bzé)-ﬂ?(‘?[z H%%’a}gnrbeé@%ﬁw sulfate, filtered and
concentrat ed. The residue was purifyed by colum
chr omat ogr aphy (25-100% et hyl a te/ hexane) to
afford 6-fluoro-1Hindazol-3- aM ng¢ (0.5 g, 3.3 nmol,
38%yield) as light yellow p ers” 1H NWVR (500 MHz,
al 1 SO-D6) 6 ppm 11.42 (s, /10HN, 7. 70 (dd, 1=8.55, 5.49
Hz, 1 H), 6.97 (dd, 1=10. 83 Hz, 1 H, 6.72 - 6.79
(m 1 H, 5.40(s, 2 H. (LOM5) RT. = 0.61; [MtHr
145=152. 1, (2at4a§bpﬁ)pylth1azol 2-ylamino)-4H-1'- ammonlosplro[oxazole 5,3'-
6- Fl uoro- 3-isoth a}ganat 0-111-j ndazol e

To Bieydl @[8@02 qqlimeha Biihydrobaiatd 0¢8 g323bmn@l>1m AsRSPE (P L) was
d' C thc@ﬂ 9@@%@4(114]5 123(3%}101 $h Ad4SEn was stlrred at rogm temperature
1' -t hi ocar bonyl di pyri di n- 253 -one d% 30
nunéﬂr)4 homse Th@ﬁ‘@qtlo@nvawa@m@?ﬁe i &Ca(ﬂovs’-@ I@t)r hyd aprigle was
The e
or iR R e R U R S A el ralized
1§ 25%tht1N;sbdlaméwdtoeldhe Thnprojluct wanédtoetdd with ethyl acetate (2 x 40

6-1 lnli? 7?1:160 rtgach%smcf‘?é: %/ogllﬂogﬁei% &}F;%d Mgﬁqﬁ%@m %%té? fﬁ'llt%rﬁﬁénd

( 506onvbirrateli BB Yo z&‘fqmqucamlcag(z( soprfhpyl-lﬂlwz(ﬂ 2r8)-G e, -

J=8. 85 1
vy, sl gagbigfbon A% Sl g o [ g raceesisio
3 695a{vh1ltd-ﬂowrdeﬂ,9‘ﬂ I(W[R (SO(BK/[@Q ﬁMSO D6) 8 ppm 8.20 - 8.91 (m, 1H)
éRI ge Fluoro-111-j é P- azaspi r o[ oxaz
26 395265 é%4%§%<d2J*293‘l§clflﬁﬂ]H>z3 H%é 140 e TH), 299 (5, 2H> 7358
6- fb@@(&l %I\/? @Qizf(s qq%)ambm dbhhndazal3e -(1%628, 9H) 184,

(I\é nmL) was added trleth_)/l am ne (0. 43
J13,7 qlem)) M@ R.T. = 1.27; [M+H] =30

(am no I I

(oo VAL 3 AR 7
st i roladn aztlthwnC@Ié phas@ chroistisg of 3380 methatal Ghl %@EAQa0{CO6 The

o room t T sate wi t.h ,
NIRRT A bt SR Bt rerecopienttsy jr vorygto
r eagzieldomhmaﬁwtihe NThefkgotak off R Ghiorw (RPNF(8-isoptugylthiazol-2-

B (ARSI SR A i T e IR RN
chr owBbOGERAPNY 54, &ﬁ%rﬁtﬂ olmplﬁpnmlsoaﬂﬁ@znbm@nplg 5 P 8.35 - 8.95

amoni um hydr oxi db—% af

(R) (R 18 615%%6 H) %&laizﬁ 413H§/15 Han.5 (daradpittzo | HRaz Bl (5. 2
e-5,3" - bicyclo[2.2.2]oetan]-2-am ne (0.22 g, 0.66

mmol, 64 %yield) as a white ggwder. IH NVR (500 MHz,
IMSO-D6) 6 ppm12.16 (s, 1 H, 8.00 (s, 1 H, 7.59
-7.67 (m 1 20H), 7.09 (dd, J=9.77, 2.14 Hz, 1 H),

6.81 -6.88 (m 1 H, 3.81 (d, J=9.16 Hz, 1 H), 3.56

(d, J=8.85 Hz, 1 H, 3.00 (s, 2 H, 2.78 (s, 2 H),

2.67 (t, J732Hz 2 H, 2.01 (d, J=2.44 Hz, 1 H),

A ~ ~ A . - NNl ~ 1N A A~ 7 -



15 residue was purified by colum chromat ography
(95-100% et hyl acet ate/ hexanes) to afford
WO 2000131926 c] pyridin-4-anmine (776 nmg, 5.79 mmol PCBOS2009/041076
yield) as a deep orange solid. M5 (LCIMS) RT. = olﬁ%é PCT
[ MkH = 135. 02. Step B:
(R )N (Furo[ 3, 2-dpyridin-4-y0-4H 11- azaspi r o[ oxazol e-5
,3'"- 20 Neyel p[2 2. 2] octuni-2-anm ne HN

B A Gl 3P T AT T B PSR

f oI {RQWEOTL Hlaes e nas @]LC/MS)RGIZIU:Y ESR; cpM+E1>}*a¥rB(b761 2Bhe sGt@BAPeak
A-B usin furo[ yridi n-4-am ne above) as

t he WastRyr K‘haOl?rﬁméﬂleaéPl 2y R (a&%f@lrﬂh%aZOferﬁ%oo) 6 ppm
g 8310&010%@;2 21?:; 9. a%é‘@)oz 7009 H{I%OI ﬂJ83i°6> y%e"?fd’él_lgg-SbFR)lsomer)
#, o NMR (6200 Mg DM, P@BPBm%S(ﬁ%(mﬂH)@@% 1 H),3R2 (d,

1 K 2 , 2 25 |
( o, A(?H 1 ﬁg j(s% Z(H' yay 46%1- g j‘b@l% 2H)Z %6& Q%B_(&h%ﬁ), 2.02
( Lc(slvg}I)R %0.- 1:9(0(n68 H)5[ B,&HJ[ 62 (RGOH1L9.20 (d, J=6.78 Hz, 6 H). MS

(R bZTPéEEng%heny |[M+H|]1 330 4k 1 t - azuspi r of oxazol e- 5, 3

"- bicyclo[ 2. 2. ZJoct ani -2-amne 10 Step A

1@- Phenyl pyri di n- 3-am ne 4%614?2%1? X e of
- brormopyri di n- 3-am ne (2 43 mmol ), Pd(PPh3) 4

(50. 4 oy ThldzBL-yimel) ], -ai0bivgornz§3- TR -Picy c /R 2o tan]-2-amine
carbonate (2 M 3 nL, 6 mol), angd 15phenyl boronic
acid (195 ng, 1.60 nmmol) dissol v/e@n et hanol (3 nl)
was heated for 4 hours in an diN h at 90C and
allowed to cool to roomte @VAIUI‘G for 16 hours. The
reacti on m xture was trax&@ﬁ‘ to a separatory
funnel and partitioned b n ethyl acetate and

wat er. The aqueous phase was washed once nore with
ethyl acetate, and the conbi ned organi c phases were
was Sed AWMN- iV izbirzy i d-idi deede-dwerboZl@oragdesi um sul f at e,
filtered and concentrated in vacua. The residue was

purified by col um chrorrat[li%a.mpy (80% et hyl

acet at e/ hexanes) to afford ¥l pyri di n-3- am ne
(31.9 ng, 0.19 mmol, 13 %yi as a white solid. 1H
NVR (500 MHz, CDC/ 46 ppm 8.1 - .42(m 1 H), 8.02-
18.20(m 1 H), 7.32- 7.62 (m NH), 7.25 (s, 1 H, 7.06
- 7.20 mthilazgpa aﬂ\{ﬁe gi—gy@l IRnImolj'moavcagymtr[lM?)'d mD) and

171.09. 25 Step | pyr
| n- Strplnedagduran (%@éﬁygqﬁ Qj{dgd(élﬁ]d{ gnlgazoj}l _yl)methanethlone (4.90 g, 27.5

(R TREDE T8 SePfit Pl FrrBThB L 1 5 oury, s eagion was ogled o

31- r®bi teppérafu. add Zﬁmtm]%@varﬁlhadméwﬂefb anté dolld)acetomtrlle

240l t ?M@&Ly&e f%?c[‘a[enroa}Lnggrb‘%o o[\rr]veﬁéatl} T %azogﬁ \?@)SIH'

as trimdazsﬁear tarhcghmhele (&arQ g,]lHIWRn(uﬂD&B M-ylzdd)WﬁH)akbﬁ)dn@ctly to

J=7.32 Hz, 2 H),

ensxtgéep(vmhogt fu}_r?.}wr glafaate 15dtL?n32 Hz, 1 H, 3.79 -

402 (m 1 H, 3.51-3.68 (m 1 H, 3.22 (d, J=14.95

Hz, 1 H, 3.02- 3.15(m 1 H, 2.72 - 2.99 (m 103

H, 2.14 (br. s., 2 H, 1.76 (dd, J=9.31, 4.12 Hz, 3

26), 1.12- 1.35 (m 1 H. M5 (LOMS) RT. = 0.90; [MtHr

= 335.17. EXAVPLE 29

(12) - N- (2- Phenyl pyri din-4-y0-4H- It -azaspi r o[ oxazol e- 5,

3'- 15bicyclo[2.2.2] Getani-2-anthe HNIiN

(R) - N-(2-Phenyl pyridin-4-y1)-411-11-azaspi r o[ oxazol e-5

, 31- bicyclo[2.2.2]octan]-2-am ne was prepared from

2- bronmopyri di n-4-am ne by fol lhowi ng t he gener al

procedures of Exanple 28, Steps A-B. tHNWVR (500 MHz,

20 MeOD) 6 ppm 8.38 (d, J=5.49 Hz, 1 H), 7.88 (d,

J=7.93 Hz, 2 H), 7.71 - 7.84 (m 1 H), 7.48 (d, J=7.63
Hz, 3 H, 7.19 - 7.36 (m 1H), 3.94 - 4.09 (m 1 H),
3.61 -3.79 (m 1 H, 3.17 - 3.27 (m 1 H), 3.00 - 3.14



HN AN Step A

6-1DU tt or onet hoxy) - 1- net hyl - 1H-i ndazol -3-anmne 1 N
WOREIT81926 (di f | uor omet hoxy) - 2- f | uor obenzoni t r i PET/{192009/041076

5.3 mol) was added 20 net hyl hydrazine (4.92 g, 107

mrol ). The m xture was heated to 50 C for 5 hours Hig3 et

then cooled to roomtenperature. The crude product was

purlfled by col um chromat ography (40- 100@6ethy|

ace h ffor di f 1 uoro hoxy) 1-

151 DTRG0 5o hase
yi ebﬂ%oﬂﬁbz@dﬂﬁ.@.@]&@dbﬁﬁpl)trz%j?ﬂirwﬁ?a(e500 MHz, DMSO-4) 6
ppm 7.70 (d, J=8.55 Hz, 7.14 (s, 1 H), 6.73 (d,
J=8.55 Hz, 1 H), 5.49 (s FﬂH 370 (s 3 H.
PCTI US2009/ 041076 1116 Ef
(12)-N-16-(DU ttoronet Q%y) 1- H I ndazol - 3-. 31)
-4H 11-
az as p| r Of(ONé(ﬂﬁszel- By B Hind¥ebR| 12cazb ZMoahida (- 2g,&8hmbB in N,N-

% R) d‘!ﬁle lé’lf(aﬂ’i"‘?“i“@n%ﬁgr’i‘&)ﬁ’@ﬁ%ldef (R ) Adydury 3 y1) - 4
H 1ammoniobicyclo[2.2. 2] ctan 1-yltrihydroborate (1 37 g, 8 mmol). The reactlon was
azasplrogoxazole -bicycl o[ 2. 2. 2] octan] - 2-am n

pr epaFdd By ¢ &rﬁmrﬁgThﬁ@a%@ng@ﬁ é?%?d P seaniaed {gpield crude

ExapRlifet2¥he SL&PSatéyidd was Fﬁlﬂied via flash chromatography (50-100% ethyl
6- (di f 1 uor onmet hoxy) - 1- met hyl 1H i ndazol - 3-am ne (Step

A)  astahexangy ﬁvtq’ldﬁlgg hafiet ﬁw/fra%}qnm@ a@@ewucta(lvre@érestlons
1@ pr@?e coﬁlﬁm@&j and]c%%cé@raﬂé'& o :flelhlb hydrgﬁf g \d(g tﬂfctz'::bl :kg * 1

3 7sitiogsgamcty il-bpmoBose a2 Ko IV BIBT¢ U5 @ 480

H) m?noT%9 3 2 ?eﬁ‘df(ag’g w%n!\i'b%\éde? ' flﬂvg (’569‘1{@2"%\2%) '5%) Séjp%

HZ 26Hs 111) F642 (8. 53(GMHZL 1 H), 7.14 09 1(H), 5,326, 41D Hz78 (Ud, 2 H),
W@@&,ﬁ? S SR R bo 3.k @t hMHT - PR 29y 164~ 180 m, 1)

1§ R) 189 ¢ 5:66 Dinf 4 Hor MSELOMLY)R. i -a261.dMeHA: £PRpy.ii di n- 2-. O-

4H 11- azaspi ro[ arazol e-5, 3

20bi cycl o[ 2. 2. 2Joctani -2-amine F HNNC | r0-11q N OF 25

St epteAC: 224 Dhifidol- E@fa@ﬂﬁi)%ﬂy’)mﬁnd?aizdspz@wmzdjgn% - ( N O--+
S-nitropyridine (7 g, 50

nnDNZlfy‘il?{Ezfczé?cd?ﬁe{z i )(Zé”?%g was added sodi um

sulfate (1.5 g, 10.6 nmol), and

2, 2-di fl uor o- 2- (fluorosulfonyh%@eéiﬁc Sacid (6.2 miL,

60 mol) and the reaction was allo%ed to stir at room
tenpeiature for 16 hours. #h& rmaction vv-as quenched
wi th saturated aqueous sggfu I carbonate and the

acetonitrile was renoved I -vacua. The remai ni ng
aqueous conponent was extraBted with et hyl acetate,

cpashed wid (3-13idkdxg,3-@3- uﬁ&opyﬁnh@@aidamﬁwl)‘ pte, filtered
and concentrated in vacua T ale brown oily solid

was alflmptneblarfé%P\Rn?t]wtapolevlhf@hydj@bﬂy@e (k7 et3eteamahdn NRE

fil Hﬁx?&}i?ylf%ﬁﬁ‘a&ﬁ&é (fz@tniq &95 a%fd&PNq\I %llédﬁkéﬁy}égfbeaﬁ%hewdg ML,
nltrop ridine . as a

yel ﬂ%@\g ainol). |T|h|e mmlqwx@ stwﬁd atrém @@ro%)hoerSp PAqpn(VERs
J=2 8
(. <§Ralerts oy byl Ty e puiptdviy gl
235 ¢hrepatBgraphy (DF10006 rcthybadetaseylepyme) slichligs therfirsespot/ fu@fions

To [ -5-ni.tro i dj 4..

o 10 MR, YRR R AR El O ot 16
pal [thideaHB-ydmmioar-ddi -{rb@OonipgpiroPxdzolamdicyahd?. 2. Actane]-1'-
reacti on was hydrogenated at atnospheric pressure for
1 hour. To this was added 20acetic acid (2.83 nL, 49 4
mol ) and the reaction was filkgered through Celite and
concentrated in vacuo to afford
6- (di fl uor onet hoxy) pyri di n-3-am ne (6.33 g, 25.9 mmol,
105 % yield) as an olive green liquid. 1H NVMR (400
MHz"iileOD-d4 6 PPm7.60 (d, J=2.76 Hz, 1 H), 7.37 (s,
0.5 H), 7 15 (dd, 3J= 8 66 2 89 Hz, 1 H), 7.00 (s, 0.5

P — - ~ e~ ~ - ~



A solution of bromne (0.65 nL, 12.7 mmol) in acetic
acid (3 nth) was added 5dropwi se over 2 hours at a

w0 2i08/13192¢ mai nt ai ned the reaction tenperat ur ePDTS2009/041076
This gave a very thick m xture. After the additi on, VY%?T'PCT
conplete, the mxture was left to stir and al | oned'}
slowly warmto roomtenperature overnight. After
stirring overnight, water (5 nL) was added and the

e B R RLE e aREol Ty et ap vt Bt T KA Goo

cakMHya@ngmgbrﬁ 8. 3109hﬂé1ﬁleﬁﬂ§ 7052 (b1 .AS ke HBNd HBY .04 (d
addi tional 5 acetic acid was added. The mi xture

heateb0Gigai2dix é7%§(b] HHY nddLs .07 & daldi e 14D $-PO - 53
hot (, The4 99mbisned lfH)| 3 Qﬁt ??5 &ﬁrzeﬂfg%e‘é 9|4'Qma§‘H') SRRt M),

and neut ralized t conceént r at ed ammoni um

ﬁydﬂ@;‘(r 483 (IA L), Ileﬁﬁ/ dr??édnpﬁﬁax e4¥ 6r hEd MRi(EE/MRR Teh57;
col P\? ({dfratlon This crude material was
puriti um chromat ogr aphy (12-100% et hyl

15acet at e/ hexanes) to afford

5- (g b 3 n%azoé%%)it@ P22 gﬁlzsggroéoxazol’éo y ] chl' @loi% b g)oc%ﬂf—%wzne
(400 MHz, DALSO c16) 6 ppm7 64 -N 81 (m 2 H, 6.92
(d,1=8.53 Hz, 1 H). NS(LC/NB)HI\RJ\’T = 1.66; [MH =
218.10. 20 Step D
N-(5- (D fluoronet hoxy)thia oPo "4-41pyridin-2-y0-1H|
m dazol e- 1- car bot hi oan ¢g F OF
5-(Di fl uoronet hox )th| azoIHAS 4-b] pyridin-2-am ne (310
10y, 1. 43Tm€¥oﬂtl)la2@h PV dapedniospijeprazpliamEt hi one
(31 |)

ﬂnc?a gZﬂ tyé}f‘@ﬁa@rc{%hﬁ%eo(?\ég‘% b Bs Eéfb‘f)‘%h %Et('inre (b L) was
h ourddled TNeH(I @168\/10@13 2t(enmelp. oTleeUreaqmon Wes $ttr@ézeroomd¢m1mature
hou ' ty
was ot é h\;;\nﬂlt%h%g%: fée c;[hOIWS{alﬁ Sﬁélgtgg&ﬁ%rcg(}'oéelr Isﬂd"[)a Etl%n a@e@ge was
N- ( bddedinfid the a@weud’i@y@] pahihaz odpafabed4 ThE pyucdwh lmyez was neutralized

1% /ﬂiﬁéﬁ sqqt G %ﬁgﬁmgaiggf)rwﬂE?m de cta%yvqg ei]_;;e;l acgta x '40
(d, E4. THe drrlgamds wrdrg cc8n‘tﬁhﬁiad( dhicli=atha8adrzsiurh stlfate, SiltGkd,(and
i Ego?_r?c@%téﬁéé{z gzdc’c’uo %0 'c!:fl}o’rd chgrﬁic(l\i(thi:!izolipf—yl)qé'll-glﬁ'—ézagpir]bfox(azrgle—i?—
( 12picd1d3- 2(21}&1&@@%@@)@9 1hidazadlof @2 % )ki&mydsladvmte%o@dék 'H
H-lei\‘IM aé%ﬁp' ! O[ng[gz %L)eéi ppm él@?l(sc%/%l) O7[24 (% ]2%0791 Hz, 5 H), 7.01 (d,
o0 (F=A 75 iy lzcm)osreg (0¥, BmHazpﬂ{pBSaféd bl}=mso HQI m?*zwlz) 3Jd3L(m 4

i m dazol e-1- 5car bot hi oani dekf

N, NHei 2k r?y%f(ahﬁ&& U85S L4/ Hamd 51);%%11 @d2 HP éi88v(h§ ). 153 -

add@@4 grﬁ z@r)(ﬁﬁfi nps@ethyl ﬂﬂ%@@/l\ﬁ&@ﬁ =0 28 %M'ﬁﬁ} 4 %551
and triethylam ne

and the hhwelmt@nwsssweneaetpe@teﬂwsm@ aChwle¢lrQJg&1i(30X250mm 5pm)

e s N

25 or wovdiagthswaslstt and80 oo [Thel sdporagidipedtwerecpednatited & aado to
10pou nt o .wat h orof arm extracted wi.th .
aan Bl Sl ToReSo it fRLRGCRB i Rss it &5 Chndidher-2 yhn1-
res aﬁs;ﬁm[\@&zcmhen' -biakes[2 212 |ddtan]-Qlanene0anE, Was3 k@bl Vg0 %

wat er. to renpy g I r

Thes PS8 Samistr 1R () Wbl SR o avB o aghy 1. 726 @
( 2‘)/@233% I(Ile%)amm A3, imyHﬁ oszpI e/78%d, anel H/zcmp r30_;f4qr,1 M=9.82
3?5 ,&Iz,b% 13%2(98' IQ (911? Hg;l_@ 75 - 2u§2r8nn%t£)o§(%5 %t J= 780 Hz 4H) 2.01 (s,
15azaspi r o[ oxazol e- 5, 31- bi cycl o[ 2. 2. 2] oct an] - 2- ami ne
(104 ny, 0.27 mol, 37% yi el dpgas a pal e cream col ored
solid. 1H NWR (400 MHz, DMSO-ds) 6 Ppm 7.99 (d, J=8.78
Hz, 1 H, 7.68 (s, 1 H, 7.03 (d, 1=8.53 Hz, 1 H),
387(d110 04 Hz, 1 H), 3.62 (d, 1=10.04 Hz, 1 H),
3.03 (d,1=5.02 Hz, 2 H, 2.80 (d,1=9.03 Hz, 2 H), 2.65
(t,1765Hz 2 H, 2.08(br. s.,lH) 183-1.99

A ~ N o ~ 1N AR AN 71 o~ NN N T



A m xture of 5-bronopyrazin-2-amne (1.2 g, 6.9 nmol)

and pyrrolidine (4 nL, 48 mvl) was m crowaved at 180
w@20020819% f or 2 h. The reaction was dil uted i nPOI/LWH0NL41076

ethyl acetate and extracted with water (3 x 50 nL)lﬁggIPCT

brine (50 m.). It 15was dried over sodium sulfate,

filtered and concentrated. The crude product was

purifi ed by colum chromatography (0 to 3%

TR RIS UL L0001 vy v -

43 330 yiveld) = 265 N\/Rhe( 406hd\idak wRWRGSX-atbhzd-2ppmuH-152( 1

HdJ151 f?%)z,dJ:lJGHZ) 5.21 (2 H,

s), SR 0X3§01?é 3( biciglol 2]octadzmppe @dq & 938 maupl, 22,935

gt 3§11e1d§) ;1 DR AsbatAB)H mlﬁ{@ooawﬁz @ASJ)MW ppm %5 gs29 H), 7.25
ep rroli

aédaépi ‘b{l%»?éiblg 804d,373. 7®Héy?e¥lb P 8261 2’F8§9 éﬁ«”ﬂ By H). i3,
NI N0 HE-2NB, 2.95 - 3.08 (m, 4H? 2.75 -4 &l @/Hf 265& J=7.80 Hz, 4 H),

25(R) - N-&S (Pyrrolidin-1-yl)pyrazin-2 -azasg
r o 8R4zoP 5188 G, %Hé;lc514o[12622(m,2]4dé1 & - iﬁéﬁmn%HMMS (LC/MS)
pr epaf e + rol i din-1-yl)pyrazin-2-am nc by
f ol Fovm ;bgjg[ ﬁqu]enﬁér,%[ﬁpr ocedures of Exanple 23, Steps
A-B. 1H NMR (500 MHz, CD C13) 6 ppm8.51 (1 H, br.

), 802(1H s), 7.44(1 70.92 Hz), 3.84(1 H,
16, J=9.16 Hz), 3.51 (1 H, %{(AA?P%EQS Hz), 3.39 - 3.45
(4 H M- (@Melha(xﬂpﬂeww@rmeﬂgmamz - 47-1 HEpspird [@@zole-5,3 -

3.04 (5H m, 2.15 09 (1 H, br.

s.), 1.98 - 52.02 (4 ‘%Fyf?oﬁéézﬁrﬁan}f“& 1.74(1 H m,
1.42 - 1.61 (2 H m. M (LTM),R = 0.76; [MH =
329. 40. EX4I\/PLE 35

(R)-145- (4H 11- 21zuspi r oki azol e 1- bi cycl o[ 2. 2. 2] oet
aner 2- 10yl am no) pyr azi n-2-Apyrdi n-2-one 0/ O
Step A 1-15- Ami nopyrazin-2: Op ol i di n-2-one 0O NN
H2NN 15A m xture of 5-bronDpyra2| -2 mne (5 g, 29
mol ), pyrrolidin-2-one (11 ni Nl mol ), copper (1)
iodide (1.1 g, 5.75 nmol),, p ass}rlﬁm carbonate (7.94
g, 57.5 mmol), and (1R, 2R}- yc}}-dﬂﬁaxane 1, 2-di am ne
(1.38 m., 11.49 mmol) eéPl uxed under nitrogen in
di oxanc (100 nL) for 18 h. After coolin 200 m

et hykp de St/ & Y ateml)-raHateizoldn 8- Kol the

1k eagt, oM qhi.s was filtered through 20celite,
concentrated, and absorbed onto sodium sul fate for
purification by colum c{ﬁm&t ography (0-5%

nmet hanol / net hyl ene chl or . NThe_ purified product was

I\

recrystallized from et her/ et/hyl etate to afford
1- (5-am nopyrazin-2-yl)pyrrolidn - one (1.57 g, 8.81
mmol , 30.7%vyield). 1l1-1NWR (400 , Thil SO-d5) 6 ppm
8.74 (1 H d, J=1.51 Hz), 7.69(1 d, J=1.51 Hz),
6.20(2 H, s), 3.84(2 H t, J=7.0 , 252.49 (2 H, t,

J=7.93 Hz), 2.04(2 H dg, J=7.68, 7,51 Hz). I\/S(LC/I\/S)
RT. = 0.48; [I\/H—I] = 179.27. Step B- (R)-1-('5-(4H1

R A A o

LI\I- hcetabiitAl (emmamwed de%,usidammmnwmnah@pe ddBan5.78

di
) D e AR Sasp kO Shh T R R pogied o
20y foohd @mpﬂgtutehﬁd glenesdpatqr adddade Tho povkkeamab &aidd with

St eg(‘f? nf_ﬁ}‘ e (2 5 18%%() %8“ to yée%): 98121&13\10 (%r?ﬂ-ffle%@@}‘ypﬁfnég (5 2

H, t, 1702Hz) 392(1H d, 1=9.46 Hz), 3.58(1 H, d,
1=9. 16 Hz), 3.33 (1 H, dd, 1=14.95, 1.53 Hz), 2.71
-3.01 (5 H mM, 2.63 (2 H t,{#;w8.09 Hz), 2.08 10-2.23
4H m, 1.66- 1.76(1 H m), 1.42- 1.61 (2 H m. M
(LOMS) RT. = 0.67; [MrH = 343.30. 15 EXAMPLE 36

(RI AT- (5- 1Pyri di n- 3-yQpyrazi n- 2-y0-4H 11- azaspi ro[ ar az
ole-5,3 - bicyclo[2.2.2Jociani-2-amine /.11) HN\ 1 \
L-N-J



Step A: 5-(Pyridin-3-Apyrazin-2-amne H2N

20Pyri di n-3-yl boronic acid (307 ng, 2.50 mmol),
w®20p0smope/r azi n- 2-am ne (391 ng, 2.25 nmol) aneCT/US2009/041076

di chl orobi s(tri phenyl phosphi ne) - pal I adi un(I 1) (885ﬂ33PCT

0.13 mmol ) were added to degassed di oxane (12 nl)

the m xture was stirred for 30 mn. Then sodi um

carbonate (795 ng, 7.50 nnDI) and degassed water (8

et e e bRt DER St g 87 P et

al | awegbllo® popivadad T pradit &8s tak@rm@ttat fartie @xedted. he
weekend. It was diluted into ethyl acetate (100 ni)
and extracted with brine (3 x 25 nL). The organic

| ay Siep BWEL (? (dfMé%IJox‘j)M%ylﬁ@%e@mtﬁidlchl@tﬁarﬁzﬂg) gignecentrated

i n vacuo. The crude product was purified by col um

& hr BHHEOHGIAIREe- t5§ @%dﬁé? I%’a?fﬁﬂf‘l”éi hyr)rdledtdoeye t o
afford 5-(pyridin-3-yl)pyrazin-2-amne (235 ng, 1.37
mmol, 54.60%yield). 1HNVR 5 (400 MHzO Acetone) 8 ppm
9.13 (1 H, d, J=1.51 Hz), 8.54(1 , J=1.26 Hz),
8.50 (1 H, dd, J=4.78, 1.51 Hz), - 828 (1 H m,
8.07 (1 H d, J=1.26 Hz), 7. 39N H, ddd, J=7.87,

4.72, 0.76 Hz), 6.05 (2 H, dN= M5 (LOMS) RT. =
0.58; [MrHr = 173.20. 10 Q@Q B: S

(R )N (5-(Pyridin-3-yOp 7iN- 2- y0-4H I t-azaspi ro[ oxaz
ol e-5,3" - hicyclo[2. 2. tani - 2-am ne

(R -N(5-(Pyridin-3- yl)éy;azin 2-y1)-4H 11-azaspi r o[ ox
azol e-5, 31- bicycl o] 2. 2-anm ne mas(grepared

T om 5. (YN GBIpTyisgid b -y - B oidPomng

t hecﬁ@&&iﬁﬁ"de (9 ﬂ@% L] ﬁl%logfln m&hﬁ§>rm§hﬁ9§2ﬁ‘nl§ w%is Rlided (3-
NMR (40 ppm 9.12 (1 H, dd

0. 761nplzgmeﬂgv1b%—h(’cirow ﬁmmogloplcy@c)[@@ Yacty- lﬁatrlhzér@bozste (0.24
lé- 7@ 1"@ mm§1)5§hé geaéﬁon%as %tlrledsa:l- 76'2@ for% h%grs( %I Iw? g8 (1
it lcosodmive (0.6 M, +5) MRl pddsd andhereptigyheated o

0 e I o e s e
m , p@dd@( Thétruda matsrigl wad p@fied biarco{ummhromatdgra$hyd40-100%

9. Gch}glzlaﬁet%fg/h%)fa%%ﬁ)l 10 1'el§37(%—%4§—64 met‘hox;‘p%eny’l)—mneth'\@ngzogﬂ\}//@mmo)

lExanﬁl lealﬁﬂlomosplro oxazole—S ,3"-bicyclo[2.2.2]octane]-1"-yl)trihydroborate (0.41 g,

112} 0b it a0 0 s DY L nc‘ﬁ‘i)[@%ﬁég@?{ﬁ%}%‘ﬂ%%

> / pm 7.59 (d, /=7.63 Hz, 2 H), 698(dJ855Hz 2 H), 3.80 (s, 4 H), 3.67 (s, 1 H),

é?i)ﬁ%[i;i?ra?ﬁhg%s%% oD, 23 B0 B8 Dok i M had (s 3

prepas @éj 11 0mo besbr Apmpgr-azionn?2 &l net @y1 Hh.ovisenemgs e, =
enera rogedures of Exanple 36, Steps A-B. 11-1NWR
4oé8ﬁA@P éppmg 04(1 H, br. s.), 8.66(1 H, d,
J=2.01 Hz), 8.46(1 H, d, .1=1.51 Hz), 8.41 (1 H, d,
J=1.01 Hz), 8.15 (1 H, dd, J=8.81, 2.52 Hz), 6.82(1 H
d, J=8.31 Hz), 3.97 (3 H s), 3.95 (1 H d, J=9.57
Hz), 3.61 (1 H d, J=9.32 Hz), 3.35 (1 H, dd, 5
J=14.86, 1.51 Hz), 2.68 -3.07 (5 H m, 2.14 - 2.24 (1
H m J=13.27, 9.93, 3.53, 3.38, 3.38 Hz), 2.11 (1 H
Sbr. s.), 1.67- 1.77(1 H m, 1.45 1.61 (2 H m. M
LG M5) RT. = 0.81; [MH = 367.40. EX4MPLE 38
10(R) - N-(6-illethoxyqui noxalin-2-y0-4H 11-azaspiro[ oxa
zol e-5,3" - bicyclo[2.2. 2Joetani-2-amne HN /N to/
Step A: 7-Met hoxyqui noxal i n-2(1H)-one and
6- met hal yqui noxal i n- 2( 1Hi one 15 A 50% sol uti on of
et hyl 2-oxoacetate (18.47 nL, 3 Mol ) in toluene was
added to a sol ution of 4-nethoxybenzene-1, 2-di am ne
(10.73g. 78 mmol ) in ethanol (100 nl) at anbi ent
tenperature and the reaction was refluxed for 2 h. The
reacti on was concentrated in vacua and crystallized
fron1ethano| to afford a n1xture of 6 20nethoxqu|nox

o ~7 A TN o o o .




wi th sodi um carbonate, and extracted wth ethyl

acetate (3 x 200 nL). The organic |ayers were conbi ned
wa@pmogsmeent rated i n vacuo. The crude product REBUS2009/041076

absorbed onto sodium sulfate and purified by col UM, | 3 per

chromat ography (0 to 5% et hyl acetatel hexanes) to

af ford 2-chl oro- 6- net hoxyqui noxaline (2.21 g, 11.36

mml 35% 5yield). 1H NWR (400 MHz, CDC13) 6 ppm 8.69

415) 1\_[[( 4{_')54/8 M%%Wpfegyggs;@et%t%fgggl 2 h?ﬁ [g’-gz%gm(%[%xcgoled 3"

H) bz@}&cﬁﬂ@Z]octan]Zamme

N- (Z4- D met hoxybenzy0- 6- net hai yql&noxal i n-2-am ne
102- Chl or o- 6- et hoxyqui noxal i ne 0.93 g, 4.77 mol)
and (2, 4- dinmethoxyphenyl)nethangmne (2.2 m, 14.64
mmol ) were m crowaved in di net Ifoxi de (5 nL) for
30 min at 150 C. The reaction was_diluted into ethyl
acetate (250 nL) and extracted with brine (3 x 100
mL). The crude product was purified by col um
chromat ography (20 to 80% et hyI gt at e/ hexanes) to
afford N A

15( 2, 4- di net hoxybenzyl) - oxyqui noxal i n- 2- am ne
(1.46 g, 87%yield). |-HN 400 MHz, CDC13)6 ppm

125 31 1) Ry ool el g, o,

5-Iz) yD@BioaRidokmethylgid; anﬂm&ic@js:,yclz [22772 Jiekzthny- 1571)1rﬂ(ymroblprate (0.08 g,

ﬂ?%gmﬁ}l) in acé%neg(é (1;) |yras aSJdEg lg/é? %E@)%)mlg% ml’ngﬁ ghe

[ M Haction326 sﬁrsed & Bodst empEratute fdel houy Qe rattadni was 2o@mpictedy

N
N- f'%?ﬂ.<ﬁwr?§im8x%’éfh%%?ra}@ WS AN A 3985 1Ay S &fofigeted and
( 2. Beralifed GAithnMOSdivNeBy dsdxide. Ethe ipfodBiEtAvas 2Rtratted whtidethyl acetate

I d_dichl oronet hane (10 at. _anbi ent
lgm@)%b%ﬂ{] oy r Eherqgganigy “f?f%co“%‘ﬂ?d r%?e\(z‘ Srithdnagnesium g g flterpd,
vac gl océﬂl:dﬂlfrﬁﬁe@ga @@uo ®diotiMakunele Ng(arwf@aﬂhﬁp@{e&yl §-300 rrL)
was add to the red residue, reC|

a y@eihéiwné%ﬂlwzd’l) Ahid' %ﬁdsalr@k)éa%%@ éxlt%&[%a B)}%{aéﬁ%ﬁvléﬂe;ﬁo 05
with (ﬁu:llﬂhl@r @@@tmleﬁ) asTmm@er £ HRYRIR WBEMALd BIISONBE) 5

sodium sul fate, filtered concentrated in vacuo to

21 1 B TG RHBUNBRY i O IR . ¢ H SR, 6996 HrbIED.

9 1
19 %/%Mgseb(ﬂ@ 3, 56‘{8’@9@&% W?) 3, % %ﬁ jgﬂmﬁsﬁ(ﬁl (23H7) o5
H .63y, 2 1) 208 6 B+H>s2)03wgﬁmm "R se. b.6Bm. 2 1), 148

(R) K{(G %ﬁﬁgl%{/)qw n /P%I%%ZT 1?) 4l I—M+H aE%%Spl roi thazol e

-5,3" - Shicycl o[ 2. 2. 2]ocl an| 2-am ne

(R) - N- (6- Met hoxyqui noxal i n- azaspi r o[ oxazol
e-5,3 - bicyclo[2.2.2]octan] %’}%{#E;%was prepared from

26- met hox yEjuv-fibxadspire Dxatiitiiee-)s -bio) di@\Bi2jodiive |- Geider)pyridin-
procedures of Exanple 23, St eLPs A-B. tfi NWR (400 MHz,
10CDC/ 3) 6 ppm 9.61(1 H, br. 7 8.57(1 H, s), 7.62(1
H, d, 7906Hz)723-732(2H , 4.01 (1 H, d,
J=9.32 Hz), 3.90(3 H, s), 3.66 (I \d’ J=9.32 Hz),
3.37(1 H, dd, J=14.86, 1.51 Mzp;\2.68- 3.08 (5 H, n),
2.15 - 2.25 (1 H m, 2.10 @M(l H m, 1.67-
1.77(1 H m, 1.42- 1.63 (é{ ) M5 (LCMB) RT.
=0.81; [M+11]+ = 340.30. 15 EXAVPLE 39
(12) - N- (5- (Dnbor onmet hwo) pyri m di n-2-34) - 4H 11- azaspiro
[ oxazol e-5, 3" - bicycl o[ 2. 2. 2Joet ani - 2- am ne Step A
2-Chl oro-5-(Di fluoronmet hm Qoyrim di ne NN

2-Chl oropyrimdin-5-0! (1 g, 7.66 mmol) and sodi um
2-ehl oro-2,2- difluoroacetatejf3.50g. 22.98 nmol) in
N, N-di net hyl formam de (20 nL) and water (0.2 nlL) were
heated to 90 C for 24 hours and concentrated in vacua.
The residue was purified by col unm chromat ography
(5-30 %ethyl acetate/hexanes) to afford 2-

chI or o- 5- (di fI uor orret hoxy) pyr| m d| ne (549 ng, 3.04

NN A7




Step A: 4,5-Ditnethyl pyritnidin-2-am ne NH2 AN A
sol ution of 4-chloro-5, 6-di net hyl pyri m di n-2-am ne

W@ 2003831926 2. 22 mmol ) in 2M amoni a i n net hanol PE/082009/941076
was flushed with nitrogen and pal | adi um on 5car bon
(0.035 g, 0.33 mml) was added, flushed with nitroldf PCT
and the reaction was hydrogenated at 1 atm anbi ent
terrperature for 18 h. The reaction m xture was fl ushed

nitr jltere rough celite and the
cel PR A g B (o T HHor R RE T VT, ot v
eva@mmaﬁzaﬁtcﬁc%[glwm& I-)vacdiopdraeaf ford 4, 5-
dlrrethylpyrlmdanamne(O 35 g, 56 nmol , 90 %
yi el d) which was used w t houoH 10f ur urification.
1H NMVR (400 MHz, MISO Qle s), 6.19(2
H s), 2.18(3 H, s), 1. H, s) SI\/IS(INC/I\/IS) RT. =
0. 56; [I\/H—I] = 124 20. SteBHB

G B b Ittt GSon I O Gn i s Araget.r ol oxazol

f R) almOAipbicialore 2ipydgoant i m)tﬁihydrabcyﬂ& 2mg, 1.45 mmol) in

irolo bIC oct an

oas EARBL LR TPED) il da t i s R S s e

f ol boWnihgb1} A @ctGBAERkanql @elﬁth@ theQtacEXDRP@e 335 stﬁfeﬁﬁﬁroom
A-B. 111NWMR (400 , MeOD-614) 6 ppm 8.22(1 H, s)

4. 0fEmpgrayre aveﬂr}g.lefo Grepfion myxture v e#ﬁpoaate ipvqgiossd fip)

3. 4%1hu&’kwlﬂt)e awagly g&(d; gﬁ'ﬁﬁe@)wa Ghfn chr&ﬂétggrﬁlﬂl_}/"d?a %ﬂietha%oﬂélthyl
&/5 (( m 62 - 1.9 ﬂ 3 H m.
1 e@@@}o ]z;el-fl (3 my@yogyﬂ T3W|1:||d1n-3 -yidgouggido)mgthyl)-1-
Exp‘%?ﬁlgméglcyclo 2.2.2]octan-1-yDtrihydroborate (294.6 mg, 0.96 mmol, 66.2 %
(R - N (6- Phenyl pyrim di n-4-y0-4H I t-azaspiro ozazol e-5

3 yielsl) @Sya:Wbl[lerOQmm Tt MR [ S0R-NH T, déeOZEthéawnPS 56 -8.70 (m, 1 H),

C PReRTh, | A SANEE) 0 AR B 1o 1 10,

pheaw béﬂ@l@mpl HEi3dh3(-0. @E{nrg,l I3, 21% 1ol Y, st ﬂﬁat 288 (m, 1 H),

qu S i u rho e ( 0 7 I 0
S0 Brany PHESshnayaat PAR LB g sEi it sToT Bkm e 1
0. OMSWIaVVSYRITe=9 WHpEMId e BH: = 203m0xt ur e of
di met hoxyet hane (15 niL)/ethanol (2 mL)/water (2mnL).
The m xture was heated in the mcrowave at 125 C for
iep Bt f(E)ﬂ(ZC(@FJﬁ@MISf LAkl N aMdods pird I8k SR KPUR3 WA S
purlfl ed b mm_ chr omat ogr aphy (10-60% et hyl
ace?ﬁf“é?fﬁéyﬁa{ﬂ‘&%’)e]ﬂoyl)dflﬁ)éflfﬁboé" Bhenyl pyri m di n- 4- ami ne

(167 ng, 0.98 nmmol, 39 15%i el d) an off-white
solid. M5 (LC/ MB) R T. 2099HND@:172.23. Step B:
H

(R) N- (6- Phenyl pyrimi di n-4, ydj’§4
- azaspi r o[ oxazol e- 5, 3184@@6[2 2. 2] oct uni - 2- ani ne
20(R) - N- (6- Phenyl pyri mi diri=4-y1) - 4H 1' - azaspi r o[ oxazol

2e-5,3" - bicyclo[2. 2.2] octﬁ'ﬁa 2 am newas prepared from

ey i 0 g T

Me 0 Bodiobicpgder2 Q. 25c4b¢a]:1 ]Hyl)tdihydl@ﬂarﬁ& (292)6,m@ 06 mm@) 8N 1\12

H g‘iﬂi jllylf:éﬂlgénlﬂ&é Il(lﬁ) \Qﬁlf P&édﬁ sogx%o OE]SIND. e'_]&ayech%hdﬁecp éropan-

- 3 3am (1 M, 0.3 Aot 3n EN-(IdndthylfedmanZid63 mL)'Zanﬁlhe(rBadtl,On

2%'?\/'_'_ pﬂ%}g'_ur_e V@g%ﬂozyfd(tg%aw Eooz{%tem&)erature zor ? Iﬁays An a]ddltlonal 133 mg

( R) NI (et Aheddbl “@d}ﬁbl@ﬁah@yrhinmndd) Bnft- M- &Hreﬂl@ifaﬁmaé ®bs
oxazo| e-5, 31- bi cycl on. . Gan lge- amine HN ( 10

(R) 24ded gnd the Wéfmwﬁ%fhwﬁm%fﬂ* a0 r71§ayaHTl16 Ieacsign gy
o[oxazol e-5,3 - bicyclo[2. 2.2]octan]-2-am ne was
prepared from 6-chl oropyri m di n-4-am ne by follow ng

t he general procedures of Example 41, Steps A-B. 1H
NVR (400 MHz, MeOD-d4) 6 ppm 8.72(1 H, d, J=1.26 Hz),
7.90 - 8.00 (2 H m, 7.16(1 H, br. s.), 156.96 -7.05
(2 H m, 4.04(1 H d, J=10.07 Hz), 3.84(3 H s), 3.73
(1 H d, J=10.07 Hz), 3.22(1H d), 3.09 (1 H, d),
2.73 -2.98 (4 H m, 2.02 -2 21(2H m, 1.51 - 1.85

rF Ra. 1 n NSNS NN



HN- NN AN
(R) - N-(6-(6-Methoxypyridin-3-yl)pyrimd

WO pp0dAyDY6 4H 1' - azaspiro PCT/US2009/041076
[ oxazol e5, 3' - bi cycl o] 2. 2. 2] oct an] - 2- am ne was prepay gglPCT
from 6-chl oropyri m di n-4-am ne by foll ow ng t he
general procedures of Exanple 41, Steps A-B. t HNWR
(400 I\/Hz illeOD-d4) 6 ppm8.79(2 H, dd, J=19.01, 1.89

br . Hz) b%rlf %1 @(%Q,Fji %réraai]togfa@g’éi—%p%zr}le};ggn’@]égk)ﬂzW%ga)’(t% aEl’ord (E)-(2-
J=1 Q)yﬁaml-‘lz)limiﬁoﬁﬁ(aﬁmi‘(kmcﬁbiro [BxaZdlidind=h,3'Chicydtel )2 3D ctarg] 1'-

3.23 (1 H, . d), 3.10(1 H d), 2.73 - 2.99 (4 H,

2 o?l)t(rl%zdrglior%tg(]}q4 3H§1g, 0149513r)nol 3l %%o(ygelﬁp aﬁ%l&MﬁéS?{%ﬁ/leOD)
B k.3dis, do'\{HaT]l H)-8 %(? 22, 27@%"1’%57 %l 4 96 (m 1 H) 7.35 (dd,

10(1 -N-(6-( yrimdin-4- 1-azasp

5 r o{’ %ﬂzél?gé-@; BH-) 3&9&% sof 21)23 (G «ﬁ*c?rﬂGH_’Z érH)h%s16 HARE (m 1

(R) xsm 316(ﬁ1t D285 §/ 4gn 2 H), 223 (br. slsHhIM _1a927a(§np4H)

rof d))%éz d)l7@(1"4'3a 3BH). MScYEINDIR 2. 2D 681 [Ah]H- BHaj =989

prepared from 6-chl oropyri m di n-4-am ne by 15

foll owi ng the general procedures of Exanple 41, Steps

A- BStet A: NWNRN{(4Qabptizo/ oxdkbieie- S1 B)cyBlophi? BcBBe/tX H, s),

1%561. 1 H, .as%_|3 7.83 -8.13 (4 H m, 7.49- 7.58 (2 H,
Vigenegpyridig3-agine’s v T4 06 (1 H, d, J=10.32 Hz),

3.76(1 H, d, J=10.32 Hz), 3.23 ( N\ s), 3.12(1 H, d),

2.75 - 3.00 (4 H m, 2.02 - 2V2ZN(ZH, n), 1.56-

1.84(3 H m. M (LT M) RITOT 1. 93; [ MAT]' = 386. 31.
20 The conpounds i%r N2 were synt hesi zed
according to the method anple 1 using the

appr opr i 'ﬁ@ @su'é@é'ﬂgﬁ)ﬁ oF @)1(2 (MR- 9—? iRino$ Ot dbhBEH PR RxHolidine-
i nt er medi at es were obt ai ned b¥5

t he51§ r‘b‘%ﬁ@@ﬁﬁ? %52 q%age wgalhyﬂm@%ﬁi@ rgg, O] mmel ) geetone

Exaﬁil? Qad 8RO hytochoNBadt] Z(ﬁiLné Od—%}%l)laﬁﬁltﬂelﬂhxfﬁré'%as
Il NINIR 45 1. 83413|F|

15 pnilBoved tg gtang atjpom temperatnrayipr % hyy, (waaSJhep a@éedrlzso a S?%)&ratory
( 1 Hunnél)conth%% v&a@er 'a'1|nd Ehlor&f‘o?m7 &h%rs zve?e%@%arﬂed Yhen the aqueous

J glayeyr w@)madg b%: w1tlgsc@l@(nch;borme solgucmandzheg@uc(nge p{as rp)
2 St abplghott el e ekl o B
J=9a@@ute. 7THE®rddnics were combined, dried with magnesium sulfate, filtered, and
20  concentrated iz vacuo. The residue was purified by column chromatography (1%
ammonium hydroxide / 9% methanol / 90% dichloromethane) to afford racemic (E)-
N-(1'-azaspiro[oxazolidine-5,3"-bicyclo[2.2.2]Joctane]-2-ylidene)pyridin-3-amine (19
mg, 0.074 mmol, 15.8 % yield) as a white solid. "H NMR (500 MHz, MeOD-d,) &
ppm 8.39 (br. s., 1 H), 8.14 (d, /=4.27 Hz, 1 H), 7.72 (br. 5., 1 H), 7.34 (dd, J=8.24,
25 488 Hz 1H),3.89(d, /=9.77 Hz, 1 H), 3.57 (d, /~=10.38 Hz, 1 H), 3.14 - 3.27 (m, 1
H), 3.00 - 3.13 (m, 1 H), 2.70 - 3.00 (m, 4 H), 1.97 - 2.22 (m, 2 H), 1.54 - 1.84 (m, 3
H). MS (LC/MS) R.T. =0.26; [M+H]" = 259.16.

30
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46 cio N . 1.41 400.4 IFI NWR (500 MHz, DVBSO- 4) 6 ppm

8.86 (1 H hr. s.), 7.47 (1 H, d, J=8.85 Hz), 7.33 (1

woRood13192@2. 44 Hz), 7.01 (1 H, dd, J=8.85, 2. 75P¢—127)1s2009/041076
3.87 (1 H d, J=10.07 Hz), 3.71 - 3.77(4 H m, 3#63PCT

(1 H d J=9.77 Hz), 3.06 - 3.12 (4 H m, 3.01 (2

s), 2.72 -2.86 (2 H m, 2.66(2 H t, J=7.63 Hz), 2.05

(1L H br. s.), .92 (1 H hr. s.), 1.53 - 1.64(2 H,

m, 1.43 - 1.52(1 H m unmber RI LCVS RT
(mn) LOSIlon [M+ Hr III%?%&%J\I 1.31 333.3 1H NWR
(500 MnzpyElfpQ-yIAYHE B@@z%[@@z&fé—ﬂ‘i -bRYelo 2.2 2] odrayOL-dmine
dd, 1=8. 70, 5.65 Hz), (1 H, dd =10. 38, 2.44 Hz),
7.04(1 H td, J=9.08, 259 Hz) , (1H d, J-10.07
HZ),364(1HdJlOO7 2Hd3275
Hz), 2.74 - 2.85 (2 H, ﬂ\%‘ .70 (2 H m, 2.07
(1 H d, J=2.44 Hz), 1. H d, .8.85 Hz), 1.54 -

4 53 (1 H, 48 ¢ F3 41, 2.07
383§§§%Hgﬂbﬂm€§é@9ﬁpﬁwm %6 6nlpn18000 (1 H s),

7.41 - 7.54(2 H m, 3.89 ( d 3= 11 29 Hz), 3.57(1
H d, J=11.60 Hz), 2.96 - 3]03) (1.8 288 - 2. 93
§1H n, 2.73 -2.81 (2 B %4(2 H dd, J=8.85,

o 15 1) bR S e Bl ol
| onmL\ sedikim bidakboéte R89ng, 10.12 mmol) and water (3 mL) was assembled,

and to this was added a solution of thiophosgene (190 mg, 1.65 mmol) in chloroform
(1 mL). The reaction mixture was stirred at room temperature for 4 hours. The

10 reaction mixture was transferred to a separatory funnel and partitioned between ethyl
acetate and water. The organic layer was washed with brine, dried over magnesium
sulfate, filtered and the solvent evaporated to give a yellow solid. The solid was
purified by column chromatography (5% ethyl acetate/hexanes) to afford 2-bromo-6-
isothiocyanatopyridine (281 mg, 1.31 mmol, 89 % yield) as a white solid. "H NMR

15 (500 MHz, CDCI5) & ppm 7.50 - 7.62 (m, 1 H), 7.34 - 7.43 (m, 1 H), 6.91 - 7.11 (m, 1
H). MS (LC/MS) R.T. = 1.92; [M+H]" = 216.86.

Step B: N-(6-Bromopyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan] -

2-amine

o~
0 o

To a solution of 2-bromo-6-isothiocyanatopyridine (281 mg, 1.31 mmol) in
N,N-dimethylformamide (8 mL) and Hunig's base (0.6 mL, 3.44 mmol) was added

(+/-) 3-(aminomethyl)quinuclidin-3-ol dihydrochloride (300 mg, 1.31 mmol) and the

25  resulting mixture was heated to 75 °C for 2.5 hrs. MS (LC/MS) R.T. = 1.04; [M+H]"
=373.01. To this reaction mixture was added di-isopropyl-carbodiimide (523 mg,
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ocF3 . 2.15 399.4 1H NWR (500 MHz, DMVSO- 4) 6 ppm 9.03

(1 H br. s.), 7.92 (1 H br. s.), 7.65 (1 H, d,
wa2898%59%%), 7.30(1 H, d, J=7.63 Hz), 3.89 (1 PCT/US2009/041076

J=10.07 Hz), 3.64(1 H, d, J=10.07 Hz), 2.97- 3 09 ﬁé&PCT

H n, 2.80 (2 H d, J=8.55 Hz), 2.66(2 H, t,

Hz) , 208(1 H br. s.), 1.93 (1 H, br. s.), 1.54-

166(2H nm, 1.44 - 1.54 (1 H m 50 s | 1.89 333.1

7 g Wﬂ%‘g%awweamg %S s ;Of%ét‘? %‘ 2 2% fm‘&{s S riytugegvas

( 1 Hlowdd,to Sool & roord. t&ﬂpe(ralulﬁ,ovéﬁthe \3@6’1’(@1{& Te r@ictioSmjxture was
3.17(1 H, d, J=14.95 Hz) 301f2 t, J=7.48 Hz)
2 Seoncgnt@gad(lg v4quo, ni," he @atigal Was pyty e(dé)yl_qolumn chiongaéog_rap’hy then

1.8 , FRRIpyRlin 2 IR '
Iongl(eﬁ/?uwlfl:ﬁl)lLl(}%m%l(&M Il 12{!1151 %33 %ﬂﬁﬁ%h&@& 06

mbwm@2 Zyct ] grmige G81-p ma-0.-8pmmal, 66,2 Fyigld) asp Wlotvfohd
3 85@0ntalzm%22 aml?lo %301'&1’;1 @rldﬁ%qm urQ?) Mg (L?(’fl/“l\/f% rEE. =r0 65 [M+H]*

3.033¢20H, br. s.), 2 78 (2 H, br s ), 2. 66(2 H t,
J=7.17 Hz), 2.06(1 H, br. s.), 1.91 (1 H, br. s.),

1.39 - 1.67 (3 H n) 52 . 2.05 351.2 1H NMR (500 MHz,
DVBESKB 6 Py R19id0n2-g1-4H 1 topasp@opyazple8B3 -bi@clof A2 Metarg-2-amine

7.53 - 7.64(1 H m, 3.88 (1 H, d,N_j:1O. 07 Hz), 3.63
(1 H d, 1=10.07 Hz), 2.98- 3. 2 M m, 2.72 - 2.87
(2 H m, 2.66 (2 H t, JFH.AEKHN2.07(1 H, br. s.),
1.92(1 H, br. s.), 1.42 @5\5/%3 H m Exanpl e
I0Nunber Rl LCI\/ISRT(m'n)i lon [M+ Hr 11l NAIR
To N-(6-bromopyridin-2-yl)-4H-1'"-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (291 mg, 0.86 mmol) in methanol (20 mL) was
hydrogenated over 10% palladium on carbon (23 mg) in the Parr apparatus for 2
hours. The catalyst was removed by filtration and the filtrated concentrated in vacuo.
15  The residue was purified by column chromatography (0.7% ammonium hydroxide /
6.3% methanol / 93% chloroform) to give racemic N-(pyridin-2-yl)-4H-1'-
azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine (41.3 mg, 0.16 mmol, 18.6 5
yield). "H NMR (500 MHz, MeOD) & ppm 8.13 - 8.33 (m, 1 H), 7.57 - 7.72 (m, 1 H),
6.83 -7.04 (m, 2 H), 3.97 (d, /=10.07 Hz, 1 H), 3.66 (d, /~10.07 Hz, 1 H), 3.18 -
20  3.27 (m, 1 H),3.03-3.14 (m, 1 H), 2.94 (t, /=7.63 Hz, 2 H), 2.70 - 2.90 (m, 2 H),
2.06 - 2.24 (m, 2 H), 1.57 - 1.87 (m, 3 H). MS (LC/MS) R.T. = 1.76; [M+H]" =
259.25.
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1H NMR (500 MHz, DVsQd6) 6 ppm 9.03 (s, 1 H), 7.65
(d, 1=8.55 Hz, 1 H), 7.19(d, 1=2.44 Hz, 1 H), 6.82
W@ 2i9/131926 J=8. 70, 2.59 Hz, 1 H), 3.90 53 . 1. 8BCBYS2089/041076

(d, J=10.07 Hz, 1 H), 3.79 (s, 3 H), 3.64 (d, J=10
Hz, 1 H, 3.04 (d, J=2.44 Hz, 2 H), 2.75 -Iz%ﬁp“
(m 2 H, 2.67 (t, J=7.78 Hz, 2 H), 2.07 (s, 1 H),
1.92 (s, 1 H), 1.55- 1.63 (m 2

EXAMPLE 20

N-(4-(4-Methoxyphenyl)thiazol-2-yl)-4H-1'-azaspiro[oxazole-5,3 -
bicyclof2.2.2]octan]-2-amine

O—

N
!

4

)
. AT

Step A: N-(5-(4-Methoxyphenyl)thiazol-2-yl)- 1 H-imidazole- 1-carbothioamide
O,
-~

\
S

S
| )—NH
N )=s
N
[y
N
To 5-(4-methoxyphenyl)thiazol-2-amine (1.07 g, 5.19 mmol) in acetonitrile
10 (30 mL) and tetrahydrofuran (5 mL) was added di(1H-imidazol-1-yl)methanethione
(1.20 g, 6.74 mmol). The reaction was stirred at 60 °C for 18 hours. The reaction
was cooled to room temperature and the precipitate was filtered. The powder was
washed with cold acetonitrile (2 x 15 mL) and dried to yield N-(5-(4-
methoxyphenyl)thiazol-2-yl)-1H-imidazole-1-carbothioamide (0.59 g, 1.86 mmol,

15  35.9 % yield) as a orange-brown powder. The product was taken directly to the next

step without any further characterization.

Step B: (3-Hydroxy-3-((3-(4-(4-methoxyphenyl)thiazol-2-yl)thioureido)methyl)-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate

+ ~ O
S ¢ = W
20 BHy’ s S

To N-(4-(4-methoxyphenyl)thiazol-2-y1)-1H-imidazole-1-carbothioamide

(0.57 g, 1.82 mmol) in N,N-dimethylformamide (20 mL) was added (3-
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H, 1.49 (dd, J=9.77, 2.75 Hz, 1H) 1H NMR (500
MHz, DMSO- d6) 6 ppm8.83 (s, 1 H), 7.37 (d
wd 2009800, 1 H), 7.14 (t, J=7.93 Hz, 1 H)PCBUSB09/041076

(d.

J=7.93 Hz, 1 H), 3.89 -3.95 (m 4 H, ?'1§$PCT
J=10.07 Hz, 54 4. 1.23 345.2 1 H), 3.00 - 3.08'

2 H, I s

10

15

20

25

(aminomethyl)-3-hydroxy-1-ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (0.31
g, 1.82 mmol). The reaction was stirred at 60 °C for 4 hours. The reaction was
cooled and concentrated to yield crude product. The crude material was purified via
flash chromatography (60-100% ethyl acetate-hexane) yielding the first spot/fractions
(TLC) as the product. The fractions were combined and concentrated in vacuo to
yield (3-hydroxy-3-((3-(4-(4-methoxyphenyl)thiazol-2-yl)thioureido)methyl)-1-
ammoniobicyclo[2.2.2]octan-1-yDtrihydroborate (0.6 g, 1.43 mmol, 79 % yield) as a
white powder. "H NMR (500 MHz, DMSO-ds) & ppm 11.74 (s, 1 H), 7.91 (d, J=8.55
Hz, 2 H), 7.43 (s, 1 H), 6.97 (d, J/=8.85 Hz, 2 H), 5.50 (s, 1 H), 3.62 - 3.98 (m, 5 H),
2.70 -3.10 (m, 6 H), 2.13 (s, 1 H), 1.94 (s, 1 H), 1.66 - 1.91 (m, 2 H), 1.11 - 1.62 (m,
4 H). MS (LC/MS) R.T. =3.54; [M+H]" = 417.1.

Step C: (2-(4-(4-Methoxyphenyl)thiazol-2-ylamino)-4H-1"-ammoniospirofoxazole-
5,3"%bicyclof2.2.2]octane]-1"-yl)trihydroborate
O~

B
HN/<S
A
L
BH;

To (3-hydroxy-3-((3-(4-(4-methoxyphenyl)thiazol-2-yl)thioureido)methyl)-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (0.59 g, 1.41 mmol) in N,N-
dimethylformamide (20 mL) was added N,N'-diisopropylcarbodiimide (0.66 mL,
4.23 mmol). The reaction was stirred at 70 °C for 24 hours. The solvent was
removed in vacuo and the residue was purified by flash chromatography (50-100%
ethyl acetate-hexanes), collecting the first component as the product, to yield (2-(4-
(4-methoxyphenyl)thiazol-2-ylamino)-4H-1"-ammoniospiro[oxazole-5,3'-
bicyclo[2.2.2]octane]-1'"-y)trihydroborate (0.45 g, 1.17 mmol, 83 % yicld) as a white
powder. 'HNMR (500 MHz, DMSO-ds) & ppm 8.65 (s, 1 H), 7.89 (d, J=7.32 Hz, 2
H), 7.15 - 7.43 (m, 1 H), 6.95 (d, J/=8.85 Hz, 2 H), 3.64 - 3.93 (m, 5 H), 3.23 - 3.31
(m, J/=1.53 Hz, 1 H), 3.09 - 3.21 (m, 1 H), 2.99 - 3.09 (m, 1 H), 2.79 - 2.97 (m, 3 H),
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2.76 - 2.85 (m 2 H, 2.67 (t, J=7.78 Hz, 2 H),
2.08 (s, 1 H, 1.93 (d, J=3.66 Hz, 1 H), 1.60

W@ oibd/13192615. 26, 6.87, 3.20 Hz, 2 H, 1.50 ¥dous2009/041076
J=7.48, 5.19, 2.59 Hz, 1 H) Exanpl e Nun‘oerNQ1163 PCT
LCMS RT (nin) LOS lon [M+ H Il NAIR 1H N
(500 MHz, DVMSO d6) 6ppm 8.89 (s, 1 H, 7.40

10

15

20

25

2.25(s, 1 H), 1.96 - 2.16 (m, 1 H), 1.68 - 1.91 (m, 3 H), 1.45 (s, 3 H). MS (LC/MS)
R.T. = 2.80; [M+H-BH;]" = 371.1.

Step D: N-(4-(4-Methoxyphenyl)thiazol-2-yl)-4H-1"-azaspirofoxazole-5, 3'-
bicyclof2.2.2]octan]-2-amine
O—

AR
-4

T s
AT

To (2-(4-(4-methoxyphenyl)thiazol-2-ylamino)-4H-1"-ammoniospiro[oxazole-
5,3"-bicyclo[2.2.2]octane]-1'-y)trihydroborate (0.41 g, 1.07 mmol) in acetone (9 mL)
was added 3M HCI (0.36 mL, 1.07 mmol). The reaction was stirred at room
temperature for 4 hours. The reaction was complete by TLC (lower spot). Ethyl
acetate was added and the aqueous layer was then separated. The aqueous layer was
neutralized with 1N sodium hydroxide. The product was extracted with ethyl acetate
(2 x 40 mL). The organics were combined, dried with magnesium sulfate, filtered,
and concentrated in vacuo to afford racemic N-(4-(4-methoxyphenyl)thiazol-2-yl)-
4H-1'-azaspiro[oxazole-5,3'-bicyclo[2.2.2]octan]-2-amine (0.3 g, 0.77 mmol, 72.1 %
yield) as a white powder. 'H NMR (500 MHz, DMSO-ds) & ppm 8.56 (s, 1 H), 7.77 -
8.00 (m, J/=8.55 Hz, 2 H), 7.27 (s, 1 H), 6.80 - 7.08 (m, 2 H), 3.87 (d, /=9.77 Hz, 1
H), 3.79 (s, 3 H), 3.61 (d, /=9.77 Hz, 1 H), 3.02 (s, 3 H), 2.60 - 2.92 (m, 4 H), 2.06
(s,2H), 1.82-2.00 (m, 1 H), 1.39 - 1.70 (m, 3 H). MS (LC/MS) R.T. =1.95;
[M+H]" =371.2.

The enantiomers were separated using a Chiralpak AD-H (30 x 250mm, 5um)
column with a mobile phase consisting of 30% methanol (0.1% DEA) in CO,. The
wavelength was set at 220 nM. The separated peaks were concentrated in vacuo to
yield white powders. The first peak off the column was (S)-N-(4-(4-
methoxyphenyl)thiazol-2-y1)-4H-1'-azaspiro[ oxazole-5,3"-bicyclo[2.2.2]octan]-2-
amine (0.035 g, 0.09 mmol, 22.87 % yield). 'H NMR (500 MHz, DMSO-ds) & ppm
8.56 (1 H, br. s.), 7.86 (2 H, d, /=8.55 Hz), 7.25 (1 H, s), 6.93 - 6.96 (2 H, m), 3.86 (1
H, d, /=9.77 Hz), 3.78 (3 H, s), 3.60 (1 H, d, /=9.46 Hz), 3.01 (2 H, 5), 2.72 - 2.84 (2
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(s,

1 H, 7.22 (s,

H, 3.87 (d, \o 1=10.07 Hz, 1

1 3
H, 3.79 (d, J=8.55 Hz, 6 H), 3.62 (d, 55 4, 1.72
W@2®923132610. 07 Hz, 1 H), 2.99- 3.07 1| s ( m PQI/B82009/041076
2.75 -2.84 (m 2 H, 2.67 (t, J=7.63 Hz, 2 H),
2.06 (s, 1 H, 1.93 (s, 1 H, 1.56 - 1. 64 (3 PCT
2 H, 1.46- 1.55 (m 1H

10

15

20

25

H, m), 2.62 - 2.71 (2 H, m), 2.05 (1 H, br. s.), 1.91 (1 H, br. s.), 1.55 - 1.64 (2 H, m),
1.44 - 1.52 (1 H, m). MS (LC/MS)R.T.=2.03; [M+H]" =371.3. The second peak
was (R)-N-(4-(4-methoxyphenyl)thiazol-2-yl)-4H-1'-azaspiro[ oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (0.055 g, 0.15 mmol, 35.9 % yield). (21b, R-isomer):
'H NMR (500 MHz, DMSO-ds) & ppm 8.58 (1 H, br. s.), 7.87 (2 H, d, /=8.55 Hz),
7.26 (1 H,),6.92-6.97 (2H, m), 3.86 (1 H, d, /=9.77 Hz), 3.78 (3 H, s), 3.60 (1 H,
d, /=9.77 Hz), 3.01 (2 H, s), 2.73 - 2.85 (2 H, m), 2.63 - 2.71 (2 H, m), 2.05 (1 H, br.
s.), L91 (1 H,br.s.), 1.54-1.64 (2H, m), 1.43 - 1.53 (1 H, m). MS (LC/MS)R.T. =
2.03; [M+H]"=371.3.

EXAMPLE 21
(R)-N-(2-(4H-1'"-Azaspiro[oxazole-5,3"-bicyclo[2.2.2] octane]-2-
vlamino)benzo[d]thiazol-6-yl)acetamide

Sy A
o~ L
[N ", N o)

Step A: (3-((Benzyloxycarbonylamino)methyl)-3-hydroxy-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate

|
BH3

To (3-(aminomethyl)-3-hydroxy-1-ammoniobicyclo[2.2.2]octan-1-
yDhtrihydroborate (10 g, 47.0 mmol) in dichloromethane (150 mL) was added sodium
carbonate (200 mL, 200 mmol) and benzyl chloroformate (9.5 mL, 66.5 mmol). The
reaction mixture was stirred at room temperature for 40 minutes. Dichloromethane
and water were added and the aqueous layer was then separated and extracted again
with dichloromethane (2x). The organic layers were combined, dried over sodium
sulfate, filtered and concentrated. The residue was purified via flash chromatography
(12-100% ethyl acetate-hexanes). The product fractions were combined and
concentrated to yield racemic (3-((benzyloxycarbonylamino)methyl)-3-hydroxy-1-
ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (3 g, 9.86 mmol, 20.96 % yicld) as
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1H

NVR (500 MHz, DMBSO dé) 6 ppm8.75 (s, 1 H),

7.84 (dd, J=7.93, 1.53 Hz, 3 H, 56 2.14 342.1
w(Q@2008/131976 53 (m 5 H), 3.85 (d, 1=9.77 Hz, 2 HCT/BSH09/041076

(d,
- 3.
H),

10

15

20

25

30

NN, a. . J=10.07 Hz, 2 H), 3.01
09 S (m 3 H, 2.84 (t, J=7.78 Hz, 3 H163PCT
2.67 (t, J=7.78 Hz, 3 H),

a clear oil. 'H NMR (400 MHz, CDCls) & ppm 7.30 - 7.43 (5 H, m), 5.27 (1 H, br.
s.), 5.12(2H,s),3.36 (2 H, d, /=6.04 Hz), 2.76 - 3.21 (6 H, m), 2.21 (1 H, br. s.),
1.97 (1 H, br.s.), 1.71 - 1.86 (2 H, m).

The enantiomers were separated using a Chiralpak OJ-H (5 x 25) column with
a mobile phase consisting of 20% acetonitrile/methanol (1:1) in CO,. The
wavelength was set at 210 nM. The first peak off the column was (R)-(3-
(aminomethyl)-3-hydroxy-1-ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (37.67
g, 123 mmol) as a colorless oil. Optical rotation: +28.2, ¢=2.9 in chloroform. The
second peak off the column was (S)-(3-((benzyloxycarbonylamino)methyl)-3-
hydroxy-1-ammoniobicyclo[2.2.2]octan-1-yl)trihydroborate (46.82 g, 153 mmol) as a
light amber oil. Optical rotation: -27.4, c=2.5 in chloroform.

Step B: (S)-3-(Aminomethyl)quinuclidin-3-ol, 2 HCI

OH

A solution of (S)-(3-((benzyloxycarbonylamino)methyl)-3-hydroxy-1-
ammoniobicyclo[2.2.2]octan- 1-y)trihydroborate (20.5 g, 67 mmol) in
acetone (120 mL) was cooled on an ice bath. 3M Aqueous HCI (120 mL, 360 mmol)
was added over 2 minutes. Vigorous bubbling was observed. After 10 minutes, the
cold ice bath was removed and the mixture was allowed to warm to room
temperature. After 20 minutes, it was diluted with methanol (800 mL) and flushed
with nitrogen. Palladium on carbon (2 g, 1.88 mmol) was added and the reaction was
flushed with nitrogen and fitted with balloon of hydrogen. The reaction mixture was
stirred at room temperature overnight. It was then flushed with nitrogen and filtered
through a pad of Celite using methanol. The solvent was evaporated to yield a crude
yellow solid. The solids were dissolved in water (25 mL), then ethanol (400 mL) was
added. White crystals formed immediately. They were collected by filtration and
washed with ethanol, followed by ether. A white crystalline solid was obtained, (S)-
3-(aminomethyl)quinuclidin-3-ol, 2 HC1 (10.7 g, 46.7 mmol, 69.3 % yield). 'H NMR
(500 MHz, DMSO-ds) 6 ppm 10.93 (1 H, br. s.), 8.24 (3 H, br. s.), 6.02 (1 H, s), 3.26
(1H,d, /<1343 Hz),2.99-3.22 (5H, m), 2.10-2.19 (2 H, m), 1.81 - 1.90 (1 H, m),
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2.09 (s, 2 H, 1.91 - 1.99 (m 2 H, 1.53 - 1.62

(m 3 H Exanpl e Nunmber RI LCMS RT (mn) LOS lon [M
WG-20489/131926 NAI R 1H NVR (400 MHz, DMSO- 4) 6PEPIS®0O641076

(1 H br. s.), 7.86(1 H, d,1=1.51 Hz), 7.60

H d,1=8.06 Hz), 7.36 (1 / N H dd, J=8.31, 1.1716%{‘331LPCT

Hz), 3.90 \

1.72 - 1.81 (1 H, m), 1.60 - 1.72 (1 H, m). Optical rotation: [o.]*’p =-50.9° (c=6.4,

water).
Step C: N-(2-(1H-Imidazole-1-carbothioamido)benzo[d]thiazol-6-yl)acetamide

N
™ H

i
NH
5 © N

To N-(2-aminobenzo[d]thiazol-6-yl)acetamide (4 g, 19.3 mmol) in
acetonitrile (100 mL) was added di(1H-imidazol-1-yl)methanethione (3.44 g, 19.30
mmol). The reaction was allowed to stir at 80 °C overnight. The reaction was cooled
to room temperature and the precipitate was filtered. The product, N-(2-(1H-
10 imidazole-1-carbothioamido)benzo[d]thiazol-6-yl)acetamide (3.6 g, 11.34 mmol,
58.8 5 yield), was taken directly to the next step without any further purification.

Step D: (R)-N-(2-(4H-1"-Azaspirofoxazole-5,3"-bicyclo[2.2.2]octane]-2-
vlamino)benzo[d]thiazol-6-yl)acetamide

PN
o~ L
[N ", N o)

To N-(2-(1H-imidazole-1-carbothioamido)benzo[d]thiazol-6-yl)acetamide
(300 mg, 0.95 mmol) in N,N-dimethylformamide (10 mL) was added (S)-3-

15

(aminomethyl)quinuclidin-3-ol, 2 HCI (238 mg, 1 mmol) and triethylamine (0.39
mL, 2.84 mmol). The reaction was heated to 80 °C for 3 hours. N,N'-

20  diisopropylcarbodiimide (0.59 mL, 3.78 mmol) was then added to the reaction
mixture. The mixture was heated at 80 °C for another 2 hours. The reaction was
cooled, then chloroform and water were added to the mixture. The organic layer
concentrated in vacuo to yield crude product. The crude material was purified via
flash chromatography (2-20% [10% ammonium hydroxide/methanol-chloroform).

25  The product fractions were then triturated with ether to yield (R)-N-(2-(4H-1'-
azaspiro[oxazole-5,3"-bicyclo[2.2.2]octane]-2-ylamino)benzo[d]thiazol-6-
yl)acetamide (144.5 mg, 0.39 mmol, 41.2% yield) as a white solid. "H NMR (300
MHz, DMSO-dg) & ppm 9.98 (1 H, s), 8.93 (1 H, br. s.), 8.12 (1 H, d, /=1.83 Hz),
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(1 H d, J=10.07 Hz), 3.65 (1 57 . 1.04 386.2 H, d,

J=10.07 Hz), 3.03 (2 H s), 2.97(6 H s), 2.72 -
WQ2®39/1§1226 H m, 2.66 (2 H t, J=7.68 H2QT/US2009/041076

2.07(1 H, br. s.), 1.92 (1 H br. s.), 1.55 -

1.64(2 H m, 1.44- 1.54(1 H 1H NVR (4blg63 PCT

MHz, DVSO- 4) 6 ppm9.06 (1 H, br. s.), 7.83

(1 H d J=1.51 Hz), 7.61
7.52 (1 H, d, J=8.42 Hz), 7.38 (1 H, dd, J=8.60, 2.01 Hz), 3.88 (1 H, d, /=9.88 Hz),
3.62 (1 H, d, J/=9.88 Hz), 3.02 (2 H, 5), 2.74 - 2.85 (2 H, m), 2.66 (2 H, t, /=7.68 Hz),
2.05 (4 H,s),1.91 (1 H, br. s.), 1.41 - 1.64 (3 H, m). MS (LC/MS) R.T. = 1.55;
[M+H]* =372.2.

5
EXAMPLE 22
(R)-N-(6-(Difluoromethoxy)benzo[d]thiazol-2-yl)-4H-1"-azaspiro[oxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine
ot A
LT
10

Step A: 6-(Difluoromethoxy)benzof[d]thiazol-2-amine

O
2
N S

To 4-(difluoromethoxy)aniline (9.55 g, 60 mmol) in acetic acid (90 mL) was

added potassium thiocyanate (KSCN) (12.41 mL, 240 mmol). The mixture was

15  stirred for 20 minutes (KSCN dissolved into solution). To this mixture bromine (3.08
mL, 60.0 mmol) in acetic acid (40 mL) was added dropwise over 20 minutes. The
reaction was stirred at room temperature overnight. It was poured into a mixture of
800 ml ice water and 200 ml saturated ammonium hydroxide. The product was
extracted with ethyl acetate (5x). The organics were combined, washed with brine,

20  dried over sodium sulfate, filtered and concentrated i»n vacuo to afford 6-
(difluoromethoxy)benzo[d]thiazol-2-amine (12.6 g, 52.4 mmol, 87 % yield) as a

yellow solid.

Step B: N-(6-(Difluoromethoxy)benzo/d] thiazol-2-yl)-1H-imidazole-1-

25  carbothioamide
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(1 H d,1=8.31 Hz), 7.32 (1 H, dd, J=8.31, 1.76

Hz), 3.90 (1 H d, J=10.07 Hz), 3.65 (1 58 . 1.57
wa299231%6 d, J=10.07 Hz), 3.37 - 3.57 (4 HCTS2009/041076

3.04(2 H, d, J=1.76 Hz), 2.73 -2.86 (2 H m, 121.1%§PCT

(2 H t, J=7.68 Hz), 2.07 (1 H, d, J=2.52 Hz),

1.92(1 H, dd, J=8.18, 5.67 Hz), 1.43 - 1.67

10

15

20

25

To 6-(difluoromethoxy)benzo[d]thiazol-2-amine (0.5 g, 2.3 mmol) in
acetonitrile (15 mL) was added 1,1'-thiocarbonyldiimidazole (0.49 g, 2.8 mmol). The
reaction was stirred at 70 °C overnight. The reaction was cooled to room temperature
and the precipitate was filtered to yield N-(6-(difluoromethoxy)benzo[d]thiazol-2-yl)-
1H-imidazole-1-carbothioamide (500 mg, 1.53 mmol, 66.3 % yield) as a yellow

solid.

Step C: (R)-N-(6-(Difluoromethoxy)benzo/d]thiazol-2-yl)-4H-1"-azaspiro[oxazole-
5,3"%bicyclo[2.2.2]octan]-2-amine

N F
ads)
O—'\< S OJ\F
ANAZS N

To a solution of N-(6-(difluoromethoxy)benzo[d]thiazol-2-yl)-1H-imidazole-
1-carbothioamide (285 mg, 0.87 mmol) in N,N-dimethylformamide (5 mL) was
added (S)-3-(aminomethyl)quinuclidin-3-ol, 2 HCI (200 mg, 0.87 mmol) and
triethylamine (0.4 mL, 2.87 mmol). The reaction was heated to 70 °C for 2 hours.
N,N'-diisopropylcarbodiimide (0.4 mL, 2.57 mmol) was then added to the reaction
mixture. The mixture was heated at 70 °C for another 3 hours. It was cooled and
then poured into toluene/0.3M sodium hydroxide. The product was extracted with
toluene (4x) and chloroform (3x). The organics were combined, washed with water
(3x), dried over sodium sulfate, filtered and concentrated in vacuo to yield crude
product. The crude material was purified via flash chromatography (2-20% [10%
ammonium hydroxide/methanol]-chloroform) to afford (R)-N-(6-
(difluoromethoxy)benzo[d]thiazol-2-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (186.2mg, 0.49 mmol, 55.5 % yield) as a white powder.
M.P. 223-5°C. "H NMR (500 MHz, DMSO-de) & ppm 8.99 (1 H, br. s.), 7.69 (1 H,
d, /<2.75Hz), 7.61 (1 H, d, /=8.55 Hz), 7.02 - 7.34 (2 H, m), 3.89 (1 H, d, /=10.07
Hz), 3.64 (1 H, d, /=9.77 Hz), 3.03 (2 H, d, /=2.44 Hz), 2.73 - 2.86 (2 H, m), 2.62 -
2.70 (2 H,m),2.07 (1 H, br.s.), 1.92 (1 H, br. s.), 1.54 - 1.65 (2 H, m), 1.44 - 1.53 (1
H, m). MS (LC/MS) R.T. = 1.43; [M+H]" = 331.1.
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(9 H m Exanpl e Nunber RI LCMS RT (mn) LOS lon [M

( H Il NAIR 1H NMR (500 MHz, DAl SO D6) 8
wW@pw83Pas (s, 1 H), 7.86 27.92 (m 2 H), 7rGLUSDISTH076
(m 2 H, 3.85 (d, J=9.77 Hz, 1 H), 3.60 (d,

J=9.77 Hz, 1 59 Ne E' Niis )1, 2.17 360.1 H), 3.00!H63PCT
3.09(m 2 H, 2.84 LzZ,8 (t, J=7.48 Hz, 2 H), 2.67
(t,

EXAMPLE 23
(R)-N-(6-Methoxypyrimidin-4-yl)-4H-1"-azaspirofoxazole-5,3"-bicyclof2.2.2]octan]-

2-amine
O_
HN—\ N
o~ N7
N
[N v/

Step A: 4-Isothiocyanato-6-methoxypyrimidine

SN
To a bright orange solution of 1,1'-thiocarbonyldipyridin-2(1H)-one (1.86 g,
7.99 mmol) in dichloromethane at room temperature was added 6-methoxypyrimidin-
10 4-amine (1 g, 8 mmol). The orange solution was stirred at room temperature for 18
hours. The LC/MS showed the desired product as one of the major peaks. The deep
orange solution was concentrated and the remaining residue was filtered. The filtrate
was purified by silica gel chromatography (10-50% ethyl acetate/hexanes) to afford
4-isothiocyanato-6-methoxypyrimidine (0.72 g, 4.3 mmol, 54 % yield) as a yellow
15 oil. "HNMR (400 MHz, DMSO-ds) & ppm 8.49 (1 H, d, ]=5.79 Hz), 6.95 (1 H, d,
J=5.79 Hz), 3.92 (3 H, s). MS (LC/MS) R.T. =3.15; [M+H]" = 168.1.

Step B: (R)-N-(6-Methoxypyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

O—
HN—(:<N
0~ N
N
20 [N 74

To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (from Step B of
Example 21) (0.34 g, 1.49 mmol) in N,N-dimethylformamide (15 mL) was added
Cs,CO;5 (1.22 g, 3.74 mmol) and 4-isothiocyanato-6-methoxypyrimidine (0.25 g, 1.5
mmol). The suspension was stirred at room temperature for 30 minutes. N,N’-

25  diisopropylcarbodiimide (0.7 mL, 4.5 mmol) was then added and the mixture was

115



J=7.32 Hz, 2 H), 2.09 (d, J=1.83 Hz, 1 H), 1.89 -

1.98 (m 1H, 1.55- 1.61 (m 2 H, 1.51 -
wda2@4/1819p6 J=11.29 Hz, 1 H) 1H NMR ( 500PQ#AES$2009/041076

DAl SO D6) 8 ppm7.87 (s, 1 H), 7.01 (d’1=ﬁ1'19?PCT

Hz, 1 H), 6.68 (dd, 1=3.51, 1.68 Hz, 1 H), 3.8

.-N'N

stirred at room temperature for 18 hours. The mixture was concentrated and purified
by silica gel chromatography (5-15 % [9:1 methanol:ammonium
hydroxide]/chloroform) to afford (R)-N-(6-methoxypyrimidin-4-yl)-4H-1'-
azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine (0.21 g, 0.72 mmol, 48.2% yield)

5  asa white solid. M.P. 186-8 °C. 'H NMR (400 MHz, MeOD) & ppm 8.40 (1 H, s),
6.17 (1 H, br. s.), 3.92-4.04 (1 H, m), 3.89 (3 H, s), 3.68 (1 H, d, /~10.32 Hz), 3.12 -
3.23 (1 H, m), 2.98-3.12 (1 H, m), 2.67 - 2.97 (4 H, m), 2.11 (2 H, br. s.), 1.48 - 1.82
(3 H, m). MS (LC/MS) R.T. =0.82; [M+H]" = 290.3.

10 EXAMPLE 24
(R)-N-(6-Methoxy-[1,2,4]triazolo[ 1,5-a]pyridin-2-yl)-4H-1"-azaspiro[oxazole-5, 3'-
bicyclof2.2.2]octan]-2-amine
|
N\ \ O
< )
o~ N F

[N "’//N

15 Step A: 5-Methoxypyridin-2-amine ethoxycarbonyl thiourea

To 5-methoxypyridin-2-amine (5g, 40 mmol) in dioxane (40 mL) was added
ethoxycarbonyl isothiocyanate (5.23 mL, 44.3 mmol). The reaction mixture was
stirred at room temperature overnight. The mixture was concentrated in vacuo to

20  afford 5-methoxypyridin-2-amine ethoxycarbonyl thiourea (10.28 g, 40.3 mmol, 100
% yield). "H NMR (300 MHz, DMSO-ds) & ppm 12.03 (1 H, br. s.), 11.37 (1 H, br.
s.), 8.53 (1 H, br. s.), 8.11 (1 H, d, /=2.93 Hz), 7.50 (1 H, dd, /=8.97, 3.11 Hz), 4.22
(2H,q,/=7.07Hz),3.84 3 H, s), 1.26 (3 H, t, /=7.14 Hz). MS (LC/MS)R.T. =
2.40; [M+H]" = 256.1.

25
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(d, J=10.38 Hz, 1 H), 3.58 (d, 60 | 332.2 J=10.07 Hz,
1 H), 3.03 (d, J=11.29 Hz, 2 H), 2.78 - 2.86

W@ 200923190q 2. 66 (t, J=7.48 Hz, 2 H)y, 2.06 ¥&T/U20p)/041076
1.87 - 1.96 (m 1 H, 1.55 - 1.61 (m 2 H),
1.51 - 1.54 (m 1 H  Exanple Nunber R LCMVB RT (Mi'fj PCT
LOS lon [M+ H 11l NAIR 61 Br s. 1.83 393.0 1H NMVR
(400 MHz, DMSO- 4) 6 ppm9.02 (1 H, br. s.), 8.04(1 H,

d, 1§t?éj7 %1 gjé[%thox}—ﬁ,%, 4]triazolo[1,5-a]pyridin-2-amine
|

o N
~ "N~
Y»—NH
@N 2

To 5-methoxypyridin-2-amine ethoxycarbonyl thiourea (10.21 g, 40 mmol) in
ethanol (57 mL) and methanol (57 mL) was added hydroxylamine hydrochloride (14
5 g, 200 mmol) and Hunig's Base (21 mL, 120 mmol). The mixture was stirred at room
temperature for 2 hours, and then heated at 60 °C for 4 hours. The reaction was
cooled to room temperature and filtered to remove solids. It was concentrated in
vacuo and then suspended in chloroform. The solids were filtered off to yield 6-
methoxy-[1,2,4]triazolo[1,5-a]pyridin-2-amine (6.05 g, 33.2 mmol, 83 % yield). 'H
10 NMR (300 MHz, DMSO-ds) 6 ppm 8.30 (1 H, d, /=1.83 Hz), 7.24 - 7.32 (1 H, m),
7.16 -7.23 (1 H, m), 5.82 (2 H, br. s.), 3.78 (3 H, s). MS (LC/MS)R.T. =0.53;
[M+H]" = 165.2.
Two grams of 6-methoxy-[1,2,4]triazolo[ 1,5-a]pyridin-2-amine were purified
via flash chromatography (2-20% [10% ammonium
15  hydroxide/methanol]/chloroform) to afford 6-methoxy-[1,2,4]triazolo[1,5-a]pyridin-
2-amine (1.35 g, 8.22 mmol, 67.5 % yield). 'H NMR (300 MHz, DMSO-de) & ppm
8.29 (1 H,d, /<220 Hz), 7.24 - 7.30 (1 H, m), 7.15 - 7.22 (1 H, m), 5.79 (2 H, s),
3.78 3 H, s).

20  Step C: 2-Isothiocyanato-6-methoxy-[1,2,4]triazolo[1, 5-a]pyridine

6 %
= N’N\
- \N>_N

To 6-methoxy-[1,2,4]triazolo[ 1,5-a]pyridin-2-amine (0.3 g, 1.8 mmol) in
dichloromethane (15 mL) was added 1,1'-thiocarbonyldi-2(1H)-pyridone (0.51 g, 2.2
mmol). The reaction was stirred at room temperature overnight, concentrated in

25 vacuo and purified via flash chromatography yielding 2-isothiocyanato-6-methoxy-
[1,2,4]triazolo[1,5-a]pyridine (166 mg, 0.8 mmol, 44 % yield) as a white solid. 'H
NMR (300 MHz, CDClz) 6 ppm 8.03 (1 H, d, /=2.20 Hz), 7.54 (1 H, d, J=9.88 Hz),
7.34 (1 H, dd, J=9.51, 2.56 Hz), 3.88 (3 H, s).
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- 7.53 (1 H m, 7.43 -7.47 (1 H m, 3.88 (1 H d,
J=10.07 Hz), 3.63 (1 H d, J=10.07 Hz), 3.02(2 H, s),
wW@2004/131926 84 (2 H, m, 2.65 (2 H t, J=7.68 |—|21)(:T/251969/041076
(1 H d J=2.52 Hz), 1.89 (1 H br. s.), 1.42 - 1.64 . .
(3 H, m 62 0 1.16 391.1 1H NWVR (400 MHz, DNMBSO- 41
m9.21 (1 H br. s.), 8.40(1 H d, 1=1.51 Hz), 7.80
85(1H m, 7.72 -7.77 (1 H n), 3.92(1 H,

g 832((35;%’)#“2”9%&3(1 6éﬁgi'£70 Oﬂé 5@(9}2@ 2&% ﬁé 80 Hz)

6Zza(9ﬁrdjloxdzole«3%’7b%@clb[&)lﬂact&@(larh‘mebr s.), 1.94(1 H,
d, J=3.27 Hz), 1.45 - 1.66(3 H, Exarrpl e Nunber RI

LCVS RT (min) L(]SIon[M+Hr 63 0, 1.35
329.1 1H NWR (500 MHz, DAIS Mﬁs 54 (s, 1 H,

7.32 (s, 1 H, 3.79 (d H, 3.54 (d,
1=10. 07 Hz, 1 H), 2. 9%&7 (m 2 H, 2.76 -2.85 (m
2H),266(tJ763 2H), 205(s 1 H, 1.87-
1.95 1. 41

1 02 (3219 %ﬁ ?f“ﬁgf? 5%@%20@%&&%@%@6@&078
5 ,ggl?nofﬁ)gn Q\gN dlmé'%ylfo’ﬁmﬁlgldg gﬁnl) dad i@f@@)zﬂﬁﬂoﬁggl)ﬂulhﬂchdm—
2.7%0 &IH@M%@& Oﬁe@mpﬂz an%fﬁ% ?aﬁll@%?o 325y 33 pmoy). e

1. 83eact1011 v slifdd ok 76l C - 13Rur. ¥ I\ﬁ@n@é’ﬁro@/ldﬁ'}boﬁﬁmﬁh (0.86 ml,
2.14 S 380 1H NWR (500 MHz, DWVBCQd6) ppm 8. 93

H , 233 gunal) vyasjgen(aﬁifiedltoilgp Iggctlog npxtuig, Thg mygture gvay geatqi ay40 °C
( m fol= 4|'F|)ours 3the'i_lfscooleﬁ azgp&ﬁ%d 1;1t09aqggous So i B arbdndil/ehiGofSm.

10 The product was!_gxtracted (3x) with chloroform. The combined organics were
washed with water (3x), dried over sodium sulfate, filtered, and concentrated in
vacuo, then purified via flash chromatography (2-20% [10% ammonium
hydroxide:methanol]/chloroform) to yield (R)-N-(6-methoxy-[1,2,4]triazolo[1,5-
aJpyridin-2-yl)-4H-1"-azaspiro-[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine (114.5 mg,

15 0.33 mmol, 42 % yield) as a white powder. 'H NMR (500 MHz, CDCls) & ppm 8.51
(1 H, br.s.), 8.08 (1 H, d, /=2.44 Hz), 7.35 (1 H, d, /=9.77 Hz), 7.18 (1 H, dd,
J=9.46, 2.44 Hz), 3.92 (1 H, d, /=8.85 Hz), 3.84 (3 H, s), 3.58 (1 H, d, /=8.85 Hz),
3.36-3.41 (1 H, m), 2.72 - 3.05 (4 H, m), 2.18 - 2.26 (1 H, m, J/=13.26, 9.98, 3.66,
3.49,3.49 Hz),2.13 (1 H, br. s.), 1.79 (1 H, br. s.), 1.67 - 1.76 (1 H, m, J=13.96,

20  9.84,4.27,4.27 Hz), 1.45 - 1.63 (2 H, m). MS (LC/MS) R.T. = 0.86; [M+H]" =
329.2.

EXAMPLE 25
(R)-N-(5-(Trifluoromethyl)pyrazin-2-yl)-4H-1"-azaspiro[oxazole-5,3 -
25 bicyclof2.2.2]octan]-2-amine

=N
HN—<:)—C;|:3
o~ N7
AT
N
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-3.12 (m 2 H, 2.75-2.90 (m 2 H, 2.61 -2.74 (m
1=1.22 Hz, 2 H), 2.09 (s, 1 H, 1.87- 2.04(m 1 H),
wa 2002131926 76 (m 3 H) Exanpl e Nunber Rl LEIBUSRD09/041076

(nin) LOS lon [M+ H 11l NAIR 1H NVR (500, |, 3 perp
MHz, DNMBO- d6) 6 ppm 9.04 (1 H, d, J=1.22
Hz), 8.44(1 H, br. s.), 7.52 - ci 7.69(2 H m,

3.77 - 3.82 (1
Step A: 5-(Trifluoromethyl)pyrazin-2-amine

Ny ~CFs
HZNJIN/]/
To an ice bath-cooled solution of 5,6-diaminopyrimidin-4-ol (18 g, 143

mmol) in 3M sodium hydroxide (180 mL, 540 mmol), was added 3,3-dibromo-1,1,1-

5 trifluoropropan-2-one (25.2 g, 93 mmol). The reaction was stirred for 3 days at
ambient temperature. The solids were filtered, dissolved in 60% sulfuric acid (140
mL), and stirred at 135 °C for 8 h. The reaction was cooled, poured over ice and
allowed to sit for 16 hours. The solution was neutralized to pH 8 with conc.
ammonium hydroxide and extracted with ethyl acetate (5 X 100 mL), dried over

10  sodium sulfate, filtered and concentrated. The solid residue was recrystallized from

benzene/hexane to afford S-(trifluoromethyl)pyrazin-2-amine (2.28 g, 14 mmol, 15 %
yield). 'H NMR (400 MHz, CDCl3) & ppm 8.32 (1 H, s), 7.99 (1 H, d, /=1.26 Hz),
5.02 (2 H, br. s.). MS (LC/MS) R.T. = 1.56; [M+H]" = 164.03.

15 Step B: (R)-N-(5-(Trifluoromethyl)pyrazin-2-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

—N
HN—<:)—C;|:3
o— N /
ANEe
N

(R)-N-(5-(trifluoromethyl)pyrazin-2-yl)-4H-1'-azaspiro[oxazole-5,3'-

20 bicyclo[2.2.2]octan]-2-amine was prepared by following the general procedures of
Example 23, Steps A-B and using 5-(trifluoromethyl)pyrazin-2-amine (from Step A
above) as the starting material. 'H NMR (400 MHz, CDCI;) & ppm 9.08 (1 H, br. s.),
8.35(1 H,s),832(1 H,5s),3.95(1 H,d, /~9.57 Hz), 3.61 (1 H, d, J/=9.57 Hz), 3.30
(1 H, dd, /~14.86, 1.76 Hz), 2.65 - 2.99 (§ H, m), 2.05- 2.16 (2 H, m), 1.64 - 1.74 (1

25 H,m), 1.42-1.57 (2 H, m). MS (LC/MS) R.T. = 1.06; [M+H]" = 328.30.
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H m, 3.68 (1 H d, J-10.07 66 1.26 333.1 I/

Hz), 3.05 - 3.12 (2 H m, 2.94 - 3.04 (2 H,
WOQ092308% - 2. 91 (2 H m, 2.19 (1 H drCTEL2088041076

Hz), 2.01 (1 H br. s.), 1.67 - 11163 PCT

EXAMPLE 26
(R)-N-(6-Fluoro-1H-indazol-3-yl)-4H-1"-azaspirofoxazole-5,3"-bicyclof2.2.2]octan] -

2-amine

HN-\\ _NH

A
A5

5  Step A: 6-Fluoro-1H-indazol-3-amine

To 2,4-difluorobenzonitrile (1.21 g, 8.70 mmol) was added hydrazine
monohydrate (8.46 mL, 174 mmol). The mixture was heated to reflux for 5 hours
and then poured onto ice. The solution was extracted with ethyl acetate, dried with

10  magnesium sulfate, filtered and concentrated. The residue was purified by column
chromatography (25-100% ethyl acetate/hexane) to afford 6-fluoro-1H-indazol-3-
amine (0.5 g, 3.3 mmol, 38 % yield) as light yellow powder. "H NMR (500 MHz,
DMSO-D6) & ppm 11.42 (s, 1 H), 7.70 (dd, J=8.55, 5.49 Hz, 1 H), 6.97 (dd, /=10.07,
1.83 Hz, 1 H), 6.72 - 6.79 (m, 1 H), 5.40 (s, 2 H). MS (LC/MS)R.T.=0.61; [M+H]"

15 =152.11.

Step B: 6-Fluoro-3-isothiocyanato-1H-indazole

To 6-fluoro-1H-indazol-3-amine (0.32 g, 2.1 mmol) in dichloromethane (15
20  mL) was added 1,1'-thiocarbonyldipyridin-2(1H)-one (0.53 g, 2.30 mmol). The
reaction was stirred at 50 °C for 3 hours. The reaction was cooled to room

temperature and the crude product was purified by column chromatography (25%
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1.85 (3 H m 'Cc 1H NWVR (500 Mz, DMBO d6) 6
ppm 6.72 -7.61 (m 1 H, 3.49 - 3.70 (m 1 H),
W@2B9131926 - 3.46 (m 1 H), 2.86 - 3.06 67 0. 26CRUF2009/041076

(m1=9.46 Hz, 2 H), 2.56 - 2.84 (m 4 H), 2.10, -
2.31 (m 3 H, 1.91 -2.10 (m 4 H), 1.70 (S164PCT
H, 1.49- 1.61 (m 2

10

15

20

25

cthyl acetate/hexanes) to afford 6-fluoro-3-isothiocyanato-1H-indazole (0.30 g, 1.53
mmol, 73.0 % yield) as a light yellow powder. "H NMR (500 MHz, DMSO-D6) &
ppm 13.39 (s, 1 H), 7.78 (dd, /=8.85, 4.88 Hz, 1 H), 7.41 (dd, /=9.31, 1.68 Hz, 1 H),
7.14 (td, J=9.16, 1.83 Hz, 1 H). MS (LC/MS) R.T. = 3.69; [M+H]" = 194.07.

Step C: (R)-N-(6-Fluoro-1H-indazol-3-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN \N
o/\<
N
[
N
To 6-fluoro-3-isothiocyanato-1H-indazole (0.20 g, 1.04 mmol) in DMF (15
mL) was added triethylamine (0.43 mL, 3.11 mmol) and (S)-3-

_NH

(aminomethyl)quinuclidin-3-ol dihydrochloride (0.26 g, 1.14 mmol) at room
temperature. The reaction was stirred at 70 °C for 2 hours. The reaction was cooled
to room temperature and treated with N,N'-diisopropylcarbodiimide (0.48 mL, 3.11
mmol). The reaction was then heated to 70 °C for 2 hours. The reaction was cooled
to ambient temperature and concentrated. The crude product was purified by column
chromatography (85% chloroform, 14% methanol, 1% ammonium hydroxide) to
afford (R)-N-(6-fluoro-1H-indazol-3-yl)-4H-1"-azaspiro[ oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (0.22 g, 0.66 mmol, 64 % yicld) as a white powder. 'H
NMR (500 MHz, DMSO-D6) 6 ppm 12.16 (s, 1 H), 8.00 (s, 1 H), 7.59 - 7.67 (m, 1
H), 7.09 (dd, /=9.77,2.14 Hz, 1 H), 6.81 - 6.88 (m, 1 H), 3.81 (d, /=9.16 Hz, 1 H),
3.56 (d, /=8.85 Hz, 1 H), 3.00 (s, 2 H), 2.78 (s, 2 H), 2.67 (t, J/=7.32 Hz, 2 H), 2.01
(d, /=2.44 Hz, 1 H), 1.92 (s, 1 H), 1.59 (d, /=5.80 Hz, 2 H), 1.46 (s, 1 H). MS
(LC/MS) R.T. = 1.44; [M+H]" = 316.16.
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H, 1.36- 1.49 (m 1 H) 1H NMR (500 MHz, DMBO

dé) 6 ppm7.55 (s, 1 H), 5.63 (s, 1 H, 3.57 -
W®@2004/181926 68 (--) -2 I N N \ 0.44 276. 2 1=8.BGI/b&2004041076

H, 3.48 (s, 3 H, 2.96 (s, 2 H, 2.72 - 2.88 (m 121163PCT

EXAMPLE 27
(R)-N-(Furo[3,2-c]/pyridin-4-yl)-4H-1"-azaspiro[oxazole-5,3"-bicyclo[2.2.2 ] octan]-2-

amine
7 0
HN
\
o~ W7

[N 2%

S5 Step A: Furo[3,2-c]pyridin-4-amine

NH,

/|\N
O /

To 4-chlorofuro[3,2-c]pyridine (1 g, 6.5 mmol) in toluene under nitrogen was
added racemic BINAP (0.243 g, 0.4 mmol) , Pdy(dba); (0.12 g, 0.13 mmol) and
sodium zert-butoxide (0.88 g, 9.1 mmol). Benzophenoneimine (1.3 mL, 7.81 mmol)

10 was added and the mixture was heated to 80 ° C for 3 h and cooled to room
temperature. The reaction mixture was diluted with ether, filtered through Celite, and
washed with ether. The filtrate was concentrated and the deep orange residue was
taken up in methanol (90 ml) and treated with hydroxylamine (1.2 mL, 19.5 mmol).
The mixture was stirred at ambient temperature for 18 h and concentrated. The

15  residue was purified by column chromatography (95-100 % ethyl acetate/hexanes) to
afford furo[3,2-c]pyridin-4-amine (776 mg, 5.79 mmol, 89 % yield) as a deep orange
solid. MS (LC/MS) R.T. = 0.51; [M+H]" = 135.02.

Step B: (R)-N-(Furo[3,2-c[pyridin-4-yl)-4H-1'-azaspiro[oxazole-5,3'-
20 bicyclof2.2.2]octan]-2-amine

HN
N/
o~
[N "’//
(R)-N-(Furo[3,2-c]pyridin-4-y1)-4H-1"-azaspiro[ oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was prepared by following the general procedures of

Example 23, Steps A-B using furo[3,2-c]pyridin-4-amine (Step A above) as the
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H, 2.65 (s, 2 H, 1.93 - 2.17 (m 4 H), 1.86
(s, 1 H, 1.57 (s, 3 H Exanpl e Nunber Rl
WO BB 1RD2{nin) LOS lon [M+ H [11 NAIR 69 0 RCH/US2008041076
sr 1.35 339.1 1H NMR (500 MHz, DVBQJ6) 6 ppm 7. 87 glq -
J=6.71 Hz, 1 H), 7.80 (d, J=7.02 Hz, 2 H), 7.42 - 7158
(m 4 H), 3.49 - 3.57 (m 1 H), 3.25 -3.33 (m 4H)
2.77 (t. J1541Hz 2H) 259-268(m 1 H)

-2.5 15 H), '

1% ot g R (000 GG VgDt 0847 By Jﬁfﬁ%fﬂ 2
( 30@1 WHe J= Pb/fggﬂ%)) 6©9DprIB%2 PA0m(, 4. dg (1B, glﬁﬁbogﬁz?% .69 ($H48
oy @r%éw 1 185405 Ton5 08) 513108 ) V3¢S H, 87444 ), 2.73
2.90 7
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EXAMPLE 28
(R)-N-(5-Phenylpyridin-3-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

o~
o A5~

Step A: 5-Phenylpyridin-3-amine

A mixture of S-bromopyridin-3-amine (248 mg, 1.43 mmol), Pd(PPhs), (50.4

mg, 0.04 mmol), toluene (3 mL), sodium carbonate (2 M, 3 mL, 6 mmol), and

15  phenylboronic acid (195 mg, 1.60 mmol) dissolved in ethanol (3 mL) was heated for
4 hours in an oil bath at 90 °C and allowed to cool to room temperature for 16 hours.
The reaction mixture was transferred to a separatory funnel and partitioned between
ethyl acetate and water. The aqueous phase was washed once more with ethyl
acetate, and the combined organic phases were washed with brine and dried over

20  magnesium sulfate, filtered and concentrated in vacuo. The residue was purified by
column chromatography (80% ethyl acetate/hexanes) to afford 5-phenylpyridin-3-
amine (31.9 mg, 0.19 mmol, 13 % yield) as a white solid. 'H NMR (500 MHz,
CDCI3) d ppm 8.17 - 8.42 (m, 1 H), 8.02 - 8.20 (m, 1 H), 7.32 - 7.62 (m, 4 H), 7.25
(s, 1 H), 7.06 - 7.20 (m, 1 H). MS (LC/MS) R.T.=0.91; [M+H]" = 171.09.
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1H NMR (400 MHz, CDCl1l3) 6 ppm 8.92(1 H, s), 8.00(1 H

br. s.), 7.78 (1 H d, J=8.56 Hz), 7.42(1 H, d, J=8.06
wo909/139%2(1 H, d, J=11.08 Hz), 3.55 (1 H, d, BcI/OSBB9/041076

Hz), 3.23 (1 H d, J=14.86 Hz), 2.83 - 2.90 (2 H, P%63PCT

2.65 - 2.83(2H m, 1.89 - 2.17 (3 H m, 1.41

1.75 (3 H m Exanpl e Nunber RI LCMS RT (mn) LAOS

lon [M+ H 1l NAIR 72 0\ 035 3151 | HNWR (400 MHz,

%@%%@%{5%2@@71’%@)—%—%]? éyzasgzr f}cc(zizlegfg LA d ’

3 9910&010[5,22900%375’12161?52%6 Hz), 3.61 (1 H, d, J=11. 58 HZ)
3.23 (1 H d, .14.86 Hz), 2.89(2 H, .7.68 Hz), 2.69
- 2.84 (2H m, 1.912 - 2.09 (2 H 1.45 - 1.73 (4
H m 73 zj \ 35S 0.85 309.2 1HN
ppm8.70 (1 H d, J=1.76 Hz), 8.@K(1 H br. s.),

8.00(1 H d, J=8.31 Hz), 7. 43R 59 (2 H m, 3.90(1

H, d, J=10.58 Hz), 3.54( , J=10.32 Hz), 3.26(1 H,

d, J=14.60 Hz), 2.65 A H m, 2.13 (1 H hr.
s.), 2.00(1 H, hr. s.)7I734- 1.79(5 H m Exanpl e
Nunber F{IR)J;\C{\ﬂSPﬁ%}Iylbmldih 3OS0 Mofoxktold-5 B NAI R 74 2

z 0,65 313. 1HNI\/R(500I\/HZ \%J@ D) 6 Pm855 (1 H

g btyy@@[222j}ocm 1an].1pe S, pre;pag@i by-#o hplgerfﬁal p@cg@r({spf
H Exdmpl-299s¢ AB4us Slptfdny r1dln—§Qmﬁ§e (II%}II St2 %J—al{olie s the
d, J- 14395 HZ%BS) g‘%(l-}j ygy =14. 95, HIZ) )hL
3. arting niteri st_@ T f(lgoprd4h§ ppi2 S (tqus H Hn 766 (0

J=2,1 , ( | 6 4
PRCRUEN Ll ?-86&-5&,@;9 H) 3T e 1 T Pzt T ),
Hz) 3.51-9B8{m2l B 3(22 (#,/~i#.97 Hzzl H),B.024 3.15 (m, 1 H), 2.72 - 2.99 (m,
10 3 H),2.14 (br.s., 2 H), 1.76 (dd, /=9.31, 4.12 Hz, 3 H), 1.12 - 1.35 (m, 1 H). MS
(LC/MS) R.T. =0.90; [M+H]+ =335.17.

EXAMPLE 29
(R)-N-(2-Phenylpyridin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
15 bicyclof2.2.2]octan]-2-amine

@:%*: \ /"
YA
(R)-N-(2-Phenylpyridin-4-yl)-4H-1'-azaspiro[ oxazole-5,3'-

bicyclo[2.2.2]octan]-2-amine was prepared from 2-bromopyridin-4-amine by
following the general procedures of Example 28, Steps A-B. "H NMR (500 MHz,

20  MeOD) d ppm 8.38 (d, /=5.49 Hz, 1 H), 7.88 (d, /=7.93 Hz, 2 H), 7.71 - 7.84 (m, 1
H), 7.48 (d, /<7.63 Hz, 3 H), 7.19 - 7.36 (m, 1 H), 3.94 - 4.09 (m, 1 H), 3.61 - 3.79
(m, 1 H), 3.17 -3.27 (m, 1 H), 3.00 - 3.14 (m, 1 H), 2.74 - 3.00 (m, 4 H), 2.05 - 2.23
(m, 2 H), 1.55 - 1.86 (m, 3 H). MS (LC/MS) R.T. =0.86; [M+H]" = 335.23.

25
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310.1 | HNVR (400 MHz, CDCb) 6 ppm 8.73 (1 H, d, 1=1.76
Hz), 8.66(1 H, d,1=2.01 Hz), 7.96(1 H, d, J=9.07 Hz),
wQ@2®918102d4, br. s.), 7.68 (1 H br. s.), 7. 50(HcTﬂUsmn9/041076
s.), 3.93 (1 H d, 1=10.32 Hz), 3.56(1 H, , J=9. 3@63PCT
Hz), 3.29 (1 H, d, J=14.86 Hz), 2.97(1 H, d, J=14
Hz), 2.88 - 2.94 (2 H m, 2. 69 - 2.87 (2 H m, 2.12
(1'H hr. s.), 2.06(1 H hr. s.), 1.64- 1.73(1 H, m,
1.46 - 1.64 (2 H nm  Ex r Rl LCMS RT (mn)
LOS lon [M+ Hr 111 I\IAIRaéBBJﬁIiZIVj‘rUE{f/R(SOO MHz, DMSO-
dé) 6 ppm 11. 3@3)(1\3(6ﬁheh&lpyr9ﬁ;l@yl) 4H(15aza51mﬁd)'0xa301@43‘
7.43 (m 1 H), %l H, 6.54- 76 N 4.
1 1.58 328.2 6.69 (mblﬁycwwﬁ% nk&a"ﬁwg 77 Hz, 1
H, 3.53 - 3.81 (in, 4 H, 3. s, 2 H, 2.58 -

2.91 (n, 4
A
[fjv

5 (R)-N-(6-Phenylpyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine was prepared from 6-bromopyridin-2-amine by
following the general procedures of Example 28, Steps A-B. "H NMR (500 MHz,
MeOD-d,) 8 ppm 7.91 (d, /=7.63 Hz, 2 H), 7.71 (t, /=7.78 Hz, 1 H), 7.32-7.55 (m, 5
H), 4.04 (d, /~10.07 Hz, 1 H), 3.72 (d, /=9.77 Hz, 1 H), 3.23 (d, /=1.22 Hz, 1 H),

10 3.12(s, 1 H),2.95(s,2 H), 2.84 (s, 2 H), 2.16 (br. s., 2 H), 1.58 - 1.85 (m, 3 H). MS
(LC/MS) R.T. =0.75; [M+H]" = 335.23.

N

EXAMPLE 31
(R)-N-(6-(Difluoromethoxy)-1-methyl-1H-indazol-3-yl)-4H-1"-azaspirofoxazole-5, 3 -
15 bicyclof2.2.2]octan]-2-amine
F

~

0]

HN \N,N\

Step A: 6-(Difluoromethoxy)-1-methyl-1H-indazol-3-amine

Fu O N/
e
NH,
To 4-(difluoromethoxy)-2-fluorobenzonitrile (1 g, 5.3 mmol) was added
20  methylhydrazine (4.92 g, 107 mmol). The mixture was heated to 50 °C for 5 hours

and then cooled to room temperature. The crude product was purified by column

chromatography (40-100% ethyl acetate/hexanes) to afford 6-(difluoromethoxy)-1-
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H, 2.03 (s, 1 H, 1.78 - 1.96 (m 1H, 1.32 -

1.73 (in, 3 H 1H NVR (500 MHz, DAl SO D6) 6
WepwAlesa (s, 1 H), 9.12 (s, 1 H), 6.94 -PAT/UK0(9Y41076

2 H, 6.83 (s, 2 H, 3.90 (d, 77 115 A 1.40 ..

316.1 J=9.77 Hz, 1 H), 3.64 (d, J=9.77 Hz, 1 H), 2'dB

- 3.09 (m 2 H, 2.61 -2.87 (m 4 H), 1. 95

-2.10 (m 1 H), 1.88 (d, J=3.05 Hz, 1 H), 1.33 -

1.70

methyl-1H-indazol-3-amine (0.5 g, 2.35 mmol, 44 % yield) as a white powder. 'H
NMR (500 MHz, DMSO-ds) & ppm 7.70 (d, /=8.55 Hz, 1 H), 7.14 (s, 1 H), 6.73 (d,
J=8.55Hz, 1 H), 5.49 (s, 1 H), 3.70 (s, 3 H).

5 Step B: (R)-N-(6-(Difluoromethoxy)-1-methyl-1H-indazol-3-yl)-4H-1'-
azaspirofoxazole-5,3"-bicyclof2.2.2] octan]-2-amine

F

~

o)

HN \N/N\

Y
AT
(R)-N-(6-(difluoromethoxy)-1-methyl-1H-indazol-3-y1)-4H-1'-
azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine was prepared by following the
10 general procedures of Example 23, Steps A-B using 6-(difluoromethoxy)-1-methyl-
1H-indazol-3-amine (Step A) as the starting material. "H NMR (500 MHz, DMSO-
ds) & ppm 7.64 (d, /=8.55 Hz, 1 H), 7.28 (d, /=5.19 Hz, 1 H), 6.83 (dd, J=8.55, 1.83
Hz, 1 H), 3.88 (s, 3 H), 3.77 - 3.84 (m, 1 H), 3.51 - 3.64 (m, 1 H), 3.00 (s, 2 H), 2.72 -
2.84 (m, 2 H), 2.67 (t, /=7.48 Hz, 2 H), 2.02 (br. s., 1 H), 1.85-1.98 (m, 1 H), 1.59
15 (d,/=5.80 Hz, 2 H), 1.36 - 1.53 (m, 1 H), 1.09 (d, /=6.41 Hz, 1 H). MS (LC/MS)
R.T.=1.04; [M+H]" = 378.19.

EXAMPLE 32

(R)-N-(5-(Difluoromethoxy)thiazolo[5,4-b]pyridin-2-yl)-4H-1"-azaspiro[oxazole-5, 3'-
20 bicyclof2.2.2]octan]-2-amine

@OT(HN{/:IN)\ j\
[ T N

O F

25
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(m 3H =z, 'Zr *SS 1H NWR (400 MHz, CDCl11) 6
ppm 7.94(1 H, s), 7.80(1 H, br. s.), 7.26 - 7.36

W@ 10081131906 7.17 - 7.25 (1 H nm), 3.97(1 78PCOUSH09/041076
298.1 H, d, J=11.33 Hz), 3.59(1 H, d, J-11.58 HzR63 PCT
3.23(1 H, d, J=14.60 Hz), 2.65 - 3.01 (5 H,
m, 1.86 - 2.16 (2 H m, 1.35

10

15

20

25

Step A: 2-(Difluoromethoxy)-5-nitropyridine

%

+Z2—01
)
=

To 2-hydroxy-5-nitropyridine (7 g, 50 mmol) in acetonitrile (500 mL) was
added sodium sulfate (1.5 g, 10.6 mmol), and 2,2-difluoro-2-(fluorosulfonyl)acetic
acid (6.2 mL, 60 mmol) and the reaction was allowed to stir at room temperature for
16 hours. The reaction was quenched with saturated aqueous sodium bicarbonate and
the acetonitrile was removed iz vacuo. The remaining aqueous component was
extracted with ethyl acetate, washed with brine, dried over sodium sulfate, filtered
and concentrated in vacuo. The pale brown oily solid was triturated with
cther/hexanes, filtered and the filtrate concentrated to afford 2-(difluoromethoxy)-5-
nitropyridine (4.7 g, 24.7 mmol, 49 % yield) as a yellow oil. 'H NMR (400 MHz,
DMSO-ds) 3 ppm 9.14 (d, J=2.76 Hz, 1 H), 8.68 (dd, J=9.03, 2.76 Hz, 1 H), 7.98 (s,
0.5H), 7.62 (s, 0.5 H), 7.34 (d, /=9.03 Hz, 1 H).

Step B: 6-(Difluoromethoxy)pyridin-3-amine

|
N O)\F

To 2-(difluoromethoxy)-5-nitropyridine (4.7 g, 24.7 mmol) in degassed
methanol (100 mL) was added 10% palladium on carbon (500 mg, 0.47 mmol) and
the reaction was hydrogenated at atmospheric pressure for 1 hour. To this was added
acetic acid (2.83 mL, 49.4 mmol) and the reaction was filtered through Celite and
concentrated in vacuo to afford 6-(difluoromethoxy)pyridin-3-amine (6.33 g, 25.9
mmol, 105 % yield) as an olive green liquid. "H NMR (400 MHz, MeOD-d,) 8 ppm
7.60 (d, /=2.76 Hz, 1 H), 7.37 (s, 0.5 H), 7.15 (dd, J=8.66, 2.89 Hz, 1 H), 7.00 (s, 0.5
H), 6.71 (d, /=8.78 Hz, 1 H).

Step C: 5-(Difluoromethoxy)thiazolo[5,4-b]pyridin-2-amine

N
LA
N

O F
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1.73 (3 H m Exanpl e Nunber RI LCMS RT (mn) LOS

lon [M+ H 11l NAIR 1H NMR (400 MHz, CDCl1) 6
wWEpwoB3PS% (2 H, d, 1=5.79 Hz), 8.03 (2 H BCT/LSBODE1076
Hz), 7.73 (1L H br.s), 7.48 (1L H d -\ 0, 1N

J=8.56 Hz), 7.36(1 H, br. s.), 79 1.10 376.1

10

15

20

25

30

To acetic acid (10 mL) cooled in an ice bath was added potassium thiocyanate
(3.18 g, 32.8 mmol) and 6-(difluoromethoxy)pyridin-3-amine (1 g, 4.1 mmol). The
reaction was cooled in an ice-salt bath until the reaction temperature reached <0°C.
A solution of bromine (0.65 mL, 12.7 mmol) in acetic acid (3 mL) was added
dropwise over 2 hours at a rate that maintained the reaction temperature <0°C. This
gave a very thick mixture. After the addition was complete, the mixture was left to
stir and allowed to slowly warm to room temperature overnight. After stirring
overnight, water (5 mL) was added and the mixture was heated to 85°C in an oil bath.
This mixture was then filtered while still hot. The yellow filter cake was returned to
the reaction flask, and an additional 5 mL acetic acid was added. The mixture was
heated again to 85°C, and then filtered while still hot. The combined filtrates were
cooled in an ice bath and neutralized to pH 8 with concentrated ammonium
hydroxide. A yellow precipitate formed which was then collected by filtration. This
crude material was purified by column chromatography (12-100% ethyl
acetate/hexanes) to afford 5-(difluoromethoxy)thiazolo[5,4-b]pyridin-2-amine (321
mg, 1.48 mmol, 36.1 % yield) as a yellow solid. 'H NMR (400 MHz, DMSO-dg) &
ppm 7.64 - 7.81 (m, 2 H), 6.92 (d, J/=8.53 Hz, 1 H). MS (LC/MS) R.T. = 1.66;
[M+H]" = 218.10.

Step D: N-(5-(Difluoromethoxy)thiazolo[5,4-b]pyridin-2-yl)- 1 H-imidazole-1-
carbothioamide
S

o 0L
= ST N7 Yo7 F

5-(Difluoromethoxy)thiazolo[5,4-b]pyridin-2-amine (310 mg, 1.43 mmol)
and di(1H-imidazol-1-yl)methanethione (311 mg, 1.75 mmol) were dissolved in
acetonitrile (5 mL) and heated to 70 °C in a sealed vial for 10 hours. The vial was
then stored in the freezer for 16 hours. The solids were collected by filtration and
washed with acetonitrile to afford N-(5-(difluoromethoxy)thiazolo[5,4-b]pyridin-2-
y1)-1H-imidazole-1-carbothioamide (296 mg, 0.72 mmol, 51 % yield). "H NMR (400
MHz, DMSO-ds) 6 ppm 8.77 (d, J/=4.77 Hz, 1 H), 8.06 (d, /=8.53 Hz, 1 H), 8.01 (s, 1
H), 7.72 (s, 1 H), 7.54 (s, 1 H), 6.94 - 7.13 (m, 1 H).
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ol 3.92 (1 H d, J=8.81 Hz), 3.55 (1 H d,

J=9.06 Hz), 3.24 (1 H d, J=14.10 Hz), 2.57 - 3.06
W@ 200p113199q 1.86 - 2.20 (2 H m, 1. 30- 1. 8B(BUSL009941076
1H NMR (400 MHz, CDC11l) 6 ppm 8.00 (1 H, d, J=

1)1§} PCT

Hz) 7.83 -7.97 (1 H m, 7.68 (1 H br.
7.39 -7.55 (2 H, m,

Step E: (R)-N-(5-(Difluoromethoxy)thiazolo[5,4-b]pyridin-2-yl)-4H-1'-

azaspirofoxazole-5,3"-bicyclof2.2.2] octan]-2-amine

N > F
T
Ay LA,
[N “, N

To N-(5-(difluoromethoxy)thiazolo[5,4-b]pyridin-2-yl)-1H-imidazole-1-

5 carbothioamide (296 mg, 0.72 mmol) in N,N-dimethylformamide (4 mL) in a sealed
vial was added (S)-3-(aminomethyl)quinuclidin-3-ol, 2 HCI (175 mg, 0.76 mmol)
and triethylamine (0.3 ml, 2.2 mmol) and the mixture was heated to 70 °C overnight.

To this was added N,N'-diisopropylcarbodiimide (350 pl, 2.25 mmol) and the

reaction was heated to 70 ° C for 6 hours. It was cooled to ambient temperature and

10 poured into water/chloroform, extracted with additional chloroform and concentrated
in vacuo. The residue was then taken up in toluene and washed with water to remove
the residual N,N-dimethylformamide. The residue was purified by column
chromatography (2%-20% (10% ammonium hydroxide/methanol)/chloroform) to
afford (R)-N-(5-(difluoromethoxy)thiazolo[5,4-b]pyridin-2-y1)-4H-1'-

15  azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine (104 mg, 0.27 mmol, 37 % yield)
as a pale cream colored solid. "H NMR (400 MHz, DMSO-dg) & ppm 7.99 (d, J=8.78
Hz, 1 H), 7.68 (s, 1 H), 7.03 (d, J/=8.53 Hz, 1 H), 3.87 (d, /=10.04 Hz, 1 H), 3.62 (d,
J=10.04 Hz, 1 H), 3.03 (d, J=5.02 Hz, 2 H), 2.80 (d, /=9.03 Hz, 2 H), 2.65 (t, J=7.65
Hz, 2 H), 2.08 (br. s., 1 H), 1.83 - 1.99 (m, 1 H), 1.43 - 1.68 (m, 3 H). MS (LC/MS)

20 R.T.=1.73; [M+H]" = 382.20.

EXAMPLE 33
(R)-N-(6-Isopropoxybenzo[d]thiazol-2-yl)-4H-1"-azaspirofoxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine

[@«”D T

(R)-N-(6-Isopropoxybenzo[d]thiazol-2-yl)-4H-1'-azaspiro[oxazole-5,3'-

25

bicyclo[2.2.2]octan]-2-amine was prepared from 4-isopropoxyaniline by following
the general procedures of Example 32, Steps C-E. "H NMR (400 MHz, DMSO-ds)
dppm 7.49 (d, /=8.78 Hz, 1 H), 7.38 (d, J/=2.51 Hz, 1 H), 6.90 (dd, J=8.78, 2.51 Hz,
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7.35 (1 H br. s.), 7.20(2 H, 80 40 0 2.36 393.1 td,
J=8.31, 2.27 Hz), 3.93(1 H d, J=10.83 Hz), 3.56(1
w0H009/13192k J- 10. 58 Hz), 3.24(1 H, d, J=15. AAT/B&009/041076

2.62 - 3.05 (5 H, m, 1.88 - 2.22 (2 H m, 1.%‘41 -
- 1.79(3 H m  Exanple Number R LCMS RT (nmin) LO'S

lon [M+ H 1l NAIR 1H NWMR (400 MHz, CDC11l) 6

1 H), 4.50 - 4.68 (m, 1 H), 3.87 (d, /=10.04 Hz, 1 H), 3.62 (d, J/=9.79 Hz, 1 H), 2.79
(d, J=9.03 Hz, 2 H), 2.66 (t, J=7.78 Hz, 2 H), 2.06 (br. s., 1 H), 1.85 - 1.96 (m, 1 H),
1.42 - 1.67 (m, 3 H), 1.17 - 1.34 (m, 6 H), 0.96 - 1.19 (m, 2 H).

5 EXAMPLE 34

(R)-N-(5-(Pyrrolidin-1-yl)pyrazin-2-yl)-4H-1"-azaspiro[oxazole-5,3 -
bicyclof2.2.2]octan]-2-amine

"'//N
N

10 Step A: 5-(Pyrrolidin-1-yl)pyrazin-2-amine

N
=

Ly
H,NT N

A mixture of S-bromopyrazin-2-amine (1.2 g, 6.9 mmol) and pyrrolidine (4

[

mL, 48 mmol) was microwaved at 180 ° C, 200 W for 2 h. The reaction was diluted
into 125 mL ethyl acetate and extracted with water (3 x 50 mL) and brine (50 mL). It

15  was dried over sodium sulfate, filtered and concentrated. The crude product was
purified by column chromatography (0 to 3% methanol/methylene chloride) to afford
5-(pyrrolidin-1-yl)pyrazin-2-amine (495 mg, 3. mmol, 43.7 % yield). 'H NMR (400
MHz, DMSO-ds) 6 ppm 7.52 (1 H, d, /=1.51 Hz), 7.36 (1 H, d, /=1.76 Hz), 5.21 (2
H,s),3.24-3.29 (4 H, m), 1.90 (4 H, ddd, /=6.48, 3.53, 3.34 Hz). MS (LC/MS)

20 R.T.=0.52; [M+H]" = 165.29.

Step B: (R)-N-(5-(Pyrrolidin-1-yl)pyrazin-2-yl)-4H-1"-azaspirofoxazole-5,3'-

bicyclof2.2.2]octan]-2-amine
<
Vel
o N7
[ ",,/N
N

25 (R)-N-(5-(Pyrrolidin-1-yl)pyrazin-2-yl)-4H-1'-azaspiro[ oxazole-5,3'-

bicyclo[2.2.2]octan]-2-amine was prepared from 5-(pyrrolidin-1-yl)pyrazin-2-amine
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ppm 8.12 (2 H, d, 1=8.06 Hz), 7.64(1 H, br. s.),

7.43 (1 H, d, 1=8.56 Hz), 7.32 (3 H, d, J=8. 06
wo909/13199¢ (1 H, d, 81 41 (> \ 2.81 403.1 J=10.B71/H&)009/041076

3.56(1 H d, J=9.57 Hz), 3.24(1 H, d, J=13Hq83 PCT

Hz), 2.57- 3.03 (7 H, m, 1.88 - 2.22 (2 H m,

1.39 - 1.74(3 H m, 1.27 (3 H t,

10

15

20

25

by following the general procedures of Example 23, Steps A-B. "H NMR (500
MHz, CDCI3) 8 ppm 8.51 (1 H, br. 5.), 8.02 (1 H, s), 7.44 (1 H, d, /=0.92 Hz), 3.84 (1
H, d, /=9.16 Hz), 3.51 (1 H, d, J=8.85 Hz), 3.39 - 3.45 (4 H, m), 3.31 (1 H, dd,
J=14.80, 1.07 Hz), 2.69 - 3.04 (§ H, m), 2.15 - 2.25 (1 H, m), 2.09 (1 H, br. s.), 1.98 -
2.02 (4 H+HOD, m), 1.64 - 1.74 (1 H, m), 1.42 - 1.61 (2 H, m). MS (LC/MS) R.T. =
0.76; [M+H]" = 329.40.

EXAMPLE 35
(R)-1-(5-(4H-1"-Azaspirofoxazole-5,3"-bicyclo[2.2.2] octane]-2-
vilamino)pyrazin-2-yl)pyrrolidin-2-one
0

—N
] HN—(}\I:/)—Né

Step A: 1-(5-Aminopyrazin-2-yl)pyrrolidin-2-one
o)

g D
N
i/
H,NT N

A mixture of S-bromopyrazin-2-amine (5 g, 29 mmol), pyrrolidin-2-one (11
mL, 144 mmol), copper (I) iodide (1.1 g, 5.75 mmol), potassium carbonate (7.94 g,
57.5 mmol), and (1R,2R)-cyclohexane-1,2-diamine (1.38 mL, 11.49 mmol) was
refluxed under nitrogen in dioxane (100 mL) for 18 h. After cooling, 200 mL ethyl
acetate and 20 mL methanol were added to the reaction. This was filtered through
celite, concentrated, and absorbed onto sodium sulfate for purification by column
chromatography (0-5% methanol/methylene chloride). The purified product was
recrystallized from ether/ethyl acetate to afford 1-(5-aminopyrazin-2-yl)pyrrolidin-2-
one (1.57 g, 8.81 mmol, 30.7 % yield). '"H NMR (400 MHz, DMSO-ds) & ppm 8.74
(1 H,d, /~1.51 Hz), 7.69 (1 H, d, J/=1.51 Hz), 6.20 (2 H, s), 3.84 (2 H, t, /=7.05 Hz),
249 (2 H,t, /<793 Hz), 2.04 (2 H, dq, /=7.68, 7.51 Hz). MS (LC/MS) R.T. =0.48;
[M+H]" = 179.27.
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J=7.68 Hz) 1H NMR (400 MHz, CDCl1) 6 ppm 8. 06

(2 H d, 1=9.07 Hz), 7.56(1 H, br. s.), 7.30 -
Wa20081822N a 2.62 418.1 (2 H, m), 6.74(2 H, d, POEOSDT/041076

Hz), .. 3.95 (1 H d, 1=11.58 MIlii o* I—|z%1,163PCT

3.58(1 H, d, ,J=11.83 Hz), 3.24(1 H d, J-14.1

Hz), 3.05 (6 H, s), 2.61 -2.99 (5H m, 1.88 -

2.13 (2 H m,
Step B: (R)-1-(5-(4H-1"-Azaspirofoxazole-5,3"-bicyclo[2.2.2] octane]-2-
vlamino)pyrazin-2-yl)pyrrolidin-2-one
o

O
A7

(R)-1-(5-(4H-1'-Azaspiro[oxazole-5,3'-bicyclo[2.2.2]octane]-2-

5 ylamino)pyrazin-2-yl)pyrrolidin-2-one was prepared from 1-(5-Aminopyrazin-2-
yl)pyrrolidin-2-one by following the general procedures of Example 23, Steps A-B.
'HNMR (500 MHz, CDCI3) & ppm 9.20 (1 H, d, J=1.22 Hz), 8.91 (1 H, br. s5.), 8.13
(1H,s),4.02(2H,t,J/~7.02Hz),3.92 (1 H,d, /~9.46 Hz), 3.58 (1 H, d, /=9.16 Hz),
3.33 (1 H, dd, /~=14.95, 1.53 Hz), 2.71 - 3.01 (§ H, m), 2.63 (2 H, t, /=8.09 Hz), 2.08

10 -223(4H,m), 1.66-1.76 (1 H, m), 1.42 - 1.61 (2 H, m). MS (LC/MS) R.T. =0.67;
[M+H]" = 343.30.

EXAMPLE 36
(R)-N-(5-(Pyridin-3-yl)pyrazin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
15 bicyclof2.2.2]octan]-2-amine

_(:N —
HN
\ /
)\
[ "'//N

N

Step A: 5-(Pyridin-3-yl)pyrazin-2-amine

N
=z
JINj/Q
P
HoN N

20 Pyridin-3-ylboronic acid (307 mg, 2.50 mmol), 5-bromopyrazin-2-amine (391
mg, 2.25 mmol) and dichlorobis(triphenylphosphine)-palladium(II) (88 mg, 0.13
mmol) were added to degassed dioxane (12 mL) and the mixture was stirred for 30
min. Then sodium carbonate (795 mg, 7.50 mmol) and degassed water (8 mL) were
added and the reaction was heated in a closed reaction vial at 100 °C for 8 h. The

25  reaction was allowed to stand at ambient temperature over the weekend. It was
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1.35 - 1.81 (4 H m Exanpl e Nunber RI LCMS RT (m n)

LOS lon [M+ H 111 NAIR 1H NMR (500 MHz, McOD)
wG2ppm3®2d2 (1 H s), 7.78 - 7.82 (1 H, mPCﬂU§m09/041076

7.74 (1 H m, 4.05 (1 H d, J=9.77 cra

3.75 (1 H, d, J=9.77 Hz), 83 N-"N 1.15 367.1 3. 29(&“??’PCT

d1

10

15

20

25

J=14.65 Hz), N

diluted into ethyl acetate (100 mL) and extracted with brine (3 x 25 mL). The
organic layers were dried over sodium sulfate and concentrated in vacuo. The crude
product was purified by column chromatography (0 to 5% methanol/ethyl acetate) to
afford 5-(pyridin-3-yl)pyrazin-2-amine (235 mg, 1.37 mmol, 54.6 % yield). 'H NMR
(400 MHz, Acetone) 8 ppm 9.13 (1 H, d, /=1.51 Hz), 8.54 (1 H, d, /=1.26 Hz), 8.50
(1 H, dd, /~4.78, 1.51 Hz), 8.22 - 8.28 (1 H, m), 8.07 (1 H, d, /=1.26 Hz), 7.39 (1 H,
ddd, /=7.87, 4.72,0.76 Hz), 6.05 (2 H, br. s.). MS (LC/MS) R.T.=0.58; [M+H]" =
173.20.

Step B: (R)-N-(5-(Pyridin-3-yl)pyrazin-2-yl)-4H-1"-azaspirofoxazole-5,3'-

bicyclof2.2.2]octan]-2-amine
~(:N —
HN
VaW,
o~ N 7\
[ ",,/N
N

(R)-N-(5-(Pyridin-3-yl)pyrazin-2-yl)-4H-1'"-azaspiro[ oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was prepared from 5-(pyridin-3-yl)pyrazin-2-amine by
following the general procedures of Example 23, Steps A-B. '"H NMR (400 MHz,
CDCI3) 8 ppm 9.12 (1 H, dd, /=2.27,0.76 Hz), 9.08 (1 H, br. s.), 8.59 (1 H, dd,
J=4.78, 1.76 Hz), 8.55 (1 H, d, /=1.51 Hz), 8.45 (1 H, d, /=1.26 Hz), 8.25 (1 H, dt,
J=7.99, 1.92 Hz), 7.38 (1 H, ddd, J=8.06, 4.78, 0.76 Hz), 3.97 (1 H, d, J=9.57 Hz),
3.63 (1H,d, /=932 Hz), 3.36 (1 H, dd, J/=14.86, 1.76 Hz), 2.69 - 3.06 (5§ H, m), 2.14
-2.24 (1 H, m), 2.12 (1 H, br. s.), 1.66 - 1.77 (1 H, m, J/=13.94, 9.66, 4.31, 4.31 Hz),
1.44 - 1.62 (2 H, m). MS (LC/MS) R.T. = 0.65; [M+H]" = 337.30.

Example 37
(R)-N-(5-(6-Methoxypyridin-3-yl)pyrazin-2-yl)-4H-1"-azaspiro[oxazole-5,3 -
bicyclof2.2.2]octan]-2-amine

HN—C>——®—O/
o~ N N
lN "',/N

(R)-N-(5-(6-Methoxypyridin-3-yl)pyrazin-2-yl)-4H-1'-azaspiro[ oxazole-5,3'-

bicyclo[2.2.2]octan]-2-amine was prepared from 5-bromopyrazin-2-amine by
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3.11 - 3.18 (1 H m), 2.98 (2 H t, J=7.93 Hz),

2.80 - 2.91 (2H m, 2.13 - 2.22 (2 H m,

wa2009/131926 87(2 H, m), 1.62 - 1.71 (1 H mPCT/USDBH/041076
NVR (400 MHz, CDC11) 6 ppm 8.18 - 8.26 (2 H, m, o
7. 66 (1 H s), 7.44(1 H, d, 18.56 Hz), 7.32(%

H d, 1=8.56 Hz), 7.167.23 (2 H 3.95(1 -m), 84 00 o *
1.96 393.1

following the general procedures of Example 36, Steps A-B. 'H NMR (400 MHz,
CDCI3) 8 ppm 9.04 (1 H, br. s.), 8.66 (1 H, d, /=2.01 Hz), 8.46 (1 H, d, /=1.51 Hz),
8.41 (1 H, d, /~1.01 Hz), 8.15 (1 H, dd, /=8.81, 2.52 Hz), 6.82 (1 H, d, /=8.31 Hz),
3.97(3H,5),3.95(1 H, d, /~9.57 Hz), 3.61 (1 H, d, /=9.32 Hz), 3.35 (1 H, dd,

5 J14.86, 1.51 Hz), 2.68 - 3.07 (5§ H, m), 2.14 - 2.24 (1 H, m, J=13.27, 9.93, 3.53,
3.38,3.38Hz), 2.11 (1 H, br. s.), 1.67 - 1.77 (1 H, m), 1.45 - 1.61 (2 H, m). MS
(LC/MS) R.T. =0.81; [M+H]" = 367.40.

EXAMPLE 38

10 (R)-N-(6-Methoxyquinoxalin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

—N
N /
o N d
.,,,/N

Step A: 7-Methoxyquinoxalin-2(1H)-one and 6-methoxyquinoxalin-2(1H)-one
o N 0 N 0
H H

A 50% solution of ethyl 2-oxoacetate (18.47 mL, 93 mmol) in toluene was

/N

15

added to a solution of 4-methoxybenzene-1,2-diamine (10.73 g, 78 mmol) in ethanol
(100 mL) at ambient temperature and the reaction was refluxed for 2 h. The reaction
was concentrated in vacuo and crystallized from ethanol to afford a mixture of 6-

20  methoxyquinoxalin-2(1H)-one and 7-methoxyquinoxalin-2(1H)-one (5.73 g, 32.50
mmol, 42 % yield). MS (LC/MS) R.T. =0.68; [M+H]" = 177.10.

Step B: 2-Chloro-6-methoxyquinoxaline

T
p
N (¢]]

25 A mixture of 6-methoxyquinoxalin-2(1H)-one and 7-methoxyquinoxalin-
2(1H)-one (5.67 g, 32.20 mmol) was refluxed in phosphorus oxychloride (120 mL)

for 1 h. The reaction was concentrated and quenched by addition of ice, then basified
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H d, J-11.33 Hz), 3.57(1 H, d, J=11.33 Hz),

3.25(1 H, d, J=14.60 Hz), 2.69- 3.04(6 H, m,
wWQ@209(119%% br. s.), 1.45 - 1.74(4 H m BEXEIR1089/041076

Nunber R LCMB RT (min) LOS lon [M+ H 1-11 NAIR 85, ..

8 1.34 309.1 I HNMR (400 MHz, CDCh) 6 ppm 8.75 (1 H,

dd, 1=4.15, 1.64 Hz), 8.04 (1 H, d, J=8.06 Hz), 7.98(2

Hd1881Hz)749(1,d,J881Hz)731(1H

d, jv.ll& io%gh P&r})onaée %%ck ?E(?r'@[:teqj\(vlth i@y]@getﬂf)(g xé’é%gli 1'?'1?_? or%amc
%415212&'5;'2 R2je, cotbBe Andtondentratkd 478@012%) T(F)he?oi*l&ﬂ(fﬁoddct Was absorbed

1. 089§ luIB Isul%ée a)nd p]}rlggé by (fp’lufgr( @r@matﬁgraphy Qo 3% fthgrls (1

H, Hageta%ghe@anﬁ%) % aﬁ@rd@%&l&o@éet%qﬁﬁ@%hm 2 1%3@1 3 rrﬁnol 35%
gpm r. s

y6ldgo HDMR @08 MHz GRCIg S p&)gl B (siz) H). 3. 8§1d VE9 |(c3|2 Hg, 1 H),
. 1 ;
21.%% id‘dzb 9.9, §%Jﬂzg'bﬁﬂlz7 317-@ ,6%877'#2) 1, HS; ﬁ%(%ﬁh;_lz

2:87(2H,t,1768HZ) 2.65 281(2H IT),204(1
H, gfep o5 'I‘}—(Z } Dzn@e(tl]z'ox%enzyl) 6-wie h’oxy]Z]uﬁz%xalle Znsizngs H m

ﬁlﬁ

10 2-Chloro-6-methoxyquinoxaline (0.93 g, 4.77 mmol) and (2,4-
dimethoxyphenyl)methanamine (2.2 ml, 14.64 mmol) were microwaved in
dimethylsulfoxide (5 mL) for 30 min at 150 °C. The reaction was diluted into ethyl
acetate (250 mL) and extracted with brine (3 x 100 mL). The crude product was
purified by column chromatography (20 to 80% ethyl acetate/hexanes) to afford N-

15 (2,4-dimethoxybenzyl)-6-methoxyquinoxalin-2-amine (1.46 g, 87% yield). "H NMR
(400 MHz, CDClI3) 8 ppm 8.13 (1 H, 5), 7.59 - 7.63 (1 H, m), 7.30 (1 H, d, /=8.31
Hz), 7.21 - 7.24 (2 H, m), 6.47 (1 H, d, /=2.27 Hz), 6.42 (1 H, dd, J=8.31, 2.27 Hz),
5.10(1 H,t, /=592 Hz),4.61 (2 H, d, J=5.79 Hz), 3.88 (3 H, 5), 3.84 (3 H, 5), 3.78 (3
H, s). MS (LC/MS) R.T. = 1.95; [M+H]" = 326.23.

20
Step D: 6-Methoxyquinoxalin-2-amine

_O Ny
~
N~ “NH,

N-(2,4-Dimethoxybenzyl)-6-methoxyquinoxalin-2-amine (2.8 g, 8.61 mmol)
was stirred in TFA (10 mL, 130 mmol) and dichloromethane (10 mL) at ambient
25  temperature for 30 min. The solvents were removed in vacuo. Saturated aq. sodium
hydrogen carbonate (200 mL) was added to the red residue, which then precipitated a
yellow solid. The mixture was extracted extensively with dichloromethane. The
organic layer was dried over sodium sulfate, filtered and concentrated in vacuo to

afford 6-methoxyquinoxalin-2-amine (1.50 g, 8.56 mmol, 99 % yield). "H NMR

135



Exanpl e Nunber RI LCMS RT (mn) LOS lon [M+ H 11

NAI R 1H NVR (500 MHz, McQOD) 6 ppm 8.57 - 8.63

W@ 10081131906 7.55 - 7.64 (2 H m, 7.06 - PCTIUS20¢/441076
H nm, 4.04(1 H, dd, - J=9.92, 1.98 Hz), 3.81 ( 1'6'3PCT
dd, J=10.07, 2.14 Hz), 3.46- 87 N A-. ' 1.13 299.

3.57 (1 H m, 3.23 (2 H d,

(400 MHz, CDCI;) 8 ppm 8.27 (1 H, 5), 7.54 - 7.58 (1 H, m), 7.25 - 7.29 (2 H, m),
471 2 H, br. s.), 3.90 (3 H, s). MS (LC/MS) R.T. = 0.86; [M+H]" = 176.23.

Step E: (R)-N-(6-Methoxyquinoxalin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-

5 bicyclof2.2.2]octan]-2-amine
[ "f,/

(R)-N-(6-Methoxyquinoxalin-2-y1)-4H-1"-azaspiro[ oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was prepared from 6-methoxyquinoxalin-2-amine by
following the general procedures of Example 23, Steps A-B. "H NMR (400 MHz,

10  CDCI3) d ppm 9.61 (1 H, br. s.), 8.57 (1 H, s), 7.62 (1 H, d, J/=9.06 Hz), 7.23 - 7.32
(2H, m),4.01 (1 H, d, /=9.32 Hz), 3.90 (3 H, s), 3.66 (1 H, d, /=9.32 Hz), 3.37 (1 H,
dd, /=14.86, 1.51 Hz), 2.68 - 3.08 (5 H, m), 2.15-2.25 (1 H, m), 2.10 - 2.14 (1 H,
m), 1.67 - 1.77 (1 H, m), 1.42 - 1.63 (2 H, m). MS (LC/MS)R.T.=0.81; [M+H]" =
340.30.

15

EXAMPLE 39
(R)-N-(5-(Difluoromethoxy)pyrimidin-2-yl)-4H-1'-azaspiro[oxazole-5,3 -
bicyclof2.2.2]octan]-2-amine

HH\} =

[T
20

Step A: 2-Chloro-5-(Difluoromethoxy)pyrimidine
Cl

N™ N

e
\F(o

2-Chloropyrimidin-5-ol (1 g, 7.66 mmol) and sodium 2-chloro-2,2-

F

difluoroacetate (3.50 g, 22.98 mmol) in N,N-dimethylformamide (20 mL) and water
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J=10.68 Hz), 3.09 - 3.18 (2 H, m, 2.82- 3.02 (1

H m, 2.41 (1L H br. s.), 2.28 -2.37 (1 H
wWopgooa13®» - 2.07 (1 H nm, 1.86 - 1.97(2 HCIMPS2009/041076

1H NMR (500 MHz, DMBSO- d6é) 6 ppm9.20 (s, 1 H)

8. 64 (s, 1 H, 845 - 8.56 (m J=4.58, 1.58163PCT

Hz, 1 H), 8.21 - 8.38 (m J=7.63 Hz, 1 H),

(0.2 mL) were heated to 90 °C for 24 hours and concentrated in vacuo. The residue
was purified by column chromatography (5-30 % ethyl acetate/hexanes) to afford 2-
chloro-5-(difluoromethoxy)pyrimidine (549 mg, 3.04 mmol, 39.7 % yield) as a pale
yellow oil. MS (LC/MS) R.T. = 1.32; [M+H]" = 181.14.

5
Step B: (R)-N-(5-(Difluoromethoxy)pyrimidin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine
_<N__
e
o—( N F>\
[T

10 (R)-N-(5-(Difluoromethoxy )pyrimidin-2-yl)-4H-1'-azaspiro[oxazole-5,3'-

bicyclo[2.2.2]octan]-2-amine was prepared from 2-chloro-5-
(difluoromethoxy)pyrimidine by following the general procedures of Example 23,
Steps A-B. 'H NMR (400 MHz, MeO-d,) 8 ppm 8.46 (2 H, s), 6.85 (1 H, ), 4.02 (1
H, d, /~10.07 Hz), 3.73 (1 H, d, /~=10.32 Hz), 3.28 (1 H, d, /~=1.01 Hz), 3.16 (1 H, d),

15 2.81-3.05(4H,m),2.08-2.25(2H, m),1.46-1.89 (3 H,m). MS (LC/MS)R.T. =
0.53; [M+H]" = 326.30.

EXAMPLE 40
(R)-N-(4,5-Dimethylpyrimidin-2-yl)-4H-1"-azaspirofoxazole-5,3'-
20 bicyclof2.2.2]octan]-2-amine

JAY 0"

25
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7.62 (s, 1 H), 7.33 - 7.50 (m 88 J 1.26 342.1 N

J=7.93, 4.88 Hz, 1 H), 3.75 (dd, J=128.64, 9.92

WOH2009/23 1906 2.95 -3.14 (m 2 H, 2.62 - PQI/0920091941076
4 H, 2.06 (s, 1 H, 1.92 (s, 1 H, 1.42- 1.70 (0,5
3 H  Exanple Number Rl LCMB RT (nin) LO'S Ioh ?M’

+ Hr

Step A: 4,5-Dimethylpyrimidin-2-amine
NH>

A

N N

<

A solution of 4-chloro-5,6-dimethylpyrimidin-2-amine (0.35 g, 2.22 mmol) in
2M ammonia in methanol (100 ml) was flushed with nitrogen and palladium on
5 carbon (0.035 g, 0.33 mmol) was added, flushed with nitrogen and the reaction was
hydrogenated at 1 atm, ambient temperature for 18 h. The reaction mixture was
flushed with nitrogen and filtered through celite and the celite pad washed with
methanol. The filtrate was evaporated to dryness in vacuo to afford 4, 5-
dimethylpyrimidin-2-amine (0.35 g, 2.56 mmol, 90 % yield) which was used without
10 further purification. "H NMR (400 MHz, DMSO-ds) & ppm 7.89 (1 H, 5), 6.19 (2 H,
s),2.18 (3 H, s), .99 (3 H, ). MS (LC/MS) R.T. =0.56; [M+H]" = 124.20.

Step B: (R)-N-(4,5-Dimethylpyrimidin-2-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine
15

(R)-N-(4,5-Dimethylpyrimidin-2-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was prepared from 4,5-dimethylpyrimidin-2-amine by
20  following the general procedures of Example 23, Steps A-B. 'H NMR (400 MHz,
MeOD-d,) 5 ppm 8.22 (1 H, s), 4.01 (1 H, d, /=10.07 Hz), 3.73 (1 H, d, /=10.32 Hz),
340 (1 H,d),3.25(1 H,d),2.91-3.12(4H, m), 2.41 (3 H, 5),2.09 - 2.28 (5 H, m),
1.62 - 1.97 (3 H, m). MS (LC/MS) R.T. =0.47; [M+H]" =288.31.

25
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11 NAIR 1H NWMR (500 MHz, DMBO- d6) 6 PPm 8. 81

(s, 1 FlI), 7.39 (s, 1 H, 6.97 (s, 1 H, 3.78
W@ 2be/13192630. 16, 9.92 Hz, 2 H), 2.95 - 3. 15 ¥am/u20b)/941076
2.74 - 89 N | 2.13 343.1 2.90 (in, 2 H), 2.61 -2.171%63PCT
(m .7.78, 7.78 Hz, 2 H), 2.47 - 2.55 (in,
J=3.66, 1.83 Hz, 3 H, 2.33 (s, 3 H, 2.07 (s, 1
EXAMPLE 41

(R)-N-(6-Phenylpyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN \ _//N
o——\<N N
AN A
5
Step A: 6-Phenylpyrimidin-4-amine

NH»
)

A

A mixture of 6-chloropyrimidin-4-amine (0.32 g, 2.5 mmol), phenylboronic
acid (0.38 g, 3.13 mmol), saturated aqueous sodium carbonate (0.80 g, 7.50 mmol)
10 and bis(triphenylphosphine)palladium(II) chloride (0.035 g, 0.05 mmol) were
suspended in a mixture of dimethoxyethane (15 mL)/ethanol (2 mL)/water (2mL).
The mixture was heated in the microwave at 125 °C for 20 min then concentrated in
vacuo. The residue was purified by column chromatography (10-60 % ethyl
acetate/hexanes) to afford 6-phenylpyrimidin-4-amine (167 mg, 0.98 mmol, 39
15  %yield) as an off-white solid. MS (LC/MS) R.T. =0.99; [M+H]" = 172.23.

Step B: (R)-N-(6-Phenylpyrimidin-4-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN \ / N
o—( N—7
AN A "
20 (R)-N-(6-Phenylpyrimidin-4-yl)-4H-1'-azaspiro[oxazole-5,3'-

bicyclo[2.2.2]octan]-2-aminewas prepared from 6-phenylpyrimidin-4-amine by
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H, 1.85 -2.01 (in, 1 H), 1.41 - 1.70 (m 3 H

| FI NMR (300 MHz, DMSO- 4) 6 ppm9.98 (1 H, s),
wW@2®2131926 (1 H, br. s.), 8.11(1 H, d, J=1. B3I/b&009/041076

7.48 -7.53 (L H N 'm, 7.34- 7.40(1 H ), 3.88 .90, ..

fe 0.55 372.0 (1 H, d, J=10.25 Hz), 3.62(1 H W

J=10.25 Hz), 3.02(2 H, s), 2.74 - 2.83 (2 H m,

2. 66

following the general procedures of Example 23, Steps A-B. 'H NMR (400 MHz,

MeOD-d;) 5 ppm 9.54 (1 H, d, /~1.01 Hz), 8.75 - 8.86 (2 H, m), 8.18 - 8.28 (3 H, m),

8.00 (1H, br.s.), 470 (1 H, d, /~10.32 Hz), 4.43 (1 H, d, /=10.58 Hz), 3.72 - 3.88 (2

H, m), 3.41-3.63 (4 H, m), 2.63 - 2.87 (2 H, m), 2.18 - 2.48 (3 H, m). MS (LC/MS)
5 R.T.=1.36; [M+H]" = 336.24.

EXAMPLE 42
(R)-N-(6-(4-Methoxyphenyl)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine

\
o)

HN
o-—\< \NJ

10 T "

(R)-N-(6-(4-Methoxyphenyl)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-

N

bicyclo[2.2.2]octan]-2-amine was prepared from 6-chloropyrimidin-4-amine by
following the general procedures of Example 41, Steps A-B. "H NMR (400 MHz,
MeOD-d;) 5 ppm 8.72 (1 H, d, /~=1.26 Hz), 7.90 - 8.00 (2 H, m), 7.16 (1 H, br. s.),

15  6.96-7.05(2H,m),4.04 (1 H,d, J~=10.07 Hz),3.84 (3 H, 5),3.73 (1 H, d, /=10.07
Hz),3.22 (1 H, d), 3.09 (1 H, d), 2.73 - 2.98 (4 H, m), 2.02 - 2.21 (2 H, m), 1.51 -
1.85 (3 H, m). MS (LC/MS) R.T. = 1.44; [M+H]" = 366.28.

EXAMPLE 43

20 (R)-N-(6-(6-Methoxypyridin-3-yl)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3 -
bicyclof2.2.2]octan]-2-amine
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(2 H t, .17.50 Hz), 2.04(4 H, s), 1.90(1 H, br.

s.), 1.58(3 H hr. s.) Exanpl e Nunmber RI LCMS RT

w@ nio3198d S lon [M+ H 111 NAIR 91 . 1.60 343P(31"/I|IS-20DW1076
(300 MHz, DWVS0O- 4) 6 ppm7.61 (1 H, s), 7.47 - ﬁ]ﬁ&PCT
H m, 7.16(1 H d, 1=8.05 Hz), 3.84 - 392(1H

3.62 (1 H d, J=10.25 Hz), 3.26 - 3.46 (3 H m,
3.02(1 H s), 2.79(1 H, d, J=6.95 Hz), 265(2H q,

o %2 Bt b Shnheids 3R e

H 43 bﬁey&lcﬁ@ 2B470ctad R 2 hdrineOv 4 propadd Froddb- Nmobﬁﬂﬂldﬁrﬂ—'& amine by
pm 8, 34- 8. 83

DAl 936 1 , 6.96 1
l(oglngi[h.@gep?ra]_grocezlu;qﬁ of é}@g@plg gq Stens. Aﬁs( 'SEE Nl\éliibl_céloo MHz,

2 89@0@ &28{3@&1 8279:3% a, 4d, 7 19. 61 81639(%) tag1 H, %d6ﬁl8'5622 Z@Hz)

(m 2 H), 9 (s

§-I) 718 Q]OH(@r D688 (1Y, - 8§1I¥92) 40535 H, d, 550(3%238 3!9)6 (3 H, s),

=X gﬁh &1 Augbero B uLC¥8s RTu(gy Mo EH ! 29 [Abo it i) 5o -

2.21 (2H, m), 1.53 - 1.84 (3 H, m). MS (LC/MS) R.T. = 1.34; [M+H]" = 367.25.

EXAMPLE 44
10 (R)-N-(6-(Naphthalen-2-yl)pyrimidin-4-yl)-4H-1"-azaspiro]oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

¢
D

o N
o N
A

(R)-N-(6-(Naphthalen-2-yl)pyrimidin-4-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was prepared from 6-chloropyrimidin-4-amine by
15 following the general procedures of Example 41, Steps A-B. 'H NMR (400 MHz,
MeOD-dy) 5 ppm 8.83 (1 H, s), 8.56 (1 H, s), 7.83 - 8.13 (4 H, m), 7.49 - 7.58 (2 H,
m), 7.37 (1 H, br. 5.), 4.06 (1 H, d, /~10.32 Hz), 3.76 (1 H, d, /=10.32 Hz), 3.23 (1
H,s),3.12 (1 H, d),2.75-3.00 (4 H, m), 2.02 - 2.24 (2 H, m), 1.56 - 1.84 (3 H, m).
MS (LC/MS) R.T. = 1.93; [M+H]" = 386.31.

20
The compounds in Table 2 were synthesized according to the method of
Example 1 using the appropriate commercially available isothiocyanate or amine.
Amide-containing intermediates were obtained by the procedures described in
Example 3.
25
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1H NVR (500 MHz, DMBSO- d6) 6 ppm8.74 (s, 1 H), 7.62 -

7.88 (m 1 H, 3.83 (d, J-10.07 Hz, 1 H), 3.63 -
wW®@2008/13026 (m 2 H), 3.58 (d, J-10.07 Hz, 93 1PCFES2089/041076

1.79 355.1 1 H, 3.40 - 3.53 (m 2 H, ,2,s0 Z'gl%iPCT

3.10 (m 2 H), 2.73 - 2.90 (m 2 H), 2.58 -2.7
(m .T=7.63, 7.63 Hz, 2 H), 2.06 (s, 1 H,
1.75- 1.99 (m 5 H),
Table 2.
N
~R;
o~
In N
Example LCMS RT| LCMS Ion L
R, HNMR
Number (min) M+ H]*

"H NMR (500 MHz, DMSO-
de) d ppm 8.60 (1 H, br. s.),
7.94 (2 H, d, J=7.63 Hz), 7.43
(1H,s),7.39 (2H,t,J=7.78
Hz), 7.28 (1 H, t, J=7.32 Hz),
s\ 3.86 (1 H, d, J=9.77 Hz), 3.60
45 %?g}_@ 1.48 3413 | (1H,d,J=9.77 Hz), 2.98 -

3.06 (2 H, m), 2.71 - 2.85 (2
H, m), 2.66 (2 H, t, J=7.78
Hz), 2.05 (1 H, br. s.), 1.91 (1
H, br. s.), 1.53 - 1.64 (2 H, m),
1.48 (1 H, td, J=9.99, 7.78
Hz)

"H NMR (500 MHz, DMSO-
de) d ppm 8.86 (1 H, br. s.),
7.47 (1 H, d, J=8.85 Hz), 7.33
(1H, d, J=2.44 Hz), 7.01 (1

(0 H, dd, J=8.85, 2.75 Hz), 3.87
/> (1H, d, J=10.07 Hz), 3.71 -

46 141 | 4004 |3.77(4H,m),3.61(1H,d,
JS\ J=9.77 Hz), 3.06 - 3.12 (4 H,
= m), 3.01 (2 H, s), 2.72 - 2.86
(2 H, m), 2.66 (2 H, t, J=7.63
Hz), 2.05 (1 H, br. s.), 1.91 (1

H, br.s.), 1.53 - 1.64 (2 H, m),
1.43 - 1.52 (1 H, m)

142



1.43 -

4.06(1 H,

J-14.95 Hz),

3.54(1 H
2.64(1

1.69 (m 3 H
ppm 8.63 (1 H, d,
W@ 2@%/131926 (1 H, m),

J=7.02 Hz
4.27(1 H, d,
J-10. 68 Hz),
3.76- 3.83 (1 H
J=11.90 Hz),

d,
9

t, 3

1HNMR (500 MHz, MeOD)

), 7.

3.94(1 H, d,

4 1.
.36 -

6
55(1 H, s), 7.19 -
J-10. 68 HQT/US2009/041076

11163 PCT
m,

53 313.1 m),
3.48 (3 H

Example

Number

LCMSRT| L
Ry

(min)

CMS Ion

IM + H]*

'H NMR

47

1.31

3333

"H NMR (500 MHz, DMSO-
de) dppm 9.03 (1 H, br. s.),
7.80 (1 H, dd, J=8.70, 5.65
Hz), 7.37 (1 H, dd, /=10.38,
2.44 Hz), 7.04 (1 H, td,
J=9.08, 2.59 Hz), 3.89 (1 H,
d, /=10.07 Hz), 3.64 (1 H, d,
J=10.07 Hz), 3.03 (2 H, d,
J=2.75 Hz), 2.74 - 2.85 (2 H,
m), 2.62 - 2.70 (2 H, m), 2.07
(1H, d, J=2.44 Hz), 1.90 (1
H, d, J=8.85 Hz), 1.54 - 1.64
(2 H, m), 1.43 - 1.53 (1 H, m)

48

2.07

383.3

"H NMR (500 MHz, DMSO-
de) d ppm 8.00 (1 H, s), 7.41 -
7.54 (2 H, m), 3.89 (1 H, d,
J=11.29 Hz), 3.57 (1 H, d,
J=11.60 Hz), 2.96 - 3.03 (1 H,
m), 2.88 - 2.93 (1 H, m), 2.73
-2.81 (2H, m), 2.64 (2 H, dd,
J=8.85,5.19 Hz), 1.93 (2 H,
br.s.), 1.56 (2 H, br. s.), 1.38 -
1.50 (1 H, m)
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2.34 -
Hz),

H d, .1.83 Hz), 2.56 (3 H, s),
m . T=10. 15, 10.15, 3.66, 3.51 2.17(1 H,

walod/131926 . 14.19, 9.46, 4.58, 4.43 Hz), 1POI7US2009/041076
2.11 (2 H m Exanpl e Nunber RI LCMS RT (mn) L%ﬁ& PCT
lon [M+ H* Il NAMR /T-Nz z\, ( ss |HNWR (4

2.42 (1 H,

MHz, CDCb)

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

49

OCF3

2.15

399.4

"H NMR (500 MHz, DMSO-
de) dppm 9.03 (1 H, br. s.),
7.91 (1 H, br. s.), 7.65 (1 H, d,
J=8.85 Hz), 7.30 (1 H, d,
J=7.63 Hz), 3.89 (1 H, d,
J=10.07 Hz), 3.64 (1 H, d,
J=10.07 Hz), 2.97 - 3.09 (2 H,
m), 2.80 (2 H, d, J=8.55 Hz),
2.66 (2 H, t, J=7.48 Hz), 2.08
(1 H,br.s.), 1.93 (1 H, br. s.),
1.54 - 1.66 (2 H, m), 1.4 -
1.54 (1 H, m)

50

1.89

333.1

"H NMR (500 MHz, MeOD)
dppm 7.51 - 7.58 (1 H, m),
7.17-7.25 (1 H, m), 7.08 -
7.16 (1 H, m), 4.04 - 4.13 (1
H, m), 3.72 - 3.82 (1 H, m),
3.30 (1 H, br. s.), 3.17 (1 H, d,
J=14.95 Hz), 3.01 (2 H, t,
J=7.48 Hz), 2.80 - 2.92 (2 H,
m), 2.12-2.27 (2 H, m), 1.66
-1.88 (3H, m)
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6 ppm9.05 (1 H, br. s.), 8.34 (1 H s), 8.04(1 H,

dd, J=2.77, 1.26 Hz), 8.00(1 H, d, J=2.77 Hz),
w@29119%% d, 95 0.63 260.2 J=9.32 Hz), 3.57 ¥dAI/B52009/041076

.9.57 Hz), 3.31 (1 H, dd, .14.98, 1.64 Hz), 2.68 5,
3.02 (5H n, 2.10 - 2.20 (1 H m, 2.05 -
2.09 (1 H m, 1.63 -

Example LCMS RT| LCMS Ion L

R, HNMR
Number (min) [M+H]*

"H NMR (500 MHz, DMSO-
de) d ppm 8.95 (1 H, br. s.),
7.66 -7.77 (1 H, m), 7.52 -
7.63 (1 H, m), 7.08 - 7.24 (1

N F H, m), 3.88 (1 H, d, J=9.77
51 | 1.24 333.4

JL Hz),3.63 (1 H, d, J=9.77 Hz),
3.03 (2 H,br.s.),2.78 (2 H,
br.s.), 2.66 (2 H, t, J=7.17
Hz), 2.06 (1 H, br. s.), 1.91 (1
H, br. s.), 1.39 - 1.67 (3 H, m)
"H NMR (500 MHz, DMSO-
de)dppm 9.01 (1 H, br. s.),
7.88 - 8.00 (1 H, m), 7.53 -
F 7.64 (1 H, m), 3.88 (1 H, d,

£ J=10.07 Hz), 3.63 (1 H, d,

52 s 2.05 351.2

< J=10.07 Hz), 2.98 - 3.08 (2 H,

¢ N

% m), 2.72 - 2.87 (2 H, m), 2.66
(2 H, t, J=7.17 Hz), 2.07 (1 H,

br.s.), 1.92 (1 H, br. s.), 1.42 -
1.65 (3 H, m)
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1.75 (1 H m,
VHz, DAI SO
wQ 2009/1§1926 4 H) ,

3.83
Hz,
H),

1 H),
3.00

1.40- 1.60(2

7.28 -7.35
(d, J=9.77 Hz, 1 H),
3.46 -
(s, 2 H,

2.78 -1\

D6) 6 ppm 8.85 (s,

(m 1 H),
(d

3.51 96 L,---- 1.

H m
1

3. 57

N.

1HNMR (500
7.41 -
6. 85 ¥GT/US20b%/041076
j_i J=9.77
338.1 (m B163PCT

H) ,

88

Example

Number

LCMS RT|

R,
(min)

LCMS Ion
IM + H]*

'H NMR

53

1.80

345.3

"H NMR (500 MHz, DMSO-
dg) d ppm 9.03 (s, 1 H), 7.65
(d, J=8.55 Hz, 1 H), 7.19 (d,
J=2.44 Hz, 1 H), 6.82 (dd,
J=8.70, 2.59 Hz, 1 H), 3.90
(d, /=10.07 Hz, 1 H), 3.79 (s,
3 H), 3.64 (d, J=10.07 Hz, 1
H), 3.04 (d, J=2.44 Hz, 2 H),
2.75-2.84 (m, 2 H), 2.67 (t,
J=7.78 Hz, 2 H), 2.07 (s, 1 H),
1.92 (s, 1 H), 1.55 - 1.63 (m, 2
H), 1.49 (dd, J=9.77, 2.75 Hz,
1 H)

54

1.23

345.2

"H NMR (500 MHz, DMSO-
dg) d ppm 8.83 (s, 1 H), 7.37
(d, J=7.94 Hz, 1 H), 7.14 (t,
J=7.93 Hz, 1 H), 6.92 (d,
J=7.93 Hz, 1 H), 3.89 - 3.95
(m, 4 H), 3.66 (d, /=10.07 Hz,
1 H), 3.00 - 3.08 (m, 2 H),
2.76 - 2.85 (m, 2 H), 2.67 (4,
J=7.78 Hz, 2 H), 2.08 (s, 1 H),
1.93 (d, J=3.66 Hz, 1 H), 1.60
(ddd, J=15.26, 6.87, 3.20 Hz,
2 H), 1.50 (ddd, J=7.48, 5.19,
2.59 Hz, 1 H)
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(t, ..7.78 Hz, 2 H),
-2.03 (m 1 H,

wa 2291816 J=8. 16, 7. 82,

1.51 (m 1
lon [M+ Hr

ppm 8.61(1 H d,

H)
111

Exanpl e Nunber RI LCMS RT (min) L

NAI R

J=6.71

2.67 (t,
1.85 -

.7.78 Hz, 2 H), 1.98

1.93 (m 1 H, 1. 54-

7.82, 3.05 Hz, 2 HCT/LS2089/041076

1H NMR (500 MHz, McOD)

q 1%&3 PCT

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

55

1.72

375.2

"H NMR (500 MHz, DMSO-
dg) dppm 8.89 (s, 1 H), 7.40
(s, 1 H), 7.22 (s, 1 H), 3.87 (d,
J=10.07 Hz, 1 H), 3.79 (d,
J=8.55 Hz, 6 H), 3.62 (d,
J=10.07 Hz, 1 H), 2.99 - 3.07
(m, 2 H), 2.75 - 2.84 (m, 2 H),
2.67 (, J=7.63 Hz, 2 H), 2.06
(s, 1 H), 1.93 (s, 1 H), 1.56 -
1.64 (m, 2 H), 1.46 - 1.55 (m,
1 H)

56

2.14

342.1

"H NMR (500 MHz, DMSO-
dg) dppm 8.75 (s, 1 H), 7.84
(dd, J=7.93, 1.53 Hz, 3 H),
7.46 - 7.53 (m, 5 H), 3.85 (d,
J=9.77 Hz, 2 H), 3.60 (d,
J=10.07 Hz, 2 H), 3.01 - 3.09
(m, 3 H), 2.84 (t, J=7.78 Hz, 3
H), 2.67 (t, J=7.78 Hz, 3 H),
2.09 (s, 2 H), 1.91 - 1.99 (m, 2
H), 1.53 - 1.62 (m, 3 H)
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Hz) ,
Hz), 4.32

7.65 (1 H, d,

(1 H d,

J=7.

32 Hz),
J=10.99 Hz),

7.25 (1 H
4.11(1

t,1=7.02
H, d,

wQ20001882dHz) , 3.98(1 H, 97 N B/ 1.57 313.1 ddPCT/US2009/041076

J=14.80, 1.68 Hz),

Hz), 3.52
m, 2.66 -
2.44 (1 H

3.82(1
- 3.61 (1 H m,
2.71 (1 H m,

H, dd,

3.35 -
2.62 (3 H s),

J=14.95, 2.14
3.47 (3 I—E1163 PCT
2.34 -

Example

Number

LCMS RT|

R,
(min)

LCMS Ion
IM + H]*

'H NMR

57

1.04

386.2

"H NMR (400 MHz, DMSO-
de) d ppm 9.05 (1 H, br. s.),
7.86 (1 H, d, J=1.51 Hz), 7.60
(1H, d, J=8.06 Hz), 7.36 (1
H, dd, /=8.31, 1.76 Hz), 3.90
(1H,d, J=10.07 Hz), 3.65 (1
H, d, /=10.07 Hz), 3.03 (2 H,
5),2.97 (6 H, 5), 2.72 - 2.87 (2
H, m), 2.66 (2 H, t, J=7.68
Hz), 2.07 (1 H, br. s.), 1.92 (1
H, br. s.), 1.55 - 1.64 (2 H, m),
1.44 - 1.54 (1 H, m)

58

1.57

426.2

"H NMR (400 MHz, DMSO-
de) 5 ppm 9.06 (1 H, br. s.),
7.83 (1 H, d, J=1.51 Hz), 7.61
(1H,d, J=8.31Hz),7.32 (1
H, dd, /=8.31, 1.76 Hz), 3.90
(1H,d, J=10.07 Hz), 3.65 (1
H, d, J=10.07 Hz), 3.37 - 3.57
(4 H, m), 3.04 (2 H, d, J=1.76
Hz), 2.73 - 2.86 (2 H, m), 2.66
(2 H, t, J=7.68 Hz), 2.07 (1 H,
d, J=2.52 Hz), 1.92 (1 H, dd,
J=8.18, 5.67 Hz), 1.43 - 1.67
(9 H, m)
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m, 2.14 - 2.24 (1 H m, 1.99 - 2.13 (2 H m

1H NMR (500 MHz, DAI SO D6) 6 ppm 8.64 (s, 1 H),
wW@2®2131926 (d, J=10.07 Hz, 1 H), 3.57 (d, \ N-PCT/US2009/041076

J=9.77 Hz, 1 H, 3.02 (s, 2 H, 98 0.57 350.1 2.97

(s, 6 H, 2.79 (s, 2 H, | o 2.67 (t, J=7.B5363PCT

Hz, 2 H, 2.19

Example LCMS RT| LCMS Ion L
R, . HNMR
Number (min) [M + H]

"H NMR (500 MHz, DMSO-
D6) 8 ppm 8.74 (s, 1 H), 7.86
-7.92 (m, 2 H), 7.31 - 7.37
(m, 2 H), 3.85 (d, J=9.77 Hz,
1 H), 3.60 (d, /=9.77 Hz, 1
s )NLN\: O A 60,1 H), 3.00 - 3.09 (m, 2 H), 2.84
S (t, J=7.48 Hz, 2 H), 2.67 (t,
J=7.32 Hz, 2 H), 2.09 (d,
J=1.83 Hz, 1 H), 1.89 - 1.98
(m, 1 H), 1.55 - 1.61 (m, 2 H),
1.51 - 1.54 (m, J=11.29 Hz, 1
H)
"H NMR (500 MHz, DMSO-
D6) 3 ppm 7.87 (s, 1 H), 7.01
(d, J=3.05 Hz, 1 H), 6.68 (dd,
J=3.51, 1.68 Hz, 1 H), 3.84
N0 (d, /=10.38 Hz, 1 H), 3.58 (d,
60 )l\s\>—@ 1.67 | 3322 |J=10.07 Hz, 1 H),3.03 (d,
J=11.29 Hz, 2 H), 2.78 - 2.86
(m, 2 H), 2.66 (t, J=7.48 Hz, 2
H), 2.06 (s, 1 H), 1.87 - 1.96
(m, 1 H), 1.55 - 1.61 (m, 2 H),
1.51 - 1.54 (m, 1 H)
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(s, 3H, 2.04 (s, 1 H, 1.85 - 1.94 (m 1 H),
1.58 (s, 2 H), 1.49 (d, J=6.71 Hz, 1 H o.e .1,z

W0 29531926 1H NVR (400 MHz, M OD) 6 ppm 8. 2BCT/WS34)9/041076
d, J=5.79 Hz), 6.34(1 H d, 1=5.79 Hz), 3.§ﬁ  beT
4.04 (1 H m, 3.91 (3 99 0.87 290.1 H s), 3.18%

-3.76 (1

H m,

3.00 -

3.28 (2 H m,

2.63 -

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

61

1.83

393.0

"H NMR (400 MHz, DMSO-
de) 0 ppm 9.02 (1 H, br. s.),
8.04 (1 H, d, J=2.01 Hz), 7.49
-7.53 (1 H, m), 7.43 - 7.47 (1
H, m), 3.88 (1 H, d, /=10.07
Hz), 3.63 (1 H, d, J=10.07
Hz), 3.02 (2 H, s), 2.74 - 2.84
(2 H, m), 2.65 (2 H, t, J=7.68
Hz), 2.06 (1 H, d, J=2.52 Hz),
1.89 (1 H, br. s.), 1.42 - 1.64
(3 H, m)

62

1.16

391.1

"H NMR (400 MHz, DMSO-
de) dppm 9.21 (1 H, br. s.),
8.40 (1 H, d, J=1.51 Hz), 7.80
-7.85(1H,m), 7.72-7.77 (1
H, m), 3.92 (1 H, d, /=10.32
Hz), 3.67 (1 H, d, J=10.07
Hz),3.21 (3H,s), 3.05 (2 H,
d, J=4.03 Hz), 2.82 (2 H, d,
J=6.80 Hz), 2.67 (2 H, 1,
J=7.43 Hz), 2.10 (1 H, br. s.),
1.94 (1 H, d, J=3.27 Hz), 1.45
-1.66 (3 H, m)
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2.97(4 H m, 1.99 - 2.21 (2 H m, 1.44- 1.85 (3

H m Exanpl e Nunber RI LCMS RT (min) LAOS lon [M(
WOHR00PMI1INAI R 1H NMR (400 MHz, M QOD) 6 PENUS2089041076

(1 H s), 6.21 (1 H d, J=6.04 Hz), 3.98 (1 H,11163PCT

d, J=10.32 Hz), 3.89(3 H s), 100 z 0.91 290.1

Example LCMS RT| LCMS Ion L
R, . HNMR
Number (min) [M + H]

"H NMR (500 MHz, DMSO-
D6) dppm 8.54 (s, 1 H), 7.32
(s, 1 H), 3.79 (d, J=10.07 Hz,
S 1 H), 3.54 (d, J=10.07 Hz, 1
63 /©: >— | 135 329.1 | H), 2.98 -3.05 (m, 2 H), 2.76
& - 2.85 (m, 2 H), 2.66 (4,
J=7.63 Hz, 2 H), 2.05 (s, 1 H),
1.87 - 1.95 (m, 1 H), 1.41 -
1.68 (m, 3 H)
"H NMR (500 MHz, DMSO-
dg) dppm 8.54 (s, 1 H), 7.32
(s, 1 H), 3.67 (dd, /=126.04,
10.07 Hz, 2 H), 2.92 - 3.09
64 )Nl:\>’5r 1.02 | 3499 |(m,2H),2.72-2.91 (m, 2 H),
2.60 - 2.73 (m, J=7.63, 7.63
Hz, 2 H), 2.00 - 2.12 (m, 1 H),
1.81 - 1.99 (m, 1 H), 1.35 -
1.69 (m, 3 H)
"H NMR (500 MHz, DMSO-
dg) dppm 8.93 (s, 1 H), 7.54 -
7.76 (m, J=10.53, 3.81 Hz, 2
H), 3.79 - 4.04 (m, 1 H), 3.56

Cl
/ -3.72 (m, J=9.92,3.20 Hz, 1
65 \ ° | 214 380 | H),3.26-3.45 (m, 2 H), 2.98
|
?L’J\S -3.12 (m, 2 H), 2.75 - 2.90

(m, 2 H), 2.61 - 2.74 (m,
J=1.22 Hz, 2 H), 2.09 (s, 1 H),
1.87 - 2.04 (m, 1 H), 1.42 -
1.76 (m, 3 H)
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3.67 (1 H d, J=10.32 Hz), 3.01 - 3.24 (2 H m,

2.65 - 2.97 (4 H m, 1.96 - 2.17 (2 H m,

wa209131926 81 (3 H m 2 Si- "H NVR (400 MHzpCIVBSIDYP9/041076
6 ppm8.56 (2 H, d, J=4.78 Hz), 6.94 - 6.99 (111l_1|63PCT
m, 3.98 - 4.04 (2 H mM, 3.78 (1 H, d,

1=10.32 Hz), 3.45 - 3.52 (1 H 101 1.18 260.1

Example LCMS RT| LCMS Ion L
R, . HNMR
Number (min) [M + H]

"H NMR (500 MHz, DMSO-
dg) dppm 9.04 (1 H, d, J=1.22
Hz), 8.44 (1 H, br. s.), 7.52 -
cl 7.69 (2 H, m), 3.77 - 3.82 (1

o N’Né Lo 1331 H, m), 3.68 (1 H, d, /~10.07
Y Hz), 3.05 - 3.12 (2 H, m), 2.94
4 N -3.04 (2H, m), 2.80 -2.91 (2
H, m), 2.19 (1 H, d, J=1.83
Hz),2.01 (1 H, br. s.), 1.67 -
1.85 (3 H, m)
"H NMR (500 MHz, DMSO-
dg) dppm 6.72 - 7.61 (m, 1
H), 3.49 - 3.70 (m, 1 H), 3.31
N - 3.46 (m, 1 H), 2.86 - 3.06
67 ~ 0.28 277.1 | (m, J=9.46 Hz, 2 H), 2.56 -
2.84 (m, 4 H), 2.10 - 2.31 (m,
3 H), 1.91 - 2.10 (m, 4 H),
1.70 (s, 1 H), 1.49 - 1.61 (m, 2
H), 1.36 - 1.49 (m, 1 H)
"H NMR (500 MHz, DMSO-
dg) d ppm 7.55 (s, 1 H), 5.63
(s, 1 H), 3.57 - 3.74 (m,
5 jl\/\\'N oas | 27en |/ESSHE TH) 348 (5,3 )
2 N\ 2.96 (s, 2 H), 2.72 - 2.88 (m, 2
H), 2.65 (s, 2 H), 1.93 - 2.17
(m, 4 H), 1.86 (s, 1 H), 1.57
(s,3H)

152



m, 3.35(1 H s), 3.15 -3.22 (2 H m, 3.05- 3.12

(2 H m, 2.22 - 2.38 (2 H m, 1.95 - 2.03 (1
waoHR000M131926 80- 1.92(2 H m 1H NMR ( 500PQ#AES$2009/041076
DVSO dé) 6 ppm8.87 (1 H, br. s.), 7.06(1 H63 PCT
d, 1=7.63 Hz), 6.91 (1 H d 1=7.63 Hz), 3.92 (1
Example LCMS RT| LCMS Ion L
R, HNMR
Number (min) [M+H]*

"H NMR (500 MHz, DMSO-
d6) d ppm 7.87 (d, J=6.71 Hz,
1 H), 7.80 (d, /=7.02 Hz, 2
H), 7.42 - 7.48 (m, 4 H), 3.49
6o N, L35 1301 |- 3.57 (m, 1 H), 3.25 - 3.33
<~ (m, 4 H), 2.77 (t, J=15.41 Hz,
2 H), 2.59 - 2.68 (m, 1 H),
2.49 -2.57 (m, 15 H), 2.24 -
2.31 (m, 2 H), 2.21 (s, 1 H),
1.94 (s, 1 H), 1.47 (s, 2 H)

"H NMR (300 MHz, DMSO-
de) dppm 9.20 (1 H, br. s.),
8.29 - 8.42 (1 H, m), 7.63 -
CN 7.76 (2 H, m), 3.91 (1 H, d,
J=10.25 Hz), 3.66 (1 H, d,

70 s 0.73 | 340.1
J< J=10.25 Hz), 3.05 (2 H, s),
¢ N
% 2.74-2.90 (2 H, m), 2.66 (2

H, t, J=7.68 Hz), 2.09 (1 H,
br.s.), 1.92 (1 H, d, J=4.03
Hz), 1.42 - 1.66 (3 H, m)

IH NMR (400 MHz, CDCL)
dppm 8.92 (1 H, s), 8.00 (1
H, br. s.), 7.78 (1 H, d, ]=8.56
Hz), 7.42 (1 H, d, J=8.06 Hz),
. /©:S/> oo | a1sy | 392(UH A IF1108 H),

i N 3.55(1 H, d, ]=10.83 Hz),
3.23 (1 H, d, J=14.86 Hz),
2.83 -2.90 (2 H, m), 2.65 -

2.83 (2 H, m), 1.89 - 2.17 (3
H, m), 1.41 - 1.75 (3 H, m)
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H d, J=10.07 Hz),

J=10. 07 Hz),

WQ2094/131926

3.66(1 H 102 2.19 343.4 d,
2.72 -2.85 (2 H m,

H, s), 2.07 (1 H, br.
- 1.65 (2 H m,
Exanpl e Nunber RI LCMS RT (mn) LOS lon [M+ H |11

NAI R 103

3.03(2 H, s),
2.70 (2 H m,

S.)
1.44 - 1

2.51 (3 H s),

PCBBS1089/041076

, 1.91(1H, br. s.),

.53 (1

H o m 11 1%%3 PCT

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

72

0.75

315.1

IH NMR (400 MHz, CDCL)
dppm 8.82 (1 H, s), 8.22 (1
H, s), 7.98 (1 H, d, J=8.56
Hz), 7.21 - 7.25 (1 H, m), 6.37
(1H,br.s.),3.99 (1 H, d,
J=11.58 Hz), 3.61 (1 H, d,
J=11.58 Hz), 3.23 (1 H, d,
J=14.86 Hz), 2.89 (2 H, 1,
J=7.68 Hz), 2.69 - 2.84 (2 H,
m), 1.91 - 2.09 (2 H, m), 1.45
- 1.73 (4H, m)

73

0.85

309.2

"H NMR (400 MHz, CDCls) &
ppm 8.70 (1 H, d, J/=1.76 Hz),
8.09 (1 H, br. s.), 8.00 (1 H, d,
J=8.31Hz), 7.43 -7.58 (2 H,
m), 3.90 (1 H, d, J=10.58 Hz),
3.54 (1 H, d, /=10.32 Hz),
3.26 (1 H, d, /=14.60 Hz),
2.65-3.06 (5H, m),2.13 (1
H, br. s.), 2.00 (1 H, br. s.),
1.34-1.79 (5 H, m)
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s4. C 2.48 363.3 1H NWR (500 MHz, DMVMSO- 4) 6 ppm 8.84

(1L H br. s.), 7.7 (1 H d, 1=1.83 Hz), 7.18 (1 H,
WGE20093390¢ 1 H, d, 1=10.07 Hz), 3.64(1 H d, J=HO1/052009/041076

Hz), 3.03 (2 H, s), 2.72 -2.85 (2 H m, 2.66 (2 1%3PCT

J=7.63 Hz), 2.53 (3 H, s), 2.07 (1 H, br. s.), 1.88 -

1.96(1 H, m,

m 104 .
//

1.55 -

1.63 (2 H,

m,

1.44 -

1.53 (1 H,

1. 45 381.0 1H NVR (500 MHz, DMBSO- 4) 6 ppm

hy o ) 7

a6
15

1 —

(A 7 61 (1

(o}

R

o Noype

L= 2 S ) L
55 Hz)r, 7.01
). 3.64(1 H,

iy

d, 4§21

5
0. 07

Ton
}ﬁrzﬁ

/—_ L

AA

g o IIL/, T UL

3. 89( IHNMRd,

3.03 (2 H d,

LU T

| 44 Hz
2.07
2 H
RT
MHz
=7.

H)

N
]\ S

S5

(
3

~Tr
n Ol
R )

[N

74

4

, 2.72 - 2.86
(1 H br. s.)
n, 1.45 - 1.
mn) LOS lon
DAl SO D6
P Hz, 2 H), 7.
4.01 (s,

.5}
il

(2 H,
. 1.88
53 (1

6 pp

20 -
2 H),

0.65

[M + H

313.2

. 66H (NMRI(500, MBz ME3D)

bl D gt o
A7R0 (1 H, bl IR 7.63 (1
s, 1 7.31
Hﬁn),sct% (1 Hy dpg10.99
H59:.04(1 H, d, J=10.68
Hz), 3.91 (1 H, d, J=14.95
Hz), 3.76 (1 H, dd, J=14.95,
2.44 Hz), 3.45 - 3.53 (1 H, m),
3.29-3.40 (3 H, m), 2.61 (1
H, d, J=2.14 Hz), 2.40 (3 H,
s), 2.31 (1 H, tt, J=10.26, 3.47
Hz), 2.06 - 2.16 (1 H, m,
J=1423,9.35,4.54, 454 Hz),
1.92 - 2.06 (2 H, m)

75

1.24

310.1

IH NMR (400 MHz, CDCL)
dppm 8.73 (1 H, d, J=1.76
Hz), 8.66 (1 H, d, /=2.01 Hz),
7.96 (1 H, d, /=9.07 Hz), 7.90
(1 H,br.s.), 7.68 (1 H, br. s.),
7.50 (1 H, br.s.),3.93(1H,d,
J=10.32 Hz), 3.56 (1 H, d,
J=9.32 Hz), 3.29 (1 H, d,
J=14.86 Hz),2.97 (1 H, d,
J=14.86 Hz), 2.88 - 2.94 (2 H,
m), 2.69 - 2.87 (2 H, m), 2.12
(1 H, br.s.),2.06 (1 H, br. s.),
1.64 - 1.73 (1 H, m), 1.46 -

1.64 (2 H, m)
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4, Hz,
ii L-c-s
w0H009/231026
- 1.90
1.49 (m

J=10.07 Hz, 105 1.83 355.1

s, 2 H, 2.70 - 2.78 (m 2

2 H, 1.99 (s, 1 »T/U4208%041076
2

- 1.60 (m 2 H), 1. 41 -
2.67, 2.48 Hz, 1 H) fiiss per

3 (d,
97 (
He,
1.

1H, 3.
1H),
. J=7.78
(m 1 H
6.90, 2.

5
2.
Z
, 5
90,

| HNVR (40

(t
J=
0

MHz, CDCh)

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

76

1.58

328.2

"H NMR (500 MHz, DMSO-
ds) & ppm 11.30 (s, 1 H), 9.16
(s, 1 H), 7.04 - 7.43 (m, 1 H),
6.70 - 7.03 (m, 1 H), 6.54 -
6.69 (m, 1 H), 3.89 (d, J/=9.77
Hz, 1 H), 3.53 - 3.81 (m, 4 H),
3.01 (s, 2 H), 2.58 - 2.91 (m, 4
H), 2.03 (s, 1 H), 1.78 - 1.96
(m, 1 H), 1.32 - 1.73 (m, 3 H)

77

1.40

316.1

"H NMR (500 MHz, DMSO-
D6)dppm 11.53 (s, 1 H),
9.12 (s, 1 H), 6.94 - 7.46 (m, 2
H), 6.83 (s, 2 H), 3.90 (d,
J=9.77 Hz, 1 H), 3.64 (d,
J=9.77 Hz, 1 H), 2.90 - 3.09
(m, 2 H), 2.61 - 2.87 (m, 4 H),
1.95-2.10 (m, 1 H), 1.88 (d,
J=3.05Hz, 1 H), 1.33 - 1.70
(m, 3 H)

78

o
::z\_/g
z

0.35

298.1

"H NMR (400 MHz, CDCls) &
ppm 7.94 (1 H, s), 7.80 (1 H,
br.s.), 7.26 - 7.36 (1 H, m),
7.17-7.25 (1 H, m), 3.97 (1
H, d, /=11.33 Hz), 3.59 (1 H,
d, J=11.58 Hz), 3.23 (1 H, d,
J=14.60 Hz), 2.65 - 3.01 (5 H,
m), 1.86 - 2.16 (2 H, m), 1.35
-1.73 (3H, m)
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6 ppm8.87 (1 H br. s.), 8.23 (1 H s), 7.88(1 H,
s), 3.85 (1 H d, J=9.32 Hz), 3.51 (1 H N....-
wa@2003A49932 Hz), 3.27(1 H, dd, 106 L 0.71 274. 2PCHU2008041076
1.64 Hz), 2.60 - 2.97 (5 H m, 2.37 (3 H S), | qper
2.06 - 2.16(1 H, m J=13.25, 9. 85, 3.46, 346
3.46 Hz), 1.99 - 2.05 (1 H m, 1.57 - 1.70(1
H m, 1.36- 1.54(2 H m
Example LCMS RT| LCMS Ion L
R, HNMR
Number (min) [M+H]*

"H NMR (400 MHz, CDCl3) &
ppm 8.78 (2 H, d, J/=5.79 Hz),
8.03 (2 H, d, J=6.04 Hz), 7.73
(1H,br.s.), 748 (1 H, d,
o QN‘F@" 10 1761 J=8.56 Hz), 7.36 (1 H, br. s.),
z o 3.92 (1 H, d, J=8.81 Hz), 3.55
(1H,d, J=9.06 Hz), 3.24 (1
H, d, /=14.10 Hz), 2.57 - 3.06
(5 H, m), 1.86 - 2.20 (2 H, m),
1.30 - 1.80 (3 H, m)
"H NMR (400 MHz, CDCls) &
ppm 8.00 (1 H, d, /=7.81 Hz),
7.83-7.97 (1 H, m), 7.68 (1
H, br. s.), 7.39 - 7.55 (2 H, m),
" 7.35 (1 H, br. s.), 7.20 2 H,
80 ch?_Q 2.36 393.1 |td,J=8.31,2.27 Hz), 3.93 (1
H, d, /=10.83 Hz), 3.56 (1 H,
d, /=10.58 Hz), 3.24 (1 H, d,
J=15.11Hz), 2.62 - 3.05 (5 H,
m), 1.88 - 2.22 (2 H, m), 1.34
-1.79 (3 H, m)

157



Exanpl e Nunber RI LCMS RT (mn) LOS lon [M+ H* 111

NAI R 1- HNVR (400 MHz, CDCh) 6 ppm8.71 (1 H,
wh2609/13192q 8. 14 (1 H d, J=1.26 Hz), 8.11(HCT/US20B}/041076

d, J=1.26 Hz), 3.92 (1 H NBr d, J=9.32 Hz), 3.58(1,

H d, 107 1 0.93 338.1 J=9.57 Hz), 3.32 (1 H, dd,

.14.98, 1.89 Hz), 2.68 - 3.03

Example LCMS RT| LCMS Ion L
R, . HNMR
Number (min) [M + H]

"H NMR (400 MHz, CDCl3) &
ppm 8.12 (2 H, d, J/=8.06 Hz),
7.64 (1 H, br. s.), 7.43 (1 H, d,
J=8.56 Hz), 7.32 (3 H, d,

N J=8.06 Hz), 3.94 (1 H, d,
81 fz,Qc?_@_\ 2.81 403.1 | J=10.07 Hz), 3.56 (1 H, d,
J=9.57 Hz), 3.24 (1 H, d,
J=13.60 Hz), 2.57 - 3.03 (7 H,
m), 1.88 - 2.22 (2 H, m), 1.39
-1.74 (3H, m), 1.27 3 H, t,
J=7.68 Hz)
"H NMR (400 MHz, CDCls) &
ppm 8.06 (2 H, d, /=9.07 Hz),
7.56 (1 H, br. s.), 7.30 - 7.43
(2H, m), 6.74 (2 H, d, J=9.07
N
o Z@[?—@—N ey | argy | HD395 (TH.AF1LSE
Hz),3.58 (1 H, d, J=11.83
Hz), 3.24 (1 H, d, J=14.10
Hz), 3.05 (6 H, s), 2.61 - 2.99
(5H, m), 1.88 -2.13 (2 H, m),
1.35-1.81 (4 H, m)
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W@ 200b1131926

(5H m, 2.04 -
m J=14.01,

2.1
9.85

8.58 (s, 1 H), 7.98
1 d H,
2.34 375.0 3.87 (d,

7.45 (d,
J=10. 07 Hz,

9 (2 H

, 4.31, 4

(d,

m,

.31 H),

1H NVR (500 MHz, DAI SO
J=8.24 Hz, 2 H),
J=8.54 Hz, 2 H),

1H,

1.63 -

1.75(1 H,
1.42 - 1.59

D6) BCPHM009/041076
7.51
108 fi ifﬁ63 PCT
N

Example
R,
Number

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

83

1.15

367.1

"H NMR (500 MHz, MeOD)
dppm 9.12 (1 H, s), 7.78 -
7.82 (1 H, m), 7.70 - 7.74 (1
H, m), 4.05 (1 H, d, /=9.77
Hz), 3.75 (1 H, d, J=9.77 Hz),
3.29 (1 H, d, J=14.65 Hz),
3.11-3.18 (1 H, m), 2.98 (2
H, t, J=7.93 Hz), 2.80 - 2.91
(2H, m),2.13-2.22 (2 H, m),
1.71 - 1.87 (2 H, m), 1.62 -
1.71 (1 H, m)

84

1.96

393.1

"H NMR (400 MHz, CDCls) &
ppm 8.18 - 8.26 (2 H, m), 7.66
(1H,s),7.44 (1 H, d, J=8.56
Hz), 7.32 (1 H, d, J=8.56 Hz),
7.16 - 7.23 (2 H, m), 3.95 (1
H, d, /=11.33 Hz), 3.57 (1 H,
d, /=11.33 Hz), 3.25 (1 H, d,
J=14.60 Hz), 2.69 - 3.04 (6 H,
m), 2.09 (1 H, br. s.), 1.45 -
1.74 (4 H, m)
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3.62 (d,

J=9.77 Hz,

2.75 -2.87 (m 2 H),

WQ209/131926

H 111 NAIR

(s, 1 H, 1

1 H, 3.04 1l
(t, J=7.63 Hz, 2 H),
H, 1.40 - HCBBSI0n9/041076
3 H) Exanpl e Nunber RI LCMS RT (mn) LOS lon | * 63 PCT
1H NMR (400 MHz, DAIS

2.68
.92 (s, 1

'----eN0 Z is

(s, 2 H,

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

85

1.34

309.1

IH NMR (400 MHz, CDCL)
dppm 8.75 (1 H, dd, /~4.15,
1.64 Hz), 8.04 (1 H, d, J=8.06
Hz), 7.98 (2 H, d, J=8.81 Hz),
7.49 (1 H, d, J=8.81 Hz), 7.31
(1 H, dd, /=8.31, 4.28 Hz),
6.71 (1 H, br. s.), 4.03 (1 H, d,
J=11.83 Hz), 3.65 (1 H, d,
J=12.09 Hz), 3.25 (1 H, d,
J=14.86 Hz), 2.96 (1 H, d,
J=14.86 Hz), 2.89 (2 H, 1,
J=7.55 Hz), 2.69 - 2.84 (2 H,
m), 2.07 (1 H, br. s.), 1.98 (1
H, br. s.), 1.57 - 1.73 (2 H, m),
1.44 - 1.55 (1 H, m)

86

~
; prdu o

313.1

IH NMR (400 MHz, CDCL)
dppm 9.78 (1 H, br. s.), 7.19
(1H,br.s.), 6.99 (1 H, d,
J=6.80 Hz), 6.67 (1 H, d,
J=8.31 Hz), 3.87 (1 H, d,
J=10.32 Hz), 3.50 (1 H, d,
J=11.08 Hz), 3.46 (2 H, s),
3.21 (1 H, d, /=14.60 Hz),
2.93 (1 H, d, /=15.11 Hz),
2.87 (2 H, t, J=7.68 Hz), 2.65
-2.81 (2 H, m), 2.04 (1 H, br.
s.), 1.96 (1 H, br. s.), 1.40 -
1.75 (3 H, m)
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6. 54 (d, J=1.01 Hz,
1 H, 3.54 (d,
109 0.73 279.3

1 H),
J=9. 82 Hz,
2. TECF/U2089041076

D6) 8 ppm 8.61 (s, 1 H),
3.80 (d, 1=10. 07 Hz,
wda.2ddp/132208 (s, 2 H),

(m 2 H,
1.95 -2.05
2 H, 1.41

2.65 (t,
(m 1H),

J=7.81
1.88 (s,

Hz, 2 H),
1 H),

2.20 (s, 3
1.50- 1.61

11}(_1%,? PCT

- 1.50 (m

1H

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

87

1.13

299.2

"H NMR (500 MHz, MeOD)
O ppm 8.57 - 8.63 (1 H, m),
7.55-7.64 (2 H, m), 7.06 -
7.12 (1 H, m), 4.04 (1 H, dd,
J=9.92, 1.98 Hz), 3.81 (1 H,
dd, J=10.07, 2.14 Hz), 3.46 -
3.57 (1 H,m), 3.23 (2 H, d,
J=10.68 Hz), 3.09 - 3.18 (2 H,
m), 2.82 - 3.02 (1 H, m), 2.41
(1H,br.s.),2.28-2.37 (1 H,
m), 1.99 - 2.07 (1 H, m), 1.86
-1.97 2 H, m)

88

1.26

342.1

"H NMR (500 MHz, DMSO-
dg) d ppm 9.20 (s, 1 H), 8.64
(s, 1 H), 8.45 - 8.56 (m,
J=4.58, 1.53 Hz, 1 H), 8.21 -
8.38 (m, J=7.63 Hz, 1 H),
7.62 (s, 1 H), 7.33 - 7.50 (m,
J=7.93, 4.88 Hz, 1 H), 3.75
(dd, J=128.64, 9.92 Hz, 2 H),
2.95-3.14 (m, 2 H), 2.62 -
2.91 (m, 4 H), 2.06 (s, 1 H),
1.92 (s, 1 H), 1.42 - 1.70 (m, 3
H)
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1H NMR (400 MHz, DAI SO
3.83 (d,
W@ e09/131926 110 1' 1"-----

H, 6.51 (s,

1H),
2=.7903- 2211z. 8;
J=7.68 Hz, 2 H),
H, 1.52 -

1.97

D6) 8 ppm 8.24- 8.82 (m 1

1=9. 57 Hz,
1.76 321.4 1(s, 2
(nH, 2) H1)9, 80EL:

-2.04 (m 1 H,

1 H), 3.57
PCT/US2009/041076

)1, L2-
1 88 (S’Plii63 PCT

Example
R,
Number

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

89 N@,
A

2.13

343.1

"H NMR (500 MHz, DMSO-
dg) d ppm 8.81 (s, 1 H), 7.39
(s, 1 H), 6.97 (s, 1 H), 3.78
(dd, J=130.16, 9.92 Hz, 2 H),
2.95-3.15 (m, 2 H), 2.74 -
2.90 (m, 2 H), 2.61 - 2.72 (m,
J=7.78,7.78 Hz, 2 H), 2.47 -
2.55 (m, J=3.66, 1.83 Hz, 3
H), 2.33 (s, 3 H), 2.07 (s, 1
H), 1.85-2.01 (m, 1 H), 1.41
- 1.70 (m, 3 H)

o
" | D
S
S

0.55

372.0

"H NMR (300 MHz, DMSO-
de) d ppm 9.98 (1 H, s), 8.92
(1H, br.s.), 8.11 (1 H, d,
J=1.83 Hz), 7.48 - 7.53 (1 H,
m), 7.34 - 7.40 (1 H, m), 3.88
(1H, d, J=10.25 Hz), 3.62 (1
H, d, /=10.25 Hz), 3.02 (2 H,
s), 2.74 - 2.83 (2 H, m), 2.66
(2 H, t, J/=7.50 Hz), 2.04 (4 H,
s), 1.90 (1 H, br. s.), 1.58 (3
H, br. s.)
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1.61 (m 2 H),

1.24 (s,

W@pAB315%6 ( S,

(s, 1
312.3 3.92 (

-3.60 (m J=

H, 6.86 (d,

1.46 (dd,
9H)
1 H, 7.13

s, 2 H,
10. 07

|_|21

(

J=9.69, 2.90 Hz,
1H NVR (400 MHz, DMVBO-

d,

4

2.95 (s,

1H),
d6)

J=8.56 Hz, 2 POT/US20091041076
J=8.56 Hz, 2 H),
3.66- 3.85 (m
1H),

111 11" 1. 64
H) . 3. 4Hl163PCT
2 H, 2.57 -

N

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

91

1.60

3433

"H NMR (300 MHz, DMSO-
de) dppm 7.61 (1 H, s), 7.47 -
7.53 (1 H, m), 7.16 (1 H, d,
J=8.05 Hz), 3.84 -3.92 (1 H,
m), 3.62 (1 H, d, J=10.25 Hz),
3.26 - 3.46 (3 H, m), 3.02 (1
H,s),2.79 (1 H, d, J=6.95
Hz),2.65 (2 H, q, /=7.32 Hz),
2.01-2.20 (1 H, m),1.93(2
H, d, /=9.88 Hz), 1.40 - 1.64
(2H, m), 1.15-1.28 (3 H, m),
1.00 (1 H, d, J=6.59 Hz)

92

0.45

279.1

"H NMR (500 MHz, DMSO-
D6) 3 ppm 8.34 - 8.83 (m, 1
H), 6.96 (s, 1 H), 3.79 (d,
J=9.77 Hz, 2 H), 3.53 (d,
J=9.77 Hz, 2 H), 2.89 - 3.06
(m, 2 H), 2.71 - 2.86 (m, 2 H),
2.60 - 2.70 (m, J=7.78, 7.78
Hz, 2 H), 2.29 (s, 3 H), 2.01
(s, 1 H), 1.90 (d, J=13.43 Hz,
2 H), 1.35 - 1.65 (m, 3 H)
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2.86 (m 4 H), 1.98 (s, 1 H), 1.84 (s, 1 H), 1.31
- 1.66 (m 2 H) Exanpl e Nunmber RI LCMS RT (m n)
wWaay13ees [M+ H 111 NAIR 112 e 1.70 359.1 1pCTNNR009/041076
(300 MHz, DVBO4) 6 ppm 8.83 (1 H, d, J=1.83 Hz), 63 PCT
7.08(1 H, d, 1=8.42 Hz), 6.71 (1 H d, 1=8.05 Hz), 3.!8%
- 3.94(1 H, rr) 3.85 (3 H s), 3.65 (1 H d, J=9.88
Hz), 3.04 (2 H, s) 2.61 -2.85 (4 H n), 2.47 (3 H,
S) \ RaR8 A H—e—3=220 Har 82 199 (1 H—+-
1. 4017 66( 3 Hle 113) 1] 2EM58B 13" TH NVRa6s@0
MHz| "BRSQd6) 6 ppm 12.09 (Y 1 ™'™M8l02 (s, 1 H)., 7.63
(d, [ J=7.32 Hz, 1 H) 7.B3 -7.B6 (m 1HNMR (30 Nz, DMSO-
J=5/80 Hz] 1 H), 6.99 (f, J=7}02 He, (
J=8l 24 Hz| 1 H, 3.57 (5, 1 H, 3.00 %’Q@%"‘%‘?‘?@z ‘(;50’7'62‘
(s,| 2 H, |2.67 (s 2 H)| 1.99).2.04 (mss1mH H),B.83d(s,
1H, 1.58 (s, 2 H, 1.47 (s,|1 H y T
conpounds|in Table 3 were synthesi zed”’al r%?’ﬁg{)t%ﬁ% he 76
met hod of | Exanpl e g:tlg st eps G D usi ng(thhEeHaRHEGPr=a0.67 Hz,
i sot hi gcyanat e_or Y nel and rpcem ¢
3S(ani’domet hyN) Quiuct i di hZ%- pl 2921 Hel ). gy 355 (m, 2 H),
Exanpl e T&urmje?S RIoLCMS RT (mn) LO $2logn3[16l(m:+2 Hy, 2.43l-
NAI R
2.90 (m, 2 H), 2.58 - 2.72 (m,
J=7.63, 7.63 Hz, 2 H), 2.06 (s,
1 H), 1.75 - 1.99 (m, 5 H),
1.43 - 1.69 (m, 3 H)
"H NMR (500 MHz, MeOD)
O ppm 8.63 (1 H, d, J=7.02
Hz), 7.55 (1 H, s), 7.19 - 7.23
(1H, m), 427 (1H,d,
J=10.68 Hz), 4.06 (1 H, d,
J=10.68 Hz), 3.94 (1 H, d,
— J=14.95Hz), 3.76 - 3.83 (1 H,
94 I:/Q, 1.53 313.1 | m), 3.54 (1 H, t,J=11.90 Hz),
e 3.36 - 3.48 (3 H, m), 2.64 (1
H, d, /=1.83 Hz), 2.56 (3 H,
s), 2.34-2.42 (1 H, m,
J=10.15, 10.15, 3.66, 3.51
Hz), 2.17 (1 H, dddd,
J=14.19,9.46, 4.58, 4.43 Hz),
1.97-2.11 (2 H, m)
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1H NVR (400 MHz, DVBQd6) 6 ppm 9.02 (1 H, s), 7.10 N

s (1H s), 367- 3.88 (2 H m, 3.07 - 3.30 (2

WOR009319% 80 - 114 2.06 344.3 -  3.05 (4 HCTHIS2009/041076
2.78 (3 H s), 2.55 (3 H, s), 2.22 (LH br. ..o
s.), 2.00(1 H d, J=12.09 Hz), 1.55 - 1.88(3 H'f§

1H NMR (400 MHz, McOD)

Example LCMS RT| LCMS Ion L
R, . HNMR
Number (min) [M + H]

IH NMR (400 MHz, CDCL)
d ppm 9.05 (1 H, br. s.), 8.34
(1H,s),8.04 (1 H, dd,
J=2.77, 1.26 Hz), 8.00 (1 H,
d, J=2.77 Hz), 3.91 (1 H, d,
05 JIN:] 063 | 260n |F932H2).357 (1 H.d

g J=9.57 Hz), 3.31 (1 H, dd,
J=14.98, 1.64 Hz), 2.65 - 3.02
(5 H, m), 2.10 - 2.20 (1 H, m),
2.05-2.09 (1 H, m), 1.63 -
1.75 (1 H, m), 1.40 - 1.60 (2
H, m)
"H NMR (500 MHz, DMSO-
D6) 3 ppm 8.85 (s, 1 H), 7.41
-7.47 (m, 4 H), 7.28 - 7.35
(m, 1 H), 6.85 (s, 1 H), 3.83
(d, J=9.77 Hz, 1 H), 3.57 (d,
N\ J=9.77 Hz, 1 H), 3.46 - 3.51
96 ZL}_@ 1.88 338.1 | (m, 3 H),3.00(s,2 H),2.78
(t, J=7.78 Hz, 2 H), 2.67 (t,
J=7.78 Hz, 2 H), 1.98 - 2.03
(m, 1 H), 1.85 - 1.93 (m, 1 H),
1.54 - 1.63 (m, J=8.16, 7.82,
7.82,3.05 Hz, 2 H), 1.43 -
1.51 (m, 1 H)
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6 ppm8.70 (1 H, dd,

m, 3.03 -

2.69 -
1.51 -

J=4. 41,
dd, 1=8.81, 4.53 Hz),
wa2084119% d, 115 % % z=. cC.
3.72(1 H, d,

1=10. 07 Hz),

3.14 (1 H m),
2.84 (2 H,
1.87(3 H, m

n,

2.85
2.00 -

1.39 Hz),
7.15(1 H,
1.19 260. 3 1=10. 07P¢&YS2009/041076
3.14 -
-2.99 (2 H m,
2.26 (2 H m,

7.51 (1 H,
d, J=7.81 Hz),

3.26 (1 H 11163 PCT

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

97

1.57

313.1

"H NMR (500 MHz, MeOD)
dppm 8.61 (1 H, d, J=6.71
Hz), 7.65 (1 H, d, J=7.32 Hz),
7.25 (1 H, t, J=7.02 Hz), 4.32
(1H, d, J=10.99 Hz), 4.11 (1
H, d, /=10.68 Hz), 3.98 (1 H,
dd, J=14.80, 1.68 Hz), 3.82 (1
H, dd, J=14.95,2.14 Hz), 3.52
-3.61 (1H, m), 3.35-3.47 (3
H, m), 2.66 - 2.71 (1 H, m),
2.62(3H,s),2.34-2.44 (1 H,
m), 2.14 - 2.24 (1 H, m), 1.99
-2.13 (2H, m)

98

0.57

350.1

"H NMR (500 MHz, DMSO-
D6) 3 ppm 8.64 (s, 1 H), 3.82
(d, /=10.07 Hz, 1 H), 3.57 (d,
J=9.77 Hz, 1 H), 3.02 (s, 2 H),
2.97 (s, 6 H), 2.79 (s, 2 H),
2.67 (, J=7.63 Hz, 2 H), 2.19
(s, 3H),2.04 (s, 1 H), 1.85 -
1.94 (m, 1 H), 1.58 (s, 2 H),
1.49 (d, J=6.71 Hz, 1 H)

929

0.87

290.1

"H NMR (400 MHz, MeOD)
& ppm 8.20 (1 H, d, J=5.79
Hz), 6.34 (1 H, d, J=5.79 Hz),
3.94-4.04 (1 H, m), 391 (3
H, s), 3.55 - 3.76 (1 H, m),
3.00 - 3.28 (2 H, m), 2.63 -
2.97 (4 H, m), 1.99 - 2.21 (2
H, m), 1.44 - 1.85 (3 H, m)
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I 0z)] "z =< ss "H NVR (400 MHz, MeOD) 6 ppm

6.99 -7.12 (2 H, m, 3.95 - 4.02 (4 H n), 3.68(1
woRo0d/131910. 07 Hz), 3.20(1 H, 116 0.73 290.3 PCT/USZHP9I/041076
3.08(1 H, dd), 2.84 - 2.95 (2 H m, 2.69 - 2. 1§63PCT
(2 H m, 1.99 - 2.21 (2 H m, 1.47- 1.87
H m
Example LCMS RT| LCMS Ion L
R, HNMR
Number (min) [M+H]*

"H NMR (400 MHz, MeOD)
dppm 8.39 (1 H, s),6.21 (1
H, d, J=6.04 Hz), 3.98 (1 H,

~
[o]
d, J=10.32 Hz), 3.89 (3 H, s),
100 N 0.91 290.1
o N/) 3.67 (1 H, d, /=10.32 Hz),
3.01 - 3.24 (2 H, m), 2.65 -
2.97 (4 H,m), 1.96-2.17 (2
H, m), 1.43 - 1.81 (3 H, m)
"H NMR (400 MHz, MeOD)
dppm 8.56 (2 H, d, /=4.78
Hz), 6.94 - 6.99 (1 H, m), 3.98
-4.04 (1H, m), 3.78 (1 H, d,
N J=10.32 Hz), 3.45 - 3.52 (1 H,
101 P 1.18 260.1
GON m), 3.35(1 H, s), 3.15-3.22

(2H, m), 3.05-3.12 (2 H, m),
2.22-238(2H, m), 1.95-
2.03(1 H,m), 1.80-1.92 (2
H, m)

"H NMR (500 MHz, DMSO-
de) d ppm 8.87 (1 H, br. s.),
7.06 (1 H, d, J=7.63 Hz), 6.91
(1H,d, J=7.63 Hz), 3.92 (1
H, d, /=10.07 Hz), 3.66 (1 H,

d, /=10.07 Hz), 3.03 (2 H, s),
102 s 2.19 3434
('L,)Q 2.72-2.85(2 H, m), 2.64 -
2.70 (2 H, m), 2.51 (3 H, s),
2353 H,s),2.07 (1 H, br.
s.), 1.91 (1 H, br. s.), 1.55 -

1.65 (2 H, m), 1.44 - 1.53 (1
H, m)
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Exanpl e Nunber RI LCMS RT (mn) LOS lon [M+ H 11

NAI R 1H NVR (400 MHz, McQOD) 6 ppm8.71 (1 H,

WG 200983093 (1 H, d, J=5.54 Hz), 6.84 (1 H, PGF¥52009/041076
br. s.), 4.04(1 H, d, 1=10.32 117 1 Ji, Hz), 3.73 (L por
H, d, J-10.32 Hz), 3.17- 3.25 (1 H m, 3.04

-3.13 (1 H m, 2.70 - 3.00 (4

Example LCMS RT| LCMS Ion L
R, . HNMR
Number (min) [M + H]

"H NMR (500 MHz, DMSO-
de) dppm 8.84 (1 H, br. s.),
7.71 (1 H, d, J=1.83 Hz), 7.18
(1H,s),3.90 (1 H, d, /~10.07
Hz), 3.64 (1 H, d, J=10.07
103 SQ 2.48 363.3 | Hz),3.03(2H,s),2.72-2.85
(2 H, m), 2.66 (2 H, t, J=7.63
Hz),2.53 (3H,s),2.07 (1 H,
br.s.), 1.88 - 1.96 (1 H, m),
1.55-1.63 (2 H, m), 1.44 -
1.53 (1 H, m)
"H NMR (500 MHz, DMSO-
de) dppm 8.99 (1 H, br. s.),
7.69 (1 H, d, J=2.44 Hz), 7.61
(1H, d, J=8.55 Hz), 7.01 -
E 7.34 (2 H, m), 3.89 (1 H, d,
0 N/@/(?'F as | sgrg |71007HD 36401
& J=10.07 Hz), 3.03 (2 H, d,
J=2.44 Hz), 2.72 - 2.86 (2 H,
m), 2.66 (2 H, t, J=7.78 Hz),
2.07 (1 H,br.s.), 1.88 - 1.96
(1H, m), 1.55 - 1.64 (2 H, m),
1.45-1.53 (1 H, m)
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H! rr)!
1H

2.02 -
NVR (400 MHz, CDC13)
wQ@2®86/131926 (1 H, br.

2.1

d, J=9.32 Hz), 3.

H, s),
J-14. 86

3.57(1 H, d,

Hz) ,

8 (2 H m,

S.),
87 N 118 1 cz,
J=9.32 | Hz),
2.62- 3.03 (5 H m,

1.51 -
6 ppm 8.48 (1 H, br.
7.71 (1 H s),
N‘o 0.83 290.3

1.81 (3 H m
S.),

3. BAT/(192084/041076
(
3.30(1 H, d. 111§3PCT
2.09

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

105

1.83 355.1

"H NMR (500 MHz, DMSO-
D6) 6 ppm 8.57 (s, 1 H), 7.31
(t, J=7.32 Hz, 2 H), 7.20 -
7.26 (m, 3 H), 7.08 (s, 1 H),
4.01 (s, 2 H), 3.78 (d, J=9.77
Hz, 1 H), 3.53 (d, /=10.07 Hz,
1 H),2.97 (s, 2 H), 2.70 - 2.78
(m, 2 H), 2.64 (t, J=7.78 Hz, 2
H), 1.99 (s, 1 H), 1.81 - 1.90
(m, 1 H), 1.52 - 1.60 (m, 2 H),
1.41 - 1.49 (m, J=6.90, 2.90,
2.67,2.48 Hz, 1 H)

106

oy

0.71 274.2

IH NMR (400 MHz, CDCL)
O ppm 8.87 (1 H, br. s.), 8.23
(1H,s),7.88 (1H,s),3.85(1
H, d, J=9.32 Hz), 3.51 (1 H,
d, J=9.32 Hz), 3.27 (1 H, dd,
J=14.98, 1.64 Hz), 2.60 - 2.97
(5H, m), 2.37 3 H, 8), 2.06 -
2.16 (1 H, m, J=13.25, 9.85,
3.46, 3.46, 3.46 Hz), 1.99 -
2.05 (1 H, m), 1.57 - 1.70 (1
H, m), 1.36 - 1.54 (2 H, m)
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-2.21 (1 H m), 2.08(1 H br. s.), 1.61 - 1.78 (1

H m, 1.39 - 1.60(2 H m | HNVR (400 MHz,
WEDobN31926 6 ppm 8.56 (1 H, br. s.), 7.96 FAT/H152009/041076
J=1.26 Hz), 7.79 (1 H d, J=1.51 Hz), 3.89 (3 H, oot
NO s), 3.85 (1 H, s), 3.53 (1 H d, 119" | T ca,
0.84 290.3 J=9.06 Hz), 3.31 (1 H d, J=14.86 Hz), 2.65
- 3.04(5 H,
Example LCMS RT| LCMS Ion L
R, HNMR
Number (min) [M+H]*

IH NMR (400 MHz, CDCL)
dppm 8.71 (1 H, br. s.), 8.14
(1H,d, J=1.26 Hz), 8.11 (1
H, d, J=1.26 Hz), 3.92 (1 H,
o d, J=9.32 Hz), 3.58 (1 H, d,
107 %’ENI 0.93 338.1 | J=9.57 Hz), 3.32 (1 H, dd,
J=14.98, 1.89 Hz), 2.68 - 3.03
(5 H, m), 2.04 - 2.19 (2 H, m),
1.63-1.75 (1 H, m, J=14.01,
9.85,4.31,4.31 Hz), 1.42 -
1.59 (2 H, m)

"H NMR (500 MHz, DMSO-
D6) 6 ppm 8.58 (s, 1 H), 7.98
(d, /=8.24 Hz, 2 H), 7.51 (s, 1
H), 7.45 (d, J=8.54 Hz, 2 H),
3.87 (d, J=10.07 Hz, 1 H),
3.62 (d, J=9.77 Hz, 1 H), 3.04
1Ls (s, 2 H),2.75 - 2.87 (m, 2 H),
2.68 (t, J=7.63 Hz, 2 H), 2.07
(s, 1 H), 1.92 (s, 1 H), 1.40 -
1.68 (m, 3 H)

Cl

108 2.34 375.0
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m,
Hz) ,

2.11 -2.23 (1 H m
2.08(1 H, br.

S.),

J=9.85, 9.85, 6.74, 3.53

1.62- 1.75

(1 H m,

wa 20004310261 (2 H,

LAOS Ion
(400 MHz,
(1 H d,

m

[M+ Hr 111
CDCb)

J=3.02 Hz),

Exanpl e Number

NAIR ZnzZ )-( O
6 ppm 9.30 (1 H,
7.52 (1

Rl LCVS RIT/{83009/041076
Sr\ I HN
hr. s.), 7.58/1163PCT

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

109

0.73

279.3

"H NMR (400 MHz, DMSO-
D6) 5 ppm 8.61 (s, 1 H), 6.54
(d, /=1.01 Hz, 1 H), 3.80 (d,
J=10.07 Hz, 1 H), 3.54 (d,
J=9.82 Hz, 1 H), 2.98 (s, 2 H),
2.70 - 2.81 (m, 2 H), 2.65 (t,
J=7.81 Hz, 2 H), 2.20 (s, 3 H),
1.95-2.05 (m, 1 H), 1.88 (s, 1
H), 1.50 - 1.61 (m, 2 H), 1.41
- 1.50 (m, 1 H)

110

1.76

3214

"H NMR (400 MHz, DMSO-
D6) & ppm 8.24 - 8.82 (m, 1
H), 6.51 (s, 1 H), 3.83 (d,
J=9.57 Hz, 1 H), 3.57 (d,
J=9.32 Hz, 1 H), 2.98 (s, 2 H),
2.70 - 2.82 (m, 2 H), 2.65 (t,
J=7.68 Hz, 2 H), 1.97 - 2.04
(m, 1 H), 1.88 (s, 1 H), 1.52 -
1.61 (m, 2 H), 1.46 (dd,
J=9.69, 2.90 Hz, 1 H), 1.24 (s,
9 H)

111

1.64

312.3

"H NMR (400 MHz, DMSO-
dg) d ppm 8.55 (s, 1 H), 7.13
(d, /=8.56 Hz, 2 H), 7.04 (s, 1
H), 6.86 (d, J=8.56 Hz, 2 H),
3.92 (s, 2 H), 3.66 - 3.85 (m, 4
H), 3.45 - 3.60 (m, J=10.07
Hz, 1 H), 2.95 (s, 2 H), 2.57 -
2.86 (m, 4 H), 1.98 (s, 1 H),
1.84 (s, 1 H), 1.31 - 1.66 (m, 2
H)
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H d, J=3.02 Hz), 3.92 (3 H, s), 3.88(1 H, d,
J=9.32 Hz), 120 0.75 290.3 3.54(1 H, d, J=9.32 Hz),
wW®@2@®8/131926 (1 H, dd, .14.86, 1.51 Hz), 2. 63PCT/BS69/041076

(5 H m,

s.),

2.07 -
1.57- 1.71 (1 H m,
1H NMR (400 MHz, M:OD)

2.22 (1 H m,
1.33
6 ppm8.65 (1 H,

2.02 (1 H, hr.

1.55(2 H m 11163 PCT
d, .1=3.02

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

112

1.70

359.1

"H NMR (300 MHz, DMSO-
de) 8 ppm 8.83 (1 H, d, J=1.83
Hz), 7.08 (1 H, d, J=8.42 Hz),
6.71 (1 H, d, J=8.05 Hz), 3.87
-3.94 (1 H, m),3.85 (3 H,s),
3.65 (1 H, d, J=9.88 Hz), 3.04
(2 H,s),2.61 -2.85 (4 H, m),
2.47 (3 H,s),2.08 (1 H,d,
J=2.20 Hz), 1.82 - 1.99 (1 H,
m), 1.41 - 1.66 (3 H, m)

113

1.48

298.3

"H NMR (500 MHz, DMSO-
ds) & ppm 12.09 (s, 1 H), 8.02
(s, 1 H), 7.63 (d, J=7.32 Hz, 1
H), 7.33 - 7.36 (m, 1 H), 7.30
(d, J=5.80 Hz, 1 H), 6.99 (t,
J=7.02 Hz, 1 H), 3.82 (d,
J=8.24 Hz, 1 H), 3.57 (s, 1 H),
3.00 (s, 2 H), 2.79 (s, 2 H),
2.67 (s, 2 H), 1.99 - 2.04 (m, 1
H), 1.93 (s, 1 H), 1.58 (s, 2
H), 1.47 (s, 1 H)

The compounds in Table 3 were synthesized according to the method of
Example 21, steps C-D using the appropriate isothiocyanate or amine and racemic 3-

5 (aminomethyl)quinuclidin-3-0l, 2 HCL
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Hz), 6.82(1 H, br. J-10. 32,

3.02 Hz), 3.71 121

s.), 4.02 (1 NN H dd,

[--- 1.15 316.4 (1 H, dd, J-10.32,

WR202/152)q 2.98 - 3.26 (2 H m, 2.66 - PCRUSHOY/d41076
H m, 1.97 - 2.18 (2 H m, 1.48 - 1.86(3 H, (Pé&PCT
1.29 (9 H 5s) Exanpl e Nunber RI LCMS RT (mn) L

lon [M+ Hr

11 NAIR

z J°C

Table 3.

H

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
[M+H]"

'H NMR

114

2.06

344.3

"H NMR (400 MHz, DMSO-
de) 8 ppm 9.02 (1 H, s), 7.10
(1H,s),3.67 - 3.88 (2 H, m),
3.07-3.30 (2 H, m), 2.80 -
3.05 (4 H, m), 2.78 (3 H, s),
2.55(3 H,s),2.22 (1 H, br.
5.), 2.00 (1 H, d, J=12.09 Hz),
1.55- 1.88 (3 H, m)

115

1.19

260.3

"H NMR (400 MHz, MeOD)
dppm 8.70 (1 H, dd, /~4.41,
1.39 Hz), 7.51 (1 H, dd,
J=8.81, 4.53 Hz), 7.15 (1 H,
d, J=7.81 Hz), 4.03 (1 H, d,
J=10.07 Hz), 3.72 (1 H, d,
J=10.07 Hz), 3.14 - 3.26 (1 H,
m), 3.03 - 3.14 (1 H, m), 2.85
-2.99 (2 H, m), 2.69 - 2.84 (2
H, m), 2.00 - 2.26 (2 H, m),
1.51-1.87 (3 H, m)

116

0.73

290.3

"H NMR (400 MHz, MeOD)
S ppm 6.99 - 7.12 (2 H, m),
3.95-4.02 (4 H, m), 3.68 (1
H, d, /=10.07 Hz), 3.20 (1 H,
dd), 3.08 (1 H, dd), 2.84 -
2.95 (2 H, m), 2.69 - 2.84 (2
H, m), 1.99 - 2.21 (2 H, m),
1.47 - 1.87 (3 H, m)
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1H NVR (400 MHz, McOD)
H d, J=8.31 Hz),

W@ 200b1131926
J=9.82 Hz),

J=7.55 Hz), 7.39
7.30(1 H br. s.), 122" 1.73 309. 3

3.63

3.24 (1 H m, 3.00 -

(1 H d,
3.10 (1

6 ppm8.99 (1 H, s), 7.90(1
7.70 (1 H,

d, 1=8.31 Hz), 7.57

(1 H

J=10.07 Hz), 3.14 -

t, J=CBBS1r9/041076

3.94(1 H 91’163 PCT

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

117

"H NMR (400 MHz, MeOD)
dppm 8.71 (1 H, s), 8.33 (1
H, d, J=5.54 Hz), 6.84 (1 H,
br. s.), 4.04 (1 H, d, /=10.32
Hz), 3.73 (1 H, d, J=10.32
Hz), 3.17 - 3.25 (1 H, m), 3.04
-3.13 (1 H, m), 2.70 - 3.00 (4
H, m), 2.02 - 2.18 (2 H, m),
1.51 - 1.81 (3 H, m)

118

£

0.83

290.3

IH NMR (400 MHz, CDCL)
8 ppm 8.48 (1 H, br. s.), 7.96
(1 H,br.s.),7.71 (1 H, s),
3.91 (1 H, d, J=9.32 Hz), 3.87
(3H, ),3.57 (1 H, d, J=9.32
Hz), 3.30 (1 H, d, J=14.86
Hz), 2.62 - 3.03 (5 H, m), 2.09
-2.21 (1 H, m), 2.08 (1 H, br.
s.), 1.61 - 1.78 (1 H, m), 1.39
- 1.60 (2 H, m)

119

LY

0.84

290.3

IH NMR (400 MHz, CDCL)
O ppm 8.56 (1 H, br. s.), 7.96
(1H,d, J=1.26 Hz), 7.79 (1
H, d, J=1.51 Hz), 3.89 (3 H,
s),3.85 (1 H,s),3.53 (1H,d,
J=9.06 Hz), 3.31 (1 H, d,
J=14.86 Hz), 2.65 - 3.04 (5 H,
m), 2.11-2.23 (1 H, m,
J=9.85, 9.85, 6.74, 3.53 Hz),
2.08 (1 H,br.s.), 1.62 - 1.75
(1 H, m), 1.40 - 1.61 (2 H, m)
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H m, 2.68 -2.98 (4 H m, 2.01 - 2.24 (2 H m,

1. 45 - 1.87 (3 H m 1H NVR (400 MHz, MeOD-
w@200983ppim 6. 51 (1 H, br. s.), 4.03 (1 H, PBCT/US2009/041076

J=10. 32 Hz), 3.71 (1 H d, 1=10.32 Hz), 123 0,79

288.30 3.12 - 3.24 (1 H m), 3.01 - )1.N 3. 12(1'H

m, 2.72 - 3.00 (4

Example LCMS RT| LCMS Ion L
R, . HNMR
Number (min) [M + H]

IH NMR (400 MHz, CDCL)
dppm 9.30 (1 H, br. s.), 7.58
(1H,d, J=3.02Hz), 7.52 (1
H, d, /=3.02 Hz), 3.92 (3 H,
on, s), 3.88 (1 H, d, J=9.32 Hz),
120 QIN/] 0.75 290.3 | 3.54(1H,d,J=9.32 Hz), 3.28
(1H, dd, /=14.86, 1.51 Hz),
2.63 -2.96 (5 H, m), 2.07 -
2.22 (1 H, m), 2.02 (1 H, br.
s.), 1.57 -1.71 (1 H, m), 1.33
-1.55 (2 H, m)

"H NMR (400 MHz, MeOD)
o ppm 8.65 (1 H, d, /=3.02
Hz), 6.82 (1 H, br. s.), 4.02 (1
H, dd, J=10.32, 3.02 Hz), 3.71
121 3—2)'\/* 1.15 | 3164 |(1H,dd,. ~10.32,3.02 Hz),
2.98 - 3.26 (2 H, m), 2.66 -
2.96 (4 H, m), 1.97 - 2.18 (2

H, m), 1.48 - 1.86 (3 H, m),
1.29 (9 H, s)
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H m, 2.52

H m, 1.51 -

(3 H s), 2.

33 (3

1.87(3 H, m

H s), 1.98 -2.20 (2

1H NWVR (400 MHz,

WORODI31926 d4) 6 ppm7.42 (1 H, d, J=9.07 PEI)/1S2009/041076
4.02 (1 H d, 1=10.07

7.07(1 H, d,
Hz), NeN
274. 30

1=8. 06 Hz),

3.71 (1 H, d,
3.15 - 3.25 (1 H, m,

1=10. 07 Hz), 124 +c /- 083 PCT
3.04 -

Example

Number

R,

LCMS RT|

(min)

LCMS Ion
IM + H]*

'H NMR

122

SO0

1.73

309.3

"H NMR (400 MHz, MeOD)
dppm 8.99 (1 H, s), 7.90 (1
H, d, /=8.31 Hz), 7.70 (1 H,
d, /=8.31 Hz), 7.57 (1 H, ,
J=7.55 Hz), 7.39 (1 H, 1,
J=7.55 Hz), 7.30 (1 H, br. s.),
3.94 (1 H, d, J=9.82 Hz), 3.63
(1H,d, J=10.07 Hz), 3.14 -
3.24 (1 H, m), 3.00 - 3.10 (1
H, m), 2.68 - 2.98 (4 H, m),
2.01-2.24 (2 H, m), 1.45 -
1.87 (3 H, m)

123

0.79

288.30

"H NMR (400 MHz, MeOD-
dy) dppm 6.51 (1 H, br. s.),
4.03 (1H,d, J=10.32 Hz),
3.71 (1 H, d, J=10.32 Hz),
3.12-3.24 (1 H, m), 3.01 -
3.12 (1 H, m), 2.72 - 3.00 (4
H, m), 2.52 3 H, s), 2.33 (3
H, s), 1.98 - 2.20 (2 H, m),
1.51-1.87 (3 H, m)

124

0.72

274.30

"H NMR (400 MHz, MeOD-
ds)dppm 7.42 (1 H, d, J=9.07
Hz), 7.07 (1 H, d, J=8.06 Hz),
4.02 (1 H, d, J/=10.07 Hz),
3.71 (1 H, d, J=10.07 Hz),
3.15-3.25(1 H, m), 3.04 -
3.14 (1 H, m), 2.69 - 2.98 (4
H, m), 2.55 (3 H, s), 1.99 -
221 (2H, m), 1.47-1.89 (3
H, m)
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3.14 (1 H m, 2.69 - 2.98 (4 H n), 2.55(3 H s),
1.99 - 2.21 (2 H m, 1.47- 1.89(3 H m
wabmogsmpounds in Table 3 were synthesized acceeHUSZY01/®L1076
the nethod of Exanple 21, steps C D using the 11163 PCT
appropriate isothiocyanatc or amne and (S)- 3-
(am nonet hyl ) qui nuclidin-3-0l, 2 HCl. 5Table 3.
Exanpl e Number Ri LCMS RT (min) I, CVMS lon [MrH 1H NWR
&él ]I\_INR "Ehseoc%ml\p/lo_grids %E'Pa%e 3 weredsf;lzthésllfég ggc%fd%r?g tg q}ie rhe7tl?07d O?fz
Example 21, steps C-D using the appropriate isothiocyanate or amine and (S)-3-

(aminomethyl)quinuclidin-3-ol, 2 HCI.

5 Table 3.
N
O -\(
[ N ‘N
LCMS
Example LCMS L
R, Ion H NMR
Number RT (min) .
[M+H]

"H NMR (500 MHz, MeOD-
dy) oppm 8.37 (d, /=7.32 Hz, 1
H), 6.92 (d, /=2.75 Hz, 1 H),
6.65 - 6.75 (m, 1 H), 4.01 (d,
Ney~ X J=9.77 Hz, 1 H), 3.86 - 3.95
/4
125 §-< 2.06 329.11 | (m, 3 H), 3.70 (d, J=9.77 Hz, 1
N/ Z O/
H), 3.26 (d, J=14.95 Hz, 2 H),
3.12(d, J=14.95 Hz, 1 H),
2.96 (t,J=7.32 Hz, 2 H), 2.76 -

2.89 (m, 2 H), 2.06 - 2.26 (m,
2 H), 1.58 - 1.86 (m, 3 H)

'"H NMR (400 MHz, CDCL;) §
ppm 8.52 (2 H, d, J/=4.78 Hz),
6.83 (1 H, t, J=4.78 Hz), 3.94 -
4.10 (2 H,m), 3.87 (L H, d,
126 ;\3; \ 056 se0z0 | T1460T2), 362 (1H, dd,
%/ =N J=14.48,1.89 Hz), 3.41 - 3.56
(1 H, m),3.29 (2 H, t, J=8.44
Hz), 3.04 - 3.18 (1 H, m), 2.27
2,50 (2 H, m), 1.88 - 2.06 (2
H,m), 1.71 - 1.87 (1 H, m)
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H, 6.92 (d, .7=2.75 Hz, 1 H), 6.65 -6.75 (in,

111), 4.01 (d, .7=9.77 Hz, 1 H), 3.86 - 3.95 125
WO 2609230% 329. 11 (m 311), 3.70 (d, J=9.77 || zPCTUS2009/041076
H, 3.26 (d, J=14.95 Hz, 2 H), 3.12 (d, J=14. 9151163PCT
1z, 111), 2.96 (t, J=7.32 Hz, 2 H), 2.76 -
2.89 (m 2 H, 2.06 - 2.26 (m 2 H, 1.58 - 1.86
(m 3 H
LCMS
Example LCMS L
R, Ton H NMR
Number RT (min) .
[M+H]

"H NMR (400 MHz, CDCl;)

Sppm 8.58 (1 H, br. 5.), 8.18

(1H,s),7.97 (1 H,5),3.93 (1
=N H, d, /=9.32 Hz), 3.58 (1 H, d,

127 _5_(/ 0.88 29420 | J=9.57 Hz), 3.28 (1 H, dd,

cl J=14.86, 1.51 Hz), 2.64 - 2.98

(5 H, m), 2.02 -2.15 (2 H, m),

1.60 - 1.73 (1 H, m), 1.38 -
1.56 (2 H, m)

IHNMR (400 MHz, CDCIy)
5 ppm 8.72 (1 H, br. s.), 8.12
(1 H, d, J=0.76 Hz), 8.06 (1 H,
d,J=126Hz),3.93 (1 H, d,
128 —%{ }m 0.86 29400 | /7032H2), 359 (1H. 4,
J=9.32 Hz), 3.32 (1 H, dd,
J=14.98, 138 Hz), 2.68 - 3.02
(5 H, m), 2.05-2.21 (2 H, m),
1.64-1.76 (1 H,m), 1.42 -
159 (2 H, m). MLP.. 1858 °C

'"H NMR (500 MHz, DMSO-
D) 6 ppm 8.48 (s, 1 H), 7.58
(d, J=8.24 Hz, 2 H), 6.98 (d,
J=8.55Hz, 2 H), 3.73 - 3.87

S (m, 4 H), 3.56 (d, J=9.16 Hz, 1
129 O/ 2.04 385.28
%)QN ), 3.00 (s, 2 H), 2.72 - 2.87
(m, 2 H),2.61 -2.72 (m,
J=7.63,7.63 Hz, 2 H), 2.38 (s,

3H),2.03 (s, 1 H), 1.91 (s, 1
), 1.37 - 1.70 (m, 3 H)
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111 NMR (400 MHz, CD C113) 6 ppm 8,52(2 H, d,

J=4.78 Hz), 6.83 (1 H t, .7=4.78 Hz), 3.94 -
we20/18@2dL1, in), 3.87 (1 11, d, . 7=14. 60 P&I)/PS2009/041076
3.62(1 H, dd, 126 0.56 260.30 J=14. 48, 1.89 1163 PCT
11z), 3.41 - 3.56 (LH m, 3.29 (2 H t, J=8.44
11z), 3.04 - 3.18 (1 11, in), 2.27 - 2.50(2 H m,
1.88 - 2.06 (2
LCMS
Example LCMS L
R, Ion H NMR
Number RT (min) .
[M+H]

'"HNMR (400 MHz, CDCl5) §
ppm 8.97 (1 H, br. s.), 7.67 (1
H,5),3.94 (3H,s),3.89 (1 H,
d, J=9.57Hz), 3.55 (1L H, d,
—0Q J=9.57 Hz), 3.28 (1 H, dd,
130 § _@Br 1.10 368.20 | J=14.86,1.76 Hz), 2.63 - 2.95

N (5 H, m), 2.08 -2.19 (1 H, m),
1.99-2.06 (1 H, m), 1.60 -
1.70 (1 H, m, J=14.01, 9.85,
431,431 Hz),1.35-1.55(2
H, m)

'"H NMR (400 MHz, CDCL;) §
ppm 9.06 (1 H, br. s.), 8.52 (1
H, d,J=1.51 Hz), 8.44 (1 H, d,
J=1.26 Hz), 7.89 - 7.93 (2 H,
m), 7.40 - 7.47 (2 H, m), 7.33 -
N 7.39 (1 H, m), 3.94 (1 H, d,
131 §{/)—® 1.19 33630 | J=9.32 Hz), 3.60 (1 H, d,

N J=9.32 Hz), 3.34 (1 H, dd,
J=14.86, 1.76 Hz), 2.69 - 3.05
(5 H, m),2.13 -2.23 (1 H, m),
2.07-2.12 (1 H,m), 1.65 -
1.76 (1 H, m), 1.44 - 1.60 2 H,

m)

"H NMR (500 MHz, DMSO-
D6) dppm 12.40 (s, L H), 7.95
(s, 1 H),7.30 (d, /=8.24 Hz, 1
H), 7.22 (t, J=7.78 Hz, 2 H),
Cl 6.97 (d, J=7.02 Hz, 1 H), 3.79

Yy
(d, J=6.71 Hz, 1 H), 3.53 (s, 1
132 % 1.35 332,23
N | H), 3.18 (d, J=4.58 Hz, 3 H),
N 3.00 (s, 2 H), 2.79 (d, J=2.14

Hz, 2 H),2.74 (s, | H), 2.66
(d, J=7.93 Hz, 3 H), 1.96 -
2.04 (m, 2 H), 1.91 (s, 1 H),
1.59 (s, 3 H), 1.46 (s, 1 H)
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11, in), 1.71 - 1.87 (111, In) Exanpl e Nunber Rl

|.CM5 RT (min) LCVS lon [ MrH + 111 NWVR 127 I _N -Ft
w@288/12926 20 | FI NAAR (400 MHz, CDC(3) 6 ppm 8. E(BT/U&ZOM041076

br. s.), 8.18 (111, s), 7.97 (1 11, s), 3.93 1H]dlgB3PCT

J=9.32 H), 3.58(1 H d, J=9.57 11z), 3.28 (1 11

J=14.86, 1.51 Hz), 2.64 - 2.98 (5 H m, 2.02 - 2.15

(2H M, 1.60- 1.73(1 H m, 1.38 - 1.56 (2 H m_ 0
o 204 20 1Ll NAN [ ﬂf\ Nz CDh C12) 6 Nnnm Q 79(1
\.l. \w AW I . U = = | L2 \\'Al \ LAAl IL, S/.I.\J/ U PPIII & T L\ -
J:1.§6 ), 3.93(% H o d, /59,32 Heln 3)59(1 HH ¥MR
1=9. 32™12), 3.32 (1 11, dé‘ ?“ 14008y ].38 Hz), 2.68
- 3162 (5 15 |||), 2 065—2 21 \/_ +H—n ,1 N‘ ONI i% SO-
(L[H m,|1.42 -"1.59 (2 11, in)] MP.. g TR
1-de-C1 N 129 . 2/04 D6)5ppm1222<s 1H>832

(s, 1 H),8.01 (s, 1 H), 7.58 (d,
J=8.24 Hz, 1 H), 7.55 (s, | ),
\ 7.08 -7.14 (m, 1 H), 3.82 (d

) 378.16 | J=9.77 Hz, 1 H), 3.56 (d,
133 N 1.94
\ Br J=9.16 Hz, 1 H), 2.96 - 3.04
H

(m, 2 H), 2.73 - 2.82 (m, 2 H),
2.67 (t, J=7.48 Hz, 2 H), 2.00 -
2.05 (m, 1 H), 1.91 (s, 1 H),
1.54-1.63 (m, 2 H), 1.45 (s, 1
H)

"H NMR (500 MHz, DMSO-
D6) § ppm 12.22 (s, 1 H), 8.00
(s, 1 H),7.63 (d, J=8.55 Hz, 1
H), 7.40 (s, 1 H), 7.00 (d,

L J=7.93 Tz, 1 H),3.82 (d,
134 N/ 1.86 332.16 | J=9.46 Hz, 1 H), 3.56 (d,
\
N ol J=9.16 Hz, 1 H), 3.00 (s, 2 H),

2.78 (s, 2 H), 2.67 (t, J=7.32
Hz, 2 H),2.02 (s, 1 H), 1.91 (s,
1 H), 1.58 (s, 2 H), 1.45 (s, 1
H)

"H NMR (500 MHz, DMSO-
D6) § ppm 11.88 (s, 2 H), 8.01
(s, 1 H), 7.48 (d, J=8.55 Hz, 2
H), 6.73 (s, 2 H), 6.62 (dd,
J=8.70, 1.68 Hz, 2 H), 3.77 -
1.51 328.28 | 3.83 (m, 7 H), 3.55 (d, /=8.85
Hz, 2 H),2.97 - 3.05 (m, 4 H),
2.80 (s, 3 H), 2.65-2.72 (m, 4
H), 1.98 - 2.04 (m, 3 H), 1.92
(s, 2 H),1.60(d, J=2.14 Hz, 2
H), 1.59 (s, 2 H), 1.47 (s, 2 H)

135

I= /Z\ga/
Q
\
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385.28 I T1 NAIR (500 MHz, 111.160- D6) 6 ppm 8.48 (s,

1 H, 7.58 (d, J=8.24 H7, 2 H), 6.98 (d, .1=8.55 Hz, 2
wOoH0093319%% - 3.87 (m 411), 3.56 (d, 1=9.16 || z,rdr/B$2009/041076

3.00 (s, 2 H, 2.72 -2.87 (m 2 11), 2.61 -2.72 ( 1163PCT

J=7.63, 7.63 H7, 2 H, 2.38 (s, 311), 2.03 (s, 111

1.91 (s, 1 H, 1.37 - 1..70 (m 3 H it

Exanpl e Nunmber RI LCMS RT (min) LCMS lon [ MHH + 111
NVR—436—3—4130-368201+HN-AH-R(48aWHe— D26
h CMg Tov
ppm]&aﬁlﬁél H M s.), 7,67(Lc%s, sr“, .94 (3 11, s),
3.89 I.En]]"be 1, d, 1=9R57 Hi), qg\gg H, Ted, 1=9.57 IHWR
3. 48 11, dd, 1=14.86, 1. , IMHP3|-2,95 (5 H,
m 20812 19t H 991206 (FH ), 160
1.70 (1 H| m 1=14.01, 9.85, 4.31, 4. 31|11M)REPNEZ CDCS
1,85(2 H (m _\ [/ N 131 ppm 8.69 (1 H, br. 5.), 8.12 (1
H, d, J/=1.51 Hz), 8.08 (1 H, d,
J=126Hz),3.91 (1 H,d,
—N
J=9.57 Hz), 3.57 (1 H, d,
136 - B 0.91 338.20
g_(}q:/)_ r J=9.32 Hz), 3.29 (1 H, dd,

J=14.86, 1.51 Hz), 2.62 - 3.01
(5 H, m), 2.01 -2.18 (2 H, m),
1.61 - 1.76 (1 H, m), 1.39 -
1.59 (2 H, m)

'"HNMR (400 MHz, CDCl5) §
ppm 892 (1 H, br. s.), 8.27 (1
H,s),7.92 (1 H,s),3.90 (1 H,
d, J=9.32 Hz), 3.56 (1 H, d,
. J=9.32 Hz), 3.32 (1 H, dd,
137 E—Q— 0.77 27430 | J=14.86, 1.76 Hz), 2.67 - 3.02
(5H,m),2.42 (3 H,s),2.10 -
221 (1 H,m,J=13.17, 9.84,
3.49,3.49,3.49 Hz), 2.04 -
2.10 (1 H, m), 1.64-1.74 (1 H,
m), 1.39-1.59 (2 H, m)
'"H NMR (400 MHz, MeOD-
d;) dppm 9.39 (1 H, s), 8.57 -
8.73 (2 H, m), 8.52 (1 H, d,
J=5.79 Hz), 7.56 (1 H, dd,

=N =N J=8.06, 5.04 Hz), 6.54 - 7.00
138 <N\ 2\ / 0.84 337.40
\_// (LH, m),4.11 (1 H, d, /=10.32
Hz), 3.79 (1 H, d, /=10.58
Hz), 3.02 - 3.29 (2 H, m), 2.72

-3.02 (4 H, m), 2.01 -2.25 (2
H,m), 1.47 - 1.89 (3 H, m)
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1.19 336.30 | HNI VIR (400 MHz, CDC/3)6 ppm 9,06(1 H, M

s.), 8,52(1 11, d, 1=1.51 11z), 8.44 (1 11, d, 1=1.26
wo09/171980 - 7.93 (2 H, m, 7.40 - 7.47 (2 H, P§T/US2088041076
- 7.39(1 H m, 3,94(1 H, d, 1=9.32 Hz), 3.60 (1 11g3PCT
1=9.32 Hz), 3.34 (1 H, dd, 1=14.86, 1.76 Hz), 2. 69
3.05 (5 11, in), 2.13 -2.23 (111, in), 2.07 - 2.12 (1
H m, 1.65 - 1.76 (1 11, in), 1.44 - 1.60 (2 11, m
N 132 40135 WEC” HN-VI-R—500
VHZ, ExApISOD6) 6 ppm 12. 40 |(scmd H) P95 (s, 1 H),
7.30 %ﬂgjer‘:s. 24 Hp, 1 H), ﬁzmzu) (We7 78 Hz, VYR
6.97 (147,02 112, 111), |378™ o, sméy7l Hz, 1 H.,
3. §3—(s 111318 (d 145811731t B 5
H .| 2.79 (d, J=2.14 11z, 211), 2]74 (s, 1111?‘34 By o ?IQD
1=7.93 Hz)| 3 H), 1.96 - 2]04 (m |211), 1993pnng07qihy. /=885
1.9 (s, 3 H), 1.46 (s, 1|H  Exanpl e Numbess (R dL-CMSIL2),
AHER R GRLL R R
. 1 pl
111), 8.32 (s, 1 H, 8.01((s, 1 H), 7.58 E%F“BLD%WZ"X(IHt
117, 111), 7. 55 1), |7.08 -|7.14 (qy=T¥SHy),7.08 (924,
(d,| 18. 77 Hz, E .56 | (di.159=9. 1®3blz | /b skz), 209960, i,
3.4 (m 2 H~ 2.82{(m 2 H), J=10.07 Hz), 3.78 (1 H, d,
J=10.07 Hz), 3.27 (1 H, d,
J=14.95 Hz), 3.06 - 3.18 (L H,
m), 2.93 -3.01 (2 H, m), 2.75 -
2.93 (2 H,m), 2.07-2.29 2 H,
m), 1.57 - 1.88 (3 H, m)
"H NMR (500 MHz, MeOD-
d;) 5 ppm 8.05 (1 H, d, J=8.85
Hz), 7.92 (1 H, dd, J=9.00,
534 Hz), 7.35 - 7.49 (2 H, m),
_ F 7.08 (1 H, d, J/=8.24 Hz), 4.09
140 QD/ 1.26 32730 | (1 H,d,J=10.07 Hz),3.78 (1
7% N H, d, /=10.07 Hz), 3.22 - 3.30
(1 2, m), 3.09 - 3.18 (1 H, m),
2.91-3.04 (2 H,m), 2.71 -
2.91 (2 H,m), 2.06 -2.30 (2 H,
m), 1.56 - 1.90 (3 H, m)
"H NMR (400 MHz, MeOD-
dy) oppm 8.58 (2 H, s),3.99 (1
H, d, J=10.07 Hz), 3.69 (1 H,
N= d, J=10.07 Hz), 3.16 - 3.24 (1
141 - B 0.80 339.40
§_<\N:/>' r H, m), 3.03 - 3.12 (1 1, m),
2.85-2.95 (2 H, m), 2.70 -
2.85(2 H,m), 1.96-2.21 (2 H,
m), 1.42 - 1.87 (3 H, m)
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2.67 0, 1=7.48 Hz, 211), 2.00 - 2.05 (m 1 H), 1.91
(s, 1 H, 1.54- 1.63 (in, 211), 1.45 (s, 1 H 134 )22.
WO\NR2009/1792¢L. 86 332. 16 I H NVR (500 MHz, 11) Al SQBBI)/UIH09/041076
ppm 12.22 (s, 1 H), 8.00 (s, 1 H), 7.63 (d, J=8.55 Hz,
1H), 7.40 (s, 1 H), 7.00 (d, 1=7.93 Ilz, 111), 3.82
(d, 1=9.46 Hz, 1 H), 3.56 (d 1=9.16 |1z, 111), 3.00

(s, 2 11), 2.78 (s, 2 H), 2.67 (L, 1=7.32 IIz 211),
2. Q2~5—3Hh)+—2-91 {5t H— 158 L2 H—145(s;
1 13uag5 |0 Nz 2 i 1.51 328ca8 111 NVR|(500 M-z,
AN 3 ppm 18. 88 (s, 3 Ofn(s! 1 H, 'HAMB
(d, %‘%@.‘%s Hz, 2 11), 6. :;%‘(Tw“iné 13ar6| 62 (dd,
=8 IO, 1168 HL, 2 H), 3 —83 (||| -731H|_ N "400'_)1;1}1 OD-
(d|128.85|Hz, 2 H, 2.97 | 3.05 (m 4 H . %%85 &
11), 2.65|- 2.72 (m 4 H)| 1.98 { 2.04 (i ommeyd AL §g-L01
(s,| 211), [1.60 (d, J=2.14|11z, 2|H), 1.58)(&83 2. 5.),4.04(1
1.47 (s, 21T) NéE)g,an‘pIe Nurber Rl LCVS BTd MMQHZ;%IH
lorf [MeH + in "a . 1H NNW.0400 Ra429 <d ), 2500
ppm 8.69 (1 117 g.), 8 12(1 H J1]f %ﬁ?z)ﬁz‘b“ (
8.Q08(1 H, |d, J=1.26 11z), 3.91 (1 11Mr), 2603697411 m),
1.96-2.18 (2 H, m), 1.43 -
1.84 (3 H, m)
"H NMR (500 MHz, DMSO-
D6) 5 ppm 11.95 (s, 1 H), 7.54
(s, 1 H),7.35(s, 1 H), 7.22 (s,
N ; 1 H), 7.04 (s, 1 H), 6.09 (s, 1
143 N’ \ 7 | 1.60 330.28 H),3.66(s, 1H),3.39(,
~N S J=7.02 Hz, 1 H), 3.04 (s, | H),
H

2.99 (s, 1 H), 2.84 (s, 2 H),
2.67 (s, 3 H), 2.02 (s, 1 H),
1.92 (s, 1 H), 1.59 (s, 2 H),
1.51 (s, 1 H)

"H NMR (400 MHz, MeOD-
dy) oppm 8.47 (1 H, s), 7.30 -
7.79 (1 H, m), 6.28 (1 H, br.
5.),4.02 (1 H, d, J/=10.32 Hz),
» J\)\ )F\ L00 16,30 3.71 (1 H, d, J=10.32 Hz),

XN 3.16 -3.25 (1 H,m), 3.04 -
3.13 (1 H,m), 2.85-2.99 (2 H,
m), 2.70 - 2.86 (2 H, m), 1.94 -
2.20(2H,m), 1.49 - 1.84 3 H,
m). M.P. 185-90 °C
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0.91 338.20 J=9.57 Hz), 3.57(1 H, d, J=9.32 11z),

3.29 (1 11, dd, J=14.86, 1.51 Hz), 2.62 -
w@20%131926 (5 11, in), 2.01 -2.18 (2 11, in), PCT/LSHL9/041076
1.76 (1 H m, 1.39 - 1.59 (2 H m 11 N 63 PCT
(400 MHz, CDCI 3) (5 ppm 8.92(1 H, hr. s.), 8.27
LCMS
Example LCMS L
R; Ton H NMR
Number RT (min) .
[M+H]

"H NMR (400 MHz, MeOD-
d;) & ppm 7.06 (1 H, s), 3.96 (1
H, d, /=9.82 Hz), 3.65 (1 H, d,
J=10.07 Hz), 3.18 - 3.26 (1 H,
m), 3.05-3.13 (1 H, m), 2.87 -
2.98 (2 H, m), 2.70 - 2.86 (5 H,
m), 2.57 (3 H, 5), 2.03 -2.20 (2
H,m), 1.51-1.85 (3 H, m)

145 1.16 344.30

"H NMR (400 MHz, MeOD-
d;) 5 ppm 8.46 (1 H, d, J=8.31
Hz), 8.06 (1 H, d, J=6.04 Hz),
7.58-7.78 (2 H, m), 7.51 (1 H,
td, J=7.68, 1.26 Hz), 7.25 (1
146 NI P L% 309,30 H, d, J=6.04 Hz), 3.99 (1 H, d,

J=9.82 Hz), 3.67 (1 H, d,
J=9.82 Hz), 3.23 (1 H, 5), 3.04
-3.13 (1 H, m), 2.89 -2.99 (2
H,m), 2.71 - 2.88 (2 H, m),
2.04-2.27(2 H,m), 1.46 -
1.85 (3 H, m)

"H NMR (400 MHz, MeOD-
d;) 8 ppm 8.72 (1 H, 5), 8.46 (1
H, d, /=7.81 Hz), 7.72 - 7.88
(2 H, m), 7.56 (1 H, ddd,
END J=8.25,6.86, 1.26 Hz), 4.11 (1
147 N 0.98 31030 | H,d,J=10.32Hz), 3.80 (1 H,
S d, J=10.32 Hz), 3.09 - 3.17 (1
H,m), 2.97 2 H, t, J=7.43
Hz),2.76 - 2.89 (2 H, m), 2.04

-2.26(2H,m),1.50-1.87 (3
H, m)

184



11,

3.56(1 H, d,
WQ@2009/12P2 30 J=14.86, 1.76 Hz),

in),

9. 84,

s), 7.92 (111,

J=9.

2.42 (3 11, s),
3.49, 3.49,

1.64 - 1.74 (1 H,

s),

32 11z), 3.

2.10 -
3.49 117),

3.90 (1 11,

2.67 -

da
32 (1 11, dd, 137
3.02
2.21 (1 H m J=13
2.04 - 2.10 (

n,

1.39- 1.59(2 H, m

"H NM |

(400 MHz, AfeOD

J=9.32 Hz),

PCT/BS2D29/041076

i per

Example
R,
Number

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

148

0.81

285.30

1 NMR (400 MHz, MeOD-
d;) & ppm 8.64 (1 H, d, J=1.26
Hz), 8.28 (1 H, d, J=1.26 Hz),
4.19 (1 H, d, /=10.83 Hz),
3.97 (1 1, d, J/=11.08 Hz),
3.86 (1 I, dd, J=14.60, 1.51
Hz), 3.72 (1 1, dd, J=14.86,
2.52 Hz), 3.44 - 3.56 (1 H, m),
3.31-3.43 (3 1, m), 2.49 -
2.58 (1 H,m),2.28 -2.42 (1 H,
m, J=13.53, 10.07, 3.56, 3.56,
3.27 Hz), 1.91 -2.18 (3 H, m)

149

0.73

290.30

"H NMR (400 MHz, MeOD-
d;) & ppm 8.28 (2 H, 5), 3.95 (1
H, d, /=9.82 Hz), 3.86 (3 H, s),
3.65(1 H, d, /=9.82 Hz), 3.15
-324(1H,m),3.03-3.11(1
H, m), 2.68 - 2.96 (4 H, m),
1.97-2.19 (2 H, m), 1.49 -
1.85 (3 H, m)

150

0.90

320.40

'"H NMR (400 MHz, MeOD-
dy) 6ppm 5.87 (1 H, br. s.),
3.99 (1 H, d, /=10.32 Hz),
3.92(3H,s),3.88 (3 H,s),
3.67 (1 H, d, /=10.32 Hz),
3.14-322(1 H,m), 3.01 -
3.10 (1 H, m), 2.70 - 2.94 (4 H,
m), 1.98-2.16 2 H, m), 1.51 -
1.82 (3 H, m)

185




d4) d ppm9.39 (1 11,
8.52 (1 H, d, J=5.79 11z),

wd 289081926. 04 Hz), 6.54- 7.00 -_N
I\ i (111, in), 4.11 (1 11, d, J=10.32
3.79 (1 H d, J=10.58 Hz), 3.02 - 3.29 (2 H,
2.72

8.57 - 8.73 (2 H m,
7.56 (1 11, dd,
138 0. SECBBF20490041076

IT“,%%?’ PCT

s),

Example

Number

Ry

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

151

366.30

"H NMR (400 MHz, MeOD-
d;) 8 ppm 8.74 (2 H, 5), 7.53 (2
H, d, /=8.81 Hz), 7.02 (2 H, d,
J=8.81 Hz), 4.01 (1 H, d,
J=10.07 Hz), 3.81 (3 H, 5),
3.71 (1 H, d, J=10.07 Hz),
3.26 (1 H,s),3.08-3.18(1 H,
m), 2.73 - 3.03 (4 H, m), 2.16
(2H, br.s),1.51-1.90 (3 H,

m)

152

1.27

350.40

'"H NMR (400 MHz, MeOD-
d;) 8 ppm 8.78 (2 H, 5), 7.27 -
7.47 (3H, m), 7.20 (1 H, d,
J=7.30 Hz), 4.02 (1 H, d,
J=10.07 Hz), 3.71 (1 H, d,
J=10.07 Hz), 3.24 (1 H, d,
J=15.11Hz), 3.03 -3.14 (1 H,
m), 2.70 - 3.00 (4 H, m), 2.40
(3H,s),2.03-222(2H,m),
1.53-1.84 (3H, m)

153

2.13

362.28

"H NMR (400 MHz, MeOD-
d;) & ppm 8.37 (1 H, 5), 8.24 (1
H, dd, J=7.55, 1.51 Hz), 7.88
(1H,s),7.19-7.44 (3 H,m),
4.02 (1 H,d, J=10.07 Hz),
3.71 (1 H, d, /=10.07 Hz),
3.24 (1 H, d, /=16.87 Hz),
3.05-3.12 (1 H,m), 2.70 -
2.99 (8 H,m), 2.05-2.21 (2 H,
m), 1.48 - 1.84 (3 H, m)

186




- 3.02(4 H,
(3 H m
wQ dsbi13916l1 NVR
ppm 8.07 (1 11,
1=8, 24 11z),
7.66 (1 11,

m

in),

Exanpl e Nunber
| FI NAMdR (500 MHz, Al eOD

2.01 - 2.25(2

R LCMB
d, 1=8. 85

7.75(1 H, d,
7.39 (1 1L I,

11z),

H

, m,
RT

(mi

7.88

J=7.93 Hz),

1.47 - 1.89
n) LCMS |on
PCT/182009/041076

(171éé d, 11163 PCT

Example

Number

LCMS

R,
RT (min)

LCMS
Ion

[M+H]"

'H NMR

154

0.57

339.10

"H NMR (500 MHz, MeOD-
dy) o ppm 8.07 (d, /=5.49 Hz,

1 H), 747 -7.71 (m, 1 H), 7.13
-7.34(m, 1 H), 3.91 - 4.06 (m,
1 H), 3.56 -3.73 (m, 1 H), 3.14
-3.24(m, 1 H), 3.02 - 3.14 (m,
1 H),2.73 -3.01 (m, 4 H), 1.98
=221 (m, 2 H), 1.58 - 1.85 (m,
3 H)

155

0.64

339.04

"H NMR (500 MHz, MeOD-
dy) 6 ppm 7.45-7.58 (m, 1 H),
7.04 -7.16 (m, 1 H), 6.90 (d,
J=7.32 Hz, 1 H), 3.95 - 4.09
(m, 1 H), 3.67-3.77 (m, 1 H),
3.18-3.28(m, 1 H), 3.07 -
3.17 (m, 1 H), 2.76 - 3.05 (m,
4 H), 2.04 -2.22 (m, 2 H), 1.50
-1.89 (m, 3 H)

156

z

Br 1.47

388.40

"H NMR (500 MHz, MeOD-
d;) & ppm 7.96 - 8.03 (1 H, m),
7.88-7.95(1 H, m), 7.75 -
7.84 (1 H, m), 7.61 - 7.73 (1 H,
m), 7.06 (1 H, d, J=8.55 Hz),
4.01-4.11(1 H,m), 3.69 -
3.82(1 H, m), 3.20-3.29 (1 H,
m), 3.09 - 3.19 (1 H, m), 2.76 -
3.02 (4 H, m), 2.09-2.23 (2 H,
m), 1.58 - 1.87 (3 H, m)

187




1=7. 48 Hz),
4.09(1 H d,
wo2009/13192¢/( 1 H, d,
2.93 -3.01 (2 H m,
2.29 (2 11,

m,
2.07 -
iz sec'

7.06(1 H, d,

2.

m,
| FI NAMdR (500 MHz,

1=10. 07 Hz),
1=14. 95 11z),

75 -
Al e0OD-

139 1.15 309.30 1=8.85 Hz),
3.78(1 H, d,
3.06 -
2.93 (211,
1.57- 1.88(3 H, m L,

1=10. 07
3. HGI/(92004/041076

in)51§3PCT

Example

Number

Ry

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

157

1.33

323.50

"H NMR (500 MHz, MeOD-
dy) oppm 7.99 (1 H, d, J/=8.55
Hz), 7.77 (1 H, d, J=8.55 Hz),
7.41-757 (2 H,m),7.02 (1L H,
d, J=8.55 Hz),4.08 (1 H, d,
J=9.77Hz), 3.76 (1 H, d,
J=9.77 Hz), 3.26 (1 H, d,
J=14.95Hz), 3.08 -3.17 (1 H,
m), 2.78 - 3.02 (4 H, m), 2.49
(3 H,s),2.08-231 (2H,m),
1.54-1.89 (3H, m)

158

z7 N\ '

1.19

316.16

"H NMR (500 MHz, DMSO-
D6) dppm 12.36 (s, 1 H), 7.98
(s, 1 H),7.19 - 7.27 (m, 1 H),
7.15(d, J=8.24 Hz, 1 H), 6.64
-6.71 (m, 1 H), 3.80 (d,
J=7.63 Hz, 1 H), 3.54 (s, | H),
2.95-3.04 (m, 2 H), 2.78 (s, 2
H), 2.66 (s, 2 H), 2.01 (s, 1 H),
1.93 (s, 1 H), 1.58 (s, 2 H),
1.46 (s, 1 H)

159

1.40

316.16

"H NMR (500 MHz, DMSO-
D6) d ppm 12.20 (s, 1 H), 7.98
(s, 1 H), 7.38 (dd, J=8.55,3.36
Hz, 1 H), 7.32 (d, J/=8.55 Hz, 1
H), 7.18 (t,J=8.85 Hz, | H),
3.81(d, J=8.85 Hz, 1 H), 3.55
(d, J=8.55 Hz, 1 H),2.97 -
3.05 (m, 2 H), 2.79 (s, 2 H),
2.68 (t,J=7.32 Hz, 3 H), 2.02
(s, 1 H),1.92 (s, 1 H), 1.59 (d,
J=6.41 Hz, 2 H), 1.47 (d,
J=8.85 Hz, | H)

188




dd, 1=9. 00,
W@ 2081198 d, 1=8. 24 Hz),
J=10. 07 Hz),
3.30
3.04 (2 H m,

(2 11, m,

ii ppm8.05(1 H, d, 1=8.85

3.78(1
(111, in),

5.34 Hz),

H d,
3.09 -
2.71 -
1.56 -

7.35 -

Hz)

3.18 (111,

2.91 (211
1.90 (3 H m

7.92(1 H,

7.49 (2 H m,

4.09 140 1.26 327.30PCIUS3002041076

.1=10. 07 Hz), -
in). 5 gyl 163 PCT

in), 2.06 - 2.30

3.22

Example
R,
Number

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

160 —§ \ /N

0.83

260.27

'H NMR (400 MHz, MeOD) &
ppm 8.89 (1 H, br. s.), 8.80 (1
H, d, J=5.79 Hz), 7.53 (1 H,
br.s.),3.91 (1 H, d, /=10.83
Hz), 3.60 (1 H, d, J=10.83
Hz), 3.16 - 3.25 (1 H, m), 3.02
-3.12 (1 H, m), 2.68 -2.99 (4
H,m), 1.94-2.17 (2 H, m),
1.53-1.83 (3H, m)

161 NZ

S s

Z

1.55

328.21

"H NMR (400 MHz, MeOD-
d;) & ppm 8.35 (1 H, 5), 4.01 (1
H, d, /=10.07 Hz), 3.70 (1 H,
d, J=10.07 Hz), 3.20 - 3.27 (1
H,m), 3.05-3.13 (1 H, m),
2.69-299 (4H,m),2.34 (3 H,
5), 229 (3 H,5),2.01-2.22 (2
H,m), 1.51-1.83 (3 H, m)

162 J )

1.85

354.25

"H NMR (500 MHz, DMSO-
D6) S ppm 11.75 - 12.09 (m,
J=14.95 Hz, 1 H), 7.62 (d,
J=7.93 Hz, 2 H), 7.38 - 7.54
(m, J=10.99 Hz, 1 H), 6.95 (d,
J=6.71 Hz, 2 H), 6.13 (s, | H),
3.76 - 3.83 (m, 4 H), 3.74 (s, 1
H), 3.38 (d, J/=2.75 Hz, 1 H),
2.98 (s, 1 H), 2.82 (s, 2 H),
2.62-2.71 (m, 2 H), 2.00 (s, 1
H), 1.92 (s, 1 H), 1.58 (s, 2 H),
1.50 (s, 1 H)

189




TT NAAR (400 Mz, Al eOD- 14) ii ppm 8.58(2 H, s),

3.99(1 H d, 1=10.07 Hz), 3.69(1 H, d, 1=10.07 11z),
wW®@28/1319% 24 (1 N 141 -1- 0.80 339.40 PCHIS29)9/041076
3.03 - 3.12 (1 H m, N 2.85 - 2.95 (2 11,11163PCT
in), 2.70 - 2.85 (2 H m, 1.96 - 2.21 (2 H,
LCMS
Example LCMS L
R, Ion H NMR
Number RT (min) .
[M+H]

"H NMR (500 MHz, DMSO-
D6) d ppm 12.54 (s, 1 H), 8.05
(s, 1 H),7.97 (s, 1 H), 7.52 -
7.60 (m, 2 H), 3.82 (s, | H),
2.09 366.17 | 3.58(s, L H), 3.01 (s, 2 H),
278 (s,2 H), 2.64 -2.70 (m, 2
H), 1.99 - 2.05 (m, 1 H), 1.92
(s, 1 H), 1.58 (s, 2 H), 1.47 (s,
1 H)

163

=" Z\ng
n
m M

"H NMR (500 MHz, DMSO-
D6) § ppm 12.54 (s, 1 H), 8.03
(s, 1 H),7.85(d, J=8.24 Hz, 1
H), 7.70 (s, 1 H), 7.26 (d,
J=8.24 Hz, 1 H), 3.83 (d,

3

y . J=9.46 Hz, 1 1), 3.57 (d,
164 N 2.12 366.17

Y F J=8.85 Hz, 1 H),2.97 - 3.05
(m, 2 H), 2.79 (s, 2 H), 2.67 (,
J=7.48 Hz, 2 1), 2.03 (d,
J=2.44 Hz, 1 H), 1.92 (s, 1 H),

1.59(d, J=5.80 Hz, 2 H), 1.46
(s, 1 H)

'"H NMR (500 MHz, DMSO-
D6) 8 ppm 12.07 (s, 1 H), 8.02
(s, 1 H),7.63 (d, J=7.63 Hz, 1
H), 7.27 - 7.36 (m, 2 H), 6.99

o (t,J=7.32 Hz, 1 H), 3.82 (d,
165 N@ 1.24 298.16 | J=9.46 Hz, 1 H), 3.56 (d,
N J=8.85 Hz, 1 H), 3.00 (s, 2 H),
2.79 (s, 2 H), 2.67 (t, J=6.87
Hz, 2 H), 2.02 (d, /=2.75 Hz, 1

H), 1.93 (s, 1 H), 1.58 (s, 2 H),
1.47 (s, 1 H)

190



in), 1.42 - 1.87 (3 11, 10) Exanpl e Nunber RI LCMS RT

(mn) LCMS ion i Nl +H 11-1 NWMR "I-1 NWR (400 MHz,
WO@®OM1926 d4) dppin 8.54 (1 11, d, 1=1.01 PCILEIN9/041076
6.83 (111, br. s.), 4.04(1 R , N----N H’1133PCT
J=10.32 Hz), 3.73 (1L H 142 1.,....)...., Ad 088
294.40 d, 1=10.32 11z), 3.04 - 3.25 (2 H m, 2.69
- 2.97 (4 H m,
LCMS
Example LCMS L
R, Ion H NMR
Number RT (min) .
[M+H]
"H NMR (500 MHz, MeOD-
d;) 5 ppm 8.53 (1 H, d, J=5.19
Hz), 8.02 - 8.15 (2 H, m), 7.39
(1H,d,J=5.19 Hz), 7.01 -
. 7.11 (2 H, m), 4.06 (1 H, d,
M
)\N J=10.07 Hz), 3.89 (3 H, 5),

166 N\ 1.16 366.30
— Q 3.74 (1 H, d, J=10.07 Hz),

3.28 (1 H, d, J=14.95 Hz),
3.13 (1 H, d, J=14.95 Hz),
2.73-3.02 (4 H, m), 2.07 -
2.25(2H,m), 1.54- 1.86 (3 1,

m)

'"H NMR (500 MHz, MeOD-
d,) 5 ppm 8.48 (1 H, 5), 4.05 (1
L H, d, /=10.07 Hz), 3.74 (1 H,
167 N)I\g— L5 saago | G/F1007H), 326 (1 TL),
k\N | < 3.14 (1 H, d, J=14.65 Hz),
2.76-3.02 (4 H,m), 2.59 (3 I,

s), 246 3, 5),2.09-2.23 (2
H,m), 1.57 - 1.89 (3 H, m)

"H NMR (500 MHz, MeOD-
dy) & ppm 9.27 (1 H, s), 8.14 (1
H, d, J=2.14 Hz), 7.93 (1 H,
dd, J=8.85, 1.83 Hz), 7.78 (1

<~ _N H, d, J=8.85 Hz), 4.11 (1 H, d,

N

7

168 Nl P 1.73 39020 | J=10.07 Hz), 3.80 (1 H, d,
Br J=10.07 Hz), 3.28 (1 H, s),

3.15 (1 H, d, J=14.95 Hz),
2.78-3.02 (4 H, m), 2.05 -
2.25(2H,m), 1.52- 1.88 (3 H,

m)

191



1.96 -

7.04 (s,
(d,

2.18 (2 H,
NVR (500 M1 z,
W@ 2®4/131926 ( S,

1

m,
DAI 50-

111),

7.35 (s,
H, 6.09 (s,
143 1.60 330.28

1.43 -

111),

1 11),
----\ co zz /

1.84 (3 H m
D6) 3 ppm 11.95 (s,
7.22 (s,
3.66 (s,
i

111
1H,

PCT/U$009/041076
1D Bidfeer

Example

Number

Ry

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

169

0.71

260.40

"H NMR (500 MHz, MeOD-
d;) 8 ppm 8.73 (1 H, 5), 8.59 (2
H, br.s.), 3.86 (1 H, d, /=9.77
Hz), 3.56 (1 H, d, J=9.77 Hz),
3.18-3.26 (1 H,m), 3.05 -
3.12(1H,m),2.72-2.99 (4 H,
m), 2.17 (1 H, br. 5.), 2.01 (1
H, br. s.), 1.54 - 1.86 (3 H, m)

170

0.78

290.30

1H NMR (400 MHz, CDCI3) o
ppm 857 (1 H, br. s.), 7.97 (1
H,d, /=151 Hz),7.80 (1 H, d,
J=1.26 Hz),3.90 3 H, 5), 3.87
(1H,d,J/=9.06 Hz), 3.54 (1 H,
d, /=9.06 Hz), 3.32 (1 H, dd,
J=14.86,1.76 Hz),2.69 - 3.04
(5H,m), 2.13 -2.23 (1 H, m),
2.06-2.11(1 H,m), 1.63 -
1.76 (1 H,m), 1.41 - 1.61 (2 H,

m)

171

1.06

368.40

"H NMR (400 MHz, MeOD-
dy) oppm 3.99 (1 H, d,
J=10.07 Hz), 3.68 (1 H, d,
J=10.07 Hz), 3.15 - 3.24 (1 H,
m), 3.02-3.10 (1 H, m), 2.68 -
2.96 (4 H, m), 2.53 (6 H, 5),
2.02-2.19 (2 H, m), 1.46 -
1.83 (3 H, m)

172

0.89

304.25

'"H NMR (400 MHz, MeOD-
dy) dppm 6.22 (1 H, s),3.99 (1
H, d, /=10.07 Hz), 3.89 (3 H,
5),3.67 (1 H, d, J=10.07 Hz),
3.15-3.25(1 H,m), 3.00 -
3.11(1 H,m),2.67-2.97 (4 H,
m), 2.32 (3 H, 5), 2.00 -2.19 (2
H,m), 1.42-1.83 (3 H, m)

192




J=7.02 Hz,
2.84 (s, 2 H,
wa2®218§1926 1 H),

1H,

3.04 (s
2.67
1.59 (s,

111 NMR (400 MHz, MeOD-

7.30 -
(1 11, d,
Hz), 144

7.79 (1 H m,
J=10. 32 11z),

, 1 H,
(s, 3 H,
2 H,

N' - NF

2.99 (s,
2.02 (s,
1.51 (s,

d 4) dppm 8,47(1 H, s)
6.28 (1 H,
3.71 (1 H, d,

br .

1H,
1H,

1 »T/US2009/041076

s.), WlgbPCT
J=10. 32

Example

Number

Ry

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

173

1.07

371.17

"H NMR (500 MHz, DMSO-
D6) 5 ppm 8.57 (s, 1 H), 7.46 -
7.54 (m, 6 H), 7.31 (t, J=7.93
Hz, 2 H), 6.87 (dd, J=8.24,
2.44 Hz, 2 H), 3.87 (d, J=9.77
Hz, 2 H), 3.82 (s, 6 H), 3.61
(d, /=9.77 Hz, 2 H), 3.03 (s, 4
H), 2.75 - 2.84 (m, 4 H), 2.68
(t, J=7.63 Hz, 4 H), 2.06 (s, 2
H), 1.93 (s, 2 H), 1.56 - 1.64
(m, 4 H), 1.50 (dd, J=9.46,
2.44 Hz, 2 H)

174

1.32

363.44

"H NMR (500 MHz, DMSO-
de) 6 ppm 8.73 - 8.93 (m, 1 H),
7.73 (s, 1 H), 7.20 (s, 1 H),
3.91(d, J=9.77 Hz, 1 H), 3.66
(d, J/=10.07 Hz, 1 H), 3.05 (s, 2
H), 2.74 - 2.89 (m, 1 H), 2.68
(t,J=7.63 Hz, 1 H),2.54 (s, 3
H), 2.09 (br. 5., 2 H), 1.83 -
1.98 (m, 1 H), 1.42 - 1.69 (m,
2 H)

175

0.40

274.26

"H NMR (400 MHz, MeOD-
d;) & ppm 8.36 (1 H, d, J=5.04
Hz), 6.82 (1 H, d, J=5.04 Hz),
3.98 (1 H, d, /=10.07 Hz),
3.67 (1 H, d, /=10.07 Hz),
3.17-325(1 H,m), 3.03 -
3.10 (1 H, m), 2.70 - 2.96 (4 H,
m), 2.41 (3 H, s), 1.98-2.22 (2
H,m), 1.44 - 1.87 (3 H, m)

193




)11-)LIDXF 1.00 326.30 3.16 - 3.25 (1 H m, 3.04-
3.13(1 H m, 2.85 - 2.99 (2 H, nm, 2.70 - 2.86 (2
woR0004131916 94 - 2.20 (2 H m, 1.49 - 1.384 ¥GI1/B82009/041076
m. MP. 185-90C Exanple Nunber RI LCM5S RT ( mn) PCT
LOMS lon [MeTil+ 111 NVR 145 (1)," 1.16 344.30 ' FI NV
(400 MHz, Al eOD14) 6 ppm 7.06 (1 11, s), 3,96(1 11, d,
J=9. 82 112) 3. 65 (1 11, d, 1=10.07 Hz), 3.18 - 3.26
(1LI ) 2 NG 12 (1 11 N 2 07 2 QQ( 2 Ll
LI} LERLR Y A I UJ TO L[+ LI i_ILCM§" Z. JO\ & I
n ,| KedPe{ 2.86 (5 H, m, 2L5M63 ,7SY, [2.03 - 2.20 (2
H, ”%u 1r. 51 - 1. 3 H rr) S) " log’ 120 309HMB 11
NVR (488" 1112, AeOD14) 6 460¢nr, |d, J=8.31 Hz),
8.CG(1 H, d,1—6.04 HL), 7.00- 7778 (2_ W 40d ﬁSM‘LO-
11| td, 947,68, 1.26 Hr). |7.25(1]11, d, | 18" TE oy on
3.99 (1 11, d, 1=9.82 Hz)| 3,67(1 H d, i&@pp&”ﬁﬂ) 3),398(1
3.23(1 H, |s), 3.04 H, d, /~10.07 Hz), 3.67 (1 H,
N— = -
16 4 _<\ ) o 288,25 d, J=9.82 Hz), 3.18 - 3.24 (1
\ H,m), 3.02 -3.12 (1 H, m),
2.65-2.96 (4 H,m), 2.36 (6 H,
5),2.02 -2.21 (2 H, m), 1.45 -
1.83 (3 H, m)
"H NMR (400 MHz, MeOD-
d;) & ppm 8.37 (1 H, s), 8.24 (1
H, dd, J=7.55, 1.51 Hz), 7.88
__<N— (1H,s),7.19 - 7.44 (3 H, m),
: }q / 4.02 (1 H, d, J=10.07 Hz),
177 2.13 362.28
3.71 (1 H, d, J=10.07 Hz),
3.24(1 H, d, J=16.87 Hz),
3.05-3.12(1 H, m), 2.70 -
2.99 (8 H, m), 2.05-2.21 2 H,
m), 1.48 - 1.84 (3 H, m)
"H NMR (400 MHz, MeOD-
dy) 5 ppm 8.32 (1 H, s), 3.94 -
o— 4.03 (4H,m), 3.68(1 H,d,
N—
178 _§_<\:/§\Br 1.31 370.18 | J=10.07 Hz), 3.15-3.26 (1 H,
N m), 3.01 - 3.12 (1 H, m), 2.68 -
2.96 (4 H,m), 2.01 - 2.16 (2 H,
m), 1.51 - 1.84 (3 H, m)
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- 3,13(1 H m), 2.89 - 2.99 (2 H m, 2.71 - 2.88 (2
H m, 2.04 - 2.27 (2 H m, 1.46 - 1.85 (3 H, m 147

WO 2002/181998 310. 30 ' FI NMR (400 MHz, Al eOD14) 6 p@nusmmmuunﬁ
(111, s), 8,46(1 11, d, 1=7.81 11z), 7.72 - 23 peT
H m, 7,56(1 H ddd, 1=8.25, 6.86, 1.26 112), 4 1112
H d, J=10.32 Hz), 3.80(1 H, d, 1=10.32 Hz), 3.09 -
3.17 (1 H m, 2.97(2 H t, 1=7.43 Hz), 2.76 - 2.89 (2

m

H 0 ﬁA 0 OR (0 11 1 (2 Ll

||,, d@%[? N ||,.
Exanm‘laﬁplNunber R LCVB RT (m;n); on [ MrHL+ in NWVR
148 (N~ 110-- CN OR81 285. ?Eg%mmg {100 | MHz, AFEOMA)

(5 |ppm 8. 64(1 H, d, 1=1. 26 28¢urH| d, 1=1.26 Hz),
4. 11— 1=16-83 11239+ H o irk= B8 ) oo
3.86 (1 11, dd, 1=14.60, 1)51 Hz), 3. 72(1 iR 60t veon
dd,|1=14.86, 2.52 11z), 3.44 - 3.56 (1 1d0§?ﬂn7830§ish763
3.43 (3 H{ m), 2.49 - 2.58 (1 11) in), 27281H @, 4D (4 dd,
11, m J=13.53, 10.07, 3.%6, 3.56, 3.27 ;%%baggH%gogafld
2.18 i ‘ N=\/_ /| 0.73 N 290

NIV pm 8. 28 (2 11, J§75H§39"é {02,
11, 1187 s), 38.285( 1), 91841 3199(382m) 3.69
Hz) , 3.03|- 3.11 (1JH,Er!,J=m7,Hz)23.ﬁs€’(1 ,
ESEI 119 (2 11, in) 3 %A% i) L 8% .

J=14.95 Hz), 2.70 - 3.01 (4 H,
m), 2.39 (3 I, 5), 2.06 - 2.27 (2
H,m), 1.57 - 1.85 (3 H, m)

"H NMR (400 MHz, MeOD-
dy) 6ppm 791 -8.15 (2 H, m),
738-753(3 H,m), 7.31 (1 H,
NZ s),4.02 (1 H, d, J=10.07 Hz),
180 EJ\\ | 1.94 350.30 | 3.70 (1 H, d, J=10.07 Hz),

- 3.17-3.26 (1 H, m), 3.02 -
3.14 (1 H, m), 2.66 - 2.98 (4 H,
m), 2.48 (3 H, s), 2.03 - 2.20 (2
H, m), 1.49 - 1.83 (3 H, m)

"H NMR (400 MHz, MeOD-
d;) & ppm 8.55 (1 H, d, J=5.29
Hz), 8.08 (2 H, dd, J=6.67,

N 2.90 Hz), 7.44 - 7.53 (3 H, m),
§—<\ / 7.40 (1 H, d, J=5.29 Hz), 4.01
181 N 1.17 33640 | (1 H,d,J=10.07 Hz), 3.70 (1

H, d, J=10.07 Hz), 3.20 - 3.28
(1 2, m), 3.04 - 3.14 (1 H, m),
2.67-2.99 (4 H, m), 2.05 -
2.24(2H,m), 1.49 - 1.85 3 1,

m)

195



150 - 0.90 320.40 I T1 NMR (400 MHz, Al eOD14)6 ppm

5.87(1 H, hr. s.), 3.99(1 H, d, 1=10.32 Hz), 3.92 (3
wa19098319263. 88 (3 11, s), 3.67(1 H, d, 1=10. 32 HQT/U20091041076

- 3.22 (111, in), 3.01 - 3.10 (1 H ), 2.70 - 2.

(4 H in), 1.98 - 2.16 (2 11, in), 1.51 - 1.82(3 r,fﬁﬁ%PCT

0- Exanpl e Nunmber RI DENIS RT (mn) LCMS
lon [ MFHr 111 NAIR TT NAAR (400 MHz, ,tl-e0D
d4)—6—ppm8—H—{211—Ss)—~532

34 4 . \ ' ] ' \ LCMS

Example LCMS L
R, Ion H NMR
Number RT (min)
[M+H]

"H NMR (400 MHz, MeOD-
d;) 8 ppm 4.02 (1 H, d,
J=1032Hz),3.71 (1 H, d,
J=1032Hz),3.23 (1 H,d,
182 '§ _<\N:/§_ 0.42 289.22 | J=15.36 Hz),3.03 -3.13 (1 H,
N—N m), 2.69 - 2.98 (4 H, m), 2.54
(3H,s),2.48(3H,s),2.01 -
221 (2H,m),1.41-185(3H,

m)

"H NMR (500 MHz, DMSO-
D6) 8 ppm 12.37 (s, 1 H), 8.01
(s, 1 H),7.53 (s, 1 H), 7.45 (d,
J=9.16 Hz, 1 H), 7.28 (d,
o J=8.85 Hz, 1 H), 3.82 (d,

Vi O _-F J=9.16 Hz, 1 H), 3.57 (d,
183 N\)j©/ \{<F 1.19 382.19 ~

N F J=9.46 Hz, 1 H), 3.00 (s, 2 H),

H 2.78 (s, 2 H), 2.67 (1, J=7.48
Hz, 2 H), 1.96 - 2.04 (m, 1 H),
1.91 (d, J=8.85 Hz, 1 H), 1.55
-1.63 (m, 2 H), 1.47 (d,
J=7.02 Hz, 1 H)

ITHNMR (400 MHz, CDCI;)
S ppm 9.08 (1 H, br. s.), 8.12
(1H,s),7.85(1 H, 5),3.89 (1
H, d, J=9.32 Hz), 3.55 (1 H, d,
=N J=9.32 Hz), 3.28 (1 H, dd,
184 gQ 0.75 27430 | J=14.86,1.26 Hz), 2.62 - 2.97
(5H,m),2.35 (3 H, s), 2.06 -
2.17(1 H, m, J=13.13, 9.82,
3.53,3.38,3.38 Hz), 2.04 (1 H,

br.s.), 1.59 - 1.73 (1 H, m),
1.37- 157 (2 H, m)

196



11, d, J=8.81 11z),
4,01 (1 H, d,
W@ 30Y13192q -
3.26(1 H, s),

7.02 (2 11, d, N_  J=8.81 Hz),

151 1.15 366.30 J=10.07 11z), 3.81

i 11 N 3.71 (1 H, d, J=10. 0FCHE$2009/041076
3.08 - 3.18 (1 H, n, 2.73 - 3. 01311%§PCT

H m, 2. 16

Example

Number

Ry

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

185

0.75

274.30

IHNMR (400 MHz, CDCIy)
S ppm 9.29 (1 H, br. 5.), 7.90
(2 H, br.s.),3.90 (1 H, d,
J=9.32 Hz), 3.55 (L , d,
J=9.06 Iz), 3.35 (L , d,
J=14.86 Hz), 2.65 - 3.08 (5 I,
m), 2.56 3 H, 5),2.12-2.27 (1
H, m), 2.08 (1 F, br. s.), 1.62 -
1.77 (1 H, m), 1.38 - 1.61 2 H,

m)

186

0.79

288.30

ITHNMR (400 MHz, CDCI5)
Sppm 9.16 (1 H, br. s.), 7.78
(1 H,5),3.88 (1 H, d, J=9.06
Hz), 3.53 (1 H, d, J=9.32 Hz),
3.34 (1 H, dd, J=14.86, 2.01
H7), 2.64 - 3.07 (5 H, m), 2.55
(GH,s),238(3H,s),2.14-
225 (1 H,m), 2.04-2.11 (1 H,
m), 1.68 (1 H, dddd, J=13.94,
9.66,4.53,434 Hz), 1.41 -
1.61 (2 H, m)

187

0.58

293.06

"H NMR (500 MHz, DMSO-
dg) dppm 3.73 -3.87 (m, 1 H),
3.47-3.58 (m, 1 H), 2.98 (s, 2
H), 2.71 - 2.85 (m, 2 H), 2.65
(t,J=7.78 Hz, 2 H), 2.18 (s, 3
H), 2.11 (s, 3 H), 2.00 (br. 5., 1
H), 1.80 - 1.96 (m, 1 H), 1.57
(dd, J=8.24,2.75 Hz, 3 H)

197




(2 H hr.
(400 MHz,

11, d, N

350. 40

S.
i |
WA 20094398 1),

), 1.51 -
| e0OD-
7.20(1 H, d,
J=10. 07 Hz),
/ . N

1.90 (3 H,
d4) 6 ppm8.78 (2 H, s),
J=7.30 11z),

i n)

3.71 (1 H, d,

1=10. 07 Hz),

3.24(1

11 NAIR
7.27 -
4pORUS$D09/041076

152 I]I'I%JPCT

H’ d’

Example

Number

Ry

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

188

0.86

325.20

"H NMR (500 MHz, DMSO-
de) 0 ppm 8.07 (d, /=7.32 Hz,
2 H), 7.42 (d, J=7.63 Hz, 3 H),
3.87 (s, 1 H),3.55-3.70 (m, 1
H), 3.02 (5,2 H),2.72 - 2.88
(m, 2 H), 2.68 (s, 2 H), 1.98 -
2.10 (m, 1 H), 1.81 - 1.97 (m,
1 H), 1.40 - 1.68 (m, 3 H)

189

1.04

355.24

"H NMR (500 MHz, DMSO-
de) 8 ppm 7.36 - 7.47 (m, 3 H),
7.24 -7.34 (m, 2 H), 3.84 (d,
J=10.07 Hz, 1 H), 3.58 (d,
J=9.77 Hz, 1 H), 3.01 (s, 2 H),
2.71-2.87 (m, 2 H), 2.66 (t,
J=7.63 Hz, 2 H), 2.32 (s, 3 H),
2.04 (br.s., 1 H), 1.83 -1.98
(m, 1 H), 1.43 - 1.64 (m, 3 H)

190

_ﬁx\PN\

0.26

262.11

"H NMR (500 MHz, DMSO-
de¢) dppm 7.43 (br. s., 1 H),
5.56-5.76 (m, 1 H), 3.58 -
3.83 (m, 4 H), 3.37 - 3.52 (m,
1 H), 2.94 (s, 2 H), 2.68 - 2.88
(m, 2 H), 2.60 - 2.68 (m, 2 H),
1.94 (br. s, 2 H), 1.37 - 1.65
(m, 3 H)

191

12,

1.65

350.30

'H NMR (400 MHz, MeOD) &
ppm 8.43 (1 H, s), 7.58 (2 H,
dd, J=7.55,1.76 Hz), 7.39 -
7.52 (3 H,m), 3.96 (1 H, d,
J=10.07 Hz), 3.66 (1 H, d,
J=9.82 Hz), 3.25 (1 H, d,
J=16.12 Hz), 3.05 -3.14 (1 H,
m), 2.88 - 2.98 (2 H, m), 2.68 -
2.87 (2 H, m), 2.24 (3 H, 5),
2.03-2.17 (2H,m), 1.45 -
1.84 (3 H, m)

198




J=15.11 Hz), 3.03 - 3.14 (1 H, m, 2.70 - 3.00 (4

H m, 2.40 (3 H s), 203 - 2.22 (2 H m,
wa2®9%131926 84 (3 H, m TT NAAR (400 MHz, , tPEEO£2009/041076
d4) 6 ppm 8.37 (1 11, s), 8.24(1 11, dd, J=7.55, - per

1.51 11z), 7.88 N_

LCMS
Example LCMS L
R, Ion H NMR
Number RT (min) .

[M+H]

'H NMR (400 MHz, MeOD) &
ppm 8.64 (2 H, d, J/=5.29 Hz),
8.40 (1 H, d, /=7.81 Hz), 7.86
-7.97 (1 H,m), 7.80 (1 H, d,
J=5.04 Hz), 7.47 (1 H, dd,
VA — J=6.55,5.04 Hz), 403 (1 H, d,
192 >:N G 1.02 337.28 | J=10.07 Hz), 3.74 (1 H, d,
Fa, J=10.07 Hz), 3.29 (1 H, d,
J=1.51Hz),3.12-3.22 (1 H,
m), 2.99 (2 H, t, J=7.68 Hz),
2.78-2.92 (2 H, m), 2.03 -
226 (2H,m), 1.45-1.88 (3 H,

m)

'H NMR (400 MHz, MeOD) &
ppm 8.69 (1 H, s), 7.61 - 7.78
(2 H, m), 7.34 - 7.56 (3 H, m),
3.99 (1 H, d, /=10.07 Hz),
3.68 (1 H, d, /=10.32 Hz),
_§_<\ P 3.15-325(1 H,m), 3.02 -

N 3.11(1 H,m),2.92 (2 H,t,
J=7.55Hz),2.69-2.86 2 H,
m), 2.01 -220 (2 H, m), 1.47 -
1.81 (3 H, m)

193 NA NA

'"H NMR (400 MHz, MeOD) &
ppm 9.24 (1 H, d, J=1.51 Hz),
8.60 - 8.68 (2 H, m), 8.53 (1 H,
dt, J=7.99, 1.92 Hz), 7.40 -
194 y \/__>_CN) NA NA 7.64 (2 H,m), 4.05 (1 H, d,
. N\ / J=1032 Hz),3.76 (1 H, d,
J=10.07 Hz), 3.33 -3.40 (1 H,
m), 3.17-3.26 (1 H,m), 2.82 -

3.09 (4, m), 2.09-231 (2 H,
m), 1.55 - 1.91 (3 H, m)

\f’i

199



(1 H s), 7.

4.02(1 11, d,

waQ 2000/18P2dHz) ,

(1 H m, 2.70 -

in), 1.48 -

RT (mn) LCMS lon [ MFHL+

19 - 7.44 (3 H m,

1.84 (3 11,

J=10.07 11z),
3.24(1 H, d,

153 11 2
4.

J=16. 87 Hz),
2.99 (8 H, m), 2.05 -

.13 362. 28

3.71 (1 H d,

3. POI/USBOL@H1076
2.21 (2

H
in) Exanpl e Nunber Rl DENIlg‘f’ PCT

Example

Number

Ry

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

195

1.41

403.36

'H NMR (400 MHz, MeOD) &
ppm 8.65 (1 H, s), 8.40 (1 H,
s), 8.17 (1 H,s),7.25-7.47 (5
H,m), 4.04 (1 H, d, /=10.32
Hz),3.73 (1 H, d, J=10.32
Hz),3.17-3.27 (1 H, m), 3.04
-3.13 (1 H,m), 2.63 - 3.00 (4
H,m), 2.00 - 222 (2 H, m),
1.48-1.87 (3 H, m)

196

1.69

364.36

'H NMR (400 MHz, MeOD) &
ppm 8.33 (1 H, 5), 8.16 (1 H,
dd, /=7.81, 1.51 Hz), 7.30 -
7.44 (1 H, m), 7.08 (1 H, 1,
J=7.55Hz), 6.95 (1 H, d,
J=8.31Hz), 5.16 (2 H, 5), 4.02
(1H,d,J=9.82 Hz),3.71 (1 H,
d, J=10.07 Hz), 3.18 - 3.26 (1
H,m), 3.04 - 3.13 (1 H, m),
293 (2H,t,J=7.68 Hz), 2.71 -
2.86 (2H, m),2.01-223(Q2H,
m), 1.50 - 1.83 (3 H, m)

197

0.53

277.13

'"H NMR (500 MHz, DMSO-
D6) 5 ppm 8.76 (s, 1 H), 8.15
(d, J=2.44 Hz, 1 H), 7.55 (5, 1
H), 6.83 (s, 1 H),3.79 (s, 1 H),
3.54(d, J=10.07 Hz, 1 H),
2.92-3.00 (m, 3 H), 2.70 -
2.80 (m, 3 H), 2.66 (t, J=7.78
Hz, 3 H), 1.97 (s, 1 H), 1.88 (s,
1 H), 1.53 - 1.61 (m, 3 H), 1.41
-1.49 (m, 1 H)

200




111 NMR IFl NIVIR (500 MHz, |l eOD d4) 6 ppm

8.07 (d, J=5.49 11z, 111), 7.47 -7.71 (m 111),
wQ20%138e6 ~  -7,34 (m 1 H), 3.91 -4.06 (iii,PdBus2009/041076

0.57 339.10 111), 3.56 - 3.73 (m 111), 3 14 1- (\

-3.24 (m 1 H), 3.02 - 3.14 (m %111%31’“

-3.01 (m 4 H), 1.98 -2.21 (m 2 H), 158 185
(m
LCMS
Example LCMS L
R, Ion H NMR
Number RT (min) .
[M+H]

"H NMR (500 MHz, DMSO-
de) 0 ppm 8.26 (br. s., 1 H),
7.76 (br. s, 1 H), 6.75 (br. s., 1
— H), 3.81 (br. s., 1 H), 3.56 (d,
198 =\ e 0.77 337.07
N J=9.46 Hz, 1 H), 2.85 - 3.10
(m, 2 H), 2.56 - 2.85 (m, 4 H),

1.97 (br.s., 2 H), 1.36 - 1.67
(m, 3 H)

'H NMR (500 MHz, MeOD) &
ppm 7.90 (d, /=6.10 Hz, 1 H),
6.74 - 7.00 (m, 2 H), 3.93 -

\ 4.09 (m, 1 H), 3.88 (s, 3 H),
3.61-3.71(m, 1 H),3.14 -
3.25 (m, 1 H), 3.06 (d, J=1.83
Hz, 1 H), 2.69 - 2.99 (m, 3 H),
2.07 (br.s., 2 H), 1.74 (d,
J=8.24 Hz, 3 H), 1.18 (d,
J=6.41 Hz, 1 H)

199 — 0.16 289.19

"H NMR (400 MHz, DMSO-
de) 8 ppm 7.71 (dd, J=8.78,
2.76 Hz, 1 H), 7.59 (dd,
J=891,4.89 Hz, 1 H), 7.17
(td, J=9.03,2.76 Hz, 1 H),
200 _§_<\S :©/F 0.82 332.97 jiz @ Jj10'04 Hz, 1 H),

N 64 (d, J=10.04 Hz, 1 H),
2.97-3.13 (m, 2 H), 2.75 -
2.88 (m, 2 H), 2.67 (t, J=7.65
Hz, 2 H), 2.02 -2.12 (m, 1 H),
1.81-1.98 (m, 1 H), 1.36 -
1.69 (m, 3 H)

201



3 H

| FI

NI VIR (500 MHz,

7.45 - 7.58 (in, 111),

W@ 2009/ 18926 J=7.32 Hz,

0.64 339.04 (m 111),
3.28 (m 1 H), 3.07 -

1H,

7.04 -

,tl-e0D

d4) 6 ppm

7.16 (m 111), 6.90

3.95 -4.09
3.67 - 3.77 (m 111),

NPCT/US2DB%B041076
3'ﬁ§6§PCT

Example

Number

Ry

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

201

314.35

'H NMR (400 MHz, MeOD) &
ppm 8.20 (1 H, 5), 3.96 (1 H,
d, J=10.07 Hz), 3.65 (1 H, d,
J=9.82 Hz), 3.20 (1 H, d), 3.06
(1H,d),291 (2H,t,J=7.43
Hz),2.71 - 2.84 (4 H, m), 2.66
(2 H,t,J=6.04 Hz), 1.98 - 2.21
(2 H, m), 1.43 - 1.94 (7 H, m)

202

0.69

300.29

'H NMR (400 MHz, MeOD) &
ppm 8.30 (1 H, s), 3.97 (1 H,
d, J=9.82 Hz), 3.66 (1 H, d,
J=10.07 Hz), 3.21 (1 H, d),
3.06 (1 H,d),2.74-2.97 (8 H,
m), 2.11 (4 H, dq, J=7.68, 7.51
Hz), 1.39 - 1.85 (3 H, m)

203

1.19

322.25

'H NMR (400 MHz, MeOD) &
ppm 4.00 (1 H, d, J=10.07
Hz), 3.69 (1 H, d, J=10.07
Hz), 3.22 (1 H, d, J=14.60
Hz), 3.03 - 3.14 (1 H, m), 2.69
-2.97 (4H,m),2.46 (3H,s),
226(3H,5),2.03-2.17(2H,
m), 1.51-1.84 (3 H, m)

204

0.67

328.28

'H NMR (400 MHz, MeOD) &
ppm 8.92 (1 H, s), 4.05 (1 H,
d, J/=1032 Hz),3.75 (1 H, d,
J=1032Hz),3.24 (1 H, d,
J=1.26 Hz), 3.06 - 3.17 (1 H,
m), 2.75 - 3.03 (6 H, m), 2.56 -
2.68 (2 H, m), 2.13 (4 H, ddd,
J=12.72,6.30, 6.17 Hz), 1.54 -
1.84 (3 H, m)

202




3.17 (m 1 H), 2.76 - 3.

(m 2 H),

WwWOAMI/131926 e0D-

1.50 -1.89 (m 3 H
d4) 6 ppm 7.96 -

7.88 - 7.95 (1 11, in),

- 7.73(1H - in), 7.06(1 11, d,

05 (m

7.75 -

4 H),
I FI NIVIR (500

2.04 - 2.22

8.03 (1 11pPCTS2009/041076

7.84(1 H m, 7
ng.ss 121), E@é3PCT

\ a 1.47 388.40 r 4.01 -4.11 (1 H m, 3.69-

Example

Number

Ry

LCMS
RT (min)

LCMS
Ion

[M+H]"

'H NMR

205

0.15

284.10

"H NMR (500 MHz, DMSO-
D6) 8 ppm 9.01 (s, 1 H), 8.40
(d, J=4.88 Hz, 1 H), 7.21 (5, 1
H), 7.16 (s, 1 H), 3.84 (s, 1 H),
3.59(d, /=10.07 Hz, 1 H),
2.94-3.02 (m, 3 H), 2.70 -
2.79 (m, 3 H), 2.62 - 2.68 (m,
3H), 1.99 (s, | H), 1.87 (s, 1
H), 1.57 (d, J=3.05 Hz, 2 H),
1.56 (s, 1 H), 1.41 - 1.49 (m, 1
H)

206

Ve
=z~ N

0.78

366.10

'"H NMR (500 MHz, DMSO-
D6) dppm 12.63 (s, L H), 7.95
(d, J=7.63 Hz, 2 H), 7.68 (d,
J=6.71 Hz, 1 H), 7.16 (t,
J=7.32Hz, 1 H), 3.84 (s, | H),
3.60 (s, 1 H), 3.03 (s, 2 H),
2.80 (s, 2 H),2.64-2.72 (m, 2
H), 2.05 (s, 1 H), 1.92 (s, 1 H),
1.60 (d, J=8.24 Hz, 2 H), 1.48
(s, 1 H)

207

0.77

335.17

'"H NMR (500 MHz, DMSO-
D6) & ppm 9.05 (s, 1 H), 8.52
(d, J=2.44 Hz, 1 H), 791 (5, 1
H), 7.66 (d, J=7.63 Hz, 2 H),
7.47 (t, J=7.63 Hz, 2 H), 7.36
(t,J=7.32 Hz, 1 H), 6.87 (s, 1
H), 3.84 (s, 1 H), 3.59 (d,
J=10.07 Hz, 1 H),2.99 (s, 2
H),2.72 - 2.81 (m, 2 H), 2.63 -
271 (m, 3 H), 1.99 (s, 1 H),
1.90 (s, 1 H), 1.59 (s, 2 H),
1.42 - 1.50 (m, 1 H)
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3.82(1 H m, 3.20 - 3.29 (1 H, nm, 3.09 - 3.19 (1
H m, 2.76 - 3.02(4 H m, 2.09 - 2.23 (2 H,
WO 2)09/131928 - 1.87 (3 11, In) Exanpl e Nunber RT/UENB/041076
(min) LCVB lon [MrH + 11-1 NVR 157 1.33 323.50 |, pop
NI VIR (500 MHz, 1 |eOD14) 6 ppm 7.99 (1 11, d,

8, 55 112) 7.77 (1 11, d, 1=8,55 11z), 7.41 - 7.57

, M, 7.02(1 H d, 1=8,55 112) 408(1 11, d,
QFF+Hz )36 F+H—d—3F=9+F+ "LL M 26{4+—H—+¢-
1496k) , 3.08 - 3.17 (lrbhsn), 2 Safos) 02 (4 H,
,nﬁﬁmﬁb%r 311, s)Rf 2.08 - Linf 4 211l n), 1.54HNMBY(3

[M+H]"

3@

I

YY) e
NIl

I3

"H NMR (500 MHz, DMSO-
D6) 8 ppm 9.30 (s, 1 H), 7.19
(d, J=8.55 Hz, 1 H), 6.94 (d,
J=2.44 Hz, 1 H), 6.69 (dd,
J=8.55,2.14 Hz, 1 H), 3.92 (d,
J=10.07 Hz, 1 H), 3.75 (s, 3

\
o | T |0 | 2 s sorme
_ 54(s, 3 H), 2. . ,
H), 2.79 (t, J=7.78 Hz, 2 H),
2.68 (t, J=7.78 Hz, 2 H), 2.02 -
2.07 (m, 1 H), 1.89 (dd,
J=6.41,3.36 Hz, 1 H), 1.56 -
1.64 (m, 2 H), 1.44 - 1.52 (m,
1 H)
'"H NMR (400 MHz, MeOD) d
ppm 8.27 (1 H, d, J=5.04 Hz),
6.78 (1 H, d, /=5.29 Hz), 3.98
(1 H, d, =10.07 Hz), 3.66 (1
H, d,J=10.07 Hz), 3.21 (1 H,
209 N= 0.96 300.34
§_<\ p d),3.06 (1 H, d), 2.64-2.99 (4
N H,m), 2.02-2.17 (2 H, m),
1.92-2.05(1 H, m), 1.54 -
1.82(3H, m),0.92-1.11 (4 H,

m)

'"H NMR (400 MHz, MeOD) d

ppm 8.42 (1 H, s),3.97 (1 H,

d, J=10.07 Hz), 3.66 (1 H, d,

J=10.07 Hz), 3.20 (1 H, d),

210 N= 1.64 378.23

_§_<\ Ve 3.06 (1 H,d),2.63-297 (4 H,
m), 2.35-2.50 (1 H, m), 1.99 -

2.16 (2H,m), 1.50 - 1.83 (3 H,

m), 0.98 - 1.24 (4 H, m)
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158 .\ NAZI z 1.19 316.16 IHNIVIR (500 WHz, 11)

Al SCDO) 6 ppm 12.36 (s, 111), 7.98 (s, 1 H, 7.19 -
wQ2@918m6 1 H), 7.15 (d,1=8.24 Hz, 1 H), 6.64 PCBUSD09/041076

(m 1 H, 3.80 (d, 1=7.63 Hz, 1 H, 3.54 (s, 1 I—I),11163PCT

2.95 - 3.04 (m 2 H, 2.78 (s, 2 H, 2.66 (s, 2 H),

2.01 (s, 1 H, 1.93 (s, 111), 1.58 (s, 211), 1.46 (s,

1 H 159 u_ zi "1/4. 1.40 316.16 IHNIVIR (500 MHz

LN

DAISCD6)—45—ppm 12 20( 5, 1Hy—7- 98 s, 1 H-—7.38
(dd, Exdimgle 55, 3.36 Hz, 1 Hj, rgad2|(4™I=8.55 Hz, 1 H),
7.1 1=8,85 H&, 1 H), 1 (d, bag §5 Hz, HYHR
3.58N‘E’“cl’er =8.55 11z, 111),3‘5{%’55"?'S B35 (m 2 H), 2.79
(s, 2H)yT1268(t—1=F-3321H2z,—S1tH—= )2HI(H$I %0'“ S0-
1.92 (s, 1 H, 1.59 (d, 136.41 1]z, 211) 17477 dPM
1=8.85 Hz| 1 H)  Exanpl e |Nunber |RI LCMBPRP PPRT ) 1L ENG 46
o [A4+111+ 111 NMR | FI NAAR| (400 MHz,/=A368D)16, 691 (d,
ppm 8,89(1 H, hr. s.), 8,80(1 J=5.49 Hz, 1 H), 6.59 - 6.65

; (m, 1 H), 3.82 - 3.88 (m, 6 H),
211 N 0.64 342.18

Y o 3.82 (s, 2 H), 3.55 (s, 1 H),

/ 3.00 (s, 2 H), 2.78 (s, 2 H),
2.67 (d, J=6.71 Hz, 2 H), 2.01

(s, 1 H), 1.91 (s, 1 H), 1.59 (s,
2 H), 1.46 (s, 1 H)

"H NMR (500 MHz, DMSO-
D6) dppm 7.94 (s, 1 H), 7.37
(d, J=9.16 Hz, 1 H), 7.02 (d,
J=9.46 Hz, 1 H), 6.9 (d,

0 J=1.83 Hz, 1 H), 3.87 (s, 3 H),
0.63 34225 | 3.82(d,J=9.46 Hz, 1 H), 3.78
(s,3H),3.56(d, J=9.16 Hz, 1
H), 3.00 (s, 2 H), 2.78 (s, 2 H),
2.63-2.70 (m, 2 H), 2.01 (s, 1
H), 1.91 (s, 1 H), 1.58 (s, 2 H),
1.46 (s, 1 H)

212

Z -
\Z/\“eé

'"H NMR (400 MHz, MeOD) d
ppm 8.51 (2 H, s), 4.00 (1 H,
Ne— d, J/=10.32 Hz), 3.69 (1 H, d,
213 §—<\ j/>—0| 0.35 290425 | J=10.32 Hz), 3.22 (1 H, d),

N 3.08 (1 H, d),2.70 -2.98 (4 H,
m), 2.01-221 (2 H, m), 1.50 -
1.84 (3 H, m)
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11, d, J=5.79 11z), 7.53 (1 11, _N hr. s.), 3.91 (1
H, d, J=10.83 160 )9 0.83 260.27 11z), 3.60 (1 11, d,
waQ 2000/180926 Hz), 3.16 - 3.25 (1 H m, 3.02 PCT/USBILP41076

(L H m, 2.68 - 2.99 (4 Hom, 1.94- 217 (2 H by
m, 1.53 - 1.83 (3 H m _ 1:\ z- TT NAIR [46d
MHz, Al eOD- d4) 6 ppm 8.35 (111, s), 4.01 (1
11, d, J=10.07 11z), 3.70 (1 11,
LCMS
Example LCMS L
R, Ion H NMR
Number RT (min) .
[M+H]

"H NMR (500 MHz, DMSO-

D6) 8 ppm 8.80 (s, 1 H), 8.19
(s, 1 H), 7.66 (s, 1 H), 6.80 (s,
1 H), 3.81 (s, 1 H), 3.56 (d,

T J=10.07 Hz, 1 H), 2.92 - 3.01
214 % \ / Cl 0.36 293.14

\ (m, 2 H), 2.70 - 2.79 (m, 2 H),
2.62-2.68 (m, 2 H), 1.97 (s, 1
H), 1.87 (s, 1 H), 1.57 (d,

J=7.32 Hz, 2 H), 1.40 - 1.49
(m, 1 H)

"H NMR (500 MHz, DMSO-
D6) d ppm 9.01 (s, 1 H), 8.17
(d, J=5.49 Hz, 2 H), 6.97 (s, 2
H), 6.83 (s, 1 H), 3.83 (s, 2 H),
% 3.57 (d, J=10.38 Hz, 2 H),
215 7\ 0.35 293.14 | 2.93-3.01 (m, 3 H), 2.74 -
— 2.82 (m, 3 H), 2.73 (s, 1 H),
2.66 (t, J=7.63 Hz, 3 H), 1.98
(s, 2 H), 1.87 (s, 2 H), 1.53 -
1.62 (m, 3 H), 1.41 - 1.49 (m,
2 H)

IHNMR (400 MHz, CDCI5)
S ppm 8.56 (1 H, br. s.), 7.94
(1H,d,J=1.26Hz), 7.72 (1 4,
d, /=1.26 Hz), 5.14 (1 H, spt,
J=6.13 Hz), 3.85 (L 1, d,

N >_ J=9.06 Hz), 3.52 (1 H, d,
216 §~<7 _/)—o 0.82 31830 | J=9.06 Hz), 3.30 (1 H, dd,
N J=14.86, 1.51 Hz), 2.67 - 3.03
(5H,m),2.11-2.26 (1 H,m,
J=13.17,9.84,3.65, 3.42, 3.42
Hz),2.07 (1 H, br. s.), 1.62 -
1.75 (1 H,m), 1.41 - 1.59 (2 H,
m), 1.30 (6 H, d, /=6.30 Hz)

206



d, J=10.07 Hz), 3.20 - 3.27 (1 161 1.55 328.21

11, in), 3.05 - 3.13 (1 11, in), 2.69 - 2.99 (4 H,
WOg09/231926 (3 H, s), 2.29(3 H, s), 2.01 - 2rPQRUSE09/041076
H m, 1.51 - 1.83(3 H, m 11 NAIR (500 Mz, '\47151%'PCT
D6)3 ppm 11.75 - 12.09 (m J=14.95 11z, 111), 783
(d,
LCMS
Example LCMS L
R, Ion H NMR
Number RT (min) .
[M+H]

"H NMR (400 MHz, DMSO-
D6) & ppm 8.09 (s, 1 H), 7.53
(s, 1 H),3.80 (s, 1 H), 3.54 (d,
J=10.32 Hz, 1 H), 3.07-3.18
\N (m, 1 H), 2.91 -3.01 (m, 3 H),
_gi » 0.18 342.19 | 2.75(d, J=8.31 Hz, 2 H), 2.60
-2.71 (m, 2 H),2.19 (g,
J=8.90 Hz, 1 H), 2.01 - 2.12
(m, 4 H), 1.94 (s, 1 H), 1.83 (d,
J=15.11 Hz, 2 H), 1.56 (s, 3
H), 1.43 (s, 1 H)

217

EXAMPLE 218
(R)-N-(6-(methoxymethyl)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

\

o)

va N

:——’\{ - »
R N
In o)\ N

Step A: 6-(Methoxymethyl)pyrimidin-4-ol
OH
\O/\m
&
To a solution of methyl 4-methoxy-3-oxobutanoate (3.54 mL, 26.5 mmol) in

10 methanol (30 ml) was added formamidine acetate (3.07 g, 29.2 mmol) and sodium

methoxide (13 mL, 58.4 mmol). The mixture was then heated to reflux for 18 hours

and cooled to ambient temperature, then concentrated. The residue was taken up in

water and the pH adjusted to 7 with 1IN HCl. The aqueous mixture was extracted

with chloroform. The combined organic layers were dried over magnesium sulfate,
15  filtered and concentrated to afford 6-(methoxymethyl)pyrimidin-4-ol (1.38 g, 9.85

mmol, 37.1 % yield). MS (LC/MS) R.T. =0.19; [M+H]" = 141.20.
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J=7.983 Hz, 2 H), 7.38 - 7.54 (m J=10.99 Iz,
111), 6.95 (d, 162 \ 1.85 354.25 J=6.71 Hz, 2 H), 6.13

W@ 20091310 NI, N . 3.76 - 3.83 (m 4 HYCT/8S2049/041076
(s, 1 H H), 3.38 (d, J=2.75 Hz,
(s, 1 H, 2.82 (s, 2 H), 262-271(m 2H)12“%§PCT
2.00 (s, 1 H, 1.92 (s, 1 H), 1.58 (s, 2 H),

Step B: 4-Chloro-6-(methoxymethyl)pyrimidine

\OWCI

N

6-(Methoxymethyl)pyrimidin-4-ol (1.38 g, 9.85 mmol) was taken up in
dichloromethane (14 ml) and phosphorous oxychloride (9 mL, 97 mmol) was added
5 at ambient temperature. The mixture was stirred at ambient for 18 h and
concentrated. The residue was taken up in ice-water and the pH was adjusted to 7
with 1N sodium hydroxide. The mixture was extracted with chloroform and dried
over sodium sulfate, filtered and concentrated in vacuo. The residue was purified by
column chromatography (5 -10 % ethyl acetate/chloroform) to afford 4-chloro-6-

10  (methoxymethyl)pyrimidine (1.2 g, 7.57 mmol, 77 % yield) as a pale yellow oil,
which solidified on standing. 1H NMR (400 MHz, CDCI3) 6 ppm 8.88 (1 H, d,
J=1.01Hz), 7.52 (1 H, d, /~1.01 Hz), 4.53 (2 H, 5), 3.50 (3 H, 5). MS (LC/MS) R.T.
=0.98; [M+H]" = 159.10.

15 Step C: 6-(Methoxymethyl)pyrimidin-4-amine
~ NHy
OU
A mixture of 4-chloro-6-(methoxymethyl)pyrimidine (1.2 g, 7.57 mmol) and
ammonium hydroxide (20 ml) was heated in a sealed tube for 3 hours. The mixture
was cooled to ambient temperature and concentrated. The residue was triturated with
20  ether to afford 6-(methoxymethyl)pyrimidin-4-amine (0.50 g, 3.59 mmol, 48 %
yield) as a pale yellow solid. "H NMR (400 MHz, CDCl;) & ppm 8.47 (1 H, s), 6.55
(1H,s),5.12(2H, br.s.),438 (2H,s),3.45 (3H, s). MS(LC/MS)R.T. =0.42;
[M+H]" = 140.20.

25  Step D: 4-Isothiocyanato-6-(methoxymethyl)pyrimidine

To a bright orange solution of 1,1'-thiocarbonyldipyridin-2(1H)-one (0.84 g,

3.59 mmol) was in dichloromethane at ambient temperature was added 6-
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1.50 (s, 1 11) Exanpl e Nunber RI LCMS RT (mn) LCMS
lon I'VI+H1+ 111 NVR 163 U u_ U p \N Z Al 2.09 366. 17
WO BOONT3198% (500 MHz, DAI SODO) 5 ppm 12.54 (s, M/USEDQ&ION

(s, 1 H, 7.97 (s, 1 H, 7.52 - 7.60 (m 211), 812‘1%931)(:T
(s, 111), 3.58 (s, 1 H), 3.01 (s, 2 H), 2.78 (s,
2.64 - 2.70 (m 2 H), 1.99 - 2.05 (m 1 H), 192(s 1
H, 1.58 (s, 2H), 147 (s, 1 11) 164 D U- - u_

L.,?2-../ 2. 366.. 50 50D6

12! Gptpe gt iiig-£ing vy b P atipy. Yhegs SP}"@EH yas

H) , st?rreﬁ(lt élﬁbleﬂt tehhperazurg 60r(1($ h. ]1'-‘1=18 s&ﬂtld‘ﬂzwas]puﬂfled By &durhdl,

J 9. y? é 112 97 - 3.05
clgoQitPgrth g- 4(084) etély af)atateﬁlegapef)tto aff()rd-fl 13% 1p&yana§o-|q)
Ognétﬁjoxyﬂneﬁlgﬂ%rlﬂnéme édg-j g, 117798mb5 49 g@{@iéld) ak.- a@%ll&\d solid. 'H

Wl ey
a 2 NMRI00 311z, lafs(npgo%SWH M@H@ Dt 111, b (.81 Ha),

e N e

1946I|Z 111), 3.56 (d, /885HZ 3.00 (s,
7 t . oo 2 2, '
F%tey% (8)5&8(6 (Zgll %&Weth_)i @% zdzn lg—)ZI:IHZIagIépz'ggs[’bxcgi%%’S -
4Echc§Q[ZII2 Myctan]-2-amine
\
0

N
\

»N

To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (0.39 g, 1.71 mmol)

10

in dimethylformamide was added cesium carbonate (1.39 g, 4.28 mmol) and 4-
isothiocyanato-6-(methoxymethyl)pyrimidine (0.31 g, 1.71 mmol). The suspension
was stirred at ambient temperature for 15 min. To the reaction mixture was added

15 N,N'-diisopropylcarbodiimide (0.80 mL, 5.13 mmol) and the mixture was stirred
overnight then concentrated. The residue was purified by column chromatography
(5-25% 9:1 methanol/ammonium hydroxide in ethyl acetate) to afford (R)-N-(6-
(methoxymethyl)pyrimidin-4-yl)-4H-1'-azaspiro[oxazole-5,3'-bicyclo[2.2.2]octan]-2-
amine (0.18 g, 0.58 mmol, 34 % yield) as a yellow solid. "H NMR (400 MHz,

20  MeOD-ds) 6 ppm 8.65 (1 H, d, /~1.01 Hz), 6.92 (1 H, br. s.), 4.40 (3 H, s),4.03 (1 H,
d, /=10.32 Hz), 3.72 (1 H, d, /=10.32 Hz), 3.44 (2 H, 5), 3.18 - 3.26 (1 H, m), 3.06 -
3.13(1 H, m), 2.69 - 2.96 (4 H, m), 1.94 - 2.19 (2 H, m), 1.45 - 1.86 (3 H, m). MS
(LC/MS) R.T. =0.76; [M+H]" = 304.30.

25
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Exanpl e Nunber RI LCMS RT (mn) LCMS lon [ MHH + 111

NVR IFI NT/IR (500 Mz, A/ KWJ- ar)) 5 ppm
W@2B%1§101d, d, 1=5, 19 11z), 8.02 - 8.15 (2AAT/USIN9/041076

7.39 (1 H d, J=5.19 Hz), 7.01 - 7.11 (2 1&9,3PCT

in), 4.06 (1 11, d, 166 e-N 1.16 366.30 J= 10 07 HZf:

3.89(3 H s), NeyX -C\/k\ ) 3.74(1 H d,I=10.07
Hz) ,

EXAMPLE 219
(R)-N-(5-(Cyclopentyloxy)pyrimidin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

prsases

Step A: 2-Chloro-5-(cyclopentyloxy)pyrimidine
cl

X,
tf)
o
T
A mixture of 2-chloropyrimidin-5-o0l (1 g, 7.66 mmol), chlorocyclopentane
(2.39 mL, 22.98 mmol) and potassium carbonate (3.18 g, 22.98 mmol) in N,N-

10  dimethylformamide were heated at 65° C for 16 h at ambient temperature. Water
was added and the mixture was extracted with ethyl acetate. The organic layer was
washed with water and brine, dried over sodium sulfate and concentrated i# vacuo.
The residue was purified by column chromatography (0-25 % ethyl acetate/hexanes)

to afford 2-chloro-5-(cyclopentyloxy)pyrimidine (831 mg, 4.18 mmol, 54.6 % yield)
15  asa white solid. MS (LC/MS) R.T. =2.32; [M+H]" = 199.23.

Step B: 5-(Cyclopentyloxy)pyrimidin-2-amine
NH

N)QN
g
al

5-(Cyclopentyloxy)pyrimidin-2-amine was prepared from 2-chloro-5-

N

20  (cyclopentyloxy)pyrimidine by following the general procedures of Example 218,
Step C. "H NMR (400 MHz, DMSO-ds) & ppm 7.99 (2 H, s), 6.18 (2 H, 5), 4.54 -
4.75 (1 H, m), 1.30 - 1.91 (8 H, m). MS (LC/MS) R.T. = 1.47; [M+H]" = 180.24.
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3.28(1 H d, J=14.95 Hz), 3.13(1 H d,1=14.95 Hz),

2.73 - 3.02 (4 11, in), 2.07 - 2.25 (2 H, 1,
W 2844310286( 3 H, i n) 111 MR (500 NHz, PGA/ERIDI9/041076

d4) 6 ppm 8,48(1 H, s), 4,05(1 H d, J=10.07

3.74 (1 H, d, J=10.07 Hz), 3.26(1 H, s), 167 H@)IE%PCT

344. 40

Step C: (R)-N-(5-(Cyclopentyloxy)pyrimidin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

yraae

(R)-N-(5-(Cyclopentyloxy)pyrimidin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
5 bicyclo[2.2.2]octan]-2-amine was prepared from 5-(cyclopentyloxy)pyrimidin-2-
amine by following the general procedures of Example 23, Steps A-B. 'H NMR
(400 MHz, MeOD-d;) d ppm 8.24 (2 H, 5), 4.76 - 4.86 (1 H, m), 3.98 (1 H, d,
J=10.07 Hz), 3.69 (1 H, d, J=10.07 Hz), 3.33 (1 H, d), 3.20 (1 H, d), 2.77 - 3.08 (4 H,
m), 2.04 - 2.26 (2 H, m), 1.49 - 2.03 (11 H, m). MS (LC/MS)R.T. = 1.56; [M+H]" =
10 344.32.

The compounds in Table 5 were synthesized according to the method of

Example 218 using the appropriate commercially available chlorides as in Example

218, Step C.
15
Table 4.
N

o~(

[ N ‘N
Example R LCMS LIC01:1/1S 'H NMR

Number 1 RT (min) [M+H]"

'"HNMR (400 MHz, CDCl5) &
ppm 9.82 (1 H, br. 5.), 8.62 (1 H,
$),7.95 (1 1, dd, J=8.18, 1.13
Hz), 7.72 (1 H, dd, J/=8.18, 1.13
Hz), 7.58 - 7.64 (1 H, m, J=7.62,
3—(:N 7.62,7.05,1.39 Hz), 751 (1 H,
220 \ 0.99 310.30 | ddd, /=7.68, 7.05, 1.26 Hz), 4.05
‘@ (1 H, d,J=9.32 Hz), 3.70 (1 H,
d,J=9.57 Hz), 3.39 (1 H, dd,
J=14.86, 1.51 Hz), 2.72 - 3.06 (5
H, m), 2.12 - 2.26 (2 H, m), 1.69
-1.80 (1 H, m), 1.45 - 1.64 (2 H,
m). ML.P. 212-5 °C.
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3.14 (1 H d, J=14.65 Hz), 2.76 - 3.02 (4 H m,

2.59(3 H, s), 2,46(3 H s), 2.09 - 2.23 (2 H
wWopgoa13®Ze 1.89(3 H, m) [ z I FI NT/IR (500 MUS2009/041076
Al eOD- 14 5 ppm 9.27 (1 11, s), 8,14(1 11, 4
12,14 11z), 7.93 (1 11, dd, J=8.85, 1.83 Hz), 7AI9§PCT
(1 11, d, 1=8,85 11z), 4.11 (1 11, d, 168
Example LCMS LCMS 1
Numbper R, RT (min) [N}fﬁr HNMR

1
HNMR (400 MHz, DMSO-ds)

N c 5 ppm 8.31 (1 H, 5), 7.80 (1 H,
21 J; 1.32 180.09 | g, J=2.52 Hz), 7.55 (1 H, dd,
AN J=8.81,2.52 Hz), 7.50 (L H, d,
J=9.06 Hz), 7.13 2 H, 5)

"H NMR (400 MHz, MeOD-d,)
& ppm 8.60 (s, 1 H), 7.60 (d,

anl J=6.04 Hz, 1 H), 7.52 (s, | 1),
404 -4.17 (m, 1 H),3.73 - 3.87

222 N= TN 0.90 31630 | (m, 1 H),3.23-3.26 (m, 1 H),
k\N g 3.07-3.19 (m, 1 H),2.88 - 3.01

(m, 2 H), 2.75 - 2.88 (m, 2 H),
2.08-2.27 (m, 2 H), 1.56 - 1.86
(m, 3 H)

"H NMR (400 MHz, MeOD-d,)
Sppm 852 (1 H,s),7.30 (1 H,
d,J=1.01 Hz),4.03-4.09 (1 H,

g m), 3.76 (1 H, d, /=10.07 Hz),
223 2.28 35820 |3.16-327(2H,m),3.06-3.14
- (1 H,m),2.68-3.01 (4H, m),
_E N\ _//N 201-223(2H,m),1.54-1.82
N (3H,m), 1.37 (6 H, d, /=6.80
Hz)

'"H NMR (400 MHz, MeOD-d,)
5 ppm 8.63 (1 H, 5), 6.73 (1 H,
br.s.), 4.02 (1 H, d, /=10.32
Hz),3.72 (1 H, d, J=10.32 Hz),
224 — 0.86 302.24 | 3.17-3.25(1 H,m), 3.01 -3.13
ER J/N (1 H, m), 2.68 -2.97 (5 H, m),

N 1.98-2.16 (2 H, m), 1.51 - 1.82
(3H,m), 1.24 (6 H, d, J=7.05
Hz)

"H NMR (400 MHz, MeOD-d,)
& ppm 8.60 (1 H, ), 6.71 (1 H,

br.s.), 4.02 (1 H, d, J~10.32
= Hz),3.71 (1 H, d, J=10.32 Hz),
25 (N 0.25 27419 317 304 (1 1. m), 3.04 -3.13
N—7 (1 H, m), 2.65 - 3.02 (4 H, m),

237G H,s),1.99-2202H,
m), 1.32 - 1.88 (3 H, m)

'"H NMR (400 MHz, MeOD-d,)
5 ppm 8.38 (2 H, 5),3.97 (1 H,
N d, J=10.07 Hz), 3.66 (1 H, d,
i J=10.07 Hz), 3.16 - 325 (1 H,
226 §—<}\l:/>* 0.37 274.26 1 ),3.02-3.13 (1 H, m), 2.92 (2
H, t,J=7.55 Hz), 2.73 - 2.86 (2

H,m),2.21 3H,s),2.03-2.16
(2 H, m), 1.45 - 1.86 (3 H, m)
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1.73 390.20 J=10.07 Hz), 3.80(1 H, d, J=10. 07 Hz),

3.28(1 H s), 3.15 (1 H, d, J=14.95 Hz), 2.78

w0 2890219%¢t H ), 2.05 - 2.25 (211, i n) 1P(5"QU82009/041076
1.88 (3 11, m Exanpl e Nunber Rl nHR% PCT
LCIVSIonI|V+HI+|n NVR 169 O712604OIFI I\IT/I

(500 Mz, 1 1e0OD- d 4)5 ppm8.73 (1 H, s), 8,59(2 11,
s.), 3.86 (1 11, d, J=9.77 Hz), 3.56(1 H, d,

G FFHzy 3348326+ 11 —in 205 31
| RRerie [ 2,99 (4 H n) 2ews(1 HMBr s ). 2,Qi4d H
SNymber]| 54 - 1,86 (3 H| RHmin) | gy

2359

'"H NMR (400 MHz, MeOD-d)8
ppm 8.41 (2 H, s),3.98 (1 H, d,
J=10.07 Hz), 3.67 (1 H, d,
N— J=10.07 Hz), 3.17 - 325 (1 H,
N m), 3.02 - 3.13 (1 H, m), 2.92 (2
227 §‘<\N:/>_/ 096 | 28831 g 743 Hy), 272287 2
H, m), 2.57 (2 H, g, J=7.55 Hz),
2.01-223(2H,m), 1.48-1.84
(3H,m), 1.22 (3 H,t, J=7.68
Hz)

EXAMPLE 228
(R)-N-(6-(2,2, 2-Trifluoroethoxy)pyrimidin-4-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN =\N
o—\< M
[Nﬂjw“
CFs

Step A: 4-Chloro-6-(2,2,2-trifluoroethoxy)pyrimidine
cl

J\AN
o N/)
kCF3
A solution of 2,2,2-trifluoroethanol (2.61 g, 26.10 mmol) in tetrahydrofuran

10 (12 ml) was added dropwise to a suspension of sodium hydride (1.31 g, 32.60 mmol)
in tetrahydrofuran (48 ml) at 0 °C. The mixture was stirred at 0° C for 30 min and a
solution of 4,6-dichloropyrimidine (3.6 g, 24.16 mmol) in tetrahydrofuran (12 ml)
was added at 0 °C. The reaction mixture was stirred at ambient temperature for 3 h
and poured into sat. aqueous ammonium chloride and extracted with ethyl acetate.

15  The ethyl acetate extract was washed with water, dried over magnesium sulfate and
concentrated in vacuo. The orange residue was purified by column chromatography
(10-40 % ethyl acetate/hexanes) to afford 4-chloro-6-(2,2,2-
trifluoroethoxy)pyrimidine (2.0 g, 2.41 mmol, 38.9 % yield) as a pale yellow oil. MS
(LC/MS) R.T. =2.78; [M+H]" =213.12.
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) 170 0.78 290.30 1-11 NMR (400 Mz,
CcDC/3) il ppm8.57(1 H, hr. s.), 7.97(1 H, d, J=1.51
WORM9IT8O(1 H, d, J=1.26 Hz), 3.90(3 H, s), 3P@IULDILY41076
d, J=9.06 117), 3.54 (1 11, d, J=9.06 ML 3.32(1 H .,
dd, J=14.86, 1.76 11z), 2.69 - 3.04 (5 H, ), 2.13'%
2.23 (L H m, 2.06 - 2.11 (1 11, in), 1.63 - 1.76 (1
Hm) 1.41 -1.61 (2 H, in) -1-CL-0 N 171
8. 4 400 Mt AfeODd 4) ii _ppm 3.99
(1S B S G2 oo g g, 1210, 07" b
3 15 - 3,24 (1 H in), 3.02 NI—& 10 (1 11, in), 2.68 -
2.96(4 H m, 2.53(6 H, s), 202 - 2.19 (2 11, in),
1.46 - 1.83 (3 H m s/ -N1-% 172 _ 0.89
304.25 1 TI NT/IR (400 Miz, KbgOBg4) crL ppm6 22(1 H,

S),3991Hd11007HZ) 3.89 (3 H s), 3.67 (1
11, d, J&6%2, @}'yrlf]_qu()ethoxy)pyrlmldm -4-amine was prepared from 4-chloro-6-

(2,2,2—tr1ﬂuoroethoxy)pyrlmldme by following the general procedure of Example
5 218, Step C. MS (LC/MS) R.T. = 1.16; [M+H]" = 194.07.

Step C: (R)-N-(6-(2,2,2-Trifluoroethoxy)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-
5,3"%bicyclo[2.2.2]octan]-2-amine

@,%M

10 (R)-N-(6-(2,2,2-trifluoroethoxy )pyrimidin-4-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was prepared from 6-(2,2,2-trifluoroethoxy)pyrimidin-
4-amine by following the general procedures of Example 23, Steps A-B. 'H NMR
(400 MHz, CDCI3) 8 ppm 9.30 (1 H, br. s.), 8.39 (1 H, s), 6.38 (1 H, br. s.), 4.59 -
4.84 (2H,m),3.94 (1 H,d, /~9.32 Hz), 3.59 (1 H, d, /~9.57 Hz), 3.33 (1 H, d,

15 J=16.62 Hz), 2.61 -3.01 (§ H, m), 1.97 - 2.25 (2H, m), 1.37 - 1.81 (3 H, m). MS
(LC/MS) R.T. = 1.42; [M+H]" = 358.33.

EXAMPLE 229

(R)-N-(5-Bromo-4-isopropylpyrimidin-2-yl)-4H-1"-azaspirofoxazole-5,3'-
20 bicyclof2.2.2]octan]-2-amine

Br

N—
HN

o— Y,
A5

214



3.15 - 3.25 (1 H, m), 3.00- 3.11 (1 11, in), 2.67 -
2.97 (4 11, m, 2.32(3 H s), 2.00 - 2.19 (2 11, in),

wa2e02131926 83 (3 11, in) N_ - -4/ N BxGnpsm09/041076
Number RI 1.CM5S RT (mn) LCMS lon ill+H + 111 NWR 63 PCT
| HNMR (500 MHz, al f80- DO) 6 ppm 8.57 (s, ill), 7.4863
7.54 (m 6 H), 7.31 (t, 1=7.93 Iz, 211), 6.87
(dd,J=8.24, 'S 2.44 Hz, 2 H), 3.87 (d, J=9.77
o 1:S'tggl7A: 4-Isopropylpyrimidin-2-amine
NH,
N*N

lw¢i\r/

4-Isopropylpyrimidin-2-amine was prepared from 2-chloro-4-
isopropylpyrimidine by following the general procedure for Example 218, Step C.
5 'H NMR (400 MHz, DMSO-ds) d ppm 8.10 (1 H, d, J=5.04 Hz), 6.45 (3 H, d, J=5.04
Hz), 2.59 -2.80 (1 H, m), 1.15 (6 H, d, /=7.05 Hz). MS (LC/MS) R.T. =0.76;
[M+H]" = 138.12.

Step B: 5-Bromo-4-isopropylpyrimidin-2-amine
NH,

NI NN
>

10 Br
N-Bromosuccinimide (0.5 g, 2.8 mmol) was added to a solution of 4-

isopropylpyrimidin-2-amine (0.39 g, 2.81 mmol) in chloroform. The resultant yellow
solution was stirred at ambient temperature for 1 h and concentrated in vacuo. The
residue was purified by column chromatography (3-10% 9:1 methanol:ammonium

15  hydroxide in chloroform) to afford 5-bromo-4-isopropylpyrimidin-2-amine (0.69 g,
3.18 mmol, 113 %) as a pale yellow solid. "H NMR (400 MHz, DMSO-ds) & ppm
8.21 (1 H,s),6.75(2H,s),3.10-3.23 (1 H, m), 1.14 (6 H, d, /~6.80 Hz). MS
(LC/MS) R.T. =2.58; [M]" = 216.09.

20  Step C: (R)-N-(5-Bromo-4-isopropylpyrimidin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

r

N—
HN
Ve
LS

(R)-N-(5-Bromo-4-isopropylpyrimidin-2-yl)-4H-1"-azaspiro[ oxazole-5,3'-

bicyclo[2.2.2]octan]-2-amine was prepared from 5-bromo-4-isopropylpyrimidin-2-
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Hz, 2 H, 3.82 (s, 6 H, 3.61 173 NO 1.07 371.17 40

(d, 1=9.77 H7, 2 H), 3.03 (s, 4 H, 2.75 -2.84 (m
W@ 206Y/131226 8 (t, 1=7,63 11z, 4 11), 2.06 (SPCRUS2009/041076

H, 1.93 (s, 2 H, 1.56 - 1.64 (m 411), 1.50

(dd, J=9. 46, 2.44 Hz, 2 H CT) Z IHNWR (500 N3 PCT

DM 80- d6) d6) 6 ppm8.73 - 8.93 (m 1 H),

amine by following the general procedures of Example 23, Steps A-B. 'H NMR

(400 MHz, MeOD-d;)  ppm 8.49 (1 H, s), 4.02 (1 H, d, /=10.07 Hz), 3.72 (1 H, d,

J=10.07 Hz), 3.34 - 3.44 (1 H, m), 3.23 (1 H, 5), 3.06 - 3.15 (1 H, m), 2.95 (2 H, t,

J=7.55Hz),2.75-2.89 (2H, m), 2.00-2.21 (2 H, m), 1.52 - 1.83 (3 H, m), 1.24 (6
5 H,d, J=6.80 Hz). MS (LC/MS) R.T. = 1.84; [M+H]" = 382.24.

EXAMPLE 230
(R)-N-(5-Bromo-4-(pyridin-3-yl)pyrimidin-2-yl)-4H-1"-azaspirofoxazole-35, 3 -
bicyclof2.2.2]octan]-2-amine
N

7 N\

ﬂj’?H\ o

(R)-N-(5-Bromo-4-(pyridin-3-yl)pyrimidin-2-yl)-4H-1"-azaspiro[ oxazole-5,3'-

10

bicyclo[2.2.2]octan]-2-amine was prepared from 4-(pyridin-3-yl)pyrimidin-2-amine
by following the general procedures of Example 229, Steps B-C. 'H NMR (400
MHz, MeOD-d,) § ppm 8.92 (1 H, d, J/=1.51 Hz), 8.73 (1 H, s), 8.64 (1 H, dd,

15 J=4.91, 1.64 Hz), 8.23 (1 H, dt, /=8.06, 1.89 Hz), 7.56 (1 H, dd, J=7.93,4.91 Hz),
4.00 (1 H, d, /=10.07 Hz), 3.69 (1 H, d, /=10.07 Hz), 3.22 (1 H, d), 3.07 (1 H, d),
2.60-2.99 (4H, m),2.00-2.21 (2 H, m), 1.50 - 1.83 (3 H, m). MS (LC/MS)R.T. =
0.76; [M+H]" = 416.30.

20 EXAMPLE 231
(R)-N-(6-(Cyclopentyloxy)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine
N=\

HN \ N

/
LAY
.. N O
‘“w/ S

A

25
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7.73 (s, 1 H, 7.20 (s, 1 H), 3.91 (d, 1=9.77 H7,

1 H, 3.66 (d, 1=10.07 Hz, 1 H), 3.05 (s, 2 174

wa 2021303 44 H, 2.74 - 2.89 (m 1 H, 2.8B8I/US2009/041076
(t, J=7.63 Hz, 1 H), 2.54 (s, 3 11), 2.09 (br'11§'63PCT
211), 1.83 - 1.98 (m 1 H, 1.42- 1.69 (m
11)

Step A: 4-Chloro-6-(cyclopentyloxy)pyrimidine
cl

5

A solution of cyclopentanol (2.25 g, 26.1 mmol) in tetrahydrofuran (12 ml)
was added dropwise to a suspension of sodium hydride (1.31 g, 32.6 mmol) in
5 tetrahydrofuran (48 ml) at 0° C. The mixture was stirred at 0° C for 30 min and a
solution of 4,6-dichloropyrimidine (3.6 g, 24.16 mmol) in tetrahydrofuran (12 ml)
was added at 0° C. The reaction mixture was stirred at ambient temperature for 3 h
and poured into sat. aqueous ammonium chloride and extracted with ethyl acetate.
The organic layers were washed with water, dried over magnesium sulfate and
10 concentrated in vacuo. The orange residue was purified by column chromatography
(10-40 % ethyl acetate/hexanes). To afford 4-chloro-6-(cyclopentyloxy)pyrimidine

as a pale yellow oil. This material was used directly for the next reaction.

Step B: 6-(Cyclopentyloxy)pyrimidin-4-amine

LD

6-(Cyclopentyloxy)pyrimidin-4-amine was prepared from 4-chloro-6-

15

(cyclopentyloxy)pyrimidine by following the general procedure of Example 218,
Step C. MS (LC/MS) R.T. = 1.64; [M+H]" = 180.22.

20  Step C: (R)-N-(6-(Cyclopentyloxy)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

(R)-N-(6-(cyclopentyloxy)pyrimidin-4-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was prepared from 6-(cyclopentyloxy)pyrimidin-4-
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111 NVR (400 MHz, AfeOD- d 4) 6 ppm 8.360 H, d,

1=5. 04 Hz), 6.82(1 H, d, 1=5,04 Hz), 3.98(1 H
Wal20eA0007 Hz), 175 "N 0. 40 274.26 3.67(1 H, BCT/US2009/041076

J=10. 07 Hz), 3.17 - 3.25 (1L H m, 3.03- N . o

3.10 (1 11, in), 2.70 - 2.96 (4 |1, m, 2.41 (36

s), 1.98 - 2.22 (2 11, in), 1.44 - 1.87 (3 11,

1)

10

15

20

25

amine by following the general procedures of Example 23, Steps A-B. 'H NMR
(400 MHz, MeOD-d,) d ppm 8.37 (1 H, s), 6.16 (1 H, br. s.), 5.27 (1 H, br. s.), 3.98
(1 H,d, /<1032 Hz),3.67 (1 H, d, /~10.32 Hz), 3.15-3.24 (1 H, m), 3.02 - 3.12 (1
H, m), 2.71 - 2.97 (4 H, m), 2.01 - 2.14 (2 H, m), 1.87 - 2.00 (3 H, m), 1.49 - 1.84 (8
H, m). MS (LC/MS) R.T. = 1.96; [M+H]" = 344.34,

EXAMPLE 232
(R)-N-(6-Isopropoxypyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine
N=\

[N N _<

(R)-N-(6-Isopropoxypyrimidin-4-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was prepared from 4,6-dichloropyrimidine by
following the general procedures of Example 231, Steps A-C. '"H NMR (400 MHz,
MeOD-d;) 5 ppm 8.37 (1 H, s), 6.13 (1 H, br. s.), 5.09 - 5.30 (1 H, m), 3.98 (1 H, d,
J=10.32 Hz), 3.67 (1 H, d, /=10.32 Hz), 3.13 - 3.24 (1 H, m), 3.01 - 3.09 (1 H, m),
2.68-298(4H, m),1.98-2.17(2H, m), 1.49 - 1.83 (3 H, m), 1.30 (6 H, d, /=6.04
Hz). MS (LC/MS) R.T. = 1.36; [M+H]" = 318.24.

EXAMPLE 233
(R)-N-(6-(2,2-Difluoroethoxy)pyrimidin-4-yl)-4H- 1 -azaspirofoxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine

CHF,
(R)-N-(6-(2,2-Difluoroethoxy)pyrimidin-4-yl)-4H-1'-azaspiro[ oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was prepared from 4,6-dichloropyrimidine by
following the general procedures of Example 231, Steps A-C. M.P. 83-8 °C. 1H
NMR (400 MHz, MeOD-d,)  ppm 8.42 (1 H, s), 5.93 - 6.37 (2 H, m), 4.52 (2 H, td,
J=13.98, 3.78 Hz), 3.99 (1 H, d, J=10.32 Hz), 3.68 (1 H, d, /=10.32 Hz), 3.19 (1 H,
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Exanpl e Nunber RI DENIS RT (mn) LCVMS lon [ MPH + 11-1

NVR "1-1 NAAR (400 MHz, kl eOD- d4) 6 ppm6.72

W@ 1009131929, 3.98 (1 11, d, J=10.07 11z), 3p@U$2D09/041076
11, _  d, J=9.82 Hz), 3.18 - 3.24 (1 176 /- 1163 peT
0.72 288. 25 11, in), 3.02 - 3.12 (1 11, in),

d),3.07 (1 H, d), 2.67 - 2.97 (4 H, m), 1.99 - 2.19 (2 H, m), 1.51 - 1.82 (3 H, m). MS
(LC/MS) R.T. = 0.99; [M+HT" = 340.26.

EXAMPLE 234
5 (R)-N-(Pyridin-2-yl)-4H-1"-azaspirofoxazole-5,3"-bicyclo[2.2.2 ] octan]-2-amine

[N@j“

(R)-N-(Pyridin-2-y1)-4H-1'-azaspiro[oxazole-5,3'-bicyclo[2.2.2 Joctan]-2-
amine was prepared from (R)-N-(6-bromopyridin-2-yl)-4H-1'-azaspiro[ oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (from Example 155) according to the general

10  procedure of Example 19, Step C. 'H NMR (500 MHz, MeOD-d,) & ppm 8.26 (d,
J=4.88 Hz, 1 H), 7.58 - 7.74 (m, 1 H), 6.85 - 7.02 (m, 2 H), 4.00 (d, /=10.07 Hz, 1
H), 3.70 (d, /~<10.07 Hz, 1 H), 3.26 - 3.35 (m, 1 H), 3.14 - 3.21 (m, 1 H), 3.02 (d,
J=8.24 Hz, 2 H), 2.84 - 2.97 (m, 2 H), 2.11 - 2.25 (m, 2 H), 1.58 - 1.92 (m, 3 H). MS
(LC/MS) R.T. =0.30; [M+H]" = 259.16.

15

EXAMPLE 235
(R)-N-(Pyridin-4-yl)-4H-1"-azaspirofoxazole-5,3"-bicyclo[2.2.2] octan]-2-

20 (R)-N-(Pyridin-4-y1)-4H-1'-azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-

amine

amine was prepared from (R)-N-(2-bromopyridin-4-yl)-4H-1'-azaspiro[ oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (from Example 154) according to the procedure of
Example 19, Step C. 'H NMR (500 MHz, MeOD-d,) & ppm 8.31 (d, J=6.41 Hz, 2
H), 7.39 (d, /=3.97 Hz, 2 H), 4.01 (d, /=12.21 Hz, 1 H), 3.70 (d, /<11.90 Hz, 1 H),

25  3.37(s,1H),3.29(s,1H),3.18 (d, /~=1.83 Hz, 1 H), 3.15 (d, /=2.14 Hz, 1 H), 2.86 -
3.09 (m, 3 H),2.02-2.20 (m, 1 H), 1.59 - 1.88 (m, 3 H). MS (LC/MS)R.T. =0.22;
[M+H]" = 259.16.
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2.65 - 2.96 (4 H m, 2.36 (6 H, s), 2.02 - 2.21

(2

H m, 1.45 - 1.83 (3 H m 111 NAIR (400

WOR®9/134920 D- d4) 6 ppm8.37 (1 H, s), 8.24P(1US2009/041076

H,
s),
Hl

10

15

20

25

dd, J=7.55, 1.51 Hz), 7.88 N (111
7.19 - 7.44 (3 11, in), 177 -1- 2.13 362.28 4. p3piPCT
d, J=10.07 Hz),

Example 236
(R)-N-(5-(Benzyloxy)thiazolo[5,4-b]pyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3 -
bicyclof2.2.2]octan]-2-amine

Ly Nﬂj/ja/n{/zmo/@

Step A: 5-(Benzyloxy)thiazolo[5,4-b] pyridin-2-amine

N—"X
v I
STON 0/\©

Potassium thiocyanate (12.42 g, 128 mmol) was suspended in acetic acid
(45.0 mL) and cooled to 0 °C. 6-(Benzyloxy)pyridin-3-amine (3.2 g, 15.98 mmol),
prepared according to W0O2006/044707 was added. Bromine (2.55 mL, 49.5 mmol)
in acetic acid (15 mL) was added dropwise over 30 minutes during which time the
reaction mixture became very thick. It was allowed to warm to room temperature
slowly and stirred overnight.

Water (20ml) was added and the reaction mixture was heated to 90 °C and
filtered hot. The filtrate was saved and the filter cake returned to the reaction flask,
to which was added an additional 40ml HOAc. The mixture was again heated to
90°C and filtered hot. The combined filtrates were cooled on ice bath and NH,OH
was added dropwise until pH >8. A yellow precipitate formed which was collected
by filtration. The solids were dried in vacuo for 1h to provide 5-
(benzyloxy)thiazolo[5,4-b]pyridin-2-amine (1.95 g, 7.58 mmol, 47.4 % yield), which
was used without further purification. 1H NMR (400 MHz, CDCls) & ppm 7.70 (d,
J=8.78 Hz, 1 H) 7.48 (d, J/=7.28 Hz, 2 H) 7.39 (t, /=7.28 Hz, 2 H) 7.30 - 7.36 (m, 1
H) 6.78 (d, J/=8.78 Hz, 1 H) 5.39 (s, 2 H) 5.14 (br. s., 2 H).
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40 3.71 (1 11, d, J=10.07 11z), 3.24 (1 H, d,

J=16. 87 Hz), 3.05 - 3.12 (1 H m, 2.70 - 2.99
W@ 20bi1319pq 2.05 - 2.21 (2 H, m, 1.48- 1. 8ACT/BSHN9/041076
"1-1 NAAR (400 MHz, Kkl eOD- d4) 6 ppm 8.%%63 PCT
(111, s), 3.94 - _ 4.03 (411, in), 3.68 (
11, d,

Step B: Dimethyl 5-(benzyloxy)thiazolo[5,4-b] pyridin-2-ylcarbonimidodithioate

S;_/
XN /S
ol

©/\0 " °

To a suspension of 5-(benzyloxy)thiazolo[5,4-b]pyridin-2-amine (800 mg,

5 3.11 mmol) in DMF (3.1 mL) was added 20.0M sodium hydroxide (0.3 mL, 6.22
mmol). The mixture was allowed to stir 10 min at room temperature at which time
carbon disulfide was added (0.47 mL, 7.77 mmol) and the mixture was stirred for 10
minutes. An additional portion of 20.0M sodium hydroxide (0.3 mL, 6.22 mmol)
was added and the mixture was again stirred for 10 minutes. Finally, iodomethane

10 (0.47 mL, 7.46 mmol) was added dropwise. The mixture was stirred for 1 hour, at
which time it was poured into water and extracted with EtOAc (3x). The combined
organics were washed with brine, dried over sodium sulfate, filtered and concentrated
in vacuo. The crude mixture was purified by silica gel chromatography ( 2-20%
EtOAc/CHCIs) to provide dimethyl 5-(benzyloxy)thiazolo[5,4-b]pyridin-2-

15  ylcarbonimidodithioate (1.02g, 91% yield) as a yellow crystalline solid. IH NMR
(400 MHz, CDCl;z) & ppm 8.02 (d, /=8.78 Hz, 1 H) 7.51 (d, /=7.28 Hz, 2 H) 7.38 -
7.45 (m,2H) 7.32-7.38 (m, 1 H) 6.89 (d, /=8.53 Hz, 1 H) 5.46 (s, 2 H) 2.65 (s, 6
H).

20  Step C: (R)-N-(5-(benzyloxy)thiazolo[5,4-b]pyridin-2-yl)-4H-1"-azaspiro[oxazole-
5,3"%bicyclo[2.2.2]octan]-2-amine

H N

(o L
A N >N 0/\©
A mixture of dimethyl 5-(benzyloxy)thiazolo[5,4-b]pyridin-2-

ylcarbonimidodithioate (500 mg, 1.38 mmol), (S)-3-(aminomethyl)quinuclidin-3-ol

25  dihydrochloride (317 mg, 1.38 mmol) and cesium carbonate (1.0 g, 3.07 mmol) in
DMF (7 mL) was heated to 100 °C for 2 hours. The reaction mixture was cooled to

ambient temperature, poured into water and extracted with chloroform (4x). The
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-1- 178 1.31 370.18 J=10.07 Hz), 3.15 - 3.26 (1 H,
in), 3.01 - 3.12 (1 11, in), 2.68 - N 2.96(4

woR0004131926 01 - 2.16 (2 H, m, 1.51- 1.84 (BCHUS09/041076
Exanp

| e Nunmber RI LCMS RT (mn) LCMS lon [ MHH + H_XDISI%BPCT

179 1.87 353.28 IFI NA/IR (500 MHz, 1 |e0D14) i
7.83 (1 11, s), 7.63 - 7.76 (1 11, in), 7.19 (1 11,

dd,

1=9.00, 2.90 Hz), 7.09(1 H, d, 1=2.75 11z), 3.93 -

4.02 (1 11, , 3.84 - 3.93 (3 H. , 3..69 H,
. 1EgN e gy vSicashe i sk e gy SRy g, fged and
1=140RentkdeN, in acli. ThmBdur AadburifR)l by 2ilidDgdl hrbhatoglaphy (2-20

2.06

10

15

20

25

% [O: lzﬁle%[zlan(o%anl;'ﬁlorrl]i?lﬁl hjﬁdr%;-de]]—'c'h%g)r(oi%rnl;'j tona?fford (R)-N-(5-

(benzyloxy)thiazolo[5,4-b]pyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (390mg, 67% yield). 1H NMR (500 MHz, CDCl;) &
ppm 9.18 (br. s., 1 H) 7.76 (d, /=8.85 Hz, 1 H) 7.50 (d, /=7.32 Hz, 2 H) 7.41 (t,
J=7.32Hz,2H)7.32-7.37 (m, 1 H) 5.42 (s, 2 H) 4.02 (d, /=9.46 Hz, 1 H) 3.68 (d,
J=9.46 Hz, 1 H)3.37-3.44 (m, 1 H)2.75-3.06 (m, 5 H) 2.13 - 2.25 (m, 2 H) 1.73 -
1.82 (m, 1 H) 1.49 - 1.70 (m, 3 H). MS (LC/MS) R.T. = 1.69; [M+H]" = 421.98.

Example 237
(R)-2-(4H-1"-azaspiro[oxazole-5,3"-bicyclo[2.2.2] octane]-2-ylamino)thiazolo[5,4-
b]pyridin-5(4H)-one

(R)-N-(5-(benzyloxy)thiazolo[5,4-b]pyridin-2-y1)-4H-1"-azaspiro[oxazole-
5,3"-bicyclo[2.2.2]octan]-2-amine (390 mg, 0.925 mmol) was dissolved in TFA and
allowed to react for 4 hours at ambient temperature, at which time LCMS and TLC
showed the starting material to be mostly consumed. The TFA was removed in
vacuo and the crude mixture was purified by preparative HPLC. The combined
product fractions were concentrated in vacuo and triturated with ether to afford (R)-
2-(4H-1"-azaspiro[oxazole-5,3'-bicyclo[2.2.2]octane]-2-ylamino)thiazolo[ 5,4-
b]pyridin-5(4H)-one, TFA (164 mg, 0.368 mmol, 39.8 % yield). M.P. 245 (dec).
1H NMR (400 MHz, DMSO-d) & ppm 9.99 (br. s., 1 H) 9.05 (br. s., 1 H) 7.81 (d,
J=8.53 Hz, 1 H) 6.65 (d, /=8.78 Hz, 1 H) 3.96 (d, /=10.29 Hz, 1 H) 3.82 (d, /=10.54
Hz, 1 H) 3.63 -3.78 (m, 2 H) 3.36 - 3.47 (m, 1 H) 3.16 - 3.34 (m, 3 H) 2.43 (br. 5., 1
H) 2.16 (br. s., 1 H) 1.76 - 2.07 (m, 3 H). MS (LC/MS) R.T.=0.50; [M+H]" =
332.15.
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_4i \ 180 * Jul., 1.94 350.30 TT NAAR

(400 Mz, Al eOD14) (5 ppm7.91 - 8.15 (2 H m, 7.38 -
wQ@2®91§02¢L1, in), 7.31 (1 11, s), 4.02 (1 H dpCUEIDNDI41076

Hz), 3.70(1 H, d, 1=10.07 Hz), 3.17 - 3.26 (1 H, n)I 63 PCT

3.02 - 3.14 (1 H m, 2.66 - 2.98 (4 H m, 2.48(31|l|,

s), 2.03 - 2.20 (2 H m, 1.49 - 1.83 (3 H m 181

1.17 336.40 |FINA4AR (400 M—IZ WOl) 14 5 ppm 8. 55

(111, d, 1=5,29 11z), 8. 08 ée 3 1=6.67, 2.90

Hz), 7.44 - 7.53 (3 H, %flld1529112)

g (2)(])- (113th dﬁ(—(SJﬁ&@Q@Zhéﬂ}l)pyrﬁﬁz&Q(ﬂyl)‘kHd azaﬁp-zﬂgwg%olbﬁ)i

2. 99 (4 H, m, 2.05 bl@cgﬂé’ﬁf%’”f—&f?f"mel 49 - 1.85

(311, m N -1-(

O
/[ Nﬂ\\/"///

5
Step A: 6-(3-Methoxyphenyl)pyrimidin-4-amine
o
HoN S
|
N N N
10 A mixture of 6-chloropyrimidin-4-amine (0.324 g, 2.5 mmol), 3-

methoxyphenylboronic acid (0.475 g, 3.13 mmol), Na,COj3 (0.795 g, 7.50 mmol) and
bis(triphenylphosphine)palladium(II) chloride (0.035 g, 0.050 mmol) was suspended
in DME/EtOH/water(15:2:3 mL), heated in the microwave synthesizer at 125 °C for
20 min and concentrated. The residue was purified by silica gel chromatography (10-

15 60 % ethyl acetate-hexanes) to afford 6-(3-methoxyphenyl)pyrimidin-4-amine (0.35
g, 1.74 mmol, 70 % yield) as an off-white solid. LCMS R.T. = 1.28; [M+H]" =
201.98.

Step B: 4-Isothiocyanato-6-(3-methoxyphenyl)pyrimidine

N

20

To a solution of 1,1'-thiocarbonyldipyridin-2(1H)-one (0.970 g, 4.17 mmol) in

dichloromethane at room temperature was added 6-(3-methoxyphenyl)pyrimidin-4-
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Exanpl e Nunber RI LCMS RT (min) LCMS lon IVI+H + in
NVR TI NAIR (400 MHz, Al eOD d4) 8 ppm4.02 (1
wda1q09d31926 J=10.32 11z), 3.71 (111, d, 182 N=PCT/US04H041076

289.22 J=10.32 Hz), 3.23(1 H, d, J=15.36 11z),

3. 01311_63 PCT

3.13 (1 11, ~-1-- N-N

10

15

20

amine (0.7 g, 3.48 mmol). The reaction was stirred at room temperature for 18 hours.
The LC/MS showed the desired product peak as a major peak. The deep orange
solution was concentrated and the remaining residue was filtered. The filtrate was
purified by silica gel chromatography (0-10% ethyl acetate-hexanes) to afford 4-
isothiocyanato-6-(3-methoxyphenyl)pyrimidine (0.39 g, 4.31 mmol, 46 % yield) as a
yellow oil. LCMS R.T. =2.91; [M+H]" =244.03.

Step C: R)-N-(6-(3-Methoxyphenyl)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN—G
o~ N7
[,fl\\/"'///N

To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (0.363 g, 1.583
mmol) in N,N-dimethylformamide (20 mL) was added Cs,CO3 (1.289 g, 3.96 mmol)

N

and 4-isothiocyanato-6-(3-methoxyphenyl)pyrimidine. The suspension was stirred at
room temperature for 30 minutes. N,N’-diisopropylcarbodiimide (0.740 mL, 4.75
mmol) was then added and the mixture was continued to stir at room temperature for
18 hours. The mixture was concentrated and purified by silica gel chromatography
(5-25 % 9:1 methanol:ammonium hydroxide-ethyl acetate) to afford (R)-N-(6-
methoxypyrimidin-4-y1)-4H-1'-azaspiro[ oxazole-5,3'-bicyclo[2.2.2]octan]-2-amine
(0.294 g, 0.788 mmol, 50 % yield) as a a pale yellow solid. M.P 80-5 °C. 'H NMR
(400 MHz, MeOD) & ppm 8.77 (1 H, s), 7.47 - 7.58 (2 H, m), 7.39 (1 H, t), 7.20 (1 H,
br.s.), 7.04 (1 H, dd), 4.05 (1 H, d), 3.85 (3 H, 5),3.74 (1 H, d), 3.23 (1 H, d), 3.10 (1
H, d),2.71-3.00 (4 H, m), 2.03 - 2.22 (2 H, m), 1.53 - 1.85 (3 H, m). MS (LC/MS)
R.T.=1.58; [M+H]" = 366.15.
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m, 2.69 - 2.98 (4 H, m), 2.54 (3 H s), 2.48(3 H

s), 2.01 - 2.21 (2 H m, 1.41 - 1.85 (3 H, )
wW@2000/171926 | H NAIR (500 MHz, DAI SO DO 5 ppen/i2089041076
(s, 111), 8.01 (s, 1 H, 7.53 (s, 1 FD 7 45 (
J=9.16 11z, 111), 7.28 (d, J=8.85 Hz, g563PCT
(d, J=9.16 Hz, 1 H), 3.57 (d,
Example 239

(R)-N-(Isoquinolin-3-yl)-4H-1"-azaspirofoxazole-5,3"-bicyclo[2.2.2]octan]-2-amine

«\b

1///

5 Step A: 3-Isothiocyanatoisoquinoline

To a solution of 1,1'-thiocarbonyldipyridin-2(1H)-one (0.805 g, 3.47 mmol)

in dichloromethane at room temperature was added isoquinolin-3-amine (0.5 g, 3.47
10 mmol). The reaction was stirred at room temperature for 18 hours. The LC/MS

showed the desired product peak a major peak. The deep orange solution was

concentrated and filtered. The filtrate was purified by silica gel chromatography (0-

40% ethyl acetate-hexanes) to afford 4-isothiocyanato-6-(3-

methoxyphenyl)pyrimidine (0.55 g, 2.96 mmol, 85 % yield) a white solid. LCMS
15 R.T.=247; [M+H]" = 187.23.

Step B: (R)-N-(Isoquinolin-3-yl)-4H-1"-azaspirofoxazole-5,3"-bicyclo[2.2.2]octan]-

«\b

20 To (S)—3—(aminomethyl)qumuchdm—3—01 dihydrochloride (0.2 g, 0.873 mmol)
in N,N-dimethylformamide (20 mL) was added Cs,CO; (0.711 g, 2.182 mmol) and

2-amine

////

3-isothiocyanatoisoquinoline (0.163 g, 0.873 mmol). The suspension was stirred at
room temperature for 30 minutes. N,N’-Diisopropylcarbodiimide (0.408 mL, 2.62
mmol) was then added and the mixture was stirred at room temperature for 18 hours.
25  The mixture was concentrated and purified by silica gel chromatography (5-25 %
[9:1 methanol:ammonium hydroxide]-ethyl acetate) to afford (R)-N-(isoquinolin-3-
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183 1.19 382.19 J=9.46 Hz, 1 H), 3.00 (s, 2 H),

2.78 (s, 2 H, 2.67 (t, .1=7.48 Hz, 2 H, 1.96 -
wWQ@204/181926 1 H) , 1.91 (d, J=8.85 Hz, 1 H), HCBHEBS2009/041076

- 1.63 (in, 2 11), 1.47 (d, 1=7.02 Hz, 1 H)

111 NVR (400 M1z, CDC(3) 6 ppm 9.08(1 H, hr. EI3PCT

8.12

yl)-4H-1"-azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine (0.16 g, 0.508 mmol,

58 % yield) as an off-white solid. M.P. 196-200 °C. 'H NMR (400 MHz, MeOD) &

ppm 9.00 (1 H, s), 7.92 (1 H, d), 7.71 (1 H, d), 7.59 (1 H, t), 7.20 - 7.45 (2 H, m),

3.96 (1 H, d), 3.65 (1 H, d), 3.22 (1 H, d), 3.08 (1 H, d), 2.66 - 3.00 (4 H, m), 2.05 -
5 223(2H,m), 1.50-1.86 (3 H, m). R.T.=1.37; [M+H]" = 309.31.

Example 240
(R)-N-(6-Phenoxypyrimidin-4-yl)-4H-1"-azaspirofoxazole-5,3"-bicyclof2.2.2]octan]-

2-amine

10 InS N °

Step A: 6-Phenoxypyrimidin-4-amine
H,5N \N :/\N
o}
6-Chloropyrimidin-4-amine (3.00 g, 23.14 mmol) was added to a solution of
15  sodium (0.197 g, 8.57 mmol) in phenol (11.29 g, 120 mmol) at 55 °C. The mixture
was heated at 140 °C for 2 h, then held at room temperature for 20 h. The reaction
mixture was poured into 32% aqueous NaOH on ice/water keeping the mixture
temperature below 20 °C. The mixture was extracted with chloroform and the
organic extract dried over calcium chloride and concentrated. The residue was
20  purified by silica gel chromatography (2-20 % ethyl acetate in hexanes) to afford 6-
phenoxypyrimidin-4-amine (0.6 g, 3.21 mmol, 75 % yield) as a white solid. LCMS
R.T.=1.37; [M+H]" = 197.95.

Step B: 4-Isothiocyanato-6-phenoxypyrimidine

)
25
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(1 H s), 7.85(1 H s), 3.89(1 11, d, J=9.32 117),
3.55 (1 11, d, .129.32 Hz), 3.28(1 H, dd, _N

WA SWI09TE 274, 30 J=14.86, 1.26 11z), 2.62 - 2POIUS2009/041076
(5H m, 2.35 (3 H s), 2.06 - 217 (111, ooy
111, 1=13. 13, 9. 82, 3.53, 3.38, 3.38 Hz), 2.04(1'f
hr. s.), 1.59- 1.73 (1 H, 1, 1.37- 1.57(2 H, m

10

15

20

25

A mixture of 6-phenoxypyrimidin-4-amine (0.288 g, 1.538 mmol) and 1,1'-
thiocarbonyldipyridin-2(1H)-one (0.357 g, 1.538 mmol) in DCM was stirred at rt for
18 h. The pale orange mixture was purified by silica gel chromatography (5-35 %
cthyl acetate-hexanes) to afford 4-isothiocyanato-6-phenoxypyrimidine (0.55 g, 2.96
mmol, 85 % yield) a yellow oil. LCMS R.T. = 2.78; [M+H]" = 229.94.

Step C: (R)-N-(6-Phenoxypyrimidin-4-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN N:—\N
o
L o °

To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (0.170 g, 0.742
mmol) in N,N-dimethylformamide (20 mL) was added Cs,CO; (0.604 g, 1.854
mmol) and 4-isothiocyanato-6-phenoxypyrimidine (0.17 g, 0.742 mmol). The
suspension was stirred at room temperature for 30 minutes. N,N’-
diisopropylcarbodiimide (0.347 mL, 2.225 mmol) was then added and the mixture
was continued to stir at room temperature for 18 hours. The mixture was
concentrated and purified by silica gel chromatography (5-25 % 9:1
methanol:ammonium hydroxide-ethyl acetate) to afford (R)-N-(6-phenoxypyrimidin-
4-yl)-4H-1'-azaspiro[oxazole-5,3'- bicyclo[2.2.2]octan]-2-amine (0.21 g, 0.72 mmol,
48.2% yield) as a pale yellow solid. "H NMR (500 MHz, MeOD) & ppm 8.43 (1 H,
s), 747 (2H,t),7.30 (1 H,t),7.16 (2 H, d), 6.21 (1 H, br. s.),4.03 (1 H, d), 3.72 (1
H, d),3.22 (1 H, d), 3.11 (1 H, d), 2.73 - 2.99 (4 H, m), 2.00 - 2.18 (2 H, m), 1.54 -
1.88 (3 H, m). LCMS R.T. = 1.46; [M+H]" = 352.19.
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Exanpl e Nunber RI LCMS RT (min) LCMS lon ill+H + in

NVR 1H NNW (400 MHz, CD (713) 6 ppm 9.29(1 H,
whea09431p26 7. 90 (2 H hr. s.), 3.90 (1 H, dpCT/US2009/041076
1=9.32 11z), 3.55 (1 11, d, 0.75 274.30 1=9. 06
3.35(1 H, d, 1=14. 86 11z), 2.65 - 3.08 (5 11, Hﬁ?ﬁ& PCT
EXAMPLE 241

(R)-N-(7-methoxyquinoxalin-2-yl)-4H-1"-azaspirofoxazole-5,3 -bicyclof2.2.2]octan] -

2-amine
=N
o
[N ""/ 0—

Step A: N-(2,4-Dimethoxybenzyl)-7-methoxyquinoxalin-2-amine

¢
~o NN
H v
o

10 2-Chloro-7-methoxyquinoxaline (0.51 g, 2.62 mmol), prepared according to
J. Chem. Soc. Perk Trans. 1,2001, 978-984, and (2,4-
dimethoxyphenyl)methanamine (1.181 mL, 7.86 mmol) were microwaved in DMSO
(2.5 mL) for 30 min at 150 °C. This was diluted into 150 mL EtOAc and extracted
three times with 100 mL brine. The crude product was purified by flash

15  chromatography on a 90 g silica gel cartridge with 20 to 80% EtOAc in hexane, 50
min, at 40 mL/min to afford N-(2,4-dimethoxybenzyl)-7-methoxyquinoxalin-2-amine

(795 mg, 2.443 mmol, 93 % yield).

1H NMR (400 MHz, CDCI3) 8 ppm 8.00 (1 H, s), 7.70 (1 H, d, /=8.81 Hz), 7.29 (1
20 H,d,J=8.31Hz),7.05 (1 H, d,J=2.77 Hz), 6.97 (1 H, dd, J=9.06, 2.77 Hz), 6.47 (1

H, d, /=2.27 Hz), 6.43 (1 H, dd, J=8.18, 2.39 Hz), 5.22 (1 H, t, J=5.29 Hz), 4.63 (2

H, d, J/=5.54 Hz), 3.91 3 H, s), 3.83 3 H, 5), 3.78 (3 H, 5)

LCMS: RT = 1.91 min, MH+ = 326.15.

25
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m, 2.56(3 H s), 2.12 - 2.27 (1 11, m, 2.08 (1

11, hr. s.), 1.62 - 1.77 (1 H in), 1.38 - 1.61 (2
W0H2009/131926) 1H NNW (400 MHz, CD C13) GPEP IS DIONGL1076
(111, hr. s.), 7.78 (111, s), 3.88 (1 11,
6, 1=9. 06 Hz), 3.53 (1 H, 6,1=9,32 Hz), 186 2=N163PCT

0.79 288.30 3.34 (1 11, dd, 1=14.86, 2.01 Hz), 2.64 -
3.07 (5 H m, 2.55 -1\ )

Step B : 7-Methoxyquinoxalin-2-amine 2,2, 2-trifluoroacetate

N
o
~o N “NH,

5 N-(2,4-Dimethoxybenzyl)-7-methoxyquinoxalin-2-amine (0.79 g, 2.428
mmol) was stirred in TFA (10 mL, 130 mmol)/CH,Cl, (10 mL) at room temperature
for 30 min. Solvents were removed on the rotary evaporator. Saturated aqueous
NaHCOj3 (200 mL) was added to the red residue, which precipitated a yellow solid.
The mixture was extracted extensively with DCM. The organic layer was

10 concentrated and dried under vacuum to yield 7-methoxyquinoxalin-2-amine 2,2,2-

trifluoroacetate (0.70 g, 2.4 mmol, 99 % yield).
1H NMR (400 MHz, DMSO-ds) 6 ppm 8.10 (1 H, s), 7.63 (1 H, d, J/=9.07 Hz), 6.95
(1 H, dd, /=9.06, 2.77 Hz), 6.89 (1 H, d, /=2.77 Hz), 6.85 (2 H, br. 5.), 3.84 (3 H, s)

15 LCMS: RT = 1.04 min, MH+=176.14.

Step C: 2-Isothiocyanato-7-methoxyquinoxaline

N
1
s=c=N""N" o~

A mixture of 7-methoxyquinoxalin-2-amine 2,2,2-trifluoroacetate (578 mg, 2

20

mmol), triethylamine (335 pL, 2.400 mmol), and 1,1'-thiocarbonyldipyridin-2(1H)-
one (557 mg, 2.400 mmol) was stirred in 5 mL DCM for 24 h. The reaction was
directly eluted on a 120 g silica gel cartridge with 0 to 25% EtOAc in hexane, 25

25  min, at 35 mL/min to afford 2-isothiocyanato-7-methoxyquinoxaline (84 mg, 0.387
mmol, 19 % yield).

LCMS: RT = 2.49 min, MH+ = 218.06.
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(3 H s), 2.38(3 H, s), 2.14 - N 2.25 (1 H,

m, 2.04 - 2.11 (1 H, m, 1.68(1 H dddd 1=13. 94,

w®2%6/13¥263, 4.34 Hz), 1.41 - 1.61 (2 H nyCT/US2009/041076
| HNMR (500 MHz, DAI SO 16) d ppm 3.73 - 3.87 ({111163 PCT
111), 3.47 - 3.58 (m 1 H), 2.98 (s, 2 S

Step D: (R)-N-(7-Methoxyquinoxalin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

—N
o
(@] \N N
K4
/A o

5
(R)-N-(7-Methoxyquinoxalin-2-y1)-4H-1"-azaspiro[ oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was synthesized by the method of Example 23, Step B.
Flash chromatography on a 120 g silica gel cartridge with 1-4% [9:1
MeOH/NH40OH] in CHCI3, 50 min, afforded 24 mg (17 % yield).
10

1H NMR (400 MHz, CDCI3) 8 ppm 9.73 (1 H, br. s.), 8.45 (1 H, s), 7.80 (1 H, d,

J=9.07 Hz), 7.12 (1 H, dd, J=9.06, 2.77 Hz), 7.03 (1 H, d, J=2.52 Hz), 4.02 (1 H, d,

J=9.32 Hz), 3.90 (3 H, s), 3.67 (1 H, d, J=9.32 Hz), 3.36 (1 H, dd, J=14.86, 1.51 Hz),

2.69-3.06 (5H, m),2.10-2.26 (2 H, m), 1.66 - 1.80 (1 H, m), 1.43 - 1.63 (2 H, m)
15 LCMS: RT =0.835 min, MH- = 338.2, MH+ = 340.1.

EXAMPLE 242
(R)-N-(6-Methylquinoxalin-2-yl)-4H-1"-azaspiro[oxazole-5,3"-bicyclof2.2.2]octan] -

2-amine
—N
o
O \N N
1/

Step A: N-(2,4-Dimethoxybenzyl)-6-methylquinoxalin-2-amine

L2

2

N N

H/\@\
O/

20 [N

25
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HL 2.71 - 2.85 (m 2 HL 2.65 187 ---"4--K, 0.58 293.06

(t, 1=7.78 Hz, 2 H, 2.18 (s, 3 N H, 2.11 (s,
w®@20dp/1312200 (hr. s., 1 1-1), 1.80 - 1.96 (PeT/192009/041076
1.57 (dd, 1=8.24, 2.75 Hz, 3 H Exanpl e Number, . o

R LCMS RT (min) LCVS lon [MrH + 111 NVR 188 0. 86
325.20 | HNMR (500 MHz, DAI SOd6)5 ppm 8.07 (d, 1=7, 32
11z, 211), 7.42 (d, 1=7.63 11z, 311), 3.87 (s, 1 H),

2 1y, 2. Enekrb gy hingghte &3y g ity Srerprefrhigh o s

(M Chernr)Soc. 11949 ,1310-168, 448 (23-dinethoxy¥éhyDifleMranamine (1.29 mL,
8.57 mmol) were microwaved in DMSO (2.5 mL) for 30 min at 150 °C. This was
diluted into 150 mL EtOAc and extracted three times with 100 mL brine. The crude

5 product was purified by flash chromatography on a 90 g silica gel cartridge with 20
to 60% EtOAc in hexane, 50 min, at 40 mL/min to afford N-(2,4-dimethoxybenzyl)-
6-methylquinoxalin-2-amine (848 mg, 2.74 mmol, 96 % yield).

1H NMR (400 MHz, CDCI3) d ppm 8.12 (1 H, s), 7.60 (1 H, s), 7.59 (1 H, d, J=5.79
10  Hz), 7.38 (1 H, dd, J=8.56, 1.76 Hz), 7.30 (1 H, d, /=8.31 Hz), 6.46 (1 H, d, /=2.27

Hz), 6.42 (1 H, dd, /=8.18, 2.39 Hz), 5.20 (1 H, t, /=5.41 Hz), 4.62 (2 H, d, J=5.54

Hz),3.83 (3 H,s),3.77(3H,s),2.46 3 H, s)

LCMS: RT = 1.93 min, MH+ = 310.20.

15 Step B: 6-Methylquinoxalin-2-amine 2,2, 2-trifluoroacetate

\@Nj\ TFA
o
N” NH,

N-(2,4-Dimethoxybenzyl)-6-methylquinoxalin-2-amine (0.84 g, 2.72 mmol)
20 was stirred in TFA (10 mL, 130 mmol)/CH,Cl, (10 mL) at room temperature for 30
min. Solvents were removed on the rotary evaporator. Saturated aqueous Na,COs
(200 mL) was added to the red residue, which then precipitated a tan solid. The
mixture was extracted extensively with DCM. The organic layer was dried over
sodium sulfate, concentrated, and dried under vacuum to afford 6-methylquinoxalin-

25  2-amine 2,2,2-trifluoroacetate (640 mg, 2.343 mmol, 86 % yield).

1H NMR (400 MHz, DMSO-dg) 8 ppm 8.24 (1 H, s), 7.55 (1 H, 8), 7.34 - 7.45 (2 H,
m), 6.82 (2 H, s), 2.41 (3 H, s)
LCMS: RT = 1.07 min, MH+ = 160.12.

30

231



N 189 1.04 355.24 '11 NMR (500 M1z, MOOd6) 6 ppm
7.36 - 7.47 (m 3 H), 7.24 - 7.34 (m 2 H), 3.84 (d,

W 20018P2d1z, 111), 3.58 (d, J=9.77 Hz, 1 H), BCDLSI89/041076
2 H), 2.71 -2.87 (in, 211), 2.66 (t, J=7.63 Hz, 2 f%63PCT
2.32 (s, 3 H, 2.04 (hr. s., 1 H, 1.83 - 1.98 (m
H, 1.43 - 1.64 (m 3 H Yi 4. 190 0. 26
262.11 ' 11 NVR (500 M1z, MXd6) d ppm7.43 (hr. s., 1

. 5.56 - 3.83 (m 4 H), 3.37

35%@%?ﬁ?hﬂ%%fwlﬁmg%mféhﬁ%”%%§”62 68 - 2.88 (m 2 H),

2.60 - 2.68 (m 2 H), 1.94 (hr. s., 2 H), 1.37 - 1.65
(m 3 ro 191 1.65 350.30 111 NMVR (400 M1z, Ate(Tl) 6
ppm 8. 43 (111, s), 7.58 (2 1 =7.55, 1.76 Hz),
7.39- 7.52 (3 11, in), 3.96 , J=10.07 Hz),

3.66(1 H, d, 1=9.82 11z)-°3N25N(1711, d, J=16.12 Hz),
3.05 - 314(1H |n) 288- 298(211 in), 2.68 -
2.87 (2 H m, (3 S) 3 - 217 (2 H m
i.45 - 1A81th(11§ qf|6 I}ﬁthylwmofahn 2 anN16222 “trifluoroacetate (546 mg, 2

mmol), triethylamine (243 mg, 2.400 mmol), and 1,1'-thiocarbonyldipyridin-2(1H)-

one (557 mg, 2.40 mmol) was stirred in 5 mL DCM for 4 h. The reaction was

directly eluted on a 120 g silica gel cartridge with 0 to 25% EtOAc in hexane, 25

min, at 35 mL/min to afford 2-isothiocyanato-6-methylquinoxaline (153 mg, 0.760
10 mmol, 38 % yield).

LCMS: RT = 2.59 min, MH+ = 202.04

Step D : (R)-N-(6-Methylquinoxalin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
15 bicyclof2.2.2]octan]-2-amine

w
y -

(R)-N-(6-Methylquinoxalin-2-y1)-4H-1'"-azaspiro[oxazole-5,3'-
20 bicyclo[2.2.2]octan]-2-amine was synthesized by the method of Example 23, Step B.
Flash chromatography on a 120 g silica gel cartridge with 1 to 4% [9:1
MeOH/NH4OH] in CHCl3, 50 min, afforded 46 mg (19 % yield).

1H NMR (400 MHz, CDCI3) d ppm 9.75 (1 H, br. s.), 8.57 (1 H, s), 7.71 (1 H, ),

25 7.60 (1H,d,J=8.56 Hz), 7.42 (1 H, dd, J=8.44, 1.89 Hz), 4.01 (1 H, d, J=9.57 Hz),
3.68 (1 H, d, J=9.32 Hz), 3.38 (1 H, dd, J=14.86, 1.01 Hz), 2.73 - 3.08 (5§ H, m), 2.50
(3H,s),2.16-2.26 (1 H, m), 2.14 (1 H, br. s.), 1.67 - 1.79 (1 H, m), 1.45 - 1.65 (2 H,
m).

LCMS: RT = 0.838 min, MH- = 322.2, MH+ = 324.2.
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Exanpl e Nunber RI LCMS RT (mn) LCMS |on

[MEH + i n NMR | FI NMR (400 MHz, Al eOD) 6 ppm
WE2B4129% d, J=5.29 Hz), 8.40 (1 11, d, JeQI/B32009/041076
11z), 7.86 - 7.97 (1 H m, 7.80(1 H d, L1163 POT

J=5.04 11z), 7.47 (1 11, dd,

10

15

20

25

EXAMPLE 243
(R)-N-(7-Methylquinoxalin-2-yl)-4H-1"-azaspiro[oxazole-5,3"-bicyclof2.2.2]octan] -

2-amine

—N
a
@] \N N
“n/
/o

Step A: N-(2,4-Dimethoxybenzyl)-7-methylquinoxalin-2-amine

JOO B

2

N N

H/\@\
O/

2-Chloro-7-methylquinoxaline (0.51 g, 2.86 mmol), ), prepared according to
J. Chem. Soc. 1948 1310-1313, and (2,4-dimethoxyphenyl)methanamine (1.29 mL,
8.57 mmol) were microwaved in DMSO (2.5 mL) for 30 min at 150 °C. This was
diluted into 150 mL EtOAc and extracted three times with 100 mL brine. The crude
product was purified by flash chromatography on a 90 g silica gel cartridge with 20
to 80% EtOAc in hexane, 50 min, at 40 mL/min to afford N-(2,4-dimethoxybenzyl)-
7-methylquinoxalin-2-amine (860 mg, 2.78 mmol, 97 % yield).

1H NMR (400 MHz, CDClI3) 6 ppm 8.08 (1 H, s), 7.70 (1 H, d, /=8.31 Hz), 7.49 (1
H,s), 7.30(1 H, d, /=8.06 Hz), 7.17 (1 H, dd, J=8.31, 2.01 Hz), 6.47 (1 H, d, J=2.52
Hz), 6.42 (1 H, dd, /=8.31, 2.52 Hz), 5.23 (1 H, t, /=5.16 Hz), 4.63 (2 H, d, J=5.79
Hz),3.83 (3 H, s),3.78 (3 H, 5), 2.48 (3 H, s).

LCMS: RT = 1.93 min, MH+ = 310.20.

Step B: 7-Methylquinoxalin-2-amine 2,2, 2-trifluoroacetate

OO
~
N~ NH,
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J=6.55, 5.04 Hz), 4.03 (1 H d, \ 192 1.02

337.28 J=10.07 Hz), 3.74(1 H, d, , J=10.07 Hz),
w@209(119%4 d, J=1.51 Hz), 3.12 - 3.22 (1 HCT/US2009/041076

in), 2.99 (2 11, t, J=7.68 11z), 2.78 - 2.92 (

m, 2.03 - 2.26 (2 11, in), 1.45 - 1.88 (3 11,1211%'3’PCT

m | FI NVR (400 Mz, Al e0D)6

N-(2,4-Dimethoxybenzyl)-7-methylquinoxalin-2-amine (0.85 g, 2.75 mmol)
was stirred in TFA (10 mL, 130 mmol)/CH2CI2 (10 mL) at room temperature for 30
min. Solvents were removed on the rotary evaporator. Saturated aqueous NaHCO3
(200 mL) was added to the red residue, which then precipitated a pink solid. The
5  mixture was extracted extensively with DCM. The organic layer was dried over
sodium sulfate, concentrated, and dried under vacuum to afford 7-methylquinoxalin-

2-amine 2,2,2-trifluoroacetate (640 mg, 2.34 mmol, 85 % yield).
1H NMR (400 MHz, DMSO-ds) & ppm 8.20 (1 H, s), 7.64 (1 H, d, /=8.31 Hz), 7.28
10  (1H,s),7.15(1 H, dd, /=8.31, 1.76 Hz), 6.89 (2 H, 5), 2.42 (3 H, s).

LCMS: RT = 1.07 min, MH+ = 160.12.

Step C : 2-Isothiocyanato-6-methylquinoxaline

N
N
LI
8=C=N" N

A mixture of 7-methylquinoxalin-2-amine 2,2,2-trifluoroacetate (546 mg, 2
mmol) 78263-058-01, triethylamine (243 mg, 2.40 mmol), and 1,1'-
thiocarbonyldipyridin-2(1H)-one (557 mg, 2.40 mmol) was stirred in 5 mL DCM for

15

20 2 h. The reaction was directly eluted on a 120 g silica gel cartridge with 0 to 25%
EtOAc in hexane, 25 min, at 35 mL/min to afford 2-isothiocyanato-7-
methylquinoxaline (185 mg, 0.919 mmol, 46 % yield).

LCMS: RT = 2.58 min, MH+ =202.04

25
Step D : (R)-N-(7-Methylquinoxalin-2-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

—N
o
o~ N
[ "'//N
N
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ppm 8,69(1 H, s), 7.61 - 7.78 (2 H m, 7.34 -
7.56 (3 H m, 441 3.99 (1 H, d, J=10.07 Hz),

wW@2®80119%¢ d, J=10.32 Hz), 193 NA NA  -PCT/BS2DB9/041076
3.25 (L H m, 3.02 - 3.11(1 H m, 2.92(2 H . pr
J=7 .5511z), 2.69 - 2.86 (2 11, m, 2.01 - 2.201f2
H o m, 1.47 -

(R)-N-(7-Methylquinoxalin-2-y1)-4H-1'"-azaspiro[ oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was synthesized by the method of Example 23, Step B.
Flash chromatography on a 120 g silica gel cartridge with 1 to 3% [9:1
MeOH/NH40H] in CHCI3, 50 min, afforded 22 mg (7 % yield).

1H NMR (400 MHz, CDCI3) 8 ppm 9.80 (1 H, br. s.), 8.53 (1 H, s), 7.81 (1 H, d,

J=8.31 Hz), 7.50 (1 H, s), 7.31 (1 H, dd, J=8.56, 1.76 Hz), 4.01 (1 H, d, /=9.57 Hz),

3.66 (1 H, d, /=9.32 Hz), 3.36 (1 H, d, /=14.86 Hz), 2.70 - 3.04 (5 H, m), 2.50 (3 H,

s),2.15-2.24 (1 H, m), 2.13 (1 H, br. s.), 1.66 - 1.79 (1 H, m), 1.44 - 1.63 (2 H, m)
10  LCMS: RT = 8.67 min, MH- = 322.6, MH+ = 324.1.

Example 244
(R)-N-(6-(Pyridin-3-y)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine

15 —

Step A: 6-(Pyridin-3-yl)pyrimidin-4-amine
N—_—\
H2N \ / N

7 N\

A mixture of 6-chloropyrimidin-4-amine (0.324 g, 2.5 mmol), pyridin-3-

20 ylboronic acid (0.384 g, 3.13 mmol), Na,CO; (0.795 g, 7.50 mmol) and
bis(triphenylphosphine)palladium(II) chloride (0.035 g, 0.050 mmol) was suspended
in a mixture of DME/EtOH/water. The mixture was heated in the microwave
synthesizer at 125 °C for 20 min and concentrated. The residue was purified by silica
gel chromatography (10-60 % ethyl acetate in hexanes, then 5-25 % 9:1

25  methanol:ammonium hydroxide-ethyl acetate) to afford 6-(pyridin-3-yl)pyrimidin-4-
amine (0.17 g, 0.987 mmol, 40 % yield) as an off-white solid. LCMS R.T. =0.31;
[M+H]"=173.11.
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1.81 (3 11, 111) 11-1 NVR (400 MHz, AfeOD)6

ppm 9.24(1 H, d, J=1.51 Hz), 8.60 - 8.68 (2 H m,

W@2®3/1§102¢H, di, J=7.99, 1.92 Hz), 7.40 - PCT/USDO%041076
Y/--N\ NA NA 7.64 (2 11, in), 4.05 (1 11, d, 11163 PCT
J=10.32 Hz), 3.76(1 H d, MN_N

10

15

20

25

Step B: 4-Isothiocyanato-6-(pyridin-3-yl)pyrimidine

S\ N=\
N \ / N
7 N\

To a solution of 1,1'-thiocarbonyldipyridin-2(1H)-one (0.682 g, 2.94 mmol) in
dichloromethane/N,N-dimethylformamide at room temperature was added 6-
(pyridin-3-yl)pyrimidin-4-amine (0.337 g, 1.957 mmol). The mixture was heated at
60 °C for 18 hours. LC/MS showed the desired product peak as the major peak. The
deep orange mixture was purified by silica gel chromatography (1-40 % ethyl
acetate-hexanes) to afford 4-isothiocyanato-6-methoxypyrimidine (0.12 g, 0.56

mmol, 28.6 % yield) as an orange oil.

Step C: (R)-N-(6-(Pyridin-3-yl)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

LN N 7 N\

To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (0.13 g, 0.560
mmol) in N,N-dimethylformamide (20 mL) was added Cs,CO3 (0.46 g, 1.4 mmol)
and 4-isothiocyanato-6-(pyridin-3-yl)pyrimidine (0.12 g, 0.56 mmol). The
suspension was stirred at room temperature for 30 minutes. N,N’-
Diisopropylcarbodiimide (0.26 mL, 1.7 mmol) was then added and the mixture was
stirred at room temperature for 18 hours. The mixture was concentrated and purified
by silica gel chromatography (0-10 % [9:1 methanol:ammonium hydroxide]-cthyl
acetate) to afford (S)-N-(5-chloropyrazin-2-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (0.182 g, 0.613 mmol, 35 % yield) as an off-white
solid. "H NMR (400 MHz, MeOD) & ppm 9.13 - 9.21 (1 H, m), 8.82 (1 H, d), 8.63 (1
H, dd), 8.44 (1 H, dt), 7.56 (1 H, dd), 7.31 (1 H, s), 4.06 (1 H, d), 3.76 (1 H, d), 3.20 -
3.28 (1 H, m), 3.08 - 3.16 (1 H, m), 2.72 - 3.01 (4 H, m), 2.00 - 2.24 (2 H, m), 1.52 -
1.83 (3H, m). LCMSR.T.=0.72; [M+H]" = 337.2.
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1=10. 07 11z), 3.33 - 3.40 (1 11, m, 3.17 - 3.26

(1 H m, 2.82 - 3.09 (4 11, in), 2.09 - 2.31

W@ 20%/131926 m), 1.55- 1.91(3 H, m Exanpl e NunGBEDSHDI/041076
LCVMS RT (mn) LCVS lon |1 VEERT1 111 NAIR | FI Nﬁ/lkﬁPCT
(400 MHz, Al eOD) 6 ppm 8.65 (1 H, s), 8.40 (1 H,

s), 8.17 (1 11, s), 7.25 - 7.47 (5 Npz.r."N

Example 245
(R)-N-(2'-Methoxy-4,5 -bipyrimidin-6-yl)-4H-1"-azaspiro[oxazole-5, 3'-
bicyclof2.2.2]octan]-2-amine

N:\
HN \ N
/
o
LN N 7 N\
N=

5 Step A: 2'-Methoxy-4,5-bipyrimidin-6-amine
HoN \N :/\N
7N
v~
o—
6-Chloropyrimidin-4-amine (0.35 g, 2.70 mmol), 2-methoxypyrimidin-5-
ylboronic acid (0.520 g, 3.38 mmol), Na,COj3 (0.859 g, 8.11 mmol) and
bis(triphenylphosphine)palladium(IT) chloride (0.038 g, 0.054 mmol) were suspended
10  in a mixture of DME/EtOH/water. (15:2:3 mL). The mixture was heated in the
microwave synthesizer at 125 °C for 20 min and concentrated. The residue was
purified by silica gel chromatography (0-5 % 9:1 methanol:ammonium hydroxide-
ethyl acetate) to afford 6-(pyridin-3-yl)pyrimidin-4-amine (0.28 g, 1.378 mmol, 51 %
yield) as an off-white solid. LCMS R.T. = 0.53; [M+H]" = 204.11.

15
Step B: 6-Isothiocyanato-2'-methoxy-4,5"-bipyrimidine
S:\\N N:\N
\_ 7
7 N\
=

o0—
To a solution of 1,1'-thiocarbonyldipyridin-2(1H)-one (0.832 g, 3.58 mmol) in
dichloromethane/N,N-dimethylformamide at room temperature was added 2'-
20  methoxy-4,5"-bipyrimidin-6-amine (0.56 g, 2.76 mmol). The orange mixture was
heated at 60 °C for 18 hours. The LC/MS showed the desired product peak as the
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..... -J H m, 4.04 (1 H d, J=10.32 N 195

1. 41 403.36 11z), 3.73 (111, d, 1=10, 32 Hz), 3.17
WO 28927196 H, m), 3.04 - 3.13 (1 H ), 2.63 -PGI/0N200%041076
H m, 2.00 - 2.22 (2 H m, 1.48- 1.87(3 H M| pep

[FI NT/IR (400 MHz, Al e0OD)6

major peak. The deep orange mixture was purified by silica gel chromatography (0-
40 % ethyl acetate-hexanes) to afford 4-isothiocyanato-6-methoxypyrimidine (0.1 g,
0.408 mmol, 15 % yield) as an orange solid. LCMS R.T. =2.29; [M+H]" = 246.03.

5  Step C: (R)-N-(2'-Methoxy-4,5-bipyrimidin-6-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

Nq
HN \ N
/
o/\(N
InS " &
=

To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (0.093 g, 0.41
mmol) in N,N-dimethylformamide (20 mL) was added Cs,CO3 (0.33 g, 1 mmol)) and

10 6-isothiocyanato-2'-methoxy-4,5"-bipyrimidine (0.1 g, 0.41 mmol). The suspension
was stirred at room temperature for 30 minutes. N,N’-Diisopropylcarbodiimide (0.19
mL, 1.2 mmol) was then added and the mixture was stirred at room temperature for
18 hours. The mixture was concentrated and purified by silica gel chromatography
(5-25 % [9:1 methanol:ammonium hydroxide]-ethyl acetate) to afford (R)-N-(2'-

15  methoxy-4,5-bipyrimidin-6-y1)-4H-1'-azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-
amine(0.072 g, 0.188 mmol, 46 % yield) as an off-white solid. 'H NMR (400 MHz,
MeOD) & ppm 9.19 (2 H, s), 8.80 (1 H, d), 7.24 (1 H, br. s.), 4.00 - 4.09 (4 H, m),
3.76 (1 H,d),3.23 (1 H,5),3.08-3.15(1 H,m),2.72-3.04 (4 H, m), 1.97 - 2.22 (2
H, m), 1.38 - 1.85 (3 H, m). R.T. =1.22; [M+H]" =368.22.

20
Example 246
(R)-N-(6-(Pyridin-4-y)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine
HN \N:-/\N
o~
A A2/ A
—N
25
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ppm 8.33 (1 H, s), 8.16(1 H, dd, J=7.81, 1.51 11z),

7.30 - 7.44 (1 H m, 7.08 (1 H t, N_ 1=7
WO 2®913ip26 6. 95 (1 11, d, i J=8.31 Hz), 5. 1BCT/BS309/041076
s), 4.02 196 1.69 364. 36 . (1 H d,19.82 Hz), 1163 PCT
3.71 (1 H, d, J=10.07 Hz), 3.18 - 3.26 (1 H =l
3.04 - 3.13 (1 H m, 2.93 (2 H t, J=7.68 Hz),
2.71 -
Step A: 6-(Pyridin-4-yl)pyrimidin-4-amine
N=\
H2N \ /N
7 N\

=N
6-Chloropyrimidin-4-amine (0.324 g, 2.5 mmol), pyridin-4-ylboronic acid

(0.384 g, 3.13 mmol), Na,COs5 (0.795 g, 7.50 mmol) and

5 bis(triphenylphosphine)palladium(II) chloride (0.035 g, 0.050 mmol) were suspended
in a mixture of DME/EtOH/water(15:2:3 mL). The mixture was heated in the
microwave synthesizer at 125 °C for 20 min and concentrated. The residue was
purified by silica gel chromatography (5-25 % [9:1 methanol:ammonium hydroxide]-
ethyl acetate) to afford 6-(pyridin-3-yl)pyrimidin-4-amine (0.15 g, 0.871 mmol, 35 %

10 yield) as an off-white solid. LCMS R.T. = 0.30; [M+H]" = 173.11.

Step B: 4-Isothiocyanato-6-(pyridin-4-yl)pyrimidine

S\ N=\
NN A

7 N\
—N
To a solution of 1,1'-thiocarbonyldipyridin-2(1H)-one (0.601 g, 2.59 mmol) in
15  dichloromethane/N,N-dimethylformamide at room temperature was added 6-
(pyridin-4-yl)pyrimidin-4-amine (0.297 g, 1.725 mmol). The orange mixture was
heated at 60 °C for 18 hours. LC/MS showed the desired product peak as the major
peak. The deep orange mixture was purified by silica gel chromatography (0-40%
ethyl acetate-hexanes) to afford 4-isothiocyanato-6-(pyridin-4-yl)pyrimidine (0.055
20 g, 0.257 mmol, 15 % yield) as an orange solid. LCMS R.T. = 1.46; [M+H]" =
215.09.
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2.86(2 H m, 2.01 - 2.23 (2 H, in), 1.50 - 1.83

(3 11, in) 111 MR (500 MHz, DI 50- D6) 3 ppm
w®@2008/181926 1 H), 8.15 (d, J=2.44 Hz, 1 H), BFCBBS1089/041076

1 H, 6.83 (s, 1 H, 3.79 (s, 1 H, 197 1--

(-1,,)-F 0.53 277.13 3.54 (d, J=10.07 Hz, 1 H), 2.§363PCT

3.00 (m 3 H), 2.70- N 2.80 (m 3 H), 2.66 (L,

17.78

Step C: (R)-N-(6-(Pyridin-4-yl)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN N:\N

O’\<N \ 7
IS 7N
=N

To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (0.059 g, 0.257
5 mmol) in N,N-dimethylformamide (15 mL) was added Cs,CO3 (0.209 g, 0.642

mmol) and 4-isothiocyanato-6-(pyridin-4-yl)pyrimidine (0.055 g, 0.257 mmol). The
suspension was stirred at room temperature for 30 minutes. N,N’-
diisopropylcarbodiimide (0.12 mL, 0.77 mmol) was then added and the mixture was
continued to stir at room temperature for 18 hours. The mixture was concentrated

10 and purified by silica gel chromatography (0-10 % [9:1 methanol:ammonium
hydroxide]-ethyl acetate) to afford (R)-N-(6-(pyridin-4-yl)pyrimidin-4-y1)-4H-1'-
azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine (0.014 g, 0.04 mmol, 16 % yield)
as a yellow film. "H NMR (400 MHz, MeOD) & ppm 8.85 (1 H, d), 8.67 (2 H, dd),
8.04 (2 H,dd),7.34 (1 H, br.s.), 4.06 (1 H, d),3.76 (1 H, d), 3.23 (1 H, d), 3.10 (1 H,

15  d),2.70-2.99(4H,m),2.01-222(2H,m),1.53-1.86(3H,m). LCMSR.T.=
0.42; [M+H]" = 337.14.

EXAMPLE 247
(R)-6-(4H-1"-Azaspirofoxazole-5,3"-bicyclo[2.2.2] octane]-2-ylamino)-2-

20 methylnicotinonitrile

HN \_ CN
o< N %
INT N

Step A: 6-Isothiocyanato-2-methylnicotinonitrile

N
Nl\

N
/CN
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1z, 311), 1.97 (s, 111), 1.88 (s, 1 H, 1.53-

1.61 (m 3 H), 1.41 ©1.49 (in, 1 11) Exanple
WOlovhas19R DENIS RT (min) LOMS lon [iVl+Hit 1IPCT/NEAR09/041076

| HNI'VI R (500 MHz, DAl SO d6) 6 ppm 8.26 (br. s . ...

111), 7.76 (hr. s., 111), 6.75 (hr. s., 1 i

3.81 (M s., 1 H, 3.56 (d, 198 )--Br 14\ 0.77 _

10

15

20

25

To 6-amino-2-methylnicotinonitrile (0.41 g, 3.08 mmol) in dichloromethane
(20 mL) was added 1,1'-thiocarbonyldipyridin-2(1H)-one (0.75 g, 3.23 mmol). The
reaction was stirred at 40 °C for 3 hours. The reaction was cooled to room
temperature. The crude was purified by chromatography (Biotage: 25-100% cthyl
acetate/hexane) to yield 6-isothiocyanato-2-methylnicotinonitrile (0.52 g, 2.97 mmol,
96 % yield). IH NMR (500 MHz, DMSO-D6) é ppm 8.36 (d, /=8.24 Hz, 1 H), 7.39
(d, J/=8.24 Hz, 1 H), 2.65 (s, 3 H). MS (LC/MS) R.T. =2.09; [M+H]" = 176.0.

Step B: (R)-6-(4H-1"-Azaspiro[oxazole-5,3"-bicyclo[2.2.2]octane]-2-ylamino)-2-

methylnicotinonitrile

O’I\-<|N }\l / CN
[N ) /N
To 6-isothiocyanato-2-methylnicotinonitrile (0.25 g, 1.43 mmol) in N, N-
dimethylformamide (20 mL) was added triethylamine (0.5 mL, 3.666 mmol) and 3-
(aminomethyl)quinuclidin-3-ol dihydrochloride (0.33 g, 1.46 mmol) at room
temperature. The reaction was stirred at 70 °C for 2 hours. The reaction was cooled

to room temperature and concentrated iz vacuo. The crude urea was purified by

chromatography (Biotage: 85% CHCl3, 14% MeOH, 1% NH4OH). The product was

then treated with N, N-dimethylformamide (20 mL) and N,N'-
diisopropylcarbodiimide (0.67 mL, 4.28 mmol). The reaction was heated to 70°C for
2 hours. The reaction was cooled to room temperature and concentrated in vacuo to
yield the crude product. The crude product was purified by chromatography
(Biotage: 85% CHCl3, 14% MeOH, 1% NH4OH) to yield (R)-6-(4H-1'-
azaspiro[oxazole-5,3"-bicyclo[2.2.2]octane]-2-ylamino)-2-methylnicotinonitrile (0.09
g, 0.3 mmol, 21 % yield) as a white powder. |lH NMR (500 MHz, DMSO-D6) 6 ppm
9.11 (s, 1 H), 7.87 (d, /=7.93 Hz, 2 H), 6.69 (s, 1 H), 3.89 (d, /=10.38 Hz, 2 H), 3.63
(d, /=10.38 Hz, 3 H), 3.00 (s, 5 H), 2.72 - 2.80 (m, 4 H), 2.64 - 2.69 (m, 5 H), 2.60 (s,
7 H), 2.00 (d, /=2.14 Hz, 3 H), 1.91 (s, 1 H), 1.87 (s, 2 H), 1.58 (s, 5 H), 1.42 - 1.50
(m, 2 H). MS (LC/MS) R.T. =0.48; [M+H]" = 298.13.
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337.07 N 1=9.46 |1z, 111), 2.85 -3.10 (m 2

H, 2.56 - 2.85 (m 4 H), 1.97 (hr. s., 2 H, 1.36

WO 209671926 (m 3 H) 111 NNIR (500 MHz, Al BOLY$2069/041076
ppm 7.90 (d, 1=6,10 |1z, 111), 6.74 - 7.00 (M2 b
H, 3.93 - \o 4.09 (m 111), 3.88 (s, 311), 3.6l

-3.71 (m 1 H, 3.14 - 199 0.16 289.19

EXAMPLE 248
(R)-6-(4H-1"-Azaspirofoxazole-5,3"-bicyclo[2.2.2]octane]-2-ylamino)-2,4-
dimethylnicotinonitrile

HN—Q CN
o~ N Z
.. N
[N n/

Step A: 6-Isothiocyanato-2,4-dimethylnicotinonitrile

3
N

|
N
Y

To 6-amino-2,4-dimethylnicotinonitrile (0.14 g, 0.95 mmol) in
dichloromethane (20 mL) was added 1,1'-thiocarbonyldipyridin-2(1H)-one (0.23 g,
10 0.1 mmol). The reaction was stirred at 40 °C for 3 hours. The reaction was cooled to
room temperature. The crude was purified by chromatography (Biotage: 25-100%
ethyl acetate/hexane) to yield 6-isothiocyanato-2,4-dimethylnicotinonitrile (0.15 g,
0.79 mmol, 83 % yield). 1TH NMR (500 MHz, DMSO-D6) 6 ppm 7.37 (s, 1 H), 2.63
(s, 3 H). MS (LC/MS) R.T. = 2.40; [M+H]" = 190.
15
Step B: (R)-6-(4H-1"-Azaspirofoxazole-5,3"-bicyclof2.2.2]octane]-2-ylamino)-2,4-
dimethylnicotinonitrile
O,|\-<|N }\l / CN
LT "
To 6-isothiocyanato-2,4-dimethylnicotinonitrile (0.09 g, 0.48 mmol) in N, N-
20  dimethylformamide (20 mL) was added triethylamine (0.17 mL, 1.19 mmol) and 3-
(aminomethyl)quinuclidin-3-ol dihydrochloride (0.11 g, 0.49 mmol) at room
temperature. The reaction was stirred at 70 °C for 2 hours. The reaction was cooled
to room temperature and concentrated iz vacuo. The crude urea was purified by

chromatography (Biotage: 85% CHCl3, 14% MeOH, 1% NH4OH). The product was
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Fi1 3.2

_ 5 (m 111), 3.06 (d, 1=1, 83 Hz, 1
H, 2.69- 2.99 (m

3 H, 2.07 (hr. s., 2 H, 1.74
W@ 209/131924=8. 24 Hz, 3 H), 1.18 (d, J=6. 41 »z1/U320B)/041076
U p 0)Z Nst in [|HNIVIR (400 MHz, DAI SO d6) | §e3 pet
ppm 7.71 (dd, 1=8.78,

then treated with N, N-dimethylformamide (20 mL) and N,N'-
diisopropylcarbodiimide (0.22 mL, 1.43 mmol). The reaction was heated to 70 °C
for 2 hours. The reaction was cooled to room temperature and concentrated in vacuo
to yield the crude product. The crude product was purified by chromatography

5 (Biotage: 85% CHCl3, 14% MeOH, 1% NH,4OH) to yield (R)-6-(4H-1'-

azaspiro[oxazole-5,3"-bicyclo[2.2.2]octane]-2-ylamino)-2,4-dimethylnicotinonitrile
(0.10 g, 0.32 mmol, 66 % yield) as a white powder. 1H NMR (500 MHz, DMSO-
D6) 6 ppm 9.08 (s, 1 H), 6.60 (s, 1 H), 3.88 (d, /~=10.38 Hz, 1 H), 3.61 (d, /=10.38
Hz, 1 H), 2.98 (s, 2 H), 2.70 - 2.79 (m, 2 H), 2.63 - 2.69 (m, 2 H), 2.55 - 2.60 (m, 4

10 H),231-239(m,4H), 1.99(s, 1 H), 1.89 (s, 1 H), 1.54 - 1.62 (m, 2 H), 1.41 - 1.49
(m, 1 H). MS (LC/MS)R.T. =0.78; [M+H]" = 312.1.

EXAMPLE 249

(R)-N-(6-Phenylpyridazin-3-yl)-4H-1"-azaspiro[oxazole-5,3"-bicyclo[2.2.2] octan]-2-

15 amine

",,/N
N

Step A: 3-Isothiocyanato-6-phenylpyridazine
20

3-Isothiocyanato-6-phenylpyridazine was synthesized by the method of
Example 23, Step B. Flash chromatography on a 120 g silica gel cartridge with 0 to
25  25% EtOAc in hexane, 25 min, at 35 mL/min afforded 420 mg (49 % yield).

LCMS: RT =2.17 min, MH+ = 214.06.
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2.76 11z, 111), 7.59 (dd, J=8.91, 4.89 H7, 1 H),

7.17 (td, J=9.03, 2.76 11z, 111), 3.89 (d,

wqQ 200018424z, 1 H), 200 0.82 332.97 3. 64 ¥d1/US2009/041076
J=10.04 Hz, 1 H), 2.97 - 3.13 (m 2 H, 2.75 " 11163 PCT
2.88 (m 2 H, 2.67 (t, J=7.65 Hz, 211), 2.02 -
2.12 (m 111), 1.81- 1.98 (m 1 H), 1.36 -

Step B : (R)-N-(6-Phenylpyridazin-3-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

O N—N

\

",,/N
N

(R)-N-(6-Phenylpyridazin-3-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was synthesized by the method of Example 23, Step B.
Flash chromatography on a 160 g silica gel cartridge with 1-4 % [9:1
MeOH/NH,4OH] in CHCI3, 50 min, at 40 mL/min afforded 67 mg (R)-N-(6-

10 phenylpyridazin-3-yl)-4H-1"-azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine (17
% yield).

1H NMR (400 MHz, CDCI3) d ppm 9.61 (1 H, br. s.), 7.95-7.99 (2 H, m), 7.74 (1
H, d, /=9.32 Hz), 7.39 - 7.52 (3 H, m), 7.22 (1 H, partial d), 3.97 (1 H, d, /=9.32 Hz),
15 3.64(1H,d,J=9.32 Hz), 3.37 (1 H, dd, /=14.73, 1.38 Hz), 2.69 - 3.06 (5 H, m), 2.16
-2.26 (1 H,m), 2.14 (1 H, br. s.), 1.66 - 1.79 (1 H, m), 1.45 - 1.60 (2 H, m)
1H NMR (400 MHz, MeOD) & ppm 7.87 - 8.02 (3 H, m), 7.44 - 7.55 (3 H, m), 7.13
-7.29 (1 H,m), 4.05 (1 H, d, /=9.82 Hz), 3.74 (1 H, d, /=10.07 Hz), 3.17 (2 H, dd,
J=49.35,14.60 Hz), 2.73 - 3.04 (4 H, m), 2.16 (2 H, br. s.), 1.55 - 1.85 (3 H, m)
20 LCMS: RT =0.82 min, MH- = 334.2, MH+ = 336.2.

EXAMPLE 250
(R)-N-(5-(Methylthio)pyrazin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

=/
HN /S
o~ _{§:1>_
N
25 InS

Step A: 5-(Methylthio)pyrazin-2-amine

rbN—{if}%—gl
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H
3.06 (111, d), 2.91 (211, t, 1=7.43 N 11163 PCT

To a solution of 5-bromopyrazin-2-amine (2 g, 11.49 mmol) in N,N-
dimethylformamide (20 ml) was added sodium thiomethoxide (1.611 g, 22.99 mmol).
The mixture was stirred and heated at 100 °C under nitrogen for 18 h and
concentrated. The residue was treated with water and the mixture was extracted with
dichloromethane. The combined organics were dried with sodium sulfate, filtered
and concentrated. The residue was purified by silica gel chromatography (0-10 %
9:1methanol:ammonium hydroxide-cthyl acetate) to afford 6-(pyridin-3-
yl)pyrimidin-4-amine (0.15 g, 0.871 mmol, 35 % yield) as a yellow solid. LCMS
R.T.=0.91; [M+H]" = 141.89.

Step B: 2-Isothiocyanato-5-(methylthio)pyrazine

Sz\\NA(__N\)fs
N= \

To a solution of 1,1'-thiocarbonyldipyridin-2(1H)-one (1.069 g, 4.60 mmol) in
dichloromethane at room temperature was added 5-(methylthio)pyrazin-2-amine
(0.50 g, 3.54 mmol). The reaction was stirred at room temperature for 18 hours.
LC/MS showed the desired product peak as the major peak. The deep orange
mixture was purified by silica gel chromatography (0-40 % ethyl acetate-hexanes) to
afford 2-isothiocyanato-5-(methylthio)pyrazine (0.545 g, 0.257 mmol, 84 % yield) as
an orange oil. LCMS R.T. =2.65; [M+H]" = 184.02.

Step C: (R)-N-(5-(Methylthio)pyrazin-2-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN‘<\N_:>* S/
o—( N
[N y /N
To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (0.375 g, 1.637
mmol) in N,N-dimethylformamide (15 mL) was added Cs,CO3 (1.333 g, 4.09 mmol)
and 2-isothiocyanato-5-(methylthio)pyrazine (0.3 g, 1.637 mmol),. The suspension

was stirred at room temperature for 30 minutes. N,N’-diisopropylcarbodiimide

(0.765 mL, 4.9 mmol) was then added and the mixture was continued to stir at room
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Hz), 2.71 - 2.84 (4 H n), 2.66 (2 H I, J=6.04
Hz), 1.98 - 2.21 (2 H nm, 1.43 - 1.94 (7 H m
wa 1a9Meuoss (400 MHz, MeOl)) 6 ppm 8. 30 (1 1ACT/E$2009/041076

d,

3.97 (1 11, 202 0.69 300.29 d, 19.82 Hz), 3.66(1 H
3“6%3 PCT

1=10.07 11z), 3.21 (1 11, d), -3/ _RN

(1H d), 2.74 - 2.97 (8 H N
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temperature for 18 hours. The mixture was concentrated and purified by silica gel
chromatography (5-25 % 9:1 methanol:ammonium hydroxide-ethyl acetate) to afford
(R)-N-(5-(methylthio)pyrazin-2-yl)-4H-1'-azaspiro[ oxazole-5,3'-bicyclo[2.2.2]octan]-
2-amine (0.014 g, 0.04 mmol, 16 % yield) as a yellow solid. M.P. 155-60 °C. 'H
NMR (400 MHz, MeOD) & ppm 8.13 (1 H, d), 8.06 (1 H, s), 3.96 (1 H, d), 3.66 (1 H,
d),3.20(1 H, d),3.08 (1 H,d),2.87-2.96(2H, m),2.72-2.82(2H, m),2.52 (3 H,
$),2.00-2.19 (2H, m), 1.51 - 1.81 (3 H, m). LCMS R.T.=1.01; [M+H]" = 306.12.

EXAMPLE 251
(R)-N-(5,6-Dichloropyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3-bicyclof2.2.2]octan] -

2-amine
HN—Q cl
o N %
N Cl
[N ©w/

Step A: N-(5,6-Dichloropyridin-2-yl)pivalamide

N
|\
(o) N
= Cl
Cl

To a solution of N-(6-chloropyridin-2-yl)pivalamide, synthesized as in J. Org.
Chem 2005, 70,1771, (1.02 g, 4.80 mmol) in chloroform (25 mL) was added 1-
chloropyrrolidine-2,5-dione (0.62 g, 4.67 mmol) and the mixture was refluxed in an
oil bath for 3 hrs. It was allowed to cool to room temperature overnight. The
reaction mixture was evaporated in vacuo and re-dissolved in DMF (15 mL).

Another 480 mg 1-chloropyrrolidine-2,5-dione was added and the resulting solution

was heated overnight in an oil bath at 95-100°, then cooled again to room
temperature. The solvent was removed in vacuo and the residue was partitioned
between water and ethyl acetate. The aqueous phase was washed twice more with
ethyl acetate and the combined organic phases were washed with brine, dried over
magnesium sulfate, and evaporated in vacuo. TLC (10% ethyl acetate/hexane)
showed a robust spot at Rf 0.6 with smaller spots at Rf 0.4 and 0.2. The material was
subjected to the Biotage in 5-10% ethyl acetate/hexane, collecting the Rf 0.6 fraction
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in), 2.11 (4 11, dqg, J=7.68, 7.51 Hz), 1.39 - 1.85

(3 H m 111 Nol R (400 MHz, Me0l)) 6 ppm 4. 00
W@ 200913192 1=10, 07 Hz), 3.69(1 H, d, J=10.BJ1/US2009/041076
N- 11z), 3.22 (1 11, d, 1=14,60 203 1.19

322 25 . 11163 PCT
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to give 790 mg (66%) white solid, N-(5,6-dichloropyridin-2-yl)pivalamide. 1H NMR
(500 MHz, CDCl3) 8 ppm 8.17 (s, 1 H), 7.96 (s, 1 H), 7.72 (s, 1 H), 1.31 (s, 10 H).
MS (LC/MS) R.T. = 1.85; [M+H]" = 248.8.

Step B: 5,6-Dichloropyridin-2-amine

HoN S

I
N F Cl
Cl
A mixture of N-(5,6-dichloropyridin-2-yl)pivalamide (790 mg, 3.20 mmol),

hydrochloric acid, 37% (1.25 mL), water (1.25 mL), and EtOH (3 mL) was heated for

4 hrs in an oil bath at 85-90 °C. LCMS showed nearly complete conversion to
product . The reaction was cooled to room temperature and the reaction mixture was
evaporated down to a small volume, then transferred to a separatory funnel where it
was partitioned between aqueous sodium carbonate and ethyl acetate. The layers
were separated, the aqueous phase was washed again with ethyl acetate, and the
combined organic phases were washed with brine, dried over MgSQy,, filtered, and
evaporated to give a white solid. The material was subjected to a Biotage column in
20% ethyl acetate/hexane, collecting the main component. 5,6-Dichloropyridin-2-
amine (0.49 g, 2.98 mmol, 93%) was obtained as a white solid. 1H NMR (500 MHz,
CDCl3) 8 ppm 7.44 (d, /=8.55 Hz, 1 H), 6.36 (d, /=8.24 Hz, 1 H), 4.58 (s, 2 H). MS
(LC/MS) R.T. = 1.28; [M+H]" = 164.8.

Step C: 5,6-Dichloro-2-isothiocyanatopyridine

N
NG

Nl Z Cl
Cl
To 5,6-dichloropyridin-2-amine (0.47 g, 2.88 mmol) in dichloromethane (25
mL) was added 1,1'-thiocarbonyldipyridin-2(1H)-one (0.68 g, 2.94 mmol). The
reaction was stirred at 40 °C for 3 hours, then cooled to room temperature. The crude
material was purified by chromatography (Biotage: 25-100% ethyl acetate/hexane)

2,3-dichloro-6-isothiocyanatopyridine (0.48 g, 2.34 mmol, 81 % yield) as a white
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powder. 1H NMR (500 MHz, DMSO-D6) & ppm 8.26 (d, /=8.55 Hz, 1 H), 7.47 (d,
J=8.24 Hz, 1 H). MS (LC/MS) R.T. =2.83; [M+H]" =204.8.

Step D: (R)-N-(5,6-Dichloropyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN—( cl
o N 2
el N Cl

To 2,3-dichloro-6-isothiocyanatopyridine (0.47 g, 2.29 mmol) in N,N-
dimethylformamide (20 mL) was added triethylamine (0.8 mL, 5.7 mmol) and 3-
(aminomethyl)quinuclidin-3-o0l dihydrochloride (0.54 g, 2.34 mmol) at room
temperature. The reaction was stirred at 70 °C for 2 hours, cooled to room
temperature and concentrated in vacuo. The crude urea was purified by

chromatography (Biotage: 85% CHCl3, 14% MeOH, 1% NH4OH). The product was

then treated with N,N-dimethylformamide (20 mL) and N,N'-
diisopropylcarbodiimide (1.07 mL, 6.88 mmol). The reaction was heated to 70°C for
2 hours. The reaction was cooled to room temperature and concentrated in vacuo.
The crude product was purified by chromatography (Biotage: 85% CHCl3, 14%
MeOH, 1% NH4OH) to yield (R)-N-(5,6-dichloropyridin-2-yl)-4H-1'-
azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine (0.36 g, 1.08 mmol, 47 % yield)
as a white powder. 1H NMR (500 MHz, DMSO-D6) 6 ppm 8.31 (d, /=1.22 Hz, 1 H),
7.84 (s, 1 H), 6.80 (s, 1 H), 3.85 (d, /=10.07 Hz, 1 H), 3.57 (d, /=10.38 Hz, 2 H),
2.98 (s, 3H), 2.69-2.78 (m, 3 H), 2.65 (t, /=7.78 Hz, 3 H), 2.00 (s, 2 H), 1.86 (s, 2
H), 1.58 (dd, J=7.48, 2.90 Hz, 2 H), 1.56 (s, 1 H), 1.41 - 1.49 (m, 2 H). MS (LC/MS)
R.T.=0.81; [M+H]" = 327.1.
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1=1.26 11z), 3.06 - 3.17 (1 11, - -i [/

2.75 - 3.03 (6 H nm, 2.56 - 2.68 (2 11,’in),
wWQ@2M9%/1§¥2d.1, ddd, J=12.72, 6.30, 6.17 Hz),Pdr/B682009/041076
1.84(3 11, 111) Exanpl e Nunber RI 1: CVM5 RT (m n) h%PCT
lon [ MtHr I M NWR | HNVMR (500 MHz, DAI SO
EXAMPLE 252

(R)-N-(4,5-Dichloropyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3-bicyclof2.2.2]octan] -

2-amine

Cl

o—( N—7

. N
5 [ N i

Step A: 4,5-Dichloro-2-isothiocyanatopyridine

N
N X Cl

|
N
Z e

To 4,5-dichloropyridin-2-amine (0.25 g, 1.53 mmol) in dichloromethane (25
10  mL) was added 1,1'-thiocarbonyldipyridin-2(1H)-one (0.36 g, 1.56 mmol). The
reaction was stirred at 40°C for 3 hours, then cooled to room temperature. The crude
material was purified by chromatography (Biotage: 25-100% ethyl acetate/hexane) to
yield 4,5-dichloro-2-isothiocyanatopyridine (0.26 g, 1.27 mmol, 83 % yield) as a
yellow powder. The product was carried directly to the next step.
15
Step B: (R)-N-(4,5-Dichloropyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine
Cl

o— 7
[N

To 4,5-dichloro-2-isothiocyanatopyridine (0.25 g, 1.22 mmol) in N,N-

20  dimethylformamide (20 mL) was added triethylamine (0.43 mL, 3.05 mmol) and (S)-
3-(aminomethyl)quinuclidin-3-o0l dihydrochloride (0.29 g, 1.24 mmol) at room
temperature. The reaction was stirred at 70 °C for 2 hours. The reaction was cooled
to room temperature and concentrated iz vacuo. The crude urea was purified by

chromatography (Biotage: 85% CHCl3, 14% MeOH, 1% NH4OH). The product was
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then treated with N,N-dimethylformamide (20 mL) and N,N'-
diisopropylcarbodiimide (0.57 mL, 3.66 mmol). The reaction was heated to 70 °C
for 2 hours. The reaction was cooled to room temperature and concentrated to yield
the crude product. The crude product was purified by chromatography (Biotage:
85% CHCl3, 14% MeOH, 1% NH4OH) to yield (R)-N-(4,5-dichloropyridin-2-y1)-
4H-1'-azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine (0.09 g, 0.27 mmol, 22 %
yield) as a white powder. 1H NMR (500 MHz, DMSO-D6) 6 ppm 8.81 (s, 1 H), 8.32
(d, /=6.10 Hz, 1 H), 7.03 (s, 1 H), 3.83 (d, /=9.46 Hz, 1 H), 3.57 (d, J=9.77 Hz, 1 H),
298 (s,2 H),2.71 - 2.79 (m, 2 H), 2.65 (t, /=7.78 Hz, 2 H), 1.99 (s, 1 H), 1.86 (s, 1
H), 1.53 - 1.61 (m, 2 H), 1.41 - 1.49 (m, 1 H). MS (LC/MS) R.T. =0.78; [M+H]" =
327.0.

EXAMPLE 253
(R)-N-(5-Chloro-4-methylpyridin-2-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

o— N—7

[N "’//N

Step A: 5-Chloro-2-isothiocyanato-4-methylpyridine

N
Nl\

N
/CI

To 5-chloro-4-methylpyridin-2-amine (0.41 g, 2.88 mmol) in
dichloromethane (25 mL) was added 1,1'-thiocarbonyldipyridin-2(1H)-one (0.70 g,
3.0 mmol). The reaction was stirred at 40 °C for 3 hours. The reaction was cooled to
room temperature. The crude mixture was purified by chromatography (Biotage: 25-
100% ethyl acetate/hexane) to yield S-chloro-2-isothiocyanato-4-methylpyridine
(0.45 g, 2.44 mmol, 85 % yield). 1H NMR (500 MHz, DMSO-D6) & ppm 8.45 (s, 1
H), 7.47 (s, 1 H), 2.37 (s, 3 H). LC/MS RT=2.79; [M+H]" = 184.9.
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W@ 2093319263 Hz, 2 H), 7.68 (d, J=6.71 Hz, HBCHWS2009/041076
7.16 (t, 1=7.32 Hz, 1 H), 3.84 (s, 1 H, 206 {).%?PCT
366. 10 3.60 (s, 111), 3.03 (s, 211), 2. 80 1§

2 H), 2.64 - 2.72 (m 2

10

15

20

25

Step B: (R)-N-(5-Chloro-4-methylpyridin-2-yl)-4H-1"-azaspirofoxazole-5, 3 -

bicyclof2.2.2]octan]-2-amine
HN@—CI
oo
N
[N v/

To 5-chloro-2-isothiocyanato-4-methylpyridine (0.37 g, 2.0 mmol) in N,N-
dimethylformamide (20 mL) was added triethylamine (0.7 mL, 5.0 mmol) and (S)-3-
(aminomethyl)quinuclidin-3-ol dihydrochloride (from Step B of Example 17) (0.47 g,
2.0 mmol) at room temperature. The reaction was stirred at 70 °C for 2 hours. The
reaction was cooled to room temperature and concentrated in vacuo. The crude urea

was purified by chromatography (Biotage: 85% CHCl3, 14% MeOH, 1% NH4OH).

The product was then treated with N,N-dimethylformamide (20 mL) and N,N'-
diisopropylcarbodiimide (0.94 mL, 6.0 mmol). The reaction was heated to 70°C for
2 hours. The reaction was cooled to room temperature and concentrated to yield the
crude product. The crude product was purified by chromatography (Biotage: 85%
CHCl3, 14% MeOH, 1% NH4OH) to yield (R)-N-(5-chloro-4-methylpyridin-2-yl)-
4H-1'-azaspiro[oxazole-5,3'-bicyclo[2.2.2]octan]-2-amine (0.19 g, 0.61 mmol, 30.3
% yield) as a white powder. 1H NMR (500 MHz, DMSO-D6) & ppm 8.79 (s, 1 H),
8.08 - 8.15 (m, 2 H), 6.78 (s, 1 H), 3.82 (d, /=8.55 Hz, 2 H), 3.55 (d, /=10.38 Hz, 2
H), 2.93 -3.02 (m, 5 H), 2.71 - 2.80 (m, 5 H), 2.66 (t, /=7.63 Hz, 4 H), 2.23 - 2.29
(m, 7 H), 1.94 -2.02 (m, 2 H), 1.92 (s, 1 H), 1.86 (s, 2 H), 1.53 - 1.62 (m, 5 H), 1.41 -
1.49 (m, J/=12.55, 9.88, 7.02, 2.29 Hz, 2 H). MS (LC/MS) R.T. =0.72; [M+H]" =
307.1.

EXAMPLE 254
(R)-N-(6-Chloropyridazin-3-yl)-4H-1"-azaspiro[oxazole-5,3"-bicyclof2.2. 2] octan]-2-

amine

HN—(_>—C|

N/
o— N-N

':,,/N
N
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11), 2.05 (s, 111), 1.92 (s, 111), 1.60 (d, J=8.24

H, 2 H), 1.48 (s, 1 11) 111 NMR (500 M| z,

WOL®IA31926 D6) 3 ppm 9.05 (s, 1 H), 8.52 (BCT/US2D0%NE11076
Hz, 1 H), 7.91 (s, 1 H, 7.66 (d, J=7.63 Mz, 2 Hh, oo
7.47 (t, .1=7.63 Hz, 2 H), 7.36 207 0.77 335.17 (t!
J=7.32 11z, 111), 6.87 (s, 1 - \ It

Step A: 3-Chloro-6-isothiocyanatopyridazine

| N Cl
s=c=N" NN
5 3-Chloro-6-isothiocyanatopyridazine was synthesized by the method of

Example 218, Step D. Flash chromatography on a 120 g silica gel cartridge with 0 to
25% EtOAc in hexane, 25 min, at 35 mL/min afforded 213 mg (31 % yield).

LCMS: RT = 1.25 min, MH+ = 172.00.

10
Step B : (R)-N-(6-Chloropyridazin-3-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN‘(_>-CI

4
o— NN

LN
N

(R)-N-(6-Chloropyridazin-3-yl)-4H-1'-azaspiro[oxazole-5,3'-

15

bicyclo[2.2.2]octan]-2-amine was synthesized by the method of Example 218, Step
E. Flash chromatography on a 160 g silica gel cartridge with 1-3 % [9:1
MeOH/NH40OH] in CHCI3, 50 min, at 40 mL/min afforded 29 mg (8 % yield).

20
1H NMR (400 MHz, CDClI3) 6 ppm 9.27 (1 H, br. s.), 7.28 (1 H, d, /=9.07 Hz), 7.10
(1H,d,/=9.07Hz), 3.95 (1 H, d, /=9.57 Hz), 3.62 (1 H, d, /=9.57 Hz), 3.34 (1 H,
dd, /=14.98, 1.64 Hz), 2.67 - 3.04 (5 H, m), 2.14 - 2.21 (1 H, m), 2.12 (1 H, br. s.),
1.65-1.79 (1 H, m), 1.45 - 1.61 (2 H, m).

25 LCMS: RT =0.62 min, MH- =292.1, MH+ = 294.1.
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H, 3.84 (s, 1 H, 3.59 (d, J=10.07 11z,

111), 2.99 (s, 2 H, 2.72 - 2.81 (m 2 H, 2.63 -
WQ@200%/181926 311), 1.99 (s, ill), 1.90 (s, 1 MT/US2069041076
(s, 2 H, 1.42 - 1.50 (in, 1 11) Exanpl e NunPﬁr63 PCT

Rl LCMB RT (min) LCMB lon [ MrHL11 111 NMWR

EXAMPLE 255
(R)-N-(6-Bromopyridazin-3-yl)-4H-1"-azaspirofoxazole-5,3"-bicyclo[2.2.2]octan]-2-

amine

R

N

[ /s
5 N

Step A: 3-Bromo-6-isothiocyanatopyridazine

10
3-Bromo-6-isothiocyanatopyridazine was synthesized by the method of
Example 218, Step D. Flash chromatography on a 120 g silica gel cartridge with 0 to
25% EtOAc in hexane, 25 min, at 35 mL/min afforded 364 mg (42 % yield).

15 LCMS: RT = 1.34 min, MH+ = 215.92.

Step B : (R)-N-(6-Bromopyridazin-3-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

HN—(_>—CI

N/
o— N-N

[ ",/ N
20 N

(R)-N-(6-Bromopyridazin-3-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine was synthesized by the method of Example 218, Step
E. Flash chromatography on a 160 g silica gel cartridge with 1-3 % [9:1
25  MeOH/NH40H] in CHCI3, 50 min, at 40 mL/min afforded 211 mg (37 % yield).
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\o ., zt |IHNWR (500 MHz, DAl SO DO 5 ppm 9. 30

(s, 111), 7.19 (d, J=8.55 Hz, 1 H), 6.94 (d,

wd z@o4soddz, 111), 6.69 (dd, 1=8. 55, 2. 14 BZI/UL20h)/041076
3.92 (d, 1=10.07 Hz, 1 H), 3.75 (s, 3 H, 91'1§?PCT
(d, 1=9.77 Hz, 1 H), 208 0.63 342.25 3.54 (s

H, 2.99 - 3.07 (m 2

1H NMR (400 MHz, CDCI3) 8 ppm 9.23 (1 H, br. s.), 7.37 (1 H, d, /=9.07 Hz), 6.97
(1H, d,J=9.07 Hz), 3.92 (1 H, d, /=9.57 Hz), 3.59 (1 H, d, J=9.82 Hz), 3.29 (1 H,
dd, J=14.98, 1.64 Hz), 2.63 - 2.99 (5 H, m), 2.04 - 2.19 (2 H, m), 1.59 - 1.74 (1 H,
m), 1.39 - 1.58 (2 H, m)

5 LCMS: RT=0.64 min., MH- 336.1, MH+ 338.0.

EXAMPLE 256
(R)-N-(6-(4-Chlorophenyl) pyrimidin-4-yl)-4H-1'-azaspiro[oxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine

10 Cl
Step A: 6-(Pyridin-4-yl)pyrimidin-4-amine
Na
H2N \ / N

Cl
A mixture of 6-chloropyrimidin-4-amine (0.324 g, 2.5 mmol), 4-

chlorophenylboronic acid (0.489 g, 3.13 mmol), Na,CO; (0.795 g, 7.50 mmol) and
15  bis(triphenylphosphine)palladium(II) chloride (0.035 g, 0.050 mmol) was suspended

in a mixture of DME/EtOH/water (15:2:3 mL). The mixture was heated in the

microwave synthesizer at 125 °C for 20 min and concentrated. The residue was

purified by silica gel chromatography (2-15 % 9:1 methanol:ammonium hydroxide-

ethyl acetate) to afford:6-(pyridin-3-yl)pyrimidin-4-amine (0.3 g, 0.871 mmol, 58.4
20 % yield) as an off-white solid. LCMS R.T. = 1.42; [M+2H]" =207.91.

25
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11), 2.79 (t,1=7.78 11z, 2 11), 2.68 (t, .1=7.78

Hz, 2 H), 2.02 - 2.07 (m 111), 1.89 (dd,

W 28944192@. 36 Hz, 1 H), 1.56- 1.64 (m 2 IHQT/US20491041076
- 1.52 (m 1 H I TT NVR (400 Mz, Ale0D) d,, ;s por
ppm 8.27 (1 H, d, .15.04 Hz), 6.78 (1 11, d,

1=5.29 11z), 3.98

Step B: 4-(4-Chlorophenyl)-6-isothiocyanatopyrimidine
S N=—
) AR
A

Cl
To a bright orange solution of 1,1'-thiocarbonyldipyridin-2(1H)-one(0.666 g,
2.87 mmol) dichloromethane/ N,N-dimethylformamide at room temperature was
5 added 6-(4-chlorophenyl)pyrimidin-4-amine (0.59 g, 2.87 mmol). The orange
mixture was heated at 60 °C for 18 hours. The LC/MS showed the desired product
peak as a major peak. The deep orange mixture was purified by silica gel
chromatography (0-40 % ethyl acetate-hexanes) to afford 4-(4-chlorophenyl)-6-
isothiocyanatopyrimidine (0.322 g, 1.300 mmol, 45 % yield) as an orange oil. LCMS
10 R.T.=2.82;[M]" =248.03.

Step C: (R)-N-(6-(4-Chlorophenyl)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3 -
bicyclo[2.2.2]octan]-2-amine

N:\
HN \ N
/
o~
[N w /N
Cl
15 To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (0.298 g, 1.300

mmol) in N,N-dimethylformamide (15 mL) was added Cs,COs (1.059 g, 3.25 mmol)
and 4-(4-chlorophenyl)-6-isothiocyanatopyrimidine (0.322 g, 1.300 mmol). The
suspension was stirred at room temperature for 30 minutes. N,N’-
Diisopropylcarbodiimide (0.608 mL, 3.90 mmol) was then added and the mixture

20  was stirred at room temperature for 18 hours. The mixture was concentrated and
purified by silica gel chromatography (5-25 % 9:1 methanol:ammonium hydroxide-
ethyl acetate) to afford (R)-N-(6-(pyridin-4-yl)pyrimidin-4-yl)-4H-1'-
azaspiro[oxazole-5,3"-bicyclo[2.2.2]octan]-2-amine (0.104 g, 0.276 mmol, 21 %
yield) as a yellow solid. "H NMR (400 MHz, CDCls) & ppm 9.54 (1 H, br. s.), 8.83

25 (1H,d),7.89-8.04(2H, m),7.41 -7.54 (2H, m), 7.33 (1 H, br. s.), 4.02 (1 H, d),
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(1 H d,.1=10.07 Hz), 3.66(1 11, d, 1=10.07 11z), 3.21

(111, 209 N, 096 . 30034 . d), 3.06(1 H d), 2.64

WO 29391986 11, m, 2.02 - 2.17 (2 11, il )PCT/B82009/041076
1.92 - 205 (1 H m, 1.54 - 1.82 (3 11, in), ]gl.I%PCT
- 1.11 (4 11, m I TT NVR (400 WHz, Al eOD)

3.71 (1 H, d), 3.42 (1 H, d), 2.73 - 3.15 (5§ H, m), 2.10 - 2.31 (2 H, m), 1.46 - 1.89 (3
H, m). LCMS R.T. = 1.92; [M]" =370.35.

EXAMPLE 257
5 (R)-N-(6-(3-Chlorophenyl)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine

@) N
NS "’ ci

Step A: 6-(3-Chlorophenyl)pyrimidin-4-amine
NP N

|
Cl
HZNK)\@/

10 A mixture of 6-chloropyrimidin-4-amine (0.324 g, 2.5 mmol), 3-
chlorophenylboronic acid (0.489 g, 3.13 mmol), Na,CO; (0.795 g, 7.50 mmol) and
bis(triphenylphosphine)palladium(II) chloride (0.035 g, 0.050 mmol) was suspended
in a mixture of DME/EtOH/wate(15:2:3 mL). The mixture was heated in the
microwave synthesizer at 125 °C for 20 min and concentrated. The residue was

15  purified by silica gel chromatography (30-70 % ethyl acetate in hexanes) to afford: 6-
(3-chlorophenyl)pyrimidin-4-amine (0.47g, 2.286 mmol, 91 % yield) as a yellow
solid. LCMS R.T. = 1.45; [M+2H]" = 208.05.

Step B: 4-(3-Chlorophenyl)-6-isothiocyanatopyrimidine
20

S N=
\\:N \_/\N

Cl

To a bright orange solution of 1,1'-thiocarbonyldipyridin-2(1H)-one(0.486 g,
2.091 mmol) in dichloromethane/ N,N-dimethylformamide at room temperature was
added 6-(3-chlorophenyl)pyrimidin-4-amine (0.43 g, 2.091 mmol). The orange
25  mixture was heated at 60 °C for 18 hours. The LC/MS showed the desired product
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ppm 8.42(1 H, s), 3.97(1 H, d, 1=10.07 11z), 3.66
(1 11, d, N 1=10.07 Hz), 3.20(1 H, d), 210 1.64

W@ TB9231926 Al 3.06 (1 11, d), 2.63 - 2. 9FCT/ESDY041076
N m, 2.35- 2.50 (1L H m, 1.99 - 2.16 (2 1#1631)@
in), 1.50 - 1.83 (3 11, m, 0.98 - 1.24 (4 H,

Exanpl e Nunmber RI LCMS RT (m n)

peak as a major peak. The deep orange mixture was purified by silica gel
chromatography (0-40 % ethyl acetate-hexanes)to afford 4-(3-chlorophenyl)-6-
isothiocyanatopyrimidine (0.12 g, 0.484 mmol, 23 % yield) as an orange oil. LCMS
R.T.=2.15; [M]" =248.31.

Step C: (R)-N-(6-(3-Chlorophenyl)pyrimidin-4-yl)-4H-1"-azaspirofoxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

@9 N
NS "7 Cl

To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (0.111 g, 0.484

10  mmol) in N,N-dimethylformamide (15 mL) was added Cs,CO3 (0.395 g, 1.211
mmol) and 4-(3-chlorophenyl)-6-isothiocyanatopyrimidine (0.12 g, 0.484 mmol).
The suspension was stirred at room temperature for 30 minutes. N,N’-
diisopropylcarbodiimide (0.226 mL, 1.453 mmol) was then added and the mixture
was continued to stir at room temperature for 18 hours. The mixture was

15  concentrated and purified by silica gel chromatography (5-25 %, then, 2-10 % 9:1
methanol:ammonium hydroxide-ethyl acetate) to afford (R)-N-(6-(3-
chlorophenyl)pyrimidin-4-y1)-4H-1'-azaspiro[ oxazole-5,3'-bicyclo[2.2.2]octan]-2-
amine (0.086 g, 0.221 mmol, 46 % yield) as a yellow solid. "H NMR (400 MHz,
MeOD) & ppm 8.82 (1 H, d), 8.05 (1 H, d), 7.93 (1 H, ddd), 7.43 - 7.52 (2 H, m), 7.35

20 (1 H,br.s.),413(1H,d),3.93(1H,d),3.63-3.81(2H,m),3.42-3.53(1 H, m),
3.30-3.40 (3 H, m),2.46 (1 H, d), 2.26 -2.40 (1 H, m), 1.88 - 2.16 (3 H, m). LCMS
R.T. =1.90; [M]" =370.28.

25

30
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LCMS ion [MrH + 11-1 NMR | HNVR (500 MHz, DAI SO

DO 5 ppm 7.98 (s, 111), 7.46 (t, J=7.93 Hz, 1 H),
W®2®9/181926 1=5.49 11z, 111), 6.59 -6.65 PCTUS2D09/041076
H, 3.82 - 3.88 (m 6 H), 211 4z 0.64 342.18 ﬁl‘l%éPCT
(s, 2 H, 3.55 (s, 1 H), 3.00 (s, 2 H, 2.78 (5,
EXAMPLE 258

(R)-N-(5-Methyl-1,3,4-oxadiazol-2-yl)-4H- 1 -azaspirofoxazole-5,3 -
bicyclof2.2.2]octan]-2-amine

Step A: Dimethyl 5-methyl-1,3,4-oxadiazol-2-ylcarbonimidodithioate

/
Jaad
N |
S OJ\
\
10
To a solution of 5-methyl-1, 3, 4-oxadiazol-2-amine (1.92g, 20 mmol) in
DMF (10ml) was added NaOH (20M, 2ml), CS, (3ml), NaOH (20M, 2ml) and
iodomethane (3ml) slowly over 10 minutes. The mixture was stirred at room
temperature for 1 h and poured into 20 ml water. The precipitated solid was filtered,
15  washed with water, and dried to obtain the desired product, dimethyl 5-methyl-1,3,4-
oxadiazol-2-ylcarbonimidodithioate as a white solid (1.45g, 35.7%). "H NMR (500
MHz, CDCls) 6 ppm 2.63 (s, 6H), 2.50 (s, 3H). LCMS R.T. 1.66 min; [M+H] =
203.91.

20  Step B: (R)-N-(5-Methyl-1,3,4-oxadiazol-2-yl)-4H-1"-azaspiro[oxazole-5,3 -
bicyclof2.2.2]octan]-2-amine

25
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2.67 (d,1=6.71 Hz, 2 H), 2.01 (s, 111), 1.91 (s,
111), 1.59 (s, 2H, 1.46 (s, 1 H z 1. A,

WO pNBAR310200 MHz, DAI SO DO 5 ppm 7.94 (s,PAW$2009/041076
7.37 (d, J=9.16 Hz, 1 H), 7.02 (d, 1=9. 46 f@ PCT
1 H, 6.99 (d, 1=1.83 Hz, 1 H), 3.87 (s, 3 H), 213
0.63 342.25 3.82 (d, J=9.46 Hz, 1 H), 3.78 (s,
311), 3.56 (d, 1=9.16 11z, 1

A mixture of dimethyl 5-methyl-1,3,4-oxadiazol-2-ylcarbonimidodithioate
(260 mg, 1.28 mmol), (S)-3-(aminomethyl)quinuclidin-3-o0l dihydrochloride (200 mg,
1.28 mmol) and cesium carbonate (876 mg, 2.69 mmol) in DMF (5ml) was stirred
overnight at room temperature. The mixture was concentrated and purified on a
5 Biotage silica gel column (100% ethyl acetate, then 10-35 % 9:1

methanol:ammonium hydroxide-chloroform) to obtain the desired product, (R)-N-(5-
methyl-1,3,4-oxadiazol-2-yl)-4H-1’-azaspiro[ oxazole-5,3’-bicyclo[2.2.2]octan]-2-
amine (192mg, 54.1%). "H NMR (500 MHz, MeOD) & ppm 4.05 (d, 1H), 3.74 (d,
1H), 3.25 (d, 1H), 3.15 (d, 1H), 2.94 (m, 2H), 2.85 (m, 2H), 2.43 (s, 3H), 2.19(m,

10  1H), 2.10 (m, 1H), 1.6-1.8 (m, 3H). MS (LCMS) [M+H] =264.05. R.T. 0.16 min.

EXAMPLE 259
(R)-N-(3-Methyl-1,2,4-thiadiazol-5-yl)-4H-1-azaspirofoxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine

15
\N / |
_<g/N
0O \N
N
Step A: Dimethyl 3-methyl-1,2,4-thiadiazol-5-ylcarbonimidodithioate
/
7 |
s>=N_<S’N
20 \

To a solution of 3-methyl-1, 2, 4-thiadiazol-5-amine (2.3g, 20 mmol) in DMF
(10ml) was added NaOH (20M, 2ml), CS, (3ml), NaOH (20M, 2ml) and
iodomethane (3ml) slowly over 10 minutes. The mixture was stirred at room
25  temperature for 1 h and poured into 20 ml water. The precipitated solid was filtered
and washed with water, and dried to obtain impure dimethyl 3-methyl-1,2,4-
thiadiazol-5-ylcarbonimidodithioate , a yellow solid ( 2.3 g, 52.5%). "H NMR (500
MHz, CDCI3) 8 ppm 2.67 (s), 2.62 (s). MS [M+H] = 219.85.
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H, 3.00 (s, 2 H, 2.78 (s, 2 H), 2.63 -2.70 (in,

211), 2.01 (s, 1 H, 1.91 (s, 1 H, 1.58 (s, 2 H,
wa2e08/181926 1 11) i1l NVR (400 M1z, ille0l1l)hCTUS2009/041076

ppm 8.51 (2 H, s), 4.00(1 H N d,1=10.32 Hz), || o por

3.69(1 H d, 213 1- 0.35 294.25 1=10. 32 Hz),

3.22(1 H d),

Step B: (R)-N-(3-Methyl-1,2,4-thiadiazol-5-yl)-4H- 1 ’-azaspiro[oxazole-5, 3 -
bicyclof2.2.2]octan]-2-amine

H, N\(
N_</S/#\l

O™ N

N

N

A mixture of dimethyl 3-methyl-1,2,4-thiadiazol-5-ylcarbonimidodithioate

(281 mg, 1.28 mmol), (S)-3-(aminomethyl)quinuclidin-3-o0l dihydrochloride (200 mg,
1.28 mmol) and cesium carbonate (876 mg, 2.69 mmol) in DMF (5 ml) was stirred
overnight at room temperature. The mixture was concentrated and purified on a

10  Biotage silica gel column (100% ethyl acetate, then 10-35 % 9:1
methanol:ammonium hydroxide-chloroform) to obtain the desired product, (R)-N-(3-
methyl-1,2,4-thiadiazol-5-y1)-4H-1’-azaspiro[ oxazole-5,3’-bicyclo[2.2.2 Joctan]-2-
amine ( 147.8 mg, 40.5%). "H NMR (500 MHz, MeOD) & ppm 4.01-3.99 (d, 1H),
3.72-3.70 (d, 1H), 3.27 (d, 1H), 3.16 (d, 1H), 3.01-2.9 (m, 2H), 2.86-2.83 (m, 2H),

15 243 (s, 3H), 2.21-2.0(m, 2H), 1.81-1.75(m, 1H), 1.75-1.70 (m, 2H). MS (LCMS)
[M+H] =279.99; R.T. = 0.2 min.

EXAMPLE 260
(R)-N-(3-Methyl-1,2,4-oxadiazol-5-yl)-4H-1"-azaspirofoxazole-5,3 -
20 bicyclof2.2.2]octan]-2-amine

H, N\(
N—</OJ\I

07N

N

N

Step A: Dimethyl 3-methyl-1,2,4-oxadiazol-5-ylcarbonimidodithioate
25

/
i
% o-N
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3.08(1 H, d), 2.70 - 2.98 (4 H, in), 2.01 - 2.21

(2 11, in), 1.50 - 1.84(3 H m Exanpl e Nunber
WORRDMB2RT (m n) LCVS ion [ MtH + | M NWVR | POIVBS 1080041076

MHz, DAISO DO 5 ppm 8.80 (s, 111), 8.19 (s, 163 PCT

H, 7.66 (s, 1 H, 6.80 (s, 111), 3.81 (s, 111),

3.56 (d, J=10.07 Hz, 1 H), 2.92 - 3.01 214 0.36

293. 14

To a solution of 3-methyl-1, 2, 4-oxadiazol-5-amine (490 mg, 4.94mmol) in
DMF (5ml) was added NaOH (20M, 0.5ml), CS, (I1ml), NaOH (20M, 0.5ml) and
iodomethane (1ml) slowly over 10 minutes. The mixture was stirred at room
temperature for 1 hour. The mixture became very thick, and 20 ml water was added.
5 The solid was filtered off, washed with water, and dried to obtain impure dimethyl 3-
methyl-1,2,4-oxadiazol-5-ylcarbonimidodithioate, a yellow solid ( 770 mg, 77%).
MS (LCMS) [M+H] =203.91; R.T. = 1.84 min. The product was used directly in the

next step.

10 Step B: (R)-N-(3-Methyl-1,2,4-oxadiazol-5-yl)-4H-1"-azaspiro[oxazole-5,3 -
bicyclof2.2.2]octan]-2-amine

H, /N\I(
N—<O/N

O\N

"II[/
N

15 A mixture of dimethyl 3-methyl-1,2,4-oxadiazol-5-ylcarbonimidodithioate
(280 mg, 1.37 mmol), (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (215 mg,
1.37 mmol) and cesium carbonate (942 mg, 2.89 mmol) in DMF (5ml) was stirred
overnight at room temperature. The mixture was concentrated and purified on a
Biotage silica gel column (100% ethyl acetate, then 10-35 % 9:1

20  methanol:ammonium hydroxide-chloroform) to obtain the desired product, (R)-N-(3-
methyl-1,2,4-oxadiazol-5-y1)-4H-1’-azaspiro[oxazole-5,3’-bicyclo[2.2.2]octan]-2-
amine (198 mg, 51.9%). 'H NMR (500 MHz, MeOD) & ppm 4.1-4.0 (d, 1H), 3.8-3.7
(d, 1H), 3.4-3.2 (d, 1H), 3.2-3.1 (d, 1H), 3.0-2.9 (m, 2H), 2.9-2.8 (m, 2H), 2.27 (s,
3H), 2.2 (m, 1H), 2.2-2.0 (m, 1H), 1.9-1.6 (m, 3H). MS (LCMS) [M+H] =264.05;

25 R.T.=0.26 min.

30
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| -'-()- C (m 2 H, 2.70 -2.79 (m 2 H, N

2.62 - 2.68 (m 2 H, 1.97 (s, 1 H, 1.87 (s, 1
wo0091387% (d, J=7.32 11z, 211), 1.40 - 1.4BCT/US20091941076
1 H) | HNMR (500 MHz, DAI SO DO 5 ppm 9. 01 (
111), 8.17 11983 PCT
EXAMPLE 261

(R)-N-(6-(Methylthio)pyrimidin-4-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

\
o~ N7
/N %

Step A: Dimethyl 6-chloropyrimidin-4-ylcarbonimidodithioate

To a solution of 6-chloropyrimidin-4-amine (1.295 g, 10 mmol) in N,N-

dimethylformamide (12 mL) was added dropwise NaOH (1 mL, 20.00 mmol, 20 M),
10 CS2 (1.5 mL, 24.88 mmol), NaOH (1 mL, 20.00 mmol, 20 M) and iodomethane (1.5

mL, 23.99 mmol) at 15 min intervals. Stirring was continued for 1.5 h and the

mixture was poured into water. The orange solid was separated washed with water,

dried and recrystallised from methanol to afford dimethyl 6-chloropyrimidin-4-

ylcarbonimidodithioate (0.966 g, 4.13 mmol, 41.3 % yield ) as a yellow solid. LCMS
15 R.T.=2.39; [M+H]" =234.08.

Step B: (R)-N-(6-(Methylthio)pyrimidin-4-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

20
To (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (0.9 g, 3.93 mmol)
in N,N-dimethylformamide (20 mL) was added Cs,CO; (2.69 g, 8.25 mmol) and
dimethyl 6-chloropyrimidin-4-ylcarbonimidodithioate (0.964 g, 4.12 mmol). The

suspension was stirred at room temperature for 18 hours, then heated at 100 C for 3
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(d, J=5.49 Hz, 2 H), 6.97 (s, 2 H, 6.83 (s, 1 H),

3.83 (s, 2 H), 3.57 (d, J=10.38 Hz, 2 H), 215 N

WO 200013102635 293.14 2.93 -3.01 (m 3 H), 2.74- PAT/US2009/041076
2.82 (m 311), 2.73 (s, 111), 2.66 (t, J=7.63 H2163 PCT
3 H, 1.98 (s, 211), 1.87 (s, 2 11), 1.53 -
1.62 (m 3 H), 1.41 -1.49 (m 2 11)

hours. The mixture was concentrated and purified by silica gel chromatography (5-
15 % 9:1 methanol:ammonium hydroxide-ethyl acetate) to afford (R)-N-(6-
(methylthio)pyrimidin-4-yl)-4H-1"-azaspiro[ oxazole-5,3'-bicyclo[2.2.2]octan]-2-
amine (0.21 g, 0.72 mmol, 48.2% yield) as a pale yellow solid. 'H NMR (400 MHz,

5 CDCL)dppm 9.43 (1 H, br. s.), 8.55 (1 H, d), 6.78 (1 H, br. 5.), 3.98 (1 H, d), 3.64 (1
H, d),3.37 (1 H, dd), 2.72 -3.06 (5 H, m), 2.51 (3 H, s), 2.08 - 2.24 (2 H, m), 1.69 -
1.81 (1 H, m), 1.41 - 1.64 (2 H, m). LCMS R.T.=0.93; [M+H]" = 306.29.

EXAMPLE 262
10 (R)-N-([1,2,4] Triazol[4,3-a[pyridine-3-yl)-4H-1 -azaspiro[oxazole-5,3 -
bicyclof2.2.2]octan]-2-amine
HN

7\

N

/{\N/N
Y

N

Step A: Di(1H-imidazol-1-yl)methanimine

15
NH

N NN
= =
To a solution of 1H-imidazole (42g, 617mmol) in dichloromethane (1L) was
added cyanogen bromide (22.5, 212 mmol) and the mixture was heated to reflux for
20 30 minutes, allowed to cool to room temperature and the white solid was filtered off.
The filtrate was concentrated to 100ml and stored in the refrigerator for 3 days. The
precipitated solid was filtered off to obtain 8g di(1H-imidazol-1-yl)methanimine
(49.6mmol, 8%). "H NMR (500 MHz, DMSO) & ppm 8.09 (s, 1H), 7.55 (s, 1H), 7.13
(s, 1H).
25
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1H NVR (400 MHz, CD C13) 6 ppm 8.56 (1 11, br.

s.), 7.94 (111, d, J=1.26 11z), 7.72 (1 11, d,
wd2928198¢), 5.14(1 H, spt, 216 )- 0.82 318. 30POEBSABI/041076

11z), 3.85 (1 11, d, J=9.06 Hz), 3.52 (1 H, d , Jz@ug?PCT

Hz), 3.30 (1 11, dd, _N-11--0 -( N J=14.8
1.51 Hz), 2.67- 3.03 (5 H m, 2.11 - 2.26 (1
H m

Step B: [1, 2, 4] Triazolo[4,3-a[pyridine-3-amine

5 To a solution of 2-hydrazinylpyridine (5.2g, 47.6 mmol) in THF (70ml) was
added di(1H-imidazol-1-yl)methanimine (7.8g, 48.4mmol). The mixture was heated
to reflux overnight. The crude mixture was evaporated and purified on a Biotage
silica gel column (0-25%, methanol-methylene chloride) collecting the purple-
colored spot, [1, 2, 4]triazolo[4,3-a]pyridine-3-amine (4.7g, 35mmol, 73.5%). 'H

10  NMR (500 MHz, DMSO) 8 ppm 8.05-8.0 (m, 1H), 7.44-7.40 (m, 1H), 7.08-7.0 (m,
1H), 6.74-6.70 (m, 1H), 6.35 (s, 2H). MS (LCMS) [M+H] = 134.98; R.T. = 0.1 min.

Step C: Dimethyl [1, 2, 4]triazol[4,3-a] pyridine-3-ylcarbonimidodithioate

=N,
N
xn N\/<
S—
Ni(
S—

15

To a solution of 1, 2, 4]triazolo[4,3-a]pyridine-3-amine (300 mg, 2.24mmol)
in DMF (5ml) was added NaOH (20M, 0.25ml), CS; (0.5ml), NaOH (20M, 0.25ml)
and iodomethane (0.5ml) slowly over 10 minutes. The mixture was stirred at room

20  temperature for 1 h and 10ml water was added to the reaction mixture. The
precipitated solid was filtered off, washed with water (100ml), and dried to obtain
230 mg dimethyl [1, 2, 4]triazol[4,3-a]pyridine-3-ylcarbonimidodithioate (0.96
mmol, 43.1%), a white solid. "H NMR (500 MHz, CDCI3) & ppm 8.17 (d, 1H), 7.7
(d, 1H), 7.24-7.22 (t, 1H), 6.84-6.80 (t, 1H), 2.71-2.68 (d, 6H). MS (LCMS) [M+H] =
25  238.94; R.T.=1.26 min.
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J=13.17, 9.84, 3.65, 3.42, 3.42 Hz), 2.07(1 H, hr.

s.), 1.62 - 1.75 (1 H m, 1.41 - 1.59 (2 H,

wWOopQooaA3nve{ 6 H d, J=6.30 Hz) Exanpl e Nunber RT/UENB/041076
RT (min) LCMS lon [ MrHr 111 NNIR | HNMR (400 N+FQ§3PCT
DAl SO DO 5 ppm8.09 (s, 111), 7.53 (s, 1 ;
3.80 (s, 1 H, 3.54 (d, J=10.32 Ilz, 111), 3.07 -
3.18

Step D: (R)-N-([1,2,4] Triazol[4,3-a]pyridine-3-yl)-4H-1-azaspirofoxazole-5,3 -

8
N
HN/<\N/N
o/\<N

iyl

bicyclof2.2.2]octan]-2-amine

A mixture of dimethyl [1, 2, 4]triazol[4,3-a]pyridine-3-ylcarbonimidothioate
(120 mg, 0.50 mmol), (S)-3-(aminomethyl)quinuclidin-3-o0l dihydrochloride (120 mg,
0.76 mmol) and cesium carbonate (492 mg, 1.5 mmol) in DMF (5ml) was heated at
70 °C for 6 hours. The mixture was concentrated and purified on a Biotage silica gel
10 column (100% ethyl acetate, then 10-35 % 9:1 methanol:ammonium hydroxide-
chloroform) to obtain the desired product, (R)-N-([1,2,4]triazol[4,3-a]pyridine-3-yl)-
4H-1’-azaspiro[oxazole-5,3’-bicyclo[2.2.2]Joctan]-2-amine (97.2 mg, 61.5%). 'H
NMR (500 MHz, CDCI13) é ppm 8.2-8.1 (d, 1H), 7.6-7.5 (d, 1H), 7.2-7.1 (t, 1H), 6.7-
6.6 (t, 1H), 4.1-4.0 (d, 1H), 3.7-3.6 (d, 1H), 3.5-3.4 (m, 1H), 3.1-2.7 (m, 5H), 2.4-2.2
15  (m,2H), 1.8-1.7 (m, 1H), 1.7-1.5(m, 2H). MS (LCMS) [M+H] =299.3; R.T. = 1.22

min.

EXAMPLE 263
(R)-N-(6-bromothiazolo[5,4-b]pyrazin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
20 bicyclof2.2.2]octan]-2-amine

H N—z N
1~ T
@OT ST N Br
[N "z//N
Step A: Dimethyl 6-bromothiazolo[5,4-b]pyrazin-2-ylcarbonimidodithioate

N S;_/
N s
LI
Br” "N~ S
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\

(m 1 H, 2.91 -3.01 (m 3 H), 217 0.18 342.19

2.75 (d,Hz, 2 H), 2.60 .7=8.31 /-XcriD AA/ N

WO 200913102 2 H), 2.19 (q, 1=8. 90 Hz, HCHAIS2009/041076
2.01 -2.12 (m 411), 1.94 (s, 111), 1.83 (d, s pCT
.7=15.11 Hz, 2 H), 1.56 (s, 3 11), 1.43 (s, 1 11§

10

15

20

25

To a suspension of 6-bromothiazolo[5,4-b]pyrazin-2-amine (700 mg, 3.03
mmol) in DMF (3 mL) was added 16.0M sodium hydroxide (400 pL, 6.40 mmol).
The mixture was allowed to stir 10 min at room temperature at which time carbon
disulfide was added (450 uL, 7.57 mmol) and the resulting reddish brown mixture
was stirred for 10 minutes. An additional portion of 16.0M sodium hydroxide (400
uL, 6.40 mmol) was added and the mixture was again stirred for 10 minutes. Finally,
iodomethane (450 uL, 7.27 mmol) was added dropwise. The mixture was stirred for
5 minutes, at which time a voluminous yellow precipitate had formed. The mixture
was poured into water and the solids were collected by filtration to afford dimethyl 6-
bromothiazolo[5,4-b]pyrazin-2-ylcarbonimidodithioate (680 mg, 67% yicld) as a
yellow solid of sufficient purity to use without further purification. IH NMR (400
MHz, CDCls) & ppm 8.63 (s, 1 H) 2.68 (s, 6 H).

Step B: (R)-N-(6-bromothiazolo[5,4-b]pyrazin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine

u N
LT
AST AL

A mixture of dimethyl 6-bromothiazolo[5,4-b]pyrazin-2-
ylcarbonimidodithioate (300 mg, 0.895 mmol), (S)-3-(aminomethyl)quinuclidin-3-ol
dihydrochloride (210 mg, 0.895 mmol) and cesium carbonate (600 mg, 1.79 mmol)
in acetonitrile (25 mL) was heated on a 100 °C oil bath for 2 hours in an open flask,
with nitrogen bubbling through the solution the entire time to help in the removal of
methanethiol. After 2 hours, TLC showed the reaction to be complete, so the mixture
was cooled to ambient temperature, diluted with water and concentrated in vacuo.
The mixture was extracted with chloroform (4x). The combined organics were
washed with brine, dried over sodium sulfate, filtered , concentrated in vacuo, and the
crude residue was purified by silica gel chromatography (2-40 % 9:1

methanol:ammonium hydroxide-chloroform). The product fractions were combined
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EXAMPLE 218

(12) - N-(6-1net hoxyner hyl) pyrimdi n-4-y1l)-4H 1' - azaspir
WoRmEAazIvke- 5, 3' - bicycl o[ 2. 2. 21oet an] - 2- am ne BCT/USK089041076

A: 6-(Methaiymethyljpyrimdin-4-of OHN N To a 163 PCT

sol ution of nethyl 4-nethoxy-3-oxobutanoate (3.54 ]nlL,

26.5 mmol) in 10 net hanol (30 rH) was added

formam di nc acetate (3.07 g, 29.2 mmol) and sodi um

ide (13, m, 584 Xt ur t hen
s bR IER (R Bt ORI A RO RSBt o RaA Y411
t enpeszadpibRxatoefn3' ctﬁmbm 2.2Jo€@n]-F alamwmodﬂg mlélaj(en
up in water and the pH adjusted to 7

aquéfa&ﬂ%@mm&wé%%é e a8 g 1) Ié}ﬁ i‘ﬁ @f bﬁﬁf‘ Ofrﬁ(é 879

conpyi, ned) @w@m@ YPMersHYRELdr -89 0QViET6 ﬁ@qrmsz 1503 08 (m, 5
sul fate, 15filtered and concentrated to aff

8- (HRRABXyAR(hy? ﬁbWB mil &t amaLldp-00.19.88 4d 7, ‘91’8152 nfd) 1.52 - 1.65

% A = [ MtH = 141. 20.
gﬁh%%&/%@ (rret hoxgwrrg?hyp%ﬁgl%m dine CI NN ?"-

6- ( Met hoxynet hyppyri mdin-4-ol (1.38 g, 9.85 mmol) was
taken up in dichloronetha 8)4 and phosphor ous
oxychloride (9 nmL, 97 mmo was added 5at anbi ent

t enperrRtNHE(mellhéhin tkztzzu’ld S\l pstutin12ed) - - 1 aadaserd/ ofaovie-28 -

and concentr at ed. taken up in
1'?ce wat er and the pH §;OZ%ngqcé’\§?t§Efm7"%th IN sodi um
hydroxi de. The m xture was extrggted W th chloroform
and dried over sodium sul fatﬁ /| I (er d and

concentrated in vacuo. esi gurified by
col utm chr omat ogr ap % et hyl
f

acet at e/ chl or oforn) f/ord 4-chl or o- 6-
10( et hoxymet hyppyri m d| ne (1.2 g, 7.57 mmol, 77 %
yield) as a pale yellow oil, which solidified on

st andi ng? nHHuQURdmaRsy | (rsometivagoialp. b Ipyadis288 (1 H, d,
J= 16Q&rbblﬁ)mdoﬁlt1§8£t% frbin Sﬁs‘,p At EQngl%)z& 6106%1&( 3. 2b'8 n§ﬁol) (S)-3-

115 Qemppr@th%)qemﬂ@tdﬂawmmrmﬂwi%(@ﬁ mgAl%Pﬁnnm@l) and\ﬁsmm

c ﬁa[rtéorngteg‘lm %% hoxy%%ltopylf ?py ] )n\gas plac%d ina 17dr%%1 vial and
mmhgat@m i foathyfoir obdudat gvn@h fiimic, st Gt 4100 me,

o enp e g A8 LA R it £ R e Bl e

t ri tanaittedmbichtrc@Perbtorrant (pom‘[ad mutcdwater (20 mL) and the resulting solids

2&8&%}&0@{ ngt yflll‘PI"R n aﬁ%% be{ sﬂ{chgaﬁﬁ%mg% m(gjéfb"/

Cl 3)) 1GnqmlﬁuimBarﬂlﬂ(ﬁrﬁuﬂrlhy&))mdﬁclﬁ&ofoimb-l Tis producil 2¢Rioht whrt .

Qorét[ Rﬁpﬁ]nd gbrﬁ b %5{ znz Bt{%ff%)d ®RMR. S M RniSintazolors 4-
4 I K}pmmcz ylanat 1&@@@@@@@@5& bu@y[:rzlzm @htm 2Mm1ncqf52$1g,
ht orange sol ut
1, 116%6(#6%%%% éﬁOB_\MIiI% RGP P HHH)9 Hheree. 15?11) &p1 (3, 151g) 4.03
25”“3@ JM@% HE‘ 1%?@47(%0?@%@? 18 ﬁﬂ’%@%li 9m9§3qwﬁ ?{) 273 -

- (et hoxymet hyppyri'm di n-'4- am ne (0.

3. 5@ lﬂfml 3 H)r?}é3 v éﬁﬂgé 1§0I212t5|(@1n2 Wad.- 42t ildpéar, AH). &%KI&{MS)

te atuyre The solution was purified by

corgﬁlrn clmé‘o M?%I rap 04( 0-40 % et hyl acet at e/ hexanes)

to afford 4-isothi ocyanat o- 6-

(et hoxymet hyl ) pyri mdine (0.32 g, 1.77 nmol, 490/)

yield) as a yellow solid. 1H5 NWR (400 MHz, CD C13) 6
3ppm 8.91 (1 H, d, J=1.26 Hz), 7.19(1 H, d, J=1.01 Hz),

4.52 (2 H s), 3.49(3 H s). M5 (LOM) RT. = 1.39;

[ MMHr = 182.10. Step E:

(R N-(t-011let hoxymet hyQpyri m g§7n- 4-y0-4H-| - azaspi r o[ ox

azol e-5, 31- bieyel p[2.2.2]octun] -2-amne 10 To

(S)-3-(am nonet hyl ) qui nucl i di n-3-0! di hydrochl ori de

(0.39 g, 1.71 mmol) in dinethyl fom am de was added

cesium carbonate (1.39 g, 4.28 mmol) and 4-

i sot h| ocyanat 0- 6- (rret hoxyrret hyl ) pyr| m d| ne (O 31 g,

A -— — s s . o, .



EXAMPLE 219

(R -N-(5-(Cycl opentylaiy)pyrimdin-2-y0-4H 11-azaspiro
wQ 2009281926 5, 31- bi cycl o 2. 2. 2] oct anl - 2- am ne  PCT/US2009/041076

NHN-4" O--s(Nidit"/Nl 5 Step A. 2-Chloro-5 11163 PCT

(cycl opentyl oxy)primdine CI AN cr,0 A m xture of

2-chloropyrimdin-5-o0l (1 g, 7.66 nmmuol),

chl orocycl opentane (2.39 nL, 22.98 mmol) and potassi um

carbonate (3.18 g, 22.98

10di net hyl f oi mam de were ﬁb/)éj&E;t“GS Cfor 16 h at

anbi enRr)-NevRes R\ izo W5, €4 pWasidad A9 0-saind- & pirBfoxtilees, 3 -
was extracted with eth | acetate. The organic |ayer

was washed with water ’%Yﬁ(f? [Hf-Pinsiangieid@incover  sodi um

sul fate and concentrated in vacya / ne resi due was
purified by colum chromato maﬁh %25 % et hyl

acet at e/ hexanes) to af f/prd— o~

2-chl or o- 5- (cycl opent @Zb,)pyrl i di ne (831 ny, 4.18
nmol , 54.60/) vyield) a white solid. M5 (LC/ M)

. T. = 2.32; [MHHr = 199.23. Step B: 5-(Cycl open
oxi ) pyrimdin-2-amne NH2 N cro

5- ( Oyr Uoperarkdxokipy@yfSi 4 /gy mm Riralriaméiewas prepared from
2-chl oro-5- 20(cycl opentyl oxy) pyri m di ne by foll ow ng
the general procedures of Exanple 218, Step C. .1F1

NVR (400 MHz, a|ISOd6) S N99 (2 H, s), 6.18(2 H,
s), 4.54 - 4.75(1H Ba- Y-8, (8 H m. M
(LOMB) RT. = 1.47; :N18(§ 24, Step C

(10- N- 15- (Cycl opent yl oxy) primdin-2-y0-4H 11-azaspiro]
oxazol e- 5,3 - hicyclo[2.2.2Joctuni-2-amne if 0-s(N
1019j " 1"/ ]ﬂhyl 5- chlorothlazolo[S 4- d]pyrlmldm 2- ylcarbamate (250 mg, 0.966 mmol)
(R - N-(5 (Cycl openty oxﬁpyrlm in-2 O¥ -azaspir
o[ oxayvreengedm Meil ehanb] ond 2 23 e wh Qtoamf ﬁ@l%@ethomde in
pr e RRIngAbi Rl G GlLORED L MXVIRYEL B on AU BN
follow ng the general procedures of anpl e 23, Steps

A- BovarHgiNMRoled @@ ambignt terpesgmedupred lp)tpr«rn smh(olmne gfj water and

v 7%‘“@%% [orn By R g Byl bf By 85 4
15 3 08sqnttinthe wjuco@ phdse- sozhi® Gvag Qoneentrjed td red@ue, agd 08n (ikgolved

@a snll\ﬁ %t’v@llﬁa%{,(l'e(nét e\%l\g\?% ;tg [;%F he resu@%‘léoﬁt%o& a01dlct) and

The Conpoun S in esl ze CCOf
t heexrected dgad whHk ErpAe(52 1 8Thesiomdyintth ergampsr wpe watled Wlth brine,

|aII avail ab %ﬁlrdes in Exanple 218,
St e O R oy SR bR R BN R Lo ke
( lTTTMelho%ak@m SlaMApYrithidioNMenine (144mg, 0.790 mmol, 82 % yield) was
20  thus obtained as a white solid. 1H NMR (400 MHz, DMSO-d) d ppm 8.43 (s, 1 H)
7.81 (s, 2 H) 3.90 (s, 3 H). MS (LC/MS) R.T. =0.73; [M+H]" = 183.03.

Step B: Dimethyl 5—meth0xythiazolo[5,4—d]pyrimidin—Z—ylcarbonimidodithioate

\At*)_s

25
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1H NMR (400 MHz, CDC13)6 ppm 9.82(1 H, hr. s.),

8.62(1 H, s), 7.95(1 H, dd, .7=8.18, 1.13 Hz) ,

w(Q@ 20021984 dd, .7=8.18, 1.13 Hz), 7.58 - 7P@HU$0MA41076

m .7=7.62, 7.62, 7.05, 1.39 Hz), 7.51 (1 H -N 11163 PCT

220 I 0.99 310.30 ddd 7=7 68, 7.05, 1.26 Hz), 4.05

.11 (1 H d, .7=9.32 Hz), 3.70 (1 H, d, .7=9.57

Hz), 3.39 (1 H dd, J=14 .86 , 1.51 Hz), 2.72 -

3.06 (5 To a suspension of 5-methoxythiazolo[5,4-d]pyrimidin-2-amine (911 mg,
5.00 mmol) in DMF (5 mL) was added 20.0M sodium hydroxide (500 uL, 10.00
mmol). The mixture was allowed to stir 10 min at room temperature at which time
carbon disulfide was added (750 pL, 12.50 mmol) and the resulting reddish brown

5  mixture was stirred for 10 minutes. An additional portion of 20.0M sodium
hydroxide (500 uL, 10.00 mmol) was added and the mixture was again stirred for 10
minutes. Finally, iodomethane (750 uL, 12.00mmol) was added dropwise. The
mixture was stirred for 5 minutes, at which time a voluminous yellow precipitate had
formed. The mixture was poured into water and the solids were collected by

10  filtration to afford a yellow solid that was further purified by silica gel
chromatography (2-20% EtOAc/CHCIs) to provide dimethyl 5-methoxythiazolo[5,4-
d]pyrimidin-2-ylcarbonimidodithioate (380 mg, 27% yield).

IH NMR (400 MHz, CDCIlz) & ppm 8.90 (s, 1 H) 4.09 (s, 3 H) 2.66 (s, 6 H).
15 Step C: (R)-N-(5-methoxythiazolo[5,4-d]pyrimidin-2-yl)-4H-1"-azaspiro[oxazole-
5,3"%bicyclo[2.2.2]octan]-2-amine
N N
Nasgw
A mixture of dimethyl 5-methoxythiazolo[5,4-d]pyrimidin-2-

20  ylcarbonimidodithioate (100 mg, 0.349 mmol), (S)-3-(aminomethyl)quinuclidin-3-o0l
dihydrochloride (80mg, 0.349 mmol) and cesium carbonate (228mg, 0.698 mmol) in
DMF (1.7 mL) was heated to 100 °C for 2 hours. The reaction mixture was cooled to
ambient temperature, poured into water and the solids were collected by filtration to
afford (R)-N-(5-methoxythiazolo[5,4-d]pyrimidin-2-yl)-4H-1'-azaspiro[oxazole-5,3'-

25  bicyclo[2.2.2]octan]-2-amine (78 mg, 64% yield). IH NMR (500 MHz, CDCls) &

ppm 9.12 (br. s., 1 H) 8.63 (s, 1 H) 3.95 - 4.18 (m, 4 H) 3.71 (d, J=9.77 Hz, 1 H) 3.41
(d, J=15.26 Hz, 1 H)2.74 - 3.10 (m, 5 H) 2.11 - 2.27 (m, 2 H) 1.71 - 1.86 (m, 1 H)
1.50 - 1.70 (m, 2 H). MS (LC/MS) R.T. = 1.66; [M+H]* = 347.0.
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H m, 2.12 -2.26 (2 H m, 1.69 - 1.80 (1 H m,

145- 1.64 (2 H, m. M. 212-5 C Exanpl e Nunber
wWOR0R/TM26N (m n) LCVS lon [ MF111+ I H NWR AET/BR4R09/041076

(400 MHz, LEIBO-16) C 6 ppm 8.31(1 H s), 7.80(1 . 5r

H 221, 40 1.32 180.09 d, .7=9.52 Hz), 7.55 (1 H

dd, .7=8.81, 2.52 Hz), 7.50(1 H, d,

EXAMPLE 266
(R)-N-(5-Ethyl-1,3,4-oxadiazol-2-yl)-4H- 1 -azaspirofoxazole-5,3 -
bicyclof2.2.2]octan]-2-amine

S

\
_N
e
O\N

5 N

Step A: Dimethyl 5-ethyl-1,3,4-oxadiazol-2-ylcarbonimidodithioate

Bt

To a solution of 5-ethyl-1, 3, 4-oxadiazol-2-amine (2.26g, 20 mmol) in DMF
(10ml) was added NaOH (20M, 2ml), CS, (3ml), NaOH (20M, 2ml) and

10

iodomethane (3ml) slowly over 10 minutes. The mixture was stirred at room
temperature for 2 h and poured into 30 ml water. The precipitated yellow solid was

15 filtered off, washed with water, and dried to obtain the desired product, dimethyl 5-
ethyl-1,3,4-oxadiazol-2-ylcarbonimidodithioate, a white solid (2.6 g, 59.8%). 'H
NMR (500 MHz, CDCI3) & ppm 2.86-2.83 (q, 2H), 2.63 (s, 6H), 1.3901.35 (t, 3H).
MS (LCMS) [M+H] =217.95; R.T. = 1.93 min.

20  Step B: (R)-N-(5-Ethyl-1,3,4-oxadiazol-2-yl)-4H- 1 -azaspirofoxazole-5,3 -

bicyclof2.2.2]octan]-2-amine
O\é
HN/<\

N/\N
A

N

N
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.7=9.06 Hz), 7.13 (2 H, s) 111 NMVR (400 M| z,

MeOD- 14) 6 ppm 8.60 (s, 111), 7.60 (d, 1=6. 04
wdimendmig, 7.52 (s, 111), 4.04 - 4.17 (i npCULIHNN9/041076

3.73 -3.87 222 N 0.90 316.30 (in, 111), 3.23 - 3.26 ..

(in, 111), 3.07- 3.19 (in, 111), 2.88- 3.01 S

(m 2 H, 2.75 - 2.88 (m 2 H), 2.08- 2.27 (in,

211), 1.56- 1.86

10

15

20

25

A mixture of dimethyl 5-ethyl-1,3,4-oxadiazol-2-ylcarbonimidodithioate (327
mg, 1.5 mmol), (S)-3-(aminomethyl)quinuclidin-3-ol dihydrochloride (235 mg, 1.5
mmol) and cesium carbonate (1000 mg, 3.16 mmol) in DMF (10ml) was stirred
overnight at room temperature. The mixture was concentrated and purified on a
Biotage silica gel column (100% ethyl acetate, then 10-35 % 9:1
methanol:ammonium hydroxide-chloroform) to obtain the desired product, (R)-N-(5-
ethyl-1,3,4-oxadiazol-2-yl)-4H-1’-azaspiro[ oxazole-5,3’-bicyclo[2.2.2]octan]-2-
amine (290mg, 66%). 'H NMR (500 MHz, MeOD) & ppm 4.05 (d, 1H), 3.74 (d, 1H),
3.3-3.2(d, 1H), 3.2-3.1(d, 1H), 3.0-2.9(m, 2H), 2.9-2.8 (m, SH), 2.2 (s, 1H), 2.15-2.0
(m, 1H), 1.9-1.6 (m, 3H), 1.4-1.3 ('t, 3H). (m, 2H). MS (LCMS) [M+H] = 278.09;
R.T.=0.48 min.

EXAMPLE 267
(R)-N-(3,5-Dichloropyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3 -bicyclof2.2.2]octan] -
2-amine

Cl
O—‘I\-<|N }\l / Cl
[N ) /N

Step A: 3,5-Dichloro-2-isothiocyanatopyridine

Sﬁl cl
N A

N
/CI

To 3,5-dichloropyridin-2-amine (0.36 g, 2.209 mmol) in dichloromethane (25
mL) was added 1,1'-thiocarbonyldipyridin-2(1H)-one (0.523 g, 2.253 mmol). The
reaction was stirred at 40 °C for 3 hours. The reaction was cooled to room
temperature and the crude was purified by chromatography (Biotage: 25-100% ethyl
acetate/hexane) to yield to yield 3,5-dichloro-2-isothiocyanatopyridine (0.4 g, 1.951
mmol, 88 % yield). 1H NMR (500 MHz, DMSO-D6) 6 ppm 8.50 (t, /=2.59 Hz, 1
H), 8.45 (t, /=2.59 Hz, 1 H). MS (LC/MS) R.T. =2.07; [M+H]" = 204.8.
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(m 3 H 111 NWMR (400 M1z, MeOD- 14) 6 ppm

8.52 (1 11, s), 7.30 (1 11, d, 1=1,01 11z), 4.03 -
wae2®9181m26l1, S in), 3.76 (1 11, d, 1=10.07 BAWYS20896+1076
2.28 358.20 3.16 - 3.27 (2 11, in), 3.06- 3.14

(111, in), 2.68- 3.01 (411, in), 2.01 - 2.23 (P1O3PCT
11, in), 1.54 - 1.82 (311, in), 1.37 (6 11,
d, 1=6. 80

Step B: (R)-N-(3,5-Dichloropyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-
bicyclof2.2.2]octan]-2-amine
Cl

HN@‘CI
o’\( }\1 /
[Nﬂjw“

5 To 3,5-dichloro-2-isothiocyanatopyridine (0.11 g, 0.55 mmol) in N,N-
dimethylformamide (10 mL) was added EtsN (0.17 mL, 1.21 mmol) and (S)-3-
(aminomethyl)quinuclidin-3-ol dihydrochloride (0.13 g, 0.56 mmol) at room
temperature. The reaction was stirred at 70 °C for 2 hours. The reaction was cooled
to room temperature and concentrated iz vacuo. The crude urea was purified by

10 chromatography (Biotage: 85% CHCl3, 14% MeOH, 1% NH4OH). The product was

then treated with N,N-dimethylformamide (10 mL) and N, N'-
diisopropylcarbodiimide (0.26 mL, 1.65 mmol). The reaction was heated to 70°C for
2 hours. The reaction was cooled to room temperature and concentrated in vacuo to
yield the crude product. The crude product was purified by chromatography

15 (Biotage: 85% CHCI3, 14% MeOH, 1% NH4OH) to yield (R)-N-(3, 5-
dichloropyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3'-bicyclo[2.2.2]octan]-2-amine (0.08
g, 0.24 mmol, 44 % yield) as a white powder. 1H NMR (500 MHz, DMSO-D6) d
ppm 891 (s, 1 H), 8.11 - 8.17 (m, 1 H), 7.97 (d, /=2.44 Hz, 1 H), 3.84 (d, /=9.77 Hz,
1 H), 3.59 (d, J/=9.77 Hz, 1 H), 2.95 - 3.04 (m, 2 H), 2.72 - 2.81 (m, 2 H), 2.66 (1,

20 J=7.63Hz, 2H),2.01(s,1H),1.89(s, 1 H), 1.54 - 1.62 (m, 2 H), 1.42 - 1.50 (m, 1
H). MS (LC/MS)R.T. =0.78; [M+]" =326.1.

EXAMPLE 268
(R)-N-(5-chlorothiazolo[ 5,4-b]pyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3’
25 bicyclof2.2.2]octan]-2-amine

N~
0~ _<S SN
AT

Cl
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112) | HNMR (400 MHz, Af eOD- d4) 6 ppm 8.63 (1

H s), 6.73 (1 H hr. s.), 4.02(1 H d, 1=10, 32
WOR9/1397@(1 H, d, J=10.32 Hz), 224 0.86 302.BI/BSIF/641076
3.25 (1 11, in), 3.01 - 3.13 (LH m, 2.68 - 2.
(5 H m, 1.98 - 2.16 (2 11, in), 1.51- 1.82 frig{ecr

(311, in), 1.24 (6 11, d,1=7.05

Step A: Dimethyl 5-chlorothiazolo[5,4-b] pyridin-2-ylcarbonimidodithioate

S;_/
N S
LT

cI” °N” S

To a suspension of 5-chlorothiazolo[5,4-b]pyridin-2-amine (930 mg, 5.00
5 mmol) in DMF (5 mL) was added 20.0M sodium hydroxide (500 uL, 10.00 mmol).
The mixture was allowed to stir 10 min at room temperature at which time carbon
disulfide was added (750 pL, 12.50 mmol) and the mixture was stirred for 10
minutes. An additional portion of 20.0M sodium hydroxide (500 pL, 10.0 mmol)
was added and the mixture was again stirred for 10 minutes. Finally, iodomethane
10 (750 uL, 12.00 mmol) was added dropwise. An exotherm was noticed during this
addition. The mixture was stirred for 15 minutes, at which time a voluminous
precipitate had formed. The mixture was poured into water and the solids were
collected by filtration. Most of the collected solids were pale yellow and crystalline.
A few small clumps of a slightly darker gummy orange solid were also present, and
15  these were manually removed and discarded. The remainder was the title compound,
dimethyl S-chlorothiazolo[5,4-b]pyridin-2-ylcarbonimidodithioate (1.00g, 69%
yield). 1H NMR (400 MHz, CDCl3) & ppm 8.04 (d, /=8.53 Hz, 1 H) 7.38 (d, J=8.53
Hz, 1 H) 2.66 (s, 6 H).

20  Step B: (R)-N-(5-chlorothiazolo[5,4-b]pyridin-2-yl)-4H-1"-azaspirofoxazole-5,3’

bicyclof2.2.2]octan]-2-amine
N~
< L
{ STON
/N

s

A mixture of dimethyl 5-chlorothiazolo[5,4-b]pyridin-2-

Cl

25  ylcarbonimidodithioate (100 mg, 0.35 mmol), (S)-3-(aminomethyl)quinuclidin-3-ol
dihydrochloride (79mg, 0.35mmol) and cesium carbonate (225mg, 0.69mmol) in
DMF (1.7 mL) was heated to 100 °C for 2 hours. The reaction mixture was cooled to

ambient temperature, poured into water and the solids collected by filtration. The
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112) 1H NMR (400 MHz, AfeOD- d4) 6 ppm 8. 60( 1

H s), 6.71 (1 H, hr. s.), 4.02(1 H, d, 1=10, 32
WQR299/18826 9 274 19 . Hz), 3.71 (1 H, d, J=10. 312(?151@2009/041076
3.17 - 3.24 (1 H 1), 3.04- 3.13 (1 H m,
3.02 (4 H m, 2.37 (3 H s), 1.99 - 2. 2OF¥§3PCT
Hl

crude solids were purified by silica gel chromatography (2-40 % 9:1
methanol:ammonium hydroxide-chloroform) to afford (R)-N-(5-chlorothiazolo[5,4-
b]pyridin-2-yl)-4H-1"-azaspiro[oxazole-5,3' bicyclo[2.2.2]octan]-2-amine (62mg,
51% yield). IH NMR (400 MHz, DMSO-ds) 6 ppm 9.13 (br. s., 1 H) 7.93 (d, J=8.53
5 Hz, 1H)745(d, /=828 Hz, 1 H)3.92 (d, /~10.29 Hz, 1 H) 3.67 (d, /=10.29 Hz, 1
H) 3.00 - 3.14 (m, 2 H) 2.77 - 2.93 (m, 2 H) 2.69 (t, J/=7.65 Hz, 2 H) 2.12 (br. 5., 1 H)
1.95 (br. s., 1 H) 1.43 - 1.72 (m, 3 H). MS (LC/MS) R.T. = 1.10; [M+H]" = 350.10.

EXAMPLE 269
10 (R)-N°, N°-dimethyl-N’-(4H-1"-azaspiro[oxazole-5,3"-bicyclo[2.2.2]octane] -2-
vl)thiazolo[5,4-d]pyrimidine-2,5-diamine

HN— r|
0_,\< S \N/I\N/
[N "I//N |

Step A: Ethyl 5-chlorothiazolo[5,4-d]pyrimidin-2-ylcarbamate
0]
2 N >—0
Sk
NS
cI”N” TS

Ethoxycarbonyl isothiocyanate (4.32 mL, 36.6mmol) and 2,4-dichloro-

15

pyrimidin-5-ylamine (3.00 g, 18.29 mmol) were mixed neat and sonicated for 5
minutes to help dissolve. The mixture was stirred at ambient temperature for 10

20  minutes, at which time the entire mixture had solidified. Methanol (100 mL) was
added and the mixture was refluxed for 30 minutes, cooled to ambient temperature
and the solids were collected by filtration to afford ethyl 5-chlorothiazolo[5,4-
d]pyrimidin-2-ylcarbamate (3.8g, 80% yield). 1H NMR (400 MHz, DMSO-ds) 6 ppm
12.64 (s, 1 H)9.05 (s, 1 H) 4.31 (q, /=7.19 Hz, 2 H) 1.32 (t, /=7.15 Hz, 3 H).

25
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m, 1.32- 1.88(3 H, m "H NVR (400 MHz, AfeOD-d4)

6 ppm8.38 (2 H, s), 3.97 (1 H, d, .7=10.07 Hz),
W@2@60319%¢ d, 226 N) 0.37 274.26 / J=10. 07 Hz)PCBUIH09/041076

325 (1 H H L., .7=7.55 Hz), 2.73 - 2.86 (2 1-- | por

N H m, 2.21 (3 H, s), 2.03 - 2.16 (2 H,

m, 1.45- 1.86(3 H m Exanpl e : St unner

Step B: Ethyl 5-(dimethylamino)thiazolo[5,4-d]pyrimidin-2-ylcarbamate
o
= N >—0
I
\ITI N S

Ethyl 5-chlorothiazolo[5,4-d]pyrimidin-2-ylcarbamate (300 mg, 1.16 mmol)

5 was suspended in a 2.0 M solution of dimethylamine in methanol (5.0 mL, 10.00
mmol) in a pressure vessel, which was sealed and heated overnight on a 75 °C oil
bath. The mixture was cooled to ambient temperature, the solvent was evaporated
and the residue was partitioned between aqueous bicarbonate and chloroform and
extracted 3 times. The combined organics were washed with brine, dried over

10  sodium sulfate, filtered and concentrated in vacuo to afford ethyl 5-

(dimethylamino)thiazolo[5,4-d]pyrimidin-2-ylcarbamate (236 mg, 99% yield). 1H
NMR (400 MHz, DMSO-ds) & ppm 11.97 (s, 1 H) 8.67 (s, 1 H) 4.26 (q, /=7.03 Hz, 2
H) 3.17 (s, 6 H) 1.16 - 1.40 (m, 3 H). MS (LC/MS) R.T. = 1.88; [M+H]" = 268.09.

15 Step C: Ethyl N°,N°-dimethylthiazolo[5,4-d]pyrimidine-2, 5-diamine

NtN\
\N)\\NI S>—NH2
|

Ethyl 5-(dimethylamino)thiazolo[5,4-d]pyrimidin-2-ylcarbamate (236mg,

0.88 mmol) was suspended in a 25% (w/w) solution of sodium methoxide in

20 methanol (5 mL, 23.0 mmol) and the mixture was heated to reflux overnight. The
reaction mixture was evaporated to dryness and the residue was partitioned between
water and chloroform and extracted 3 times. The combined organics were washed
with brine, dried over sodium sulfate, filtered and concentrated iz vacuo to afford
ethyl N°,N°-dimethylthiazolo[5,4-d]pyrimidine-2,5-diamine (170 mg, 99% yield) as a

25  white solid. IH NMR (400 MHz, DMSO-ds) 6 ppm 8.27 (s, 1 H) 7.44 (s, 2 H) 3.10
(s, 6 H).
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Rl LCMS Rl (min) LCVS lon [MrH ' 1-1 NVR 227 N--\ /
0.96 288.31 '11 NMVR (400 M1z, Al eOD d45 ppm 8. 41

W@ 209131926 3.98 (1 11, d, 1=10.07 11z), 3.67 (ACTLS2009/041076
1=10. 07 11z), 3.17 - 3.25 (1 11, in), ( 3.02 .432. 7§%§PCT
11, in), 2.57 (2 11, (4, J=7,55 11z), 2.01 - 2.23 {!
11, in), 1.48- 1. 84 (311, in), 1.22 (3 11, t, J=7.68
11z) i i j EXAVPLE 228

R) - 6 r oet I|d| 0-411- 1|
() sha 3%1["6%@ ra’é R B 4 s sl o arm ne
\  INHCEEmBlRAPhibte
4-Chl oro-6-(2Z2,2-trifluoroethoxj)pyrimdine ANa | O N

I\CF3 A solution of 2,2,2- trlfluoréethanol (2.61 g,
26.10 mmol) in tetrahydrof an NlO(s sm) was added
dropwi se to a suspension gf Sod hydride (1.31 g,
32.60 mmol) in tetrahyd‘r,@f’@:(ﬂ8 m) at 0 C. The

m xture was stirred at Ol C for 30 mn and a sol ution

of 4,6-dichloropyrimdine (3.6 g, 24.16 mmol) in
tetrahydrofuran (12 m) was added at 0 C. The reaction

g xture PagssapdikioRdf ahyaN e thGRMSIRI SIER] Ify@i&m@nélz and
poured into sat. aqueous ammoni um chl ori de and

ext Aigeined 1) ng Oe%lﬁynm@lé e RME (1 mig wppadded B)-0 M seddiygp Bydroxide

ext p@%ﬂ"@@o mmeeth\éﬂﬂlﬁu%a% RalloWéd t%QtnOMﬁEnn@%ﬁﬁeﬁﬁﬂérature at
sul fate and concentrated in vacuo. The orange resid

wast@hMﬂw@@bbyd@@ﬁdﬁﬂﬁ%ﬁh@ﬁﬁﬂ@gLa%hyxﬁmmdﬂmwwﬁwuﬂgﬁﬂdwh
ace I f

L S e e
1§i ehgroxdide @0@al.e2.§ gintobvwasiad dedvBd (tlLeG:mMS)re WasTagain sarre‘;’csfor 10

[ M+El1n tesz%ﬁlaﬁy‘?‘,l\@ﬁrﬁ% Ef) %190 Lgcﬁ%%n orlywés a(adé)ae&ro XiXQ. pl“l{ei m

am I ne
6 ( ﬁuﬁurEWas stirkaddbo® tnivoxeg.) g9 whiahitohers vblaminoes yaHew precipitate had

pr e?oarlrrngéj ”I"}{eormxturg \Ql!as poure% into water and the solids were collected by
filtration to afford dimethyl 5-(dimethylamino)thiazolo[5,4-d]pyrimidin-2-
15  ylcarbonimidodithioate (194 mg, 79% yield). 1H NMR (400 MHz, CDCls) 6 ppm
8.75 (s, 1 H) 3.26 (s, 6 H) 2.64 (s, 6 H).

Step E: (R)-N°, N°-dimethyl-N*-(4H-1"-azaspiro[oxazole-5,3"-bicyclo[2.2.2] octane] -
2-yv)thiazolo[5,4-d][pyrimidine-2,5-diamine

NN
HN— r|
o~ S SN

[N o N I

20

A mixture of dimethyl 5-(dimethylamino)thiazolo[5,4-d]pyrimidin-2-
ylcarbonimidodithioate (90 mg, 0.301 mmol), (S)-3-(aminomethyl)quinuclidin-3-ol
25  dihydrochloride (83mg, 0.361 mmol) and cesium carbonate (196 mg, 0.60 mmol) in
DMF (1.0 mL) was heated to 100 °C for 1.5 hours. The reaction mixture was cooled

to ambient temperature, poured into water and extracted with chloroform (4x). The
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(2,2,2-trifluoroethoxy)pyrimdine by follow ng the

general procedure of Exanple 5218, Step C. M (LC M5)
WAR2009/131926 16; [ MFH] = 194.07. Step C PCT/US2009/041076

(2)-N-05-(2,2,2-Trifluoroethm Opyrim di n-4-y0-4H 1111'1%§PCT

aspi ro[ oxazol e5, 31-bieyelo [2.2.2] clan] -2-amne

10(R -N-(6-(2,2,2-trifluoroethoxy)yrimdin-4-yl)-4H

1' -azaspi ro[ oxazol e-5, 3" - bicycl o[ 2. 2. 2] oct an] - 2- am ne

re ed from . ) ) .
PR N QY e OSY Y  PT: CHiS SR o eiS) g
t hecgragRedd ipraeedimdase alddaxanm washirifisd BPSlid-ddl NVR
8)4 OC]B‘OM_IZ%’IO%I%I?}CH (%tﬂ) % ;?negtbfgngg%mnl;'gmgé(hgdrlqmdﬁjchlog)fgg@() 10 gfford
d, B iz thy BNEYUH. 1 Hhzaghiro ix@eoel5, B0 %2’3@20% hby-d,
15Jé?6 62 Hz ty %(PiB (ﬁﬁglrgbe n, (3/0 I . £
M yhthgzolo[f, q_ p](lgm}r.hner%S dlmm(eL(&y WS) 7 ll% ypeld,,l_ asla t,gg sol{dNﬂJﬁlN MR
=3
oy o B ot pom o D50 . i EVUPLS 228 1
-azaspl, r]e? 6% Hz Ol Ié} 53B(d@0Ki16ya] b1532H2 121;"|1b3323a(m;| 6 By 2l né. 10
Ste o [ e
§%pr%€2 (?)yif)ﬁ jz%% f‘%? s rle%:rzle%’gnﬁl)' MS (LOMS)
2 cRHde}&V- M$Hﬁr=om012;3yr| m di ne by foI | owi ng the
1Q/ngral procedure for Exanple 218, Step C. 5NWR (400
DI 15046) d ppm 8.10(1 H, d, J=5.04 Hz), 6.45 (3
J=5.04 Hz), 2.59 - ’EXEEIP(LJEMOIT), 115(6H d,

%t;pog @%Kg/lﬁ%sjﬁﬁag@fﬁgﬂwﬁﬁ% g4ﬁ[1¥zé‘fﬁ’ﬁ }eA%\F

10Br N- Br onos ucgiyion. de/dclmp-2Gumide 8 nmol ) was
added to a solution of 4- isopropylpyrimdin-2-am ne

(0.39 g, 2.81 mmol) in chloroform The resultant
yel l ow solution was stirred at antsi eht tenperature for
1 h and concentrated in vac/i/l‘(he)@l due was purified

by col unm chromat ography (3-40%MN9: 1 net hanol : ammoni um
15hydroxi de in ehl orof om )Qt¥, afford
5- br ono- 4-i sopropyl pyri -pf2-amne (0.69 g, 3.18
nmol , 113 %9 as a pale ow solid. 1H NWR (400 MHz,
IDVSO- d6) 6 ppm 8.21 (1 HY s), 6.75(2 H, s), 3.10 -
3.23 (1 H m, 1.14(6 H, d, J=6.80 Hz). M5 (LC/ M)
R TSﬁ;AZ 138 4I7N[Elzbf[1251§]p9;%zm2ﬁ§hz%9 C
Br ono- 4- i sopropyl pyrim di n-2-y0-4H 1' -azaspir

o[oxazol e-5,3" - b| eyel o[ 2. 2. 2Joct anl - 2- am ne
(R) - N- ( 5- Br ono- 4- i Sopr opy| pyri-’aih- 2- y1) - 44 11- azaspi
r o[ oxazol e-5, 3 | bi cycl o[Tﬁ,ﬂM - 2-am ne was
prepared from 5-brono- 4- |soprdpyl pyrimdi n-2- am ne by
ol | ovv| ng the general procedures of Exanple 23, Steps

-B. 'FT NVR (400 MHz, illeOD-d4 6 ppm 8.49(1 H, s),
4.020 H Tds salmﬂoa.o@fsylhlzi)l-,z-ﬁniaez((zzs gH2600mmaE 10diOxankz300 ml) at

3. Sﬁoghygtgmt)gat’g're \!{Ia?s agzl_éfl_ %‘?@(?L&%’&Oﬂ%—%é&ﬂpﬁ?@gt@ ((%7 éLg,]%%,? Slil'mo'_lg

2 OQlowly2 ThE ndiutd, wadkstirrdd 218 hdur8ahd(tRe ddlvei) waskvasifedimder

3é2322:gur§1 TEIZ 2651d1|\1/§ sghd was (;ISSEIXA Lal-:rhigg%e £IM+ é_tMnlol (:150 ml) and

2R ethbr(o'i(ﬁomp %M&sbluquwgs MY TE NI Honni2 7 3Om bk hitd aza
spi ro[ oxazol e-5, 31- Di C_Z 2. 2Joet ani - 2-am ne 10

2
( R) hygrpxslampippiydiochioyide § 2ni%3 QAR e mLxpLg Wis shipred gtigom
zas Rinf Rl Q¥ 7R b Giogrs and wi 1Yl @l Rf1dx ok Q%ﬁ@] THe &H&J‘rﬁm‘ﬁ@@was
preparedfrom4(pyr|d|n 3-yl)pyrim am ne
f ol Fenkidrig regnetegepeiuat andrtege ﬁb@aswwa@tﬁeﬁplﬂlezwua&éésvas
B-C. 1-H NMR (400 MHz, MeOD-614 6 ppm 8.92(1 H, d,
1=1.51 Hz), 8.73 (1 H s), 8.64(1 H dd, 15J=4.91,
1.64 Hz), 8.23 (1 H, dt, J=8.9§6, 1.89 Hz), 7.56(1 H,
dd, J=7.93, 4.91 Hz), 4.00(1 H d, J=10.07 Hz), 3.69(1
H d, ..10.07 Hz), 3.22(1 H, d), 3.07(1 H d), 2.60 -
2.99 (4 H m, 2.00 - 2.21 (2 H m, 1.50- 1.83 (3 H,
m. MS (LUMS) RT. = 0.76; [MHH+ = 416. 30.
20EXAMPLE 231

Y.y N e e e A~ A A A
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was added dropwi se to a suspension of sodi um hydri de

(1.31 g, 32.6 mol) in 5 tetrahydrofuran (48 m) at O
W@2009h81926 xt ure was stirred at 0 C for 30 m n BCMUSR009/041076

solution of 4,6-dichloropyrimdine (3.6 g, 24.16 nm%% PCT

in tetrahydrofuran (12 m) was added at 0 C. The

reaction mxture was stirred at anbient tenperature

for 3 h and poured into sat, aqueous ammoni um chl ori de

o B TP S T SRS b e

andsdid (6@ CERE S0t &hs kakey ﬁ@dJEtOA'thﬁd Wa&ﬂ gehd eelaecdlu fayWRrSas
purified by colum chrorrato 9 40% et hx ) )
acefyrasich é&tgﬁé@ﬁ&c twige. sFe o 1ne orgamc ayer was washed with brine and

4- CHh&I(QreﬁsoGﬁMéu%@% ¥hiomy) @yn]tmzalomes ApyAziRa-niehd H¥hite
oil. This material was used directly for the next

? eaddlidgh2e, 8poR33%). (Mg 1 OBSH MBUTp 1A% 465 BiTh=4-Hriife
NH2 N---C 15 6- (Cycl opent yl oxy) pyri m di n-4-am ne
Was sip %p%zﬁgthﬁlr [QrQ 4!]1‘;1{3%?[]% «@'pyrazm 2-ylcarbonimidodithioate
(cyclopentyl oxy) pyri m di ne ol I ow ng the general
procedure of Exanple 218, Step C. Ms (LOMS) RT. =
1.64; [MrH = 180.22. 20 Stgep C

($)N—(6 (Cycl opent yl ozyj\p I I \ 4H P- azaspi ro[ 0z
azole53-h|cyclo[2 y/gnﬂagiwamnel\lz\HNIN--

1QR) N- (6- (cycl opentyl oxy) pyri m din-4-y1)-4H
- azasprs¢ ofcdaeif € 3, Birtazblbych]pyrazia- 22a]nﬁﬁé @nd m% SmnRe) in

re R L P I D E Y R a8,

St epsd iBddetlidre K\Mﬁl)(s@@y M’éZ ,10 kﬂlﬂltﬁ&D'Tﬂié}mﬁuﬂéWﬁls &11367d 4t 2oom
Hs)61g)2H, @(Hhr s.),. %1
H, §mpgagyse 1 Illza’ld 1@ n‘éyl(a)fr Was ded torthe @Qctpfynlxtgrqghlc

18- 28cdathe 'élouﬁ@ T iikture \Sas]eg(trﬁcled With E?()Aoz(ladml ©3)9 ﬁ"hé éorﬁ'blned
nm, 2.01 - 2.14 (2 H 87 - 2.00 (3
1. 84Eanis lapqers Ayere ‘N/Bh?d_‘@'t neRdr;ed ovellsogglm s[umf‘qaﬂ 111;ered and
344exghﬂorated The remdue was p WﬂgB%smca gel column (ethyl acetate-

(R) - N- (6- hopr opoxypyrimdin 11-azaspi r o[ oxazol
e- sh@wne Hi- é)f@[OQtaal GmgbyHd - 2 4itreded | perlpyrazin-2-
(R) NV
)RR RRNARRFPLIQBNTLR (rfhL hihck GPAERENAAL PRtz
20 r o DL B-Sdipot. D (D P18 @i He), By (8, le)iéMh@ th)el\?e%g?ﬂvﬁﬂ) [M+H]
proc 1, s A 1IH NWR (4 VHz,
Neoég%%ﬁ%gmgﬁ%%ﬁﬁ RS (L h bre s). 5 09
- 530 (1 H mM, 3.98(1 H d, 15J=10.32 Hz), 3.67(1 H,
d, Sz‘%ﬁ-@ 3(3) MZ()' 52 3]73:1%201[35 AfpykakinkR-y W H- B-ddspiro ox@5did 4.3 -
H, H m, 1.98 - 2.17 (2 H m,
1. 4@lcy010[§§2(%“%] %ﬁmmi 30(6 H d, J=6.04 Hz). MS
24LCMS) E.T. = 1.36; [MH = 318.24. EXAMPLE 233
20(2) N-(6-(2,2-D fthoroethoxppyrin di n-4-.0-411- |
-azaspi ro[ oxazol e-5, 3' - Dbt hycIm{N’Z\\210t haq 2-am ne
N Th HN-c. N KCDCHF2 H
(R - N (6-(2,2-Di fl uoroet hoxy permd|n 4-y1)-4H
1' - azaspi r o[ oxazol e- 5, 3' - /grycl o[ 2. 2. 2] oct an] - 2- am ne
was prepared from 4, 6- «gropyrim di ne by
25fol I ow ng the general cedures of Exanple 231,
Steps A-C. MP. 83-8 C. 1IH NWR (400 MHz, MeOD-d4) 6
ppm8.42 (1 H s), 5.93 -6.37 (2 H m, 4.52 (2 H td,
J=13.98, 3.78 Hz), 3.99(1 H d, J=10.32 Hz), 3.68(1 H,
d, J=10.32 Hz), 3.19(1 H, d), 3.07(1 H d), 2.67 -
2.97 (4 H m, 1.99 - 2.19 (2 H m, 1.51 - 1.82(3 H,
m. M5 (LOMS) RT. = 0.99; [MH = 340.26. EXAVPLE
234 278
5(R) -N-(Pyridin-2-y0-4H 1' - azaspi r o[ oxazol e- 5, 31- bi cyc
| o[ 2. 2. 2] oct ani - 2- am ne




/ ON
(R-N(Pyridin-2-yl)-4H 1' - azaspi r o[ oxazol e- 5, 3' - bi cyc

wo 202121924 oct an] - 2- am ne was prepared from PCT/US2009/041076
(R) - N-(6-bronopyridin-2-yl)-4H 11-aza. spi r o[ oxazol ﬁ%3PCT
31- bicyclo[2.2.2]octan]-2-am ne (from Exanpl e 155?
according to the general 10 procedure of Exanple 19,
Step C. 111 NMWR (500 MHz, 41e0D-d4) 6 ppm 8.26 (d,

17488 et ala 8 o7 At s O o DB Pinionc

1 H?{l20 %gZﬁ 50 nidnadH (M- (ain1ﬂrd)met}§/1)1141nuclﬁhr23- o dihycﬁcod'l’llorldg(% mg,
( d, 0%6 8. A})_Langgesmr& cg@or(altﬁ (4%2 ﬁ/(gln(%hp%jl é qﬂ]j was heated at
0 39@ (JIJ M’f'drhotrrszgl’ fe 1Jﬂ@¢ture 5vas concentrated and %Male% a@@tage s111c|a gel

(2)-N-(Pyridin-4-.0-4H 17-azaspi r o[ oxazol e-5, 3' -bicyc
o[ 2¢cdumy 60 rthyd acqt\q;ﬁ: rileendgv35 % 9:1 methanol:ammonium hydroxide-

2 0( gil%lj&édr\%f f)ocd%gﬁ ﬁ’lﬁ)dt]:s)ireé E'feo%l\%clats 4{2 gﬁ 9[43%1?50?%% aﬁp);)i’azn}? bS1)-
'( R) éHk I( ZZ%pmtowpluedit .- b&toyyllbll%lﬂ-]oqtmfa ez ars i K Hinesx a% BYopay Bhite
- -~ <-aln n r

acc QP@Y%% @é%%i@&@f%ﬂ E)leﬁpf@ %?@OZB ?,é} §4y>-8-10
NNSI?(Iﬁ(SIQD 4\/!'&48¥&Q|H)d3485 68m¢2m}? 323%3(55{d112192314—a23|'®11% BIB+3.0

1% 8’1‘@{) }4_%12(%%2201%“’ -3.37 (s, 1 H, 3.29 (s,

1 HMS @CME) (S L 88.06ZR. T1=blp,mid. 15 (d, 1=2. 14 Hz, 1

H, 2.86 - 3.09 (m 3 H, 2.02 - 2.20 (m 1 H), 1.59-

1.88 (nt 3 H. Ms (LOMS) RT. = 0.22; [MH = 259.16.
Exanpl e 236 Exam le 271

(12)-N-(5- Beng%loxygthlazolo 4-fi]pyridin-2-320-4H
11- azaspi r8|-dx&bigradals, 4pIpyifieyolofth  2zpminobaniado St he
15 5 Step A Io[2.2. 2-

5- (Benzyloxyjthlazala[?w£[61p5¥ﬁﬁ{ncg”ghine H2N- K1

S*NO Pot assi um t hi ocyanate (12, 4% 28 mmol ) was
suspended in acetic acid 10 ( :ﬁg;ﬁand cooled to O
C. 6-(Benzyl oxy) pyri di n- g, 15.98 mmuol),
prepared according to 6&@44707 was added. Brom ne
(2.55 nmL, 49.5 Mol ) in acetic acid (15 nL) was added
dropwi se over 30 mnutes during which tinme the
reaction ntxtu[ becane ver thick. |t was_ allowed to
war MeP 4 L8Rk éqf%[édrlgpgt v ;ﬂcgr{wngtlff?f{lfédatfverni ght .
15Water (20nl) was added and the reaction m xture was
heated to 90 C and filtered hot. The filtrate was
saved and the filter cake returned 0 the reaction
flask, to which was added a adgltl 40mL HOAc. The
m xture was again heated t@ 9 C)yndpnlltered hot. The
conmbined filtrates were co gh ice bath and NHACOH

s added dropwi se until pH >8. A yellow precipitate
forned whi ch was col |l ected 20by filtration. The solids

e dried in vacua.for | v de 5-
Cbenzyl oy tAPHSEH 3t ol PP 25RiRe pq mes! g8 mmaggn
nMo DME2. A% \yaseldde)d, 20v0ML ediva By diside (@00 NDLA.0 fmidl )1 €Fhe mixture
p ur ng%ﬁﬁzveg 10 19 i at ggrg 1%%urpﬁt wl%c}’_buggc%rb i di d) su(ltd de was
25— 7ac?c§d k0 pl h‘l)% fandd)) andlh&@édlﬁmg]re(ﬂ'&s}ﬁard@ﬁ ﬁnxtﬂre&zaz Stirkd, for
5.39 (s, H 5.14 (br I—I)h ep B:
Di ;%Q Hly}utes An addltlonal portion of 20. OM sodlum ydr0x1de (200 uL, 4.0 mmol)

S-( %@deb@&ﬂﬁ)th@h@&ﬁlje Xad adhitMel Ifdl 1r0 rentkE A RON WHsRhdne

hioate S N To a suspension o

5- ( COR 24 Mthml)a\Z%ﬂ agflesl dromyyipsy rﬂmmixtzrea‘ﬁwérrefeMS fgjnutes, at
53.11 mmol) in DVF (3.1 nL) was added 20. 0M sodi um
hydroxi de (0.3 nth, 6.22 mmolj79 The m xture was

allowed to stir 10 mn at roomtenperature at which

time carbon disulfide was added (0.47 nL, 7 77 mmol)

and the mxture was stirred for 10 m nutes. An

addi ti onal portion of 20.0M sodi um hydroxide (0.3 nth,

6 22 nnDI) was added and the ntxture was agaln stlrred

o . o oy o o A NS N



(R -2-(4H 1' - azaspi ro[ oxazol e-5, 3' - bi eyel o[ 2. 2. 2| oct an
el -2-yl am no) t hi azol o[ 5, 4- bl pyridin-5(4H)-one H N

wQ soan3med® N PCT/US2009/041076
15(R) - N- (5- (benzyl oxy) t hi azol o[ 5, 4- b] pyri di n-2-y1) - %F%PCT
1' - azaspi ro[ oxazol e- 5, 3" -bicycl o[ 2. 2. 2] oct an] - 2- ahh'f
(390 ng, 0.925 mmol) was dissolved in TEA and al | owed
to react for 4 hours at anbient tenperature, at which

time and, TLC showed t he. s eri. be

o B LB AL TG AP G e R e ThE it pRwed

Cr Ugheo Whist dhide@hdVREdPWEr: Coledic Yy Biltespian af dffoed dhletyl thigolo[5.4-
20product . fracti ons were concentrated

vaggipgﬁ acYrarbpnapidgdifioar PR Be. 1850 ¥riddpte (HPY solld of
2- ( dltridientdRASRb ﬁg@[@mpﬁané p%nﬁ@du%]‘:{ Cl'PP][\Ig/ERz(Sgd) mffza@@iczg 5

-yl am no)thiazol o[ 5 -one, TFA (16

by, rom 368 (dnfot->8 Big, BH%ﬂ éfrddy 8.M, F1>53 214551 Haéay (ddlilFa\lMR4 88

(4092NtE) g%?C% ) 6 ppm9.99 (br. s., 1 H 9.05 (br.
S J=8.53 Fh 1 FD 6.65 (d, J=8.78 Hz,
1 3.96 (d, J= 10. 29 Hz, .82 (d, J=10.54 25Hz,

3 3 tef 36?@) &D(?"% %@[(5 b%yrzdzn %—y%ﬁ-ﬁf' gsg ro}ox'&'z)ole—i%ﬁ

1. 76icy@0[02. A otard- ZH)manS (LUI\/S) RT. = 0.50; [MH =
332. 15. Exanpl e 238

(12) - N-(6(3- thhoxmhenycpynlnqiqg /y -4H 1 1-azaspirof
oxazol e-5,31- bicyclo[2 mne HNj-\( N
iN Step A 6-(3- AlethaX|é3?n yr|n1d|n 4-am ne 10A
g]Xture of 6-chl oropyr it“4-am ne (0.324 g, 2.5

nmol ), 3- met hoxyphenyl boronic acid (0.475 g, 3.13
mml ), Na2C®8B (0.795 g, 7.50 nmol) and

(0 i s(triph %Xthf%@%lﬂ'k%tm}}ﬁﬂolo?gjh ‘Biﬁggldfin%%—%Eﬂérngﬁtﬁiodlthloate (90

035g. was suspen
E/ EngH). wamero)163)3:-(@mnomethybatieetlidin-3-blelirideocblvgide(97mg, 0.42

Tt RS MR R e

1 1 5 6 0@/&0@ t2 I']uy)hrs ath¢ mheion @maﬂqssyastcooladl fooamngbient temp erature poured into

wa er7 YrQ (_g] Wi tﬁ axoro form (@m Efge Sy 11(%3% %{}%s ﬁeﬁe washed with
1. 281:1neL M&éd—o‘k?pﬁ sodluﬁf)shliﬁﬁ filgtr&janB:concentrated in vacuo. The mixture was

To RUUGHAY B 51 BB G B LB P i Rnap iy pydronide-

) - odigorofrY. OTIg:, prédugv fr4660hs) Wdﬁg tcﬁhlﬁllhédxglg T&‘Bﬁd&ﬁﬂrﬁalﬁf;;ﬁzg Ivﬁ@%ﬁb
R S o R S Rp it g bt e o

I 00Bkc}@HMP! Qrzgédﬂa[n? zfa%nel{%4ﬁg W69 yikl§ H@NI}@ slowedy, tdﬁtzg) 8

desired uct peak as a major peak. The deep oran

sol mmaﬁo\ﬁbrss cbHe8AT sk & "e7né1 5t e, F EIGBA(dlg/red, ddé Z 1 H)
was 7 bk l(&aeJﬁéj?]3 I"f‘? sz 1) 816 (18S9 BYEL f ihﬁg'&'% gf JL9.§43H?,

chr omat ogr a 10% et hyl "acet at e- anes) to affor
4- Sﬂ%ﬁthfﬁbyﬁhaﬂ@ﬂﬁrkﬁ)hﬁﬁhbﬁ?ﬁhshﬁ)Qb&f?ﬂ@dnﬁbHID789184
, 31 ty 46 el [

29 géﬁ%’%@? 9.7 ﬁf/ F?’li)f 1"3}%6‘5‘48\’ 1 6O, 9l MBSy R T
12) 014 ([B4HIB- Al3é6.hD. vphenyljpyrunldln 4-y1) - 4H P- azaspi
ro[ oxazol e-5,3"'- hicycl o[ 2.2.2Joct ani -2-am ne
To (S)-3-(am nonet hyl ) qui nuclidin-3-0l dihydrochloride
(0.363 g, 1.583 mmol) in N, N-dinethylformamde (20 nlL)
was added Cs2CO38 (1.289 g, 3.96 nmol) and
4-i sot hi ocyanat o- 6- ( 3- net hoxyphenyppyri m di ne. The
suspensi on was stirred at

280



15room tenperature for 30 m nutes.
N, N -di i sopropyl carbodiimde (0.740 nm., 4.75 mmol) was
wa bewizdeked and the m xture was continued to SPCT/USH009/041076
roomtenperature for 18 hours. The m xture was
concentrated and purified by silica gel chromat ogr]ald@PCT
(5-25 % 9: 1 net hanol : anmoni um hydr oxi de- et hyl acet at e)
to afford (R)-N-(6-
met hoxypyrimdin-4-yl)-4H 1’ - aéea%%i ro[ oxazol e-5, 3" -bic
ycl o[ 2. 2. 2] oct an] - 2- am ne .294 g, 0.788 mmol,
500/, i eI(A}Némzazoao[patLigpyabhgwysmizdazaMzB[&&zﬁe-@.s -
1HNMVR (400 MHz, McQOD) P pm8.77 (1 H, s), 7.47- 7.58
(2 H m, 7.39 (1 H, ltl§y007f2éé(0ff -2upminesy | 7.04(1 H,
dd), 4.05 (1 H d), 3.85(3 H, 5s), 3 (1 H d), 3.23
(1 H d), 3.10(1 H d), 2.71 HNS% (4| H m, 2.03 -
2.22 (2 H m, 1.53 - 1. 5@—[H (L MS) RT. =
1.58; [M+H = 366. 15. Na 239
(12) - N- (i Soqw nol i n- 3-4My/ 4 1' - azaspi r o[ oxazol e- 5, 31-
i cyclo[2.2.2Joct ani - 2-am ne 5 Step A
- bot hi oeyanawi soqui nol i ne To a solution of
1,1 -t hi @oa¥- Eﬁeﬁgolndxttpgmlo@i bRy tasin- pb-4H01 8@ pige[ 0azdlR-5,3'"-
ishl.o t erat ur
i Soél)ﬁ?/clétlzg Zﬁ%cta E}%rr%l g n? 031? 41}111?3)"{9215 S}ls)pena?eﬁ\é\f?ﬁ/[eégldgg mL)
r eaeid DMHWAasidded e1d11 atl sasluis had dingodred {(-ulOenl Y. ofhe I&ctiaufisk was

The L howed t r oduct ma
ool AR i aae B e af B SRR LS Paleh Hideg. na e
161 Ih | figvkerhs fiftb@with hﬂl&@b@envbﬁﬁoclﬁu Itk inghuRywSiallowal @edact
chromat.o (0- et hyl acet at e- hexane to.
af f BYGMETY %td%%hd ﬁa‘{éhoévefi CQUSURRHPIY B%%W@%W‘ieﬁ?ld iThe
(0. ffskGvas Zlu%d Wﬁh' nitréken, ﬁlﬁéteﬂ'tﬂbugéh dMltetan s@bHed with@ehanol.
1I5R. T. = [ MtH = 187. Step B
(RI g q%laalaﬁdrfawrfrt?ﬁ @erecmq@qtrated by ~90%
- aZABMAb SRR RS bk Tc Y tBY Sddof: of a 2di@R1ARbIAH AN MB ik
é " N 20 To (S)-3-(am nonet hyDqui nucl i di n- 3- ol
| hplg@rggrrﬂteb r"l[h@@asgga@e@us nhasg pas Wc}edwﬁth chloroform (4x). The
N, N&hﬂﬁédwlga{n%'s Q\Le?énvgsﬁe({ % Hilrﬁe e (ﬁlgfjﬁ)%ug'?%% ﬁl@ere?dla]nd
g, 2.1 -1 sot hi ocyanat oi soqui nol i ne’ (0.
g, dorwgraméaayacuzrhﬁh%mgpén siappurified by silics g c@pm@gwphy (2 40

t e t
all ﬂsf%[ga}nggé Iggrrllgh‘lgl?/h.ﬁﬁI e héorﬁg)ém%ﬂ_Theé)r%délct frac S)ns were
t henorddd@ohndndnqemtwtem xbvane tmaﬁoré(lk)r Nethigplot obhipyrazin-2- yl)
e iature for 0 e.m Xt ur.
éo%gnlt%a pelff Oxadollgalir} [ IC%CdO %éggoﬁtann}é'a%l @% (%‘rat ogmmo §7-5
( 5- 2byibhl]. QHNMRt(mMHzﬁ@m’m &pprhydoqw deﬂ Heghyld, J=2.76 Hz, 1

1y kST drhep ol Blhabi v B UETayti 21 0. £ospogts ko

-a dmeJ=(1@0$61%HQ 159 2mm$o9 %) 23121)2Q§n@r2 1f7Mh18@
solrrl(d M P. 196- 200)8 H) (B2 (e,

1(7 IIeO _)5 ppm
9. 0B 1149 §)67 (m,é@()lMﬁi(LWS)ﬁ f‘éiﬂLM B-(1

2t), 7.20 - 7.45 (2 H m, 3.96 (1 H d), 365(1H
d, 3.22 (1 H d), 3.08 (1 H d), 2.66- 3.00(4 H m,
2.05 - 52.23 (2 H m, 1.50- 1.86(3 H m. RT. =
1.37; [MHli] = 309.31. Exanple 240

(R) - N-(6- Phenoxypyri mdin-4-y0-4H1

1-azaspi ro[ oxazol e-5, 31-bicycl o[ 2. 2. 2l cettnl - 2-am ne
N 10= HN-c N O--\ (KO Z-N/ Step A

6- Phenoxypyrim din-4-amine N_Th N2N-c N O

6- Chl or opyri midi n-4-anine (3.00 g, 23.14 mvl) was
added to a solution of 15sodium (0.197 g, 8.57 mmol)
in phenol (11.29 g, 120 mmmol) at 55 C. The m xture was
heated at 140 C for 2 h, themdield at roomtenperature
for 20 h. The reaction m xture was poured into 32%
aqueous NaOH on ice/water keeping the m xture
tenperature below 20 C. The mi xture was extracted with
chl orof orm and the organic extract dried over cal cium
chI or| de and concentrat ed The reS| due was 20

e P Y. . Y A e 1

to remove most of the methanol,



A m xture of 6-phenoxypyrim din-4-amne (0.288 g,
1.538 mmol ) and 1, 1- thiocarbonyl di pyridin-2(1H)-one

W@ 200357192 1.538 mmmol ) in DCM was stirred at reCct/u82008041076
h. The pal e orange m xture was purified by silica 9ﬁ%3PCT
chr omat ogr aphy (5-35 % et hyl acetate-hexanes) to
af ford 4-i sot hi ocyanat o- 6- phenoxypyri m di ne (0.55 g,
2.96 5mmol, 85 %yield) a yellowoil. LCMS RT. =
2.78; [M+FI] = 229.94. Step C
(2) - N- 05- Phenoxypyr i ni di n- #478%4343p- azaspi r o[ oxazol e- 5
y 3 - (It)1]$YBJ\@{h3x}25—2$}ﬂz9kMﬁdoi@5 A peimin N IL 4N [[-Bdaspir o zole-
To (S)-3-(aninonethy| &#C|Idln 3-ol di hydrochl oride
(0.170 g, 0.742 mml) IR AEUHA- 98 frani de (20 nl)
was added Cs2CO3 (O. 604 g, 1.854 I) and

4-i sot hi ocyanat o- 6- phenoxypyr|n1 |n$ (0.17 g, 0.742

nmol ). The 15suspensi on was st room

tenpei ature for 30 n1nutes

di i sopropyl carbodii m de oP3 7 2 5 nmmol ) was
then added and the mi yfjr &~ contlnued to stir at

roomtenperature for 18 hours. The m xture was
goncentrated and purified by silica gel chromatography

(g'ﬁf)ﬂ? | R B ERBRgAT Ty Py edbaRGE! 2

4-y1)-4H 1' - azaspi r o[ oxazol e- 5, 31-

bi cycl o[ 2. 2. 2] oct an] - 2- am ne (0 21 g, 0.72 mml, 48.2%

yield) as a pale yellow soli /(500 MHz, Al e0D)

6 ppm 8.43 (1 H, s), 7.47 %H%O(lH t),

7.16(2 H, d), 6.21 (1 H b« Moz (1 H d),

3.72(1 H d), 3.220 H, d), 3 11(1 H, d), 2.73- 2.99(4

H m, 2.00- 2.18(2 H m, £'54 - 1.88 (3 H n). LOMB

RT. =1.46; [M{-H = 352.19. 25 EXAMPLE 241

($)N—(7-nethoxyquinoxalin-2-y0-4H—I

1@_ az aspi Fohpasteor of 403lichlireyanasiylpyzingjlingesraing (1 g, 3-Armmel)
nc‘O Blﬁl%daﬁgo)%sgg’lhc%§§{ gﬁ)at@{oh6a6xr§%] u5I ?]2ar§/né]]0p r\])va§ added toluene 2

102n¢hhnw@‘meﬂﬁthMWdehoﬁébnmgu@OWEDhgqi@1Em Emd@MhﬂxlS

prepar accor.di Per
50 O%@urg %h\yglgli’ﬁgl ntg %u%ct%e gh%f Sel 90 1V a so 1Id ma % ﬁléhre asVror%lcrHs(:)were
(1. d&ledrb amBicBGemparhthrevend eittiatd M}edﬁr |thenﬁihﬁas1(l®1§somis) were

150 ol Re BBl ey R RS R b s ey acin->-

Th eyEﬁrﬂjﬁiﬁatB(D@EJg;B Mmmuvo $ %i‘ﬂelby 1fiINagR (400 MHz, DMSO d6)
15chr omat o el cartrid
20060803 B0 | ) hanind Bt S0 Go' HL) 4f 7 4515 1 3
af fgrd

N—(gﬁ4 di met hoxybenzyl) - 7- met hoxyqui noxal i n- 2- am ne
(795 ng, 2.443 mol, 93 %yield). 111 NWR (400 MHz, CD
26;13&693[3%%(511% %/_lé%azofo[; Qg%pfﬁmzﬁn Z‘Janﬁnﬁ%7l_lzl_|)z) 7.29
6.97 (1 H, dd,J=9.06, 2.77 Hz), 6.47 (1 H, d, 1=2.27
Hz), 6.43 (1 H, dd,J= 8 18 2. Hz), 5.22 (1 H, t,
1=5.29 Hz), 4.63 (2 H d, 1=F. H3 91 (3 H, s9),
3.83 (3 H s), 3.78(3 H, s) N 21.91 min, M# =
326.15. 25 Step B: 7-Methoxyqui naval i n-2-am ne
2,2,2-trBluoroacetate ~

5N- (2, 4- Di net hoxybenzyl) - 7- net hoxyqui noxal i n- 2- am ne
(0.79 g, 2.428 mmol ) was stirred in TFA (10 nL, 130
mol )/ CH2C12 (10 nL) at roomtenperature for 30 mm

Sol vents were renpoved on the rotary evaporator.
Sat ur at ed aqueous NaHCO (200 ni) was added to the red
resi due, which precipitated agpel | ow solid. The

m xture was extracted extensively with DCM The
organi c | ayer was 10concentrated and dri ed under
vacuumto yield 7-methoxyqui noxal i n-2-am ne 2, 2, 2-
trifluoroacetate (0.70 g, 2.4 nmol, 99 %yield).

111 NNR (400 MHz, DAL/SO 4) 6 ppn18 10(1 H s), 7.63

- ~ N~ ~ N PN ey o2 oa




20 A m xture of 7-nmethoxyqui noxalin-2-am ne
2,2,2-trifluoroacetate (578 ng, 2 mmol ), triethylam ne

W@ 385141926 2. 400 nmol ), and PCT/US2009/041076
1, 11-t hi ocar bonyl di pyridi n-2(1H)- one (557 ng, 181363 PCT
mml) was stirred in 5 nL DCM for 24 h. The react|

was directly eluted on a 120 g silica gel cartridge
with O to 25% Et OAc in hexane, 25 25min, at 35 ni/mn

Lo affor g 24 S04 BLosyangt o ML Rexuabl DoxaLine (3 b,

= 2180@ﬁlm01)30£ Rudpended in a 25% w/w solution of sodium methoxide in
(12) - N-(7- Mel hOX}Z/4qU| noxal i n- 2- P/O 4H 11- azaspi r o[ oxazol
(U

e- 5m§thanq3|(%%|, %?[ mmwh and fheimuisturgwasgetluxed overnight. The mixture

( R) whk €obid¥Rb aﬁmﬂ%lﬁ@fa{mendlﬂnamnmtér m@ SRR W XALRb form
3'- bicyclo[2.2. 2]octan]-2-am ne was synt hesi zed

%y {épfé Hest 9watpinssl OFSRBIFHIVEIC IFS egtvggl hine mjrigd jgver sodium sulfate,
chr apate Q{dadahyenﬁﬁ'te@m]ﬂ%gu(g tSitdr@ %nﬂaﬁlox?@%&hﬁ&%z&o;ﬂ
1-4%[9:1 11] in CHC13 nmm af f orded

( 17dh2a/ymednu¥ amm (12_01ngum1@ BV %wl@lﬁ)l %@4909\41713

?Mﬁhd@%ﬁvmﬁél“@é@*%@éﬂ?%&%3?'9 3 1257

, 4.02(1 H d, J=9.32 Hz) 3903H,S) 367 (1 H

2 69 -
1@ 0 tefés ﬁ? ﬁ%W 5 mitggxy'glmﬁ’gﬂ(’ﬁ"zﬂ} ?ﬁ? ‘WW%} ?Z 80(1 H,
m , vikab3nimidodbRodre H, m 15 LCVS: RT = 0.835 mm M+ =
338.2, M+ = 340.1. EX4AMPLE 242
(R) - N- (6- Met hyl qui noxal i n-2-y0-4H1' - azaspi ro[ azazol e-
5, 31-bi eyeTh[ 2. 2. 2Joctani~ 2-aning 20 HN< N N Step
A: N (2, 4-D net haxybenzyO- §- met hy& quynoxal i n- 2- am ne
25 2- Chl or o- 6- et iNjoxati®ne (0.51 g, 2.86
mmol ), prepared accordi ngl tglJ em Soc. 1948
, 1310- 1313, and (2, 4-di fret Noxyphenyl ) met hananmi ne (1. 29
m., 8.57 nmol) were microwaved in DMSO (2.5 nL) for 30
mn at 150 C. This was diluted into 150 nL Et 0OAc and
Igxtr act elib 1 hrSpems'tO'n wE &-nwitttolry-bOBetintlthiprzd o, 4- d‘jperim'rdirdéaﬁline

0 R IHE] EI0 30 SOLRTILORB6NN RO, 85805

50 ﬂnzrmm@ib m mixfund wag adloaed @rwir 10 min at room temperature at which

( 8 4 %‘ﬁ‘ﬁﬁﬁﬁgﬁ%gsz%égdo %88 Iugegl)gy m%ﬁll)%’(}ﬁ%l 2%151 arp c!%l?sh brown

CDChﬁ;)tﬁre p@ﬁbtﬁreﬂ&@r H mBtes. 7Aﬁ @ﬁidrbnas])ortl&l (596l)l\/Hsodd1m

Ry drosdn Bt L3 igtngpsstiléa gpl ety yeurigingi ory)

dd, minkiF8. Edally.id@ntdane @O%@( 129‘|mn§01) wﬁs—aﬁdé’cﬂdrbii\%se The
4.62(2 H, d, .. T=5.54 Hz), (3 H s), 3.77

s), YK W wWes stp_liredsfyr j_@wgtesm whloll tg@ atﬁo[llumlwﬁ yell@%_ @regl@ltate had

15SkReB: TR M RENYAGHURA% AL Wate? a@ihB Solids were collected by
2,2,2-trifluoroacetate

N- ( Biltuptioy W@ﬁ@&@ﬁé@mﬁﬂngolﬁﬁb@wwpm auries by wilige gel
2§ 0. glﬂoﬁiato gl?y (%TQ@ lo), 6'2‘191 éﬁ@éteséhlorrcgf%gn)' 'Thg%d(lc’ltcﬁa@rons 30
mmol ) / CH2 roomtenperature f

Sol v@misemdéorrcem@dn @WWh@aﬁf@ﬂérrget@végmtmxarS- )
o A T PR PP DB RO SpkgRud ace

m xyelfosr sodid. 1EXKNMERCHOO Mkt €Kiy 8lpymwl. 17(s,DON) 2.The, 3 H) 2.64 (s, 6

or gg[gi c layer was dried over sodium sulfate,

concentrated, and dried under vacuumto afford

36- met hyl qui noxal i n- 252-am ne 2,2,2-trifluoroacetate

(640 ng, 2.343 mmol, 86 %yield). 111 NWR (400 Mz,

DAl SO-64) 6 ppm8.24(1 H, s), 7.55 (1 H, s), 7.34 -

7.45 (2 H m, 6.82 (2 H s),2.41 (3 H s) LCM5: RT =

1.07 nrm M+ = 160.12. 30 Step C

2-1 sot hi ocycenat o- 6- net hyl qui noxal i ne 5A m xture of

6- met hyl qui noxal i n-2-amne 2,2, 2-trifluoroacetate (546

ng, 2 mol), triethylam ne (243 ng, 2.400 nmol), and
-th| ocarbonyl d| pyr| d| n- 2(1 H) one (557 g, 2. 40

o o o, . T



10mmol, 38%yield). LCMS: PT = 2.59 nmin, MH+ = 202.04
Step D

W@ 1@pANL6- Al et hyl qui noxali n-2-. 34) - 4H 11- azaspiT/USREX41076
ol e-5,3" - 15bicycl o[ 2. 2. 2] octan] -2-am ne HN LN J: g
(R) - N-(6- Met hyl qui noxal i n-2-y1)-4H 1' - azaspi r o[ oxa dPPCT
-5,3"- 20bicycl o[ 2. 2. 2] octan] - 2-am ne was synt hesi zed
by the nethod of Exanple 23, Step B. Fl ash

o R e R B SR 28Rl Sl D

My (S ytbid)s, 3 bkt IDINR. 178800 MAgmineD C13) 6 ppm 9. 75

(1 H br. s.), 857 (1 H s), 7.71 (1 H s), 257.60 (1
H d, J=8.56 Hz), 7.42 (1 H, dd, J=8.44, 1.89 Hz),
4.01 (1 H d, J=9.57 Hz), 368(1~H0d J=9. 32 Hz),
3.38 (1 H dd, J=14.86, 1.01 I—Iz) 73 -3.08 (5 H m,
2.50 (3 H, s) 2.16 - 226(1 ]’\VKN? 14(1 H, br.
s.), 1.67 - 1.79(1 H, \65k\2 H n). LCMS:
RT = 0.838 mn, N2472. EXAVPLE 243
(R -N-(7-Met hyI qui noxa[,ﬁ 7 rMI—I-I -azaspiro
bi zazol e-5, 31-bicycTh [2.2. .2] clan 1- 2-anmne 5
Step A

(2,

- Chi or o PR AT O A TRe Lo e Sl e b g 27

pr e prireoniaddditkibag (I6ang 0. 10hem]), 3863 -(ahdEnd Bl Rruinddiadin-3-ol

and 4- n nam n 1. m., 8.57 )
S B D i s S hehohats 7S 3. s Rlpol) in
150DMF (D SLYWRSs Hbated! tcﬁﬁ)Ol"Otf@r ARQrINMThtrEbGoramBk ture was cooled to
extracted three tines with 100 nL brine, The crude 15

1Br oI WEBP IS H’Oéléedki?/tof“f"%?é ﬁn%wraﬁa@ ¥k sSpRL IR (40 g

si b&ﬁblﬁ&i or%ﬁiﬁcts e O@ashbd Qltlzgrlﬁeo d8QP6VEE QAGint MiIBRXERGed and
50 mn, m./mn to afford

N- ( Qon&erdrarﬁétlﬁ By Be hbgmixturg wappwificd &y nidicags! shromateersghy (2-40

( 86@ [gg mgtha?n%l Em%’ibmul%ily%’ox d@Lg)loroigoHl) NYR j)@&ﬂlgt Méﬁons%re
7 490mmn®mnﬂ00@ﬁntrﬂe®0®a¢ﬂo tel afi@fe (R)BNHijethDXIﬁ ( 1 H

i s S AL o Sful  fec!

4. 6Bicy@o[Ri2. foctard-27Mikiz(34 n&, 8®6 (&1, 1E)NMB.(F® YBIZH DEY) 5

3;;@?@}%%@ kyrs%,blt ﬁg/ﬁ;{? %g{;{gﬁloﬁﬁg %4%%)36%9 2954 Hz, 1 1)

2 23291dd, JHenrsaces akzel H) 2.74 - 3.07 (m 5H)268 (s,3 H)2.04-2.28 (m, 2

(2, 4- 0oX noxal i n-2-a .
B 0 T BT A o] DY SIS, K7 2, B o -
2mmgayg}|2(:12 (10 rrL) at roomtenperature for 30 nin.
Sol vents were renoved on the rotary evaporator.
Sat ur at ed aqueous NaHCO3 (200 nlL) was added to the red
resi due, which then precipgtalgda pink solid. The
5m xture was extracted extensively with DCM The

or gani (&)-Naydretigathéieietd. Gokw risétn- éw{)sﬁiﬁ f atz@spiro[oxazole-5,3"-
concentrated, and drig slen; vaguum,io, af ford

7- met hyl qui noxal i n2- am&rﬁéb? 2]02 t?. fl ljor oacetate (640
ng, 2.34 nmmol, 85 %yield). Tth NVR (400 MHz,

DA/ SO d6) 6 Ppm 8.20(1 H, s), 7. Q%H d, 1=8.31 Hz),
7.28 10(1 H, s), 7.15 (1 H qg—/ 1, 1.76 Hz),
6.89(2 H s), 2.42(3 H, ).OJ.ﬁ%s = 1.07 mm M+ =
160. 12. Step C: 2-1sot i ,ya\ at o- 6- met hyl qui noxal i ne
»35 A mixture ~/mét hyl qui noxal i n- 2- ani ne
2,2,2-trifluoroacetate (546 ng, 2 mmol) 78263-058-01,
triethylamne (243 ng, 2.40 mmol), and 1, 1-

t hi ocar bonyl di pyri di n-2(1H)-one (557 ng, 2.40 nmol)
was stirred in 5 nL DCM for 282 h. The reaction was
directly eluted on a 120 g silica gel cartridge with O
to 25% Et OAc in hexane, 25 mn, at 35 mMimn to afford
2-i sot hi ocyanat o- 7- net hyl qui noxal i ne (185 ng, 0.919
mmol, 46%yield). LCMS: RT = 2.58 min, MH = 202.04 25
Step Dt

A A 2+ 0 ' a4 o~ p= ~ o~ Al 1l 1 . . T =



(R -N-(7-Met hylqui noxali n-2-yl)-4H 1' - azaspi r o[ oxazol e

-5,3"- bicyclo[2.2.2]octan]-2-am ne was synt hesi zed by
wao bmoneobod of Exanpl e 23, Step B. Fl ash chronetDyszapdig41076

on a 120 g silica gel cartridge with 1 to 3%[9:1 11163 PCT

MeOMWNHAOH in CHC13, 50 mm afforded 22 ng (7 %

yield). 5 111 NWR (400 MHz, CD C13) 6 ppm 9.S0(1 H,

br. s.), 8.53 (1 H s), 7.81 (1 H d, J 8 31 Hz) ,

7.5Q(1 H,_S) 401(1

[ WD L g Tif%ﬁfhwcfo%égg Y 36 (1 1

d, JeddboBiddd)hiode70 - 3.04 (5 H m, 2.50(3 H, s),

2.15 - 2.24 (1 H m, 213(1H br. s) 1.66- 1.79(1

H m, 1.44- 1.63 (2 H, n}olom@ = 8.67 nin, Mt
= 322.6, M+ = 324.1. Exa 44>_

(R -N-(6-(Pyridin- 3yq:)y m |3>_4¢y0 4H 1' - azaspi r o[ ox
azol e-5,3" - bieyelo[2.2 R | -2-am ne N\ HN-c N

0-4 15 IN 91/ Step A
6 (Pyrldln 3-yljpyrimdin-4-amine N-=\ N A mxture
- chl . . 2. ol ).,
yr| d| ngg Q%é Q?gggﬁY gneg{(:gf(ﬁt%](a%@%@% %]?yrg.% ffgl'%r%frge,(3oo e,
Na2 CGR n(n@)WlﬁEDMF (I75 b)) mawhddedm@OM sodium hydroxide (210 pL, 3.4

o ° GrisuB TG ol B o e ool B! R AR ime

DI\/EéaEb(ﬁHlMﬂﬁ@r was Bigedn2 50 ult, et Masmbié atietlle redultingreddish brown

m crowave synthesizer.at 125 C for, 20.mm .

ConEBHoT e fEkiae Saatitiet Sty TaM sy

16 hr aya@baas @phyL (319 nﬁcb% \edsrhﬁﬂed%ﬂtt}&trﬁlxtulﬁe Rexaamstirrtd1RR 10

5-25% 9: 1 _25pet hanol : ammoni um hydr oxi de- et hy] acet at e)

to EFFHEsdFeaflyyedomethane (2 9,5%493 prelavas geilodedronyvisey The

0 9§1Yxtﬁ%QJas sﬁt@e@%i 8) €hhu@s, aaRhRh timehioRing Ads GelldwPcipitate
[MtH E = 173.11. Step B:

4 | é%ﬁ ﬁerlrﬁdy A EHX B3 DPHch 1Mo Wigh 311t yoidssyvere pllagged Ry

To ﬁltl%ﬁgryio' a%rcp(ilml‘ozl 7- Inlaihgg}ag Wltﬁia@c}ﬂﬂ 5d1' ([]p%nll'a')n fne
lé| chilcoborraided Hlaipage 6|%6?1%MQ§¢)W&P{W@I@VQQOIIF10%NMR (400 MHz,

ts?g??ﬁ gvﬁﬁb@ﬁ?ﬁ 470,32 65.5 (837 ¢, 1.957

The m xture was heated at 60 C for 18 hours.

peaﬁ’%ﬁe eSSl o B B BT v Pl Dt Plogemore-

gel 5ehbiorrad/oQr2aqiy (2laride % et hyl acet at e- hexanes) to
@fford 4-i sot hi ocyanat o- 6- met hoxypyri m dine (0.12 g,
.56 mmol, 28.6 %yield) as an orange oil. 10 Step C
(12)-N-(6-(Pyridi n-3-Apyri m di n- 4- -4H 1' -azaspirof[ o
xazol e-5, 3, - Neyel p[ 2. 2. 2Joct uni - 2 am ne N=\'" HNN
[---\( [ridN-1 To
(S)-3-(am nonet hyl ) qui nucl i di _§» d,Uhydr ochl ori de
(0.13 g, 0.560 15 m’ml)@ dlrret yl f or mam de (20
m.) was added Cs2CO3 (24 g/ 1.4 mol) and
4-i sot hi ocyanat o-6-(jyridin-3-yl)pyrimdine (0.12 g,
0.56 mmol ). The suspension was stirred at room

D 1 Sopr oy TRosd i Enosstho08 4 Inmongs ¢ nen
addgldalamdrrmdman]ﬁmacté (irse nvga 8. 52 nimdal e @S )ad-(antomdtigingemadlidire3-ol

t d _
2pur #97SGBl L Sl PR o PG {02 6% 31 omon
met Dmmdsnﬂ;m@ heénmady do®@3a e hedrk, YTh@féﬁttlah eixth vak tosled to

(S)-N-(5-chl oropyrazin-2-yl)-4H1 xazole
3.8 P‘é%%lf@zat?p CABEITARP “zﬂt%ﬁ%@tr@@e @15 {9%&13(41%1 c
35 %yield) as an off-white solid. 1-1- 1 NVR (400 MHz,
MeOD) 6 ppm 9.13 - 9.21 (1 Hg¥y, 8.82(1 H, d), 8.63
(1 H dd), 8.44(1 H, dt), 7.56(1 H, dd), 7.31 (1 H,
s), 4.06(1 H d), 3.76(1 H, d), 3.20 - 253.28 (1 H,
m, 3.08 - 3.16 (1 H mM, 2.72 -3.01 (4 H m, 2.00 -
2.24 (2 H m, 1.52 - 1.83 (3 H mMm. LCMSRT. = 0.72;
[ MPkHr = 337. 2. Exanpl e 245
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hi cycl o[ 2. 2. 2Jot hani -2-anthe NE. =\ HN-c\ 0-\( N=K O-

5Step A: 2'-Alethaty-4,5 -thpyrimdin-6-amne N=-\
WOH2N9/13192dAN=K 0- 6- Chl oropyri m di n- 4- am PET/(8208%041076

g, 2.70 mmol ), 2-nmethoxypyrimdin-5- ylboronic aci 3PCT

(0.520 g, 3.38 mmol ), Na2C01 (0.859 g, 8.11 mol) g

bi s(tri phenyl phosphi ne)pal |l adi un{11) chloride (0.038

g, 0.054 mmol) were suspended 10in a mxture of

DI\/FJEtO‘f wat er The xturevva he ed

'n e %%weﬁweﬁsfﬁwﬁ?éfvﬂ st g T iy and
cone@méﬂt@teadn vddae. TESintkuge wa§p1nu1ret1fby eﬂilc:bgel ehﬂonﬁ@gg@hy (2-40
chr gmat ogr (0-5 %.9: 1rretq?nol n&
hydl/‘b[)?rlotget ztrﬁ ?m]g@]éltl]gthéjiro'?ﬂéleh(f lggp@rm) The product fractions were
6- ( Boththifkidima cii Rdtd d i Ao adra SR)(Q (2&1@1%9411&%&0%@!

51 %yield) as an off-white soli
f M- Foy eimixdyy 2-4) -4 Hr ' ag;g@go@xazole -5,3"-bicyclo[2.2.2Joctan]-2-amine (95 mg,

ﬁlz?@%\ld” 'y%%?ﬁ@k_ﬂr%ﬁg Wﬁ?@bc‘%’g% sl PYF At he S>3\ h) 4.16

sol ution

1, 1(s; 8 bl) ddarKboryLditpyt Hod A0 &, ¥).5oHe, 1(19) BAR(dd, /3498, 1.88
nanpl ) c / [ f '

”%118%% ?“%5?2 I\ﬁi\iar?ﬁf]%g§ di\'g%\'grﬂ', I} P8 T PR4RIA8) Ahs - 1.66
20rTEm rﬂ)nyMS G G/MiSpRrII. PO ENG+HATH=-n¥17(38. 56 g, 2. 76

The orange m xture was heated at 60C for 18

urs The LC/ M5 showed the desired product peak as

t he maj or peak The deep arxamgre Fm7gt ure was purifi ed

gz ef Ia }QC% é&‘g{] e‘gz;%”ff gt}ybzgfyclo [39 Zfoctan?—)—ylammo) thiazole-5-

4-i sot hi ocyanat o- 6- net hoxypy,ﬂ)bm,%ne (0.1 g, 0.408
mmol, 15 %yield) as an orange solid. NLCI\/[S RT. =

2.29; [MrH = 246.03. 5Step C o 2

(12)-N-(2'-ill ethoxy-4,5"-Di W 6-y0-4H11-azasp
i ro[ oxazol e-5, 3" - bi eyel [23% 2] arir2-amne HN-k, N
[Nt N N=K 0- To N

(S) - 3- (ami nomet hyl ) qui Al @7 n-3- ol di hydr ochl or i de
go 093 g, O. 41 mol ) in N, N-d| nmet hyl f or mam de (20 nl)

i S S8 ol B0 M

0. 41—can13m]h1)r11é|' es suthpersli hynhe/\msthed off Exachp&t2 74 oaming from 2-
t t ]
n s da BOM T M e, 2RO pEmgT - L 81

t he(s adideReaad /108 mzxt U3 ova, S0838 €, At r3aIm3.10 (m, 2 H),

re for r he 1 Xt ure was n rated
g 176 5 289 R4 31 (e Qi ARy §8- B8 b L) 1.4

nret hago | STHP VIS MLOKR) T ded SR IHH] *aeep(aoe) to afford
(R-N-(2'- 15me thoxy-4,5-b |pyr|md
In-6-yl)-4H 1' -azaspiro [oxazol e-5,3 -bicyclo[2.2 .2]
octan] -2- am ne(0.072 g, (43189 gmwl, 46% yield) as an
off-white solid. 1H NMR 5[400 MHz, MeOD) 6 ppm 9.19 (2
H, s) (RSN-EBB0omapydylol l72-04 2 4iiats-4-y§-4H- 1 seg@iroforgwig-4.3 -
25" m 3.76 (1 H d), bzgj/c%%@gédzltang)%angfneos -3.15 (1 H

1

2.72 - 3.04 (4 H (2 H m, 1.38 -
185(3H m. RT. :122 [I\/Hr\—%6822 20
Exanpl e 246

(R -N-(6-(Pyridin-4-yQoyrim diNn—4- y]u) 4H1' - azaspiro[o

xazol e-5,3" - bicycl o[ 2. Manlw -am ne N-Th
HN-c Step A 6-(Pyridi %ﬁ?’.t,)/plri ni di n- 4- ani ne N_=\
H2NH 1/4, \ N 64 oropyri m di n-4-am ne (0.324
g, 2.5 mmol), pyridin-4-ylboronic acid (0.384 g, 3.13
mol ), Na2C0l1 (0.795 g, 7 50 mmol) and

5bi s(tri phenyl phosphi ne)pal | adi unm(I1) chloride (0.035
g, 0.050 nmol) were suspendedygen a m xture of

DVE/ Et OH/ wat er (15:2: 3 nlL). The m xture was heated in
the m crowave synthesizer at 125 C for 20 mn and
concentrated. The residue was purified by silica gel
chromat ography (5-25 %[ 9:1 nethanol : anmoni um

hydr oxi de] - et hyl acetate) to afford

A - o ~ N a I 1



To a solution of 1,1'-thiocarbonyldipyridin-2(1H)-one

(0.601 g, 2.59 nanol) in 15
waelk@bhismweoaet hane/ N, N- di net hyl f or mam de at r oonPCT/US2009/041076

tenperature was added 6-

(pyri di n-4-yl)pyrinidi n-4-amine (0.297 g, 1.725 mbi'$3PCT

The orange m xture was heated at 60C for 18 hours.

LC/ M5 showed the desired product peak as the major

get cht oEabr HpOR 0% i T HeBt Gl Tyl pBbies.-

af f ercdclél[zlzsz;@dmmymaé @as&-yﬁtmymedlbpﬂéc—méth@ydﬂmdplaam starting
(0. Q55 20g, 15 %y as_an qr

Soi FM TLeNRORTPIo L3213 e ey oIV GBI eon)
((10phin BG3( Py 7. 04 61 IAJQI et N Hz)46 7@(14HF4 J 4 53 Hz), 4. 09 (1 H d,

-azaspi ro[ oxazol e-5 bi ([2 2Jo n] -2-
A= JHORH 3\79q\1|Hr(51Jlongz)324 1 H, d)312(1H @), 270 300 (4 H,

(S) oL t n I chh@pi
(o B e P B e g (540"
nt h$7%és added CSZCCB (o 209 g, 0.642 mmol) and

4-1i sot hi ocyanat 0- 6- (pyri di n-4-yl)pyrimdine (0.055 g,
0.257 mmol ). The suspension was stirred at room
tenperature for 30 rri nut e §XANAXE-277

1Q\IOIIOIZd an@yé &%{ ur e ]&agolc c]C)’ﬁ SPJT ﬂegazf %_%T%r&gll\p@rsz %ﬁ?ﬂn] 2

tenperature for 18 hours. Themmexture was concentrat ed
10and purified by silica gel chro raphy (0-10%
[9:1 net hanol : ammoni um hydr oxi defi=¢t h acetate) to
afford (R -N-(6-(pyridin-4-yHN [ n-4-yl)-4H1' -
azaspi r o[ oxazol e- 5, 31- bi Hﬁ[z —2] octan] - 2-am ne
(0.014 g, 0.04 nmol g@!@}w) as a yellow film 1H
NM R (400 MHz, MeOD) Bpm 8.85(1 H, d), 8.67(2 H,
dd) 804(2H dd) 734(1H br. s.), 4.06 (1H, d),
76(1 H,_d (1 ? 3.10(1 H, 15d), 2.70 -
.99 (4 ®) lﬁlrfl 6%3@1@&“@%%(@ Frazgppirolpxazgle:5.3- 86(3 H,
150 b1|e%2a ﬁocta‘n 0. aﬁgne \[&lwsl}'flﬁtheslz"péﬁ%g% m&ERAd ‘éflﬁ’;a%ﬂlz 2741 starting

(R) -6~ ( r- Azaspi r o[ at azol e hi cycl o] 2. 2

oct ém@]l 6 Qapythamilﬁdyar@ne 2 M (HICMHZNYAPPY § pem BIQIN H, S)
St eg.4é\r(n ng he @%?I %) HEJLQBS%FH @t#q?@i hUJ6§)4§I ,
To b6-a . 08 I

n| cotihoni tri
in Hi,d,hil:&ﬂd)ﬁbb Halﬁdlﬁzd hLP 30dig), éd?dédH d, J= 10 32 Hz), 3.36 (1 H, d),

1,1 Welo y id (
mm??ﬁ IaTﬁ’e(% gzgt%g%&\y/\gs |Or§ré§)oz§?ﬁ681§%¥ 19935 ﬁodr
20 he (Ik@&E@HS) RO =vA3R; ¢M®H¢d=3k§)?r oom tenperature. The cr ude
was purified by chromatography (Biotage: 25-100% et hyl
5acet at e/ hexane) to yield
6- i sot hi ocyanat o- 2- net hyl aixaefAza@Tstrile (0.52 g, 2. 97

ng?l @%ﬁ@f‘y”%—”&%ﬁ’z{z '}’ié '?Igygé&?% 9[ 0%7@2? 3A @&@? 4%_5 ZP %tr;rl] 2 amzne

(s, 3 H. M5 (LOWS) RT. = 2.09; = 176. 0.

Step B: (10-6-(4H1

' - Azaspi r o[ oxazol e-5, 31- C?/_J‘GKQ JoctaneJ- 2-yl am n
0) - 2- 10net hyl ni coti noni 7N 0--\(N To
6-i sot hi ocyanat o- 2- et fiy| co't\llnonltrlle (0.25 g, 1 43
mrol ) in N, Ndinethylfon-namde (20 nL) was added
2§riethylamne (0.5 nth, 3.666 nmmol) and 3-

(am noneg r

e AOUADE Bh 2 ey G N D02 -2
st i pmind vas sypthegzédbly the hf@moé of Hranple2itd stawmanaem ¢ool ed
to roomtenperature and concentrated in vacua. The
crude urea was purified by chromat ography (Biotage:
85% CHC13, 14% MeOH, 1% NH4OHjg7 The product was then
treated with N, N-dinmethylfoimamde (20 mL) and N, N -
di i sopropyl carbodiimde (0.67 nL, 4.28 mmol). The
reacti on was heated to 70C for 202 hours. The reaction
was cooled to roomtenpei atme and concentrated in
vacua to y| eI d the crude product The crude product

T -~ N7 N1 17 NA I~




Step A: 6-1sothiocyanato-2, 4-di net hyl ni cotinoniwile S
To 6-am no-2, 4-di nethylnicotinonitrile (0.14 g, 0.95
wornmb)31926 di chl or onet hane (20 nlL) was added  PCT/US2009/041076

1, 11-t hi ocar bonyl di pyri di n-2(111)-one (0.23 g, 100 1]163 PCT
mol ). The reaction was stirred at 40 C for 3 hour &

The reaction was cooled to roomtenperature. The crude

was purified by chromatography (Biotage: 25-100% et hyl
acet at e/ hexanpe) ,; iel

o Wby A oIk M HrBYD AR B PoT T3 590 C
0. 781, myol.47 @31, Yl yi=e158) 3. 780k NVBY (15A0d, VHE0.02HE)SO766) 8, d,

P stiig o gyt visoa ohtah V270 2 S5 il e b,
(12) 56~ (/34kb A A3 agreive) rRxazal|; pvedy ki aygl of 2. 2. 2Joct a
nd -2 Iamlnoj 2,4- dinethylni cotinonitriie IN To

%-l sot hi ocyanat o- 2, 4-di met hyl nicotinonitrile (0.09 g,
0.48 mml) in N, N 20di ngthyideiyam de (20 nmL) was
added triethylamne (0.17 nmL, 1.19 nnDI) and 3-

(ani nonet MN-Gut-Ricdidr eiseadwobn-3oihifdd beasmird/ekszqle S8t g,
0.49 nmol) at roomte r tion was

stirred at 70 C for 2 ?ﬁyzﬁﬁglfgé%??%n was cool ed

to roomtenperature and concentrated iGh vacua. The
crude urea was purified by chronmat ggraphy (Bi ot age:

85% CHCI 3, 14% MeOH, 1% N1-1 — product was

then treated with N, N-dj @Id?r'= bge (20 nm.) and
N, N - diisopropyl car bodj de, (0:22 n, 1 43 mol).

The reacti on was heat @,\@8 C for 2 hours. The

reaction was cooled to roomtenperature and
1@oncentrated in vacua to yield the crude product. The
cr ugde, ot od JDWWWMIQI hLesl dlwoseywcam&mfdéphy 5
(B|otage 5A> A)I\/EOH HAOH) to yield

(R -6-(4H F-

azaspi ro[ oxazol e-5, 31~ © oct ane] - 2- yl am no)
-2, 4-di met hyl ni cotinoni tri h01 0.32 Mol , 66%
yield) as a white powder. O dvHz, DAI SOl) 6) 6
ppm 9.08 (s, 1 H), 6.60 s, 388(d 1=10. 38 Hz,
1H, 361(d 1=10. 38 Hz, ,298(5 2 H, 270-

2.79 (m 2. m

10H), (§% 5%11@5)]@? Yl)Hleﬁbana(qn}lgé %H)Sll 4111111&51) wgs ag@ecté a Sflutlon
15) , oﬂ.mEtﬁyl 212-Bi2thOxgac@inkdiate 12. (Jm.g -11 6419fn(ﬁlbrin n'iethﬁn.ol d\YBml) The

g kgjjn_l)lvis{&r(a gzag,h%aﬁ%ﬁ aézg"c ;OMTEH The mlxture was purl l\fpla%y chromatography

Ti deFbfags 100% othy Laca@as. PT RO v @zfedcBory, viere bdrl@Mﬁﬂafb[dZ@ FieRIN-

oet an amne FIN/ 0--( i NN _Ste
3- b@%ﬁ@@?g}%ﬁ@gy@ %%@PWF‘?“H’&‘Q?%Q éOS g, 9.2 mmo? 72.7 % yield) as a

3 |§&Bﬂ1‘és§>$i¥&ﬁ@b@ ﬁ{l@dl@ﬂ&gi(]@MHQ@ZMD@ -DYRS ppi Nohesi 7o, bH)
he net hod of Exa FIl ash chromat o

2Q5n 5712891&)54 14 ch3yen. 208k 847 dg&S it hHy 110 -5 m, ﬁ)AJeg/MS
in REXAHE. VA mcrgmgt 35 nLimn afforded 420 ng (49 %
yield). (EIVS T =2.17 mn, M# = 214.06. Step B:
(12) - N-16- Phenyl pyri dazi n- 3-y0-4H 11- azaspi r o[ arazol e-
53 - mne / HN 1NN 0-4 .\ 5

Stﬁf?;%ﬁeny Eléf'l %%%@fwgn -4H 1' - azaspi r o[ oxazol e-
5 31 bi cycl o[ 2. 2. 2] oct at-2-apire-Aas synt hesi zed by
the nmet hod of Exanple 23, ep Fl ash chr omat ogr aphy
on a 160 g silica gel cartri YGe i th 1- 4%[9:1
MeOH NH401-1] in CHC13, 50 min, @t 40 nL/mn afforded
67 mg (R)-N-(6-
10phenyl pyri dazi n-3-y1l) - 4H 11- azaspi r o[ oxazol e- 5, 31- bi
cyclo[2.2.2]octan]-2-amne (17 %yield).
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111 NWR (400 MHz, CD C13) 8 ppm 9.61 (1 H, br. s.),

7.95 - 7.99 (2 H m, 7.74(1 H d, 1=9.32 Hz), 7.39

WO 72009231036 H, m, 7.22 (1 H, partial d), 3.97 (BACHUS)9/041076
1=9.32 Hz), 153.64(1 H, d, J=9.32 Hz), 3.37(1 H, dgla&PCT

J=14.73, 1.38 Hz), 2.69 - 3.06 (5 H m, 2.16 2.2

H m, 2.140 H br. s.), 1.66 - 1.79 (1 H m, 1.45-

1.60(2 H n 1 HNMR (400 MHz, Al e0OD) ppm7 87-

R N S T O T s T

3 1a(eﬂlokyac&dmdﬂm1@9 (3@ 6.6lAnR0 aHbm tempedature3 T@ére(aétldﬂ was
n’) 1, 55- 185%Hn)20L . RT

h%a dﬁﬁ]40 ,@_ﬁor 13 @%u&s 2TLW LC/¥Rgihdicated the presence of product.

EXAWé—I%aCZQQ was cooled to room temperature and qH?nched with aq. NaOH (~15 M)
]gRI N- (5- (Al et hyl t hi oj pyrazin-2-y J' -azaspi ro[ oxazo

Bt the BIGEgR Maftore 2vad JBidatlhp cwdﬁwior%@t gageigeiad with ethyl

5- (Metde d2txhﬂOQ)IEan@%ﬁ%rgaM\>§E@e drled WlthTM @O? Qitetcliomdof
5- br onopyr azi n-2-amne (2 g, . (F

Nh l\lécbriffa’ﬁﬁt}ﬁdz@ paran el 26 p]‘bduc’t/.\/aﬂle&ﬁdie @brcﬁi@&l wHpurified by
t hi omet hoxi de (1.611 299mm . The m Xture was
st i FHEAISEEPING %gealtoggp%@hﬂﬁa%we r}?eﬁ?rt?&etﬂ Yfe&fS 18 h and
CON@RAbFRog ol £ amBRi(0182 ¢ Wash hmeRbed o fef) u\@et @Jrk %w
the m xture was extracted wi th 5di chl or onet han

1@ onBrwd b GRAR EDONHe 4P ed o prm $88iturh Sl %t 673 (m 1 H),
fil W@b?&'ﬁ@dl fencENErAled- H)T@@3 g@@H‘?%s‘OE@M’MVR tiedsby
silica % chr omat ogr aphy ('0-'10 | met hanol : anmoni um
hydMdxHéle=85hyl acetate) to afford 6-(pyridin-3-
yl)pyrimdin-4-amne (0.15 g, 0.871 mmol, 35%vyi el d)
as a yellow solid. LCMS R T. = 0.91; [MH = 141.89.

10 Sepp: B S-Ridhbrhi deyltoawrBeifamtnayha hi o) prazi ne M\= To

a solution of 1,1'-thiogar gon | di pyrgdin-2(1H)-one
(1.069 g, 4.60 nmol) in aFch @@ anc at room
tenperature was added 5-(netn ©) pyr azi n- 2- am ne

15(0.50 g, 3.54 nmmol ). The reactiion was stirred at
I$ oom t enperature for 18 hours. L&'MB showed t he
desired product peak as the ITHJ or peak. The deep
or ange m.x uri

chr onat OB? égﬁgﬁh Qo1 U%OLIE% %ecé@g ?ﬂgm)sl)l djchloromethane
af f potni2r W&l Y A 8daoon fdl’fﬁhﬂﬂl@( N PdRY 038 gnp%:dw%n@fbfand

g, 257 mol , 84%y el d) as an orange oil. L
= Zt@Seachxtu;e paystiesed a §tf@rﬁl lours. The reaction was cooled to
26 12}50hk terir Q&ﬁ?%ﬁ%ﬂﬂo%&%ﬂa@ﬁéﬂ%té’g@ ratkho7; @tﬁﬁga‘éétﬁt‘é}ﬁb%@s) to

| e-5, 31- e 2Joctuni -2-am ne HN 2 '
(S) y@ld(faéhfiﬁb%@cfrjﬁpmvm&lﬁogmnolswé@ 2di hymeroh|6ddi‘deicld) as a
(O Y o (
. Bwacd 1 HENRRR W%zggm& Wit 6 @x% Of FRMH AR a( A3 Tz, 1
2- |§0xt&ﬁ2ddy&ﬁdt461251 ﬁhe% (st hild) Py bEIMS R.0.-33.63; [M1GH7=
The suspension was stirred at roomtenperature
for O ‘mnutes. N, N -diisopropyl carbodiimde (0.765
2f, 4.9 mol) was then added and the m xture was
conti nued to stir at roomtenperature for 18 hours.
The m xture was concentrated and purified by silica
gel chromatography (5-25 % 9: 1 met hanol : ammoni um
hydr oxi de-et hyl acetate) to afford
(R -N-(5-(nethylthio)pyrazin-2-yl)-4H 1' - azaspi r o[ oxaz
ol e-5,3" -bicyclo[2.2.2]octan]- 2-am ne (0.014 g, 0.04
mol , 16%yield) as a yellow solid. MP. 155-60 C.
11-1 5 NWR (400 MHz, MeOD) 6 ppm 8.13 (1 H, d), 8.06(1
H s), 3.96(1 H d), 3.66(1 H d), 3.20(1 H, d), 3.08
(1 H d), 2.87 - 2.96 (2 H m, 2.72 - 2.82 (2 H m,
2.52 (3 H s), 2.00- 2.19(2 Hgom, 1.51 - 1.81 (3 H,

. LCM5S R T. = 1.01; [MtH + = 306. 12. EXAMPLE 25]
10(12)-N-('5,6-Di chl oropyridin-2-.34)-4H 11-azaspirof[a
razol e-5, 3' -bi cycl o[ 2. 2. 2] oct ahl - 2-am ne Step A
N- (5, 6- Di chl oropyri di n-2- Api val am de Cl 15C1 To a
sol utl on of N-(6 chI oropyr| d| n- 2- yI)p| val am de

o - NN N A e — e ~ o~ o



NC d A m xture of

N- (5, 6-di chl oropyridin-2-yl)pivalamde (790 ng, 3.20
worn@b)319be/dr ochl oric acid, 37% (1.25 nlL), wat ePCT/LSDDBI/041076

m.), and EtOH (3 nL) was heated for 4 hrs in an oi{1163PCT

bath at 85-90 C. LCMS showed nearly conpl ete

conversion to 10product. The reaction was cooled to

roomtenperature and the reaction m xture was

evapor at e 0. a sl hen tr nsf reed to
o S SORPL B R Bl il vty BRER G e
aqueRKgoSodjvmgar-hemat e and ethyl acetate. The Iayers
wer e separated, the aqueous phase was washed again
with ethyl acetate, and the conbi ned of gani c phases
were washed with brine, dried over >4, filtered,
and l1l5evaporated to give a V\ﬁ,{, g SO The nmateri al
was subjected to a Biot u 0% et hyl

acet at e/ hexane, collec @I mai n conponent .

5, 6-Di chl oropyridin-2 ne/(O 49 g, 2.98 muol, 93%
was obtained as a white solid. 1H NWR (500 MHz, CD
C13) 6 ppm7.44 (d, J=8.55 Hz, 1 H), 6.36 (d, J=8.24
Fz, 1 H)To é8%&h(cBo-32sdiocyMmitditdguMB)indROT7 ¢50.67 BBiol [ iVENIF

=1 8. .20 Step C

Uy B30 st separs O sl B GO (BE G To
5, 6¢dkiiedthakyQRM i elidir- %aanhp&o&}@oriﬂdz (@15 2, B& xh®l) ht fobm
di chl oronet hane (25 nL) was

1, 1*6%138&5%%9%0&9%%% dird Qﬂw f%rr?ehocltf gdie goacgongyas cooled

mmt&room@n t@2ahd UhcRtcdlih Tdcasl Bite fHOduet FAY treRtcl QLN N'-
then cooled to roomtenperature. The crude nateri al

1Qva s digsepropy learbediingife G tralgrlepminop BiTHe Egetionows hewod tedRyF for
?8 e%g&gé h%%ﬁ)uof{ w%s E’do@éﬁl‘ tg E&nﬁgehlggtaglk@é}l}ﬂ?g@%g@é%d t‘é'yﬁb@d the

NI\/RCI(uS@DIOMQZ Tlmre@ny@f)ucswmw@ectey gliom@tegans (Biotage: 85%
H) ' E'F[Cizégg’l\é[go_ﬁ 12/4(1; E%OF% 'ﬁle pM@u& kfvgé M@n L% iha sﬁlaﬁ a§1§r‘mt of

( RFBhlgzlEuc@tatDl \Qﬁllcpfe@lméﬁlnﬂjihﬁ famiforftitalpkecdzas Ot &aTHkeAzRle-
5bi gi;clo 2.2]octank2-amine HN-' . Cl N INC To

1% 3wa$h@ﬁ g-sgafl §@9mt@é §Arzceporandidred ng: wouwn ogneyield
mmtﬁ N Re, klthlo%g%uﬁxhﬁ 9lyg)am tieaza%@ro[&&zo\rm yadded

trlethylamne .

( anPupHel2R\A19anl 3 AAENNIOAOS £of. 2‘Hmmpélr3éér% gicldes ¢ hBapgyyder.
2.3 { t a

a1 1 oA T B Sr A5 7F g O P 790

t enpP anuk B),&rfd -deridemi Hat BB 4 ?124/(anmdd{)TB1é9 eB.Adémulr Ba 3.53 -

2SRty | 852 SIS 86T 2T (0802 PRI . 100

N, Nesdli Bt 190 (. OF it seeéd, (/2. 78z, 2Hd INON 150 (m, 1 ). MS (LC/MS)

dii P de(107rrL 6 88 mmol ). The
reagtolio gl%g/a@ahggded tlo 70C for 152 hours. The reaction
was cooled to roomtenperature and concentrated in
vacuo. The crude product was purified by

chr omat ogr aphy (Bi otage: 85% CHC13, 14% MeOH, 1%
NHACH) to yield

(R -N-(5,6-dichloropyridin-2-yl1)-4H 1" -

azaspi r o[ oxazol e- 5, 31- bi cycl o[ 2. 2. 2] oct an] - 2- am ne
(0.36 g, 1.08 mol, 47 %yield) as a vvifite powder.
1H NWMR (500 MHz, DAI SO D6)6 ppm 8.31 (d, 1=1.22 Hz, 1
H, 207.84 (s, 1 H, 6.80 (s, 1 H, 3.85 (d, J=10.07
Hz, 1 H, 3.57 (d, J=10.38 Hz, 2 H), 2.98 (s, 3 H,
2.69 -2.78 (m 3 H, 2.65 (t, J=7.78 Hz, 3 H, 2.00
(s, 2 H, 1.86 (s, 2 H, 1.58 (dd, J=7.48, 2.90 Hz, 2
H, 1.56 (s, 1 H, 1.41 - 1.4%y(m 2 H. M (LC M)
R T. = 0.81; [MAL]' = 327.1. 25 30 EXAMPLE 252
(12)-N-(4,5-D chl oropyridin-2-y0-4H 11- azaspi r o[ oxazol
e-5,3" -bicyclo[2.2.2Joaanr 2-amine CIl HN-("Cl 0--"N5




Step A 4,5-Di ehloro-2-isothiocyanatopyridine Si C To
4,5-di chl oropyridin-2-amne (0.25 g, 1.53 mmol) in
walzwbhamwedret hane (25 10nli) was added PCT/US2009/041076
1, 1" -t hi ocar bonyl di pyridin-2(1H)-one (0.36 g, 1. 5611163 PCT
mol ). The reaction was stirred at 40C for 3 hours,
then cooled to roomtenperature. The crude materi aI
was purified by chromatography (Biotagc: 25-100% et hyl
acet ate/ hexane) to yield
4, 5-di chl oro- 2-i sot hi ocyaﬁéft‘l%ﬁﬁﬁizépne (0.26 g, 1.27
mol, 83 %yield) as a yel |l ow powder.CiThe product was

carried directly to the next step. Step B:
(RIN-(4,5-Di chloropyridin-2-12 =&raspi r o[ oxazol e
-5,3' - hicycl o[ 2.2.2Joct uni H¥= Cl C 0--\(NIN To

4,5-di chloro-2-isothio §t<op)h'|d|ne(0 25 g, 1.22
mol ) in N, N 20di net hyl ouﬁhm de (20 nmL) was added
triethylamne (0.43 , 3.05 mml) and (S)-

3- (am nonet hyl ) qui nucl i di n- 3-ol di hydrochl ori de (0.29

g, 1.24 mte erature.. The reactio
Stirred at0rb E-Ph P R AL e e e
$0 room tenperature andchpneepcrai-edmiite vacua. The

crude urea was purified by chromatography (Biotage:
85% CHCI 3, 14% MeOH, 1% NEI 4CH) . oduct was then
treated with N N-di methyl for mam de nm.) and N, N -

di i sopropyl carbodi i m de (0. 54y mol ). The
reacti on was heated to 7, ours. The reaction
was cooled to roomte ég?lume and concentrated to
yield the crude produ he crude product was
purified by chromatography (Biotage: 585% CHC13, 14%
MeOH, 1% NH4OH) to yield

( R) St (44 N6 (3H-Oidnor-apy i), nd2hy@racetimidamide

4H 11- azaspi r o[ oxazol e- 5 3' - cycl o[ 2. 2. 2] octan] - 2- am
ne (0.09 g, 0.27 mol, %%leld) as&vvhlte povvder

1H NMR (500 MHz, DI\/SO\DG .32 (d,
J=6.10 Hz, 1 H), 703(s HH 3. J946Hzl
H, 3.57 (d, J=9.77 Hz, 2.98 sCIz H) 2.71

-2.79 (m 2H),265(t 78HZ 2 H, 1.99 (s, 1
16), 1.86 (s, 1 10H), 153- 161(m 2 H, 1.41 - 1.49
(E)r?A I\/I:Is Wgéﬁ@lcﬁl%gpw@yl)ﬁxefﬁanmﬁe@% 1k Mh'ﬁ'ﬁolfw%d@d to a solution
(+ 208 mpghyl 22-digthexxscetipdatp (4. QA & il dioroipely i methanpl (1979 pThe
o[ oxRZeL %va@ hg’ated AR E Bl FhmIRRIR pRi A hidNafderdp

N jetez

5- Chbiotage: 205 %thiyl aretptenal loe dpsingsk fraghipnsrvadd eancenirated to PigAN-
1§ QSI Pﬁﬁhl%ro%@ﬁﬁg Eilﬁfﬂbﬁgetﬁﬁ%ﬂgl égldél‘%’ b m%loﬁ%lmﬁpgf cld) as a

t
1 1@0101ﬂﬁsg:¢ig$@ aij.l bIHMMR @300-N2KE, CFDCIZ)}&mal 185 thD,gl HB7@0 (m, 1
The D aaEnbG0e RR1EY Do PABh PhiEd G AR M Tpus o

m xt l4itelW&Sm;ﬁJH)fL@MSJ&TEhIfQIﬁWHQraM@d (B| ot age 25-
100% et hyl acet ate/ hexane) to yield

5- chl oro- 2-i sot hi ocyanat o- 4- et hyl pyri dine 25 (0.45 g,
2Q. 48tepBol6, 7-Bleh lryfis @btk lin-3idmRAI S0 dibhdar0i oMBa» DB J-6m e m
8.45 (s, 1 H), 7.47 (s, 1 H, 2.37 (s, 3 H).ClLC/l\/S
RT=2. 79; [I\/H-H] = 184.9. Step B:

(R) - N-15- Chl N | prrl di n- 2- yd*zh! i r o[ ox
azol e-5,3" - hi CN 2JoctanJ] 2-am CC 0-\K
N iN To 5-chl oro-2-isot A ocyanat o- 4- et hyl pyri di ne
(0.37 g, 2.0 mol) in N, N 5di net hyl f oi mam de (20 nlL)
was added triethylamne (0.7 nL, 5.0 mmol) and (S)- 3-
(am nonet hyl ) qui nucl i di n- 3- ol 2gi hydrochl oride (from
Step B of Exanple 17) (0.47 g, 2.0 mmol) at room
tenperature. The reaction was stirred at 70 C for 2
hours. The reaction was cooled to roomtenperature and
concentrated in vacuo. The crude urea was purified by
chr omat ogr aphy ( Bi otage 85% CHC13 14% I\/EOH 1%

o " T |



am ne HN-< )/ --CI / 0-4 NNNiN./// N Step
A: 3-Chl oro-6-isot hi ocyanat opyri dazi ne ryci

W®20sMB1926 ' N-; N 53- Chl or 0- 6-1 sot hi ocyanat opyrPCUEES2089/041076
was synt hesi zed by the nmethod of Exanple 218, Step 563PCT
FI ash chromat ography on a 120 g silica gel cartrid
with O to 25% Et0Ac in hexane, 25 mn, at 35 nL/mn
afforded 213 ng (31 %yield). LCMs: RT = 1.25 mm M+
(12) - 162 BB B3 1l 7o) 3y s -0 cichlorobensy 22

- adiethpkysobtaniaznlde (Dg 3.6 mPloD¥ClodmAcpitdtorRt aNK ZeadiGnneas

/ N .

( RI) {}rmdéo EiCotonh3 eun i = 344G/ Miyindicated the presepee Rbpraust:
5, 3The Rh&ME M Sodtedb 6@ Rehmpérafiid ﬂﬁl q@a&hémm agiNuerH Y15 M)
the nmet hod of Exanple 218, Step

e hr s thsgeaghay mbruts wesoplg 7silih ewd@@qod%fé Met Piggetedinith ethyl

1- Ba&/ta@ 2L:%0lm |th'!ﬂ‘ cs'%r%&wthﬁ@g@ ﬁﬁ&re(ﬂQnd
mLi mn a forde 04 yield)

VHz concextragyl i vofpgmtcgylglql (t}g_e mpdust. . The cyude prcgig@tyqu purlﬁed by

d, 1 ( A
N e
J= 1g¢iegigappljpx3nate}l-]z§1 1:12migfre ofgeg)'qisc(rgerw 7ffﬁch1020igat1uinoﬁn 24amine

lé 1 15%11?% EIC oiltgréoglulﬁgh —%ﬁgf‘l\’ne)lzs]ljk gg% Emilol 78%%'5”161@56 i:!lirﬁS

MH+yetlo@Opbwiler. m&mﬁrﬂﬁﬁwere carried on without separation. 1H NMR :

(R PSRN AR T e geRsgly Qi send & By

A 3-88(50[1@1—)67 $6@lt hiotyan attopy.es dazines Hz, 1\0), 63CaN] N), 6 58

3- Bro S at.qpyr. vt d., hy
Chetrbt R Or EHRare- 335, N B5VES BEar S skt 2L 26,
1shromat ography on a 120 g silica gel cartridge with O
to 25@6EtOAc in hexane, 25 nmin, at 35 nLIn1n afforded
3645468 C{ £2-O4)osr-dysoresyarssodegnolin anga Siichipre
215isQdiochRRisByuinoline

(RI'N-(6-Bronopyridazi n-3-y0-411- P-azasplro[at%%ole 5,3

bi cycl o[ 2. 2. ZipctanPZ aggne 20 HN-41 /NN N
(R) - N- ( 6- Br v yl) AH 1' -Bealp le-5
,3'- bicyclof 2. % -am ne was syn{he d by

the nmet hod of Exanpl e 2% , Step E. Flash

chronatography on a 160 g silica gel cartridge with
' : 1. .25 MeORNHAOH] 50, mn, at_ 40
29&. | i min Eﬁ % 8@&@&@&0@}?@1“@%?“%%“55@% lchlarffowlm’o@mne
MHz (0. 4309 }5?1 324 ﬁlﬂﬁ)@qh alcﬁ}%rc(tﬂetﬂdne gZO m]§) Was aade%ﬁl (1 H d,
J=9. 07 g 92(1 H, d,

J= gtlgopall.lquyldlgylg@n( fLIH_)ron. (. {héQg g2 Hg}tnol)sangghe(rgaqqon H)dixture was
Z] 1§‘t1r%%’at 4() @4f0H( h@ur; 'ﬁ% reacg019%a§c%oiéd t@%vomzte@?eratm% a;ig

CNSirOIREﬂﬁgI@le (Bnoltﬁge IIOHOO%%M acemﬂ!h@@sesmto anwaoaz%d
2§ 12}6 +Jﬁle£s %%‘iég&&@ E‘%wf hﬂ&lgdqﬂm%hg’e](b 24%?'0]7%4 @ﬁﬂoﬁ\iﬁmw %

I cycl of 2. ZJoetam
y1eld) and 5 6 dichloro-3- 1sothlocyanat01soqu1n011ne (O 23 g, 0.902 mmol, 46.8 %

yield) as yellow solids. 5,6-dichloro-3-isothiocyanatoisoquinoline: 1H NMR (500
MHz, CDCI3) & ppm 9.10 (s, 1 H), 7.87 (d, /=8.85 Hz, 1 H), 7.82 (s, 1 H), 7.66 (d,
J=8.55 Hz, 1 H). MS (LC/MS) R.T. = 3.63; [M+H]" = 255.0. 6,7-dichloro-3-

30  isothiocyanatoisoquinoline: 1H NMR (500 MHz, CDCI;) 8 ppm 9.04 (s, 1 H), 8.11
(s, 1 H), 7.94 (s, 1 H), 7.37 (s, 1 H). MS (LC/MS) R.T. = 3.42; [M+H]" = 255.0.
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10C1 Step A1 6-(Pyridin-4-yQoyrimdin-4-amne HNN C

A m xture of 6-chloropyrimdin-4-amne (0.324 g, 2.5
woeof3192¢t- chl or ophenyl boronic acid (0.489 g,PGI/2009/041076
mol ), Na2CO3 (0.795 g, 7.50 nmol) and ! PCT
15bi s(tri phenyl phosphi ne) pal | adi un(I1) chloride (0. 'ds8%

g, 0.050 mmol) was suspended in a m xture of
DVE/EtOFfiwater (15:2:3 nL). The m xture was heated in

the_mcro ynt hesi.zer 2 ,or 20 n and_,
conSBher QBN TP G s 5P B B Re e
chr prplisygrapbyad]2-dkind0 9: 1 met hanol : anmoni um

hydr oxi de-et hyl acetate) to ol
af Tord: 6- (pyridin-3-yppyrimdin-4-am ng” (0.3 g, 0.871
mmol, 58.4 20' A yield) as an off- vvhi O(lél d. LCMVB

RT. = 1.42; [M211]+ = 207. 9]y £p

4-14- Chl or opheny0- 6-i sot hj @La@at Qpyrim dine N=N\ N

Cl To a bright orange SE

1,1' -t hi ocar bonyl di pyri i 2({H) one(0.666 g, 2.87

mmol ) di chl or onet hane/ N, N-di net hyl f ormam de at room
tenperature was 5added

[SE (4 chl ’ﬁd@phl&ih}dr() Bys’dt}m)@/hﬁktdiscﬁﬁﬁnﬂﬁrae((@ 1852, 0.51@m86]) in DMF
nmol The orange .m xt e at. 60 or 18
houpé) mEpges A8FqgR cE iy O’i"‘ﬁé%cfgsg ?@2 nﬂ?%b%lét(gﬁ&ak as a
8| EimiRaRthyiHhRuERRP3 QI alﬁgﬁoém@ﬂdé (€@ 1Ves 06 intrhétfathyom
silica gel chromatograph 0- 40% et hyl

ac efcHPBIRRES ahfisdyactign Wy %\rr& AT  don ?ol?%lﬁﬁq g 19acton was cooled
i S0idTooaYaRREARY bhd itk ffrald ns%%ug Tﬂe &9& mas pﬂﬁﬁe@ by

ield) as an orange 0|0I LCMVE 1 3
24ghr913atog1aglpl (Biotage: 85% CHC13, 14A> MeOH 1A>NH4OH) The product was

6- 14- di n-4- .3
ol et DR G AR o bt demncatnidniog o FE53E. {529
('S) mBrofaring et sk saiditBd &l G0aC Ford 8 Aoud] MilFea oh avak devled to
\(Ngs go%%at@@p%gt%%%@ﬁ?%m@g@?@”e grliagcg rﬂeﬁﬁlﬁlt hyp!s {)r;r gcl% r{]vl(ljlceh \gvasspurrrl%l)ed by
4- ( SmeRhesapRemdlcd34%s @HEI?QM%HEQH}’I%W C‘I@ tb QicBRR)-N-
g, 1.300 mmol). The suspension was stirre room
15 enprel- ai:hllbﬁ)1§0q111n8101 "myl)uﬂPEB' azNphb[oxazole-5,3' —blcyclo [2.2.2]octan]-2-

0 BSPRREY, 3BT P S0, Pt o SO L3 o

t enper ah v & (%01rH)’L8 9I6<wr15H) Tbg(sm 1qt) ur. et c@/alsHpgrmem%qﬁledH)
and_purified

ot AR 4ftoh H G 6T 68 Gt hyT “a0en o S50aH br 4 (m
(R) 1My (Brd @yr H?il1r1724 1W7)BY 1 HY] did- A7yda, 24} MS (LCO/MS)R.T. =
azasp |ro oxazol e 31- bi cycl o[ 2. 2. 2] oct an] - 2- ani ne
20. i@i L+H)) 2787kl , 21 %yiel d) as a yel | ow soli d.
1H NMR (400 MHz, CDC13) 8 ppm 9.54 (1 H, br. s.), 8.83
25(1 H, d), 7.89 - 8.04 (2 H m, 7.41 - 7.54 (2 H,

m, 7.33 (1 H br. s.), 402 (1 H d, 3.71 (1 H d),
3.42(1 H, d), 2.73 - 3.15 (5 H m, 2.10 - 2.31 (2 H,
n, 1.46- 1.89(3 H mM. LCMS RT. =1.92; [M =

370. 35. EX4MPLE 257

§(12) N- (6(3- Chl oropherzyl ) pyri m di n-4-31)-4H 11- azasp
I ro[ oxazol e- 5, 3' - bi cycl o[ 2. 2. 2Joet ani - 2- ant he Step
A: 6-13-Cht hrophenyQpyri mdin-4-amne N CI H2N  10A
m xture of 6-chloropyiimdin-4-amne (0.324 g, 2.5
nmol ), 3- chl orophenyl boronic acid (0.489 g, 3.13
nmol ), Na2CO3 (0.795 g, 7.50 nmol) and

bi s(tri phenyl phosphi ne) pal I adi um(H) chl oride (0.035 g,
0. 050 mmol ) was suspended in a m xture of

DMVE/ Et OHAvat e(15:2: 3 nL). The m xture was heated in
the m crowave synthesizer at 435 C for 20 mn and
concentrated. The residue was




15purified by silica gel chromatography (30-70 % et hyl
acetate in hexanes) to afford: 6-

w@ Doghswe©®phenyl ) pyri m di n-4-ani ne (0.47g, 2. 286I/I81mb9/041076
91 "Ayield) as a yellow solid. LCM5 R T. = 1.45; 11163 PCT
[ Mt2H = 208.05. Step B
4( 3- Cht hr opher zyl F6-i sot hi ceyt mat opyri m dt he 20
To a bright orange sol ution of

1, 1' -t hi ocar bonyl di pyri di n- -one(0.486 g, 2.091
mol ) in dichloronethane/gﬁﬁ&&g%ﬁg?hylfornanide at
room t enpay)aN-W, & MWaforasisiReholin- 3-yl)-4H-1"azaspiro[oxazole-5,3'-

6- ( 3- chlorophenyl)pyr|n123n 4-amne (0.43 g, 2.091
mol ). The orange 25 Hi% 6%%2«H§mﬁééW@8zat 60 C for 18
hours. The LC/ M5 showed the desired product peak as a
maj or peak. The deep orange m xture was purified by
silica gel chromatography (0-40 ok '
acet at e- hexanes)to afford 4-(3-chl

i sot hi ocyanat opyri ni di ne (ghéﬁ 0

yield) as an orange oil.
=248.31. 5 Step C
gR) N- (643- Chl or opherﬁ yr/l m di n-4-y0-4H1

" -azaspiro[ oxazol e-5, 3" - bieyel p[2. 2. 2Joct uni - 2- am ne
N=\ HWVN /o-\K To (S)-3-(am nonet hyl) qui nucl i di n-3- ol

di hydr ochd ©6iddhid&3 1§01111@Gya1@atdi&ﬁ1uﬁ1@hﬁ6m| ) &01 1431 mmol) in DMF

N, N—dlnethylfornanldc %1 8 2003 (0.395
g, 410o41y) W?ed&qaum carbonate (0.351 g, 1. 078 mmol) and (S)-3-

4-( hﬁmrﬂe{t&ﬁﬂ_rﬁﬁéﬂdnﬁ?aloﬁ M BGNGIRYOPYU & 43'5 Aemd1Pat ol

0.484 mmol he suspension was stirred at room
19 enﬁg}pﬁ{agg@ T}&re@gowﬁmsﬂ@r@d af\JORC for 2 hours. The reaction was cooled

di i MBBQ&&?&&Q@ dhd Hnd&teRd 22808 THe 40R JEDLAs piRBed by

t hen added and the m xture was continued to stir at
r oonhrt)@ntpgnaahmBeotﬁgw 838 Ohisilg.d 4%THeOR %M&;Q/bé)s The product was
15concentrat ed and Eurlfled by silica

C hr g%frgﬁ? ?m]g,Dw @ m%) a{lql.'ng ~disopgonylcgt d11m1de (0.202 mL, 1.293
T@l@%@ﬁ&%ﬁ%ﬁt@d@@"@?&)ﬂ% 168! @h&eadtRndfak @6dled to

ém &Oapqa@ﬁsrm}lmnﬁ PRFeRrated te yickdhg ¢rude poduqt o bserydn modgict
31- Q/'a§1ylﬁ fRd b¢ cl?m%hto@féb%%&&ag@%%@l—f@ 018@) lgIeOp[ ?%NH4OH) to
mol, 46% vyield) as a yellow solid 1%!

Ve 0 D)e1dG RIPIT5E- &Zl(liroﬂoqlﬁl)ohn& O5UM- Mazadpiro[ 3xa9316(513 H

dddzzf 7.43- 7.52 (2 H m, 7,35 20&1 H  br. s.), 4.13
(1 cy(ay [2.22] %an@—iz qqnned()o 083 5218 mmg 5?@ /HYleW? as aycllow_
3. Sgo&cﬂer HiH NMR?O@(MH,@ cﬂz%z;’) EH)pnm 09 &: gﬁ}g A K (@)1 H?- 7%@ 7.82

2r{) M QmSZ 47 6. 43_)@ ngsg@zg@wgg (Q5/gg)l6 Hz, 1 H), T % (d, = 8 $3 Hz 1
(R H')\Fs(:‘{a ('E(E}JM%S hz31 ﬁ) %Xﬁothaf@%?«mor ﬁz"zbo %Zz%s(ﬁi &@{)02(33 ;

azol e-5 bi cycl of 2 hani - ep
A m&élphw) 2.29°(s, 1 H), 183—194(m lH) 162 183(mJ42 12Hz 2 H).

@x%l 2 ear boni m dodi tht hate 10
To a solu |d§1gfq§9ng Eﬁ 37”% 4- oxadi azol - 2- am nc
(1.92g, 20 mmol) in DNF (10m) was added NaOH (20M
2§nﬂ) CS2 (3ml), NaCOH (20M 2nl) and i odonet hane (3nl)
Slowy over 10 m nutes. The m xture was stirred at
roomtenperature for 1 h and poured into 20 nl water.
The precipitated solid was filtered, 15washed wth
water, and dried to obtain the desired product,
di met hyl 5-methyl-1, 3, 4-
oxadi azol - 2-yl car boni m dodi thi oate as a white solid
(1.45g, 35.7%. 1H NWR (500 MHz, CDC1l1l) 6 ppm 2.63 (s,
6H), 2.50 (s, 3H. LCVMS R T. 1 66 mn; [M1ll] =
203.91. 20Step B
(R) N-(5- Met hyl-1, 3, 4- oxadlazol 2-y0-4H1
-azasplro[oxazole 5,3 - bieyelo[2.2.2]ocan]-2-am ne
A m xture of dinethyl
5-met hyl - 1, 3, 4- oxadi azol - 2- yl car boni m dodi t hi oate (260
ng, 1.28 nnDI), (S) 3- (an1nonethy|)qU|nucI|d|n 3-0

~N N o



(R -N(3-Methyl-1, 2, 4-thiudi azol -5-y0-4H 1
' -azaspi rohyazol e-5, 3" - bicycl o[ 2. 2. 2Joet ani - 2- ant he

waxosseps A: Di net hyl PCT/US2009/041076
3-methyl-1, 2,4-thichliazol -5-ytharboni m dodi t hi oat ﬁl%é PCT
20 To a solution of 3-nethyl-1, 2,

4-t hi adi azol -5-amne (2.3g, 20 mmol) in DVF (10nl) was
added NaCH (20M 2pntl), CS2 (3ml), NaCH (20M 2ml) and
i odonet hane (3nl) slowy Lnutes. The m xture
was stirred at room 25ten%éfgm%g§?or 1 h and poured
I Nt QREW-(Bl4-WakieFopyidie- 201 eLil Pi-b-ak e[Sk el 5\3asictdld L er 86kian]-
and washed with water, and dried to obtain inpure
di nethyl 3-nmethyl-1,2,4-  <-amine
t hi adi azol -5-yl carbonim dodithiaate ¢ a yellow solid (
2.3 g, 52.5%.NWMR (500 MHz, CDC13 ppm 2. 67 (s),
2.62 (s). M5 [M:H = 219.85. Bnemy By,
(RFN-(3- Afet hyl - L2, 4- t headi - 5Ny0- 4H 1
-azaspi ro[ oxazol e- 5, 3'\{ y9No[2 2. 2] oct uni - 2- am ne
"N-1( H( N (DA S-" A m xture of
sli met hyl

3- et hyI 4-t hi adi azol - 5-yl car boni m dodi t hi oat e
(281 rrg ’1&@ h’oropyrldm -2-yI)-4H-1"-azaspiro[ oxazole-5,3'-

(S br%y&lé{mzmgmrimta)lﬂh@ WG bk da b3-tRd mgthb‘d/gfr%mp{ér%d estartlng

(200 and cesi um car bonat e 69
mmfrynq?%naw 3(45d1?ﬁ19r090€5d1@t il Fr MR &} MiFgh P ngmpm 9.10 (s,
tenpefal . NS 11 xtmrmmﬁﬁpmqytlr@} ede ?J“J Puf ki eg),

on a OBloaeS|I|cag col um (100% et hyl’ acet at e,

19 heA-68 61.359.94 Hz.11 Fe2R&ndI054mnd R A7 (t, J=7.63 Hz, 2 H), 2.66 (1,
?>F’§FJ G829 L1 97 058 (hor ARLAEN 1ARndIPEh! 5k PLOSUED H), 1.43
met hj/il !1m21 H). tMB 4dC/A¥DIR. B- =y(178 AM+H]: a32%pi r o[ oxazol e-5

, 3" -bicyclo[2.2.2]octan]-2- am ne ( 147.8 ny, 40.5%.
111 NMR (500 MHz, MeOD) S ppm 4.01-3.99 (d, 1H),
3.72-3.70 (d, 1H), 3.27 (@XAMALE 23316 (d, 1H),

.01-2. 2
13, o1 g ﬂ{%pé*!?dfo BB R Pgrans >
M5 (LCMS) [MrH] = 279.99; R dmine 0.2 mn.
EX4MPLE 260
(12)-N-(3-illethyl-1,2, 4-oxadi azBh- 5-y0-4H1' -azaspiro
[ oxazol e-5,3 ' - 20bicycl o[ 2. 2. 3/ ta J-2-anmine Step

A: D net hyl
3-nmethyl-1, 2, 4- oxadi azol r@e bon| m dodi t hi oute 25
s/ 0-N To a solution oft thyl -1, 2,

4- oxadi azol - 5-am ne (490 ng, 4. 94mm|) in DMF (5nl)

0 5mt) oY oo HoRAL I IT B B0 nut es.

20 hebRyAb[aRe V& Stdn’flﬁ@ﬂasq}rep’aﬂﬂmyttﬁéﬁﬁahad o Exafu@le 267, starting

3,2253@2%2%11?@%5 oim% Racke! R 5P Bt PISEBoionsy 00 .1

ﬁl) ,8 1a1nds pbr(lned H)07.0ht aw(rh par7e, diIretshyl 68Hz, 1 H) 6.86 - 6.91
-oxadi azol - | car boni m dodi t hi oat

yeI Kfawlébﬁ@él 6-8770: ). 3757036 (L EEMVBY© [mﬂmﬂib§7§it
R TtJ 7-?31H%ng 67 IthfcMﬁ@yQtH)V\@% usesl Airestly -1n2ihe
next step

2} R) N33 R8Ty ] Hg 1254 1653@. dZzoR.5- 4p03-4HHz.12 B d<Bi-aiPén. |
azole- frs3lob Ay 8l 0b3s a2 petagpg-amne H rN 0-4, N
Juth? gA 1\Qf%re o% g[ met hyl

3-nmet hyl -1, 2, 4- oxadi azol - 5-yl car boni m dodi t hi oate (280
nmg, 1.37 mml ), (S)-3-(am nonet hyl) qui nucli di n-3- ol

di hydrochl oride (215 ng, 1.37 mmol) and cesium
carbonate (942 ng, 2.89 mol )ogsn DM F (5ml) was
stirred overnight at roomtenpet ature. The m xture
was concentrated and purified on a Biotage silica gel
colum (100% et hyl acetate, then 10-35%9:1

20met hanokanmoni um hydr oxi de-chl oroform to obtain the
desired product (R) N-(3-



25R T. = 0.26 mn. 30 EXAMPLE 26]
(12)-N-(6-(Methylthio)pyrimdin-4-yl)-4H 1' -azaspiro[o
woamohswsg 3' - hicycl of 2. 2. 2| oet anl - 2- am ne s- -PCT/US2009/041076

HN-( N( O-K N11 INto,” N5 Step A° D m et hyl

6-chl oropyrimdin-4 icarbonitnidodithioate NS N Cl N1 PeT

a solution of 6-chloropyrimdin-4-amne (1.295 g, 10

nmmol) in N, N dinethylformam de (12 nl) was added

dropwi sc NaOH (1 L, 20.0 , M, 10 CS2 (1.5

m., 24 88 mol), NaOH (1 Wé'g@égml, 20 M and

| odonet hame M (E-Giovs. 3 ﬁ%r&ﬁzrzmi )Z)aH L2zd¥pio foRdBRVDS'S .

Stirring was continued f and the m xture was
poured into water. hfécyéf%é%éé]%&”]é “4FEE separ at ed

washed with water, dried and regrystallised from
nmet hanol to afford di methyl 6- ch opyri m di n- 4-

ykar boni m dodi t hi oat e (O 966 I 41.3 %
yleld)asayellowsoll T. 239' [MtH =
234.08. Step B:

(R -N-(6-011et hyl thi o) m d| n- 4-y0- 4H P- azaspi r o[ oxa

gol e-5,3" - bieyel o] 2. 2. 2Joct ani -2-amne S- To

(S)-3- (ammn(se@m}o)gﬂu&u@ridm My B-40}- 1%&)5&5[@%0@[5 le
i.n N, N-di net hy] f or mam de

0. m.
\(Nas bla&a%[a 2@&%@1}2(@%@% prepagad byt methegiofd LoR XHPIRA07 )startmg
6 CﬁbﬁronMBbmfﬂioFb eibeprhamn. ThdedRtGorrie, HPs69,) 8.ppm

The susgensn on was stirred at

room
t erré@# éit lljﬁé §.0r 51BHh g4 d. FARA7 Heat By 388 (409 ot | B, 3.58
16‘°UE<§J JReHa b 9o \@s }Boﬁ‘gﬁnﬁ é@{n@% P’i‘ﬁg 6PUBI7b &% BY 2.00 (s,

silicéa gel chronatogra
met hahol. 83a1ﬁ1%ﬁrmrhfh)yélﬁéxﬂ6é(@t%lylb 1a4det1a510é)n 1 6D aMSILg/MS)

(R) =N (&r I'=3110.
(met yIt in-4-yl)-4H 1' - azaspi r o[ oxazol e-5, 3
" - bicycl 0[2 2] oct an]-2- amne (0.21 g, 0.72 mol,
48. 2% yi el d) as a pale ye tH NVR (400 I\/Hz,
5CDC13) 6 ppm 9.43(1 H, bﬁJXg)%’fz%ggss(l H d), 6. 78(1
I1H, DbrR)-1&(6-ChBr&PBfidinta-y QY H- ]3aﬁzdgézilo[bkazdl)z 5,33bd¥dld[ 212, Z]ddam] 2-
2.72 - 3.06 (5H m, 2.51 (3 H s), 2.08 - 2.24 (2 H,
m, 1.69 - 1.81 (1 H m, 1&’%’“ 1.64(2 H m. LCVS
R T. 0.93; [M+Hr = 306. 29 EX4 262
10(12) N-([124]Tr|azol[ { ne- 3- 320-4H-1
-azaspi ro[ oxazot h-5, 3 bi ot han] -2-ant he
N, HN-4 Step A D|( dzolI-Amsthanlmne 15
To a solution of 1Him dazol e (429, 617mmol) in
di chl oronmet hane (1L) was added cyanogen brom de (22.5,
212 ol )y 2 h ux for
2030 min ‘N‘@s &Pﬁ %&1{{3%’&%‘%%1 A €ﬁl&hﬂ}xtgzeJr%%férbature and
2¢ hebishdlele. 2§dd>qt9dl | \Reeanifi¢ msep’radlradfw theTinethdd oft Exatmpladds, starting

For " dag ool RRNG) SKREPo N DR CDRl AR 52

obt annl fsg 780 ( ]Z}68|(1m qucﬁ 041(dy.I=7roetHa h iy ME {681 Guridh), 3. %6 «,

8% 7 ]%592[1)“’2% (Pgs@(gﬁré,gﬂéﬂ[) iz??(s(ziHA 9- 77800, 5%), 2.63 -

Tr i z8la] A7F3aT oY Hidi Mg 35ami00€m, 1 H), 1.83 - 1.92 (m, 1 H), 1.53 - 1.62
25  (m,2H), 1.41 - 1.49 (m, 1 H). MS (LC/MS) R.T. = 0.43; [M+H]" = 293.0.

296



5To a solution of 2-hydrazinyl pyridine (5.2g, 47.6
mol ) in THF (70nl) was added di (']

wOoRG0pi13I@20] - 1- yenet hani mi ne (7.8g, 48.4nmmol ). PAEEUS2009/041076
m xture was heated to reflux overnight. The crude 11163 PCT
m xture was evaporated and purified on a Biotage
silica gel colum (0-25% nethanol-nethylene chloride)
col l ecting the purple-colored spot, [1, 2,
4]triazol o[ 4, 3-a] pyri di ne 4.7g9, 35mmol,
73.5% . 11-1 10NM R (500 ﬁ%@iﬁ%ﬁé@§ 6 ppm 8. 05- 8 0 (m
1H) | (RT-NA& 6LDARIok Py ridid) 2-y IV 4 B~ Zza@pz(fd'[bxa]zbf)? 5, Bbikscl®2 104108 tan] -
1H), 6.35 (s, 2H). M5 (LCWB), [MtH] = 134.98; R T. =0.1
nm Step C. Dimethyl [I, 2Z2dmine
4Jtriazo|[4,3-4pyridine-3 yl ear boni ngdodi t hi oate 15
To a solution of [1, 2,
4]triazol o] 4, 3-a] pyri di ne- 3- amN (; 0 nmg, 2.24muol)
in DVF (5ml) was added qQ-Z0M NoX25n1), CS2
(0.5m), NaOH (20M 0.2 -apl i odd®et hane (0.5m)
slowy over 10 m nutes. m xture was stirred at
s$oom 20 tenperature for 1 h and 10mlL wat er was added
to the reaction m xtur The preC|p|tated sol i

Fi1 € or e ROPH-CH R ISEORHF -2 ar- (rep9loxeaplg- St 6d to
obt ﬁic?clg[laQ 2]&:‘[3@1 JI&{nm{é whslprepared by the method of Example 267, starting

4]tri az

yridi ne-3-yl carboni m dodi t hi oat e
D! Gomanishind 4 Aogoropy s dLBUHIRA SO0 Mg, RECKBOG W43 (5

% - : T

Ty BPRTRD oG o o AT v D T g 1 10
10 M-BIP8 £, 25D 3B5QA2.8R1T,.4 H), 1.926248 m, 1 Bh,dp/8D:1.95 (m, 1 H), 1.36 -
(10 1 ) 0-4H 1' - azaspi
ro[d%%%%%%ﬁgég(tgﬁﬁye 0[28595¥%g{an9558an1ne
A mxture of dinmethyl [1, 2,
4]triazol [ 4, 3-a] pyri di ne i m dot hi oate (120

my, 0.50 mol), (9)-3- (an%ﬁ’é@ﬁ%?qui nucl i di n- 3- ol

di hydr ochrRon:@eViéihad®- 303 bifride- X0 L H-anda pesfdiirole-5,3 -

arbonate (492 ng, 1.5 I n F (5ml) was heated
lgt 70 C for 6 hours. @ﬂ%ﬂﬁ¥2@hVegk%§méﬂﬁcentrated and
purified on a Biotage silica gel 1 um (100% et hyl
acetate, then 10-35% 9: 1 net hanol : [ [
chloroform to obtain the desired product,
(R-N([1,2,4]triazol ][4, 3- a] yLi/dine- 8-y1l) -

4H 1' - azaspi r o[ oxazol e- 5?3E |c NeL4[ 2. 2. 2] oct an] - 2- ani

ne (97.2 ny, 61. 596 w00 MHz, CDC13) 8 ppm
8.2-8.1 (d, 1H, 7. '/1FD 7.2-7.1 (t, 1H),

6.7- 6.6 (t, 1H), 414 0 (d, 1H, 3.7-3.6 (d, 1H,
3.5-3.4 (m 1H), 3.1-2.7 (m 5H), 2.4-2.2 15(m 2H)

%985’%}7 ZR(Z\{I_TXZ {-ﬂ)chlol@b@nﬂﬂﬁiMze%)cyac%l(i&-r%) [MEFI] =

EXAMPLE 263
(12) N- ( 6- br onot hi azol o[ 5, 4- gzzln 2-y0-4H1
-azasplro[oxazole 5, 3 20bi cyc] o[ 2. 2. 2] oci an] - 2- am ne

IN7t' -/ N Step A: Di m et hyl =

6- br onot hi azol o[ 5, 4- Npyr azi n32- yl ear boni m dodi t hi oat e
SBr".",,1 Nl4-N ToHA sUspensi on of
-bronnthiazolo[S 4-b] pyrazi n-2-am ne (700 ng, 3.03

2 s .added 16. OM odlun1h Xi d
(400 txL] O%wemﬁlyvﬁa%%e&&% R AR g Yiporonic

10 powy @t 5zrg>c3nm ﬁlaapammr(@s aIL) wlas Q(hieﬂ |1N%0&iaﬁlb:@fﬂ>onate (10 mL,
di sul fide wa (45 and the

r es&PtRRY) rf%‘!jmeétl?yBrlcw%(d#ﬁhﬁlﬂd?}@s@lmgef@ﬁnﬁr ed for 10

m nutes. An additional portion of 16.0M sodi um

hydr oxi de (400 pL, 6.40 mmol )ogyas added and the

m xture was again stirred for 10 m nutes. Finally,

i odonet hane (450 pL, 7.27 mmol) was added dropw se.

The m xture was stirred for 5 mnutes, at which tine a
vol um nous yel l ow precipitate had forned. The m xture
was poured |nto mater and the SO|IdS were col | ected by

o Y B o, A~



&hi A m xture of dinethyl
6- br onot hi azol o[ 5, 4- b] pyr azi n- 2-

wQ@ kmankioed m dodi t hi oate from Step A of Exanpl ep@BBS1009041076
ng, 0.298 mol), (S)-3- 163 PCT
15(am nonet hyl ) qui nucl i di n-3-ol di hydrochl ori de (6]81
nmg, 0.298 mmol) and cesi um carbonate (100 ng, 0.60
nmmol) in DMF (1.5 nL) was placed inaldramvial and

heat bath for 1 ho a ch tinme, .
Soarale i Biiads fsbioRaertmyC eamngOiliz s daleduct g on
t he migt il Wae stivasl IBeRh@es 286 rQiagithen dhgedb xdsdmli %nd{b@ﬁture The
cool ed to ambi ent ttlle}r&)erature and poured i

( 20PI9gYet 3aeextRsterl adthcthvhere@ty @ de okt @edawit 198y Tjgred.
chr BHEHBERBRG i Do Pk fuliebi rifidfiy sromotography
j513/ d (Elmagce -1001 tocﬂmlfom ast)lyl a&'ehﬁe{at‘}@ﬂmtatef’mahztﬂol) NG yMkiremethoxy-

(R) nl(%yr dgﬁ%ﬂg‘% 0%3 ?%E 5i8ls) a&ﬁq’? y1e?d) as a%rown powder. The
b] pyrodddt irag takdy difetily dolth@dexs Py, o[ oxazol e-5, 31-bicycl o[ 2
.2.2]octan]-2-anine (52 ny, 46%yield). 1H NVR (500
MHz, CDC13) 6 ppm 9.39 (hr. s., 1 H 8.31 (s, 1 H)
4. Ogtegﬁ(@—lséﬁz%czgnaw.i? ml?thb&y 348} }(rfiizneJ =9.77 Hz, 1 H
3.41 (dd, J=14.95, : rﬁ 73-310(m5|—|)
2.63 (s, 3H)210-225(m2 n47- 1.86 (m 3
H. M5 (LOMS) RT. = 1SQ4 =N363. 04. 30
EXAVPLE 265 (R)-N-(5-Met
10 hi azol o[ 5, 4-d] pyri m di n- 2- y'tl) 1?-\azaspi ro[ oxazol e-5
, 31- bicyclo[2.2. 2Joctani-2-amhe HN-N(1 5?--'SNXO . N
st ep A 5-Methoxyt hi azol o[ 5, 4-d] pyri nfidi n-2-am ne
10Et hyl Be ZimethogyRidabipyidis-24aripe ¢k $3ng. di6d-r2mel) par bamat e

25
& o Mt AR B Ao S ERIGAR o Pl o ot oink B8P e
vvas 2&dared) dhertcacth@. rﬁxmm)tfa)s stiffbdbatrd@S (1101 Aigouso | Tl irguation
lg\la S }Vr%sgcoloﬁc%agg ro%\r/netrerrl]lg?rat\l/% alﬁlﬁegilrgfna% {agﬂbcf @gptt%%(ﬁe ?(%(ﬁ} etil%
WI t hlcet}iné/hﬁxaﬁe@)‘my@eﬁld(l -isofhisdygnmitd-2moainixy biptyridine (0.46 g, 1.9

i B oA B AR RR ST G AT LB Pt 1

i n &), (dd,are i8R} 1. 55 HE, N EINCS. 15mm=emmgh4m malke . foh@d,

oS L L B B LB Y v s

201 i ne3 Hor MeqLowas) Radigrsahfiat e.24fiol tered and
concentrated in vacua 5-

Met hoxyth| azol o[ 5, 4-d] pyri m di n-2-ani ne (144ny, 0.790
o | a
m Ibﬁe_ I\/F\g@ Mém%&@ g@a& pJgaiéa;d ?n‘*'g zr@[d&@éo‘i’eef_lf
7. 8![1@(@0[22 %lyct@J%arclge 3 H. |vrs (LC/ MS) RT. = 0.73;
[MtH = 183.03. Step B: D nethyl 5- ho

, thi azol oP, 4-d] pri m di n- 2- ykar boni fi ithioate S N
/hs \rNO NS 25 To a suspe
5- met hoxyt hi azol o[ 5, 4-d] pyrl m di
5.00 mmol ) in DMF (5 nl) d/20. OM sodi um
hydr oxi de (500 M., 10. O "he ni xture was
allowed to stir 10 m n/; oomten'perature at whi ch
time carbon disulfi de vvas added (750 pL, 12.50 mmol)
28nd the resulting reddish brown 5mi xture was stirred

for 10

nydr oxi A 1 808" st gl RS PR HEe Rl g HfraRh HDvIE
m x t20rmel wees addyali Ei:0$ €. rme b, (T831rmm(ol)mnm(&)éis(amROmmyjogumuchdm-
i odonmet hane (750 pL, 12.00mmol) was added dropw se.

The m xture was stirred for 5ygg nutes, at which tine a
vol um nous yell ow precipitate had formed. The m xture

was poured into water and the solids were coll ected by
10filtration to afford a yellow solid that was

fiu-ther purified by silica gel chromatography (2-20%

Et OAC/CH C13) to pr ow de di net hyl

- o =




20ykar boni m dodi t hi oate (100 ng, 0.349 mol),
(S)-3-(am nonet hyl ) qui nucl i di n-3-0l di hydrochl ori de

W@ 3013192 349 nmol ) and cesium car bonat e (228MeCT/0SH98041076
mmol) in DM (1.7 nL) was heated to 100C for 2 hOUfﬁ.63 PCT
The reaction m xture was cool ed to anbi ent
tenperature, poured into water and the solids were
collected by filtration to afford

(R 4 N t hoxyt 5,4-d rimdin 4H 1
sl SFRTE s e LB Rt R Tapcstli e b etfoper

( 78stirgrd 26206 foeRdhburs 11ﬁhé\lME(:t(05 s bdted ©6ehd Jenfpefafimd £hdl?2
gd cgpcgtltr;ﬁ;ed% vc?crg Eﬂ? %Cl']iél 1tr6a IR _ﬁgéb)%ghroqatpgra@yfgmtage:

- 3. 89, (ORC13, 1Y, Redil, 1(% N, EHD) to % ée‘l’@ thd purd urcalntSneliidte. The

H 1.50 - 1.70 (m 2 H. M ( RT. =166, [MH

5 34rbdlct was then treated with DMH:_(XAMRL) EndZBIﬁ\I ' d11sopr0pylcarb0d11m1de (0.17

2 ik b PRI HOS B b et D % B0 R Baeatrer e

0 F%lelf‘d , tDlroont %ﬁlp@rgtuﬁ ifiﬁtcbb(dentrate% to yield the crudﬁ product. The crude
5-et hy I azo 2ycron| 0 a 10
To grogbqt Vi) B‘Hlfgeﬁ%g g OFFfOL]P 33 lata%fs( a@%ﬁgb 4&2 Privis@H. 1%

5 mlﬁél%efs-é ale(gﬁo f)OdRFa dqntemqlr]% W were comeod elhlaﬂ]é/l&g 91{'\1@ n%I)\JMR
16! OWaYeaRY @6mé&ﬁ%ﬂ%§ﬁrﬁ% %e@?@seﬁrt] )gf}}? grg—pl%i‘%@gﬁﬁdt Ga m@ glb?etcted to

roomtenperature
Therqyeieeplpise HPBM tyeiklddiR)- %To@rrdeth@@ 3145fonnyt1éme?oLny4H 1'

iy ogz%g% 0l 88!3 éﬂ’?;%‘-bg?&&tz.‘éfzi]&‘?anﬁ-Q-aﬁﬁﬁeaﬂosztgf‘&o‘j’ Goidi 8% 05 %
et hyﬂzldl ai%a whm(mﬂVdalz olH BMR (586 b, mldGDohs pah ,074s, 1 H), 8.43

ol B ézfjkég 4951_588 06131{)( ?75‘@@%’?29%%%%3(5’3 273,

1§H) 4.88Bz( Lﬁb@)w[ M (5 1 240)73.965; 3.8% (I, 4H)13 33 - Bi66 (m208h.ep? -

B: N- 15- Et hy ol -2-y0-4H 1

% a3 Qb bR OB e 8l 67 215) ot any! svahkind 35
A mixbynel gf. diSTECMYS) R.T. = 1.05; [M+H]" = 366.1.

5-et hyl -1, 3, 4- oxadi azol - 2-yl car boni ni dodi t hi oat e (327
ng, 1.5 mol), (S)-3-(am nonethyl)quinuclidin-3-ol

di hydrochl ori de (235 gy, Exanprldssand cesium

carbonate (1000 ny, 16 mmol ) in DVF (10ml) was
20t i r (RN sheeedirazody W)oﬂﬁﬂf@@‘ﬁé’f%@%?@e'5'ﬁhélcml@{t2 drldos-2-
concentrated and purified on ﬁngBl ot age silica gel
colum (100% et hyl acetate, then 10-35 %9:1

nmet hanol : anmoni um hydr oxi de- chl or oforrr) to obtain the
desired product, (R)-N(5-

ethyl 1, 3, 4- oxadi azol - 2- y1) z piro[oxazole-5,3

" - bi cycl o[ 2. 2. 2] oct an] o"em 66%9. 1H NM R
500 MHz, MeOD) 6 ppm 2/637((?;\1 1H), 3.74 (d, 1H),
32(d 1H), 3.2-34N+«, 1H), 3.0-2.9(m 2H),

2.8 (m 5H), 2.2 (s, 1H), 2.15-2.0 10(m 111),

1.6 (m 3H, 1.4-1.3 ( t, 3H. (m 2H. M (LCW)
Blep 4: Be8:od@foxRolf2-aming, 48 mi n. EX4MPLE 267

)-N- (3, 5-Di ehl arapyri di n- N

4H J1- azaspira[ at azol eI o[ 2. 2. 2Joetan -
2-amine HN O---(\\NI Step A

5-

5-

c

3-
9-
9-
25 M+

2
5

Di ehl or o- 2-i sot hi ocyanatopyridine C 20 To
di chl oropyridin-2-amne (0.36 g, 2.209 mMmmol) in

h| OI‘hOHEb%ghF&lefl gcﬁlnﬂbbtédd\ﬂﬁas&m @harged with di(1H-imidazol-1-
'-thi ocar [ yr| i n 523

Qmet HEE o 18 §m§‘?]1)’22r %Hma&%ea‘eﬂ??%rag 197266%{?%1? and
The reacti on was cooled to roomtenperature and the
crude was purified by chromatagraphy (Biotage: 25-100%
et hyl 25acetate/ hexane) to yield to yield

3, 5-di chl oro-2-isothiocyanatopyridine (0.4 g, 1.951
nol , 88%yield). 1H NVR (500 MHz, DI VISO D6) 6 ppm
8.50 (t, 1=2.59 Hz, 1 H), 8.45 (t, 1=2.59 Hz, 1 H. M
(LC/I\/S) RT. = 2.07; [ MEH] + = 204.8. Step B:

1T AN - —) I T Y ~ o~ Al A A = m

(
3.
2.
1,
§
(
0
1
3,
3
d



to roomtenperature and concentrated in vacuo. The

crude urea was purified by 10 chronmat ography (Biotage:
W@E/CHAISE, 14% MeOH, 1% NHAOH). The product wWeST/uszen9d/ 041076

treated with N, N-di net hyl fornaam de (10 nL) and N’lﬁ%3PCT

di i sopropyl carbodiimde (0.26 n., 1 65 nmol). The

reaction was heated to 70C for 2 hours. The reaction

was cooled to roon1tenperature and concentrated in

ac cr d ct.. The crude pr.oduct
e iy LGk Gt St Sy e S e e i oGS B ured
31.40/%:}@91% fol:%élNWlm Cldnﬁbdlfélff ?dndel(iﬁ)l bide 3n LB/MS. The solvekr)lj[ was

| C oro rirdaln -a i ro[ oxazo ' - bi i
cl ofepoye %ef%rﬁn%ﬁearﬁ%% K& p@é 540 %@taﬁﬁﬁlash Qsaﬁecw eliting
yi elygth 3@%0% %AEM@@&M@ZOOHA)'{O Mhﬁ’rd(tﬁ@@cp%ﬂéd %ﬂoMo‘tSO D6) 6

pn18 91 (s, H), 11 - 1
g mo[}qioxaz_pl%amlge @QO g yéglrrp(ﬁ r%qz% y]_elch) as ag)vls‘g se)léd IH NMR
1= 36466 ZM%%(cébd’ﬁQ 1p%n9(520 %Z%Af 2(@07 ® H)n ((%1 Z%{f 7. 87122((31 1 H)
( s, 729K}, J=155Hz, 1HB23¢ , J27.03) Fiz, 1. I—J,Q MS G.LQ:/MS()mT F H)5;

EXA&%% 6]8759% = 0.78: [M]+ = 326. 1.

(12) - N-15-chl orot hi azol o[ 5, 4- b] pyri di n-2-yl)-4H 11-aza
1gP z%L%t*gg%gt%@e?wg’yﬁb'ZEX‘Z‘.%BLF%-O%%&O%%Z%E -2-amne HN A
5- chlorothicaolo[5 4- 41pyridin-2-ykarboninidodithioate
S',-NCINTo a suspen3|og of

5- chlorothlazolo[S b]pyr e (930 ng, 5.00 5
nmmol) in DM (5 nL) was a odi um hydr oxi de
(500 pL, 10.00 mmol). The n1xture was allowed to stir
10 mn at roomtenperature at which tine car bon

5 R o AT AT A 81 v
1por DMIN(16fml)2s @Meslcsddilumhlysmtmdn (20N, (159)@L,p198 oD, tgole)a
vvas gl?:grg sucsj %glo jﬁﬁ‘\e rllqllxXt Fhs I’%ed ?%alég]aﬁita o roeg Ifa]gerraturel )Carbon
masdaﬂﬁedcnﬁppmﬂsbnmﬁm\em@ﬂ&ﬂnmgwasdmﬁﬂn@@dmﬁmmnn@he

t hi dd t The t t 1 t
at TR o R O TG ReF LT ok o BeRuo TR
M X tddien WakoGURON, 1490, Weﬂim(&mﬂldtsh&e&ﬂir lafl Sddiesnal 10 min.

ol lected by filtration. col | ected sol
2§er todﬁglngafg%%%“d% é??g NG 41%%1@&&9@005%% geeg |S%Hdp
of  BreSibit@bd dfer danineThe kHﬁBﬁ/onCSﬁﬂr&gﬁ)r 8§ @ity ,Wﬁf eTh%'sSl(ibl was
present, and 15t hese were manual |y renoved

di selleaiad by fetipn verhrdayihRME (he ). @ %ﬁﬁb G%d under the

di MR&RY bacuum for 30 min and further dried in an oven zn vacuo over night to afford
5-chl orot hi azol o[ 5 yridi n- glcar boni m dodit hi oat

e (@e@@@ecteé@v@d;lctedlayethyllwnmoea@@ wigarbogmaiglithmatggags. Sme,
2%8018%&1?!110 g%.t%eg'%z@ld]), a Wi 8ok 1 AR 46vHL, EDCB) §Fpm 2.70

(R 1% ¢ 5b R er7GtHImaz &) B[4S - 250y t Hil 106 2778 ()] I H). FAZAASIS)

|ro [2.2.2Joct anP2- am ne HN-K
Ealt g%e ﬁﬂ% N'\Ig]%/g?gé)m xture of dimethyl

5 chlorothlazolo[5 4-b] pyri di n- 2-

25ykar boni m dodi t hi oate (100 ng, 0 35 mmol),

(S)-3-(am nonet hyl ) qui nucl i di n-3-0l di hydrochl ori de

379ngy, O 35mmmwl ) and cesium carbonate (225ny,

0.69mMmol) in DMF (1.7 nmL) was heated to 100C for 2

hours. The reaction m xture was cool ed to anbi ent

tenperature, poured into water and the solids

collected by filtration. The crude solids were

purified by silica gel chromatggraphy (2-40% 9:1

met hanol : ammoni um hydr oxi de-chl oroform to afford

(R) - N-(5-chl orot hi azol o[ 5, 4-

b] pyri di n-2-y1)-4H 1' - azaspi r o[ oxazol e-5, 3

bi cycl o 2. 2. 2]octan] 2-amne (62ng, 51%yield). 1H NWR

(400 MHz, DNBC>d6) ppn19.13 (br. s., 1 FD 7.93 (d

—— o~ g~ g o " SN NS



25 Step B: Ethyl

5-4di net hyl am no) t hi azol o[ 5, 4-d] pri m di n- 2- ykar banat e
w@®200R131926¢ NH NA' N S Et hyl PCT/US2009/041076

5-chl orot hi azol o[ 5, 4-d] pyri m di n- 2-yl car bamat e (30181f163 PCT

ng, 116 mmol) 5 was suspended in a 2.0 M solution

di net hylam ne in nethanol (5.0 nL, 10.00 mol) in a

pressure vessel, which was seal ed and heated over ni ght

on 75, C oi | _bat m, X £ was o anbi ent
" S G e R T RS
I esp@do PR paiAL Linemed bet ween aqueous bi carbonat e

and chl orof orm and extracted 3 tines. The conbi ned
organi cs were washed with brine, dried over 10sodi um

Zi“hf lat g » Af1b It 858 280k &ANEANE T8 Sfinb M H RSt RdiAB Mk Cl

{di ﬁﬂéit(ﬁ?/ b arg APt mimelo LB (Ul IHEAI (RO6F mL20.y6 camohptt €5-COs

( 23@2773?1& 8?%}_&“\7 ll)da)t roo%HeH a&f'eogoéll}{?%d R%%%% Qénzg[d&;}giol -2-

3. 1?10@1bpn1611ddﬁ1t1110@:6 (86mg4@36hmrr®l)|—|jf he MBul{ihGiuvB)nsiRn Was stirred at
1. 8%811{ tMElE rﬁtur 18 1 919 LCilﬂg/é iﬁ%] &dlcg&mé)nsum{ﬁlog of, startm% material.

I azol
Et hfhe mixture was diluted with MeOH and purlﬁed by preparative HPLC to afford the

di
12 SR s RN R Rl e B T Bt oo™
ol it L e e e 09l D e an gum. 11
2 R Phob MBS AcE Rt S ima - Takn el T 78, 5.27.

dr y@@é%{zam) bhe_bas I(IqueH)A@%z p@rﬂ:z bd HQeldeOﬁM\Bﬁm M«@Beﬂi) 3.48
and chl orof orm and extract ed tines. mbi ned

or gaht §mvelle3 Rashed (it ) Hi3 ﬁ‘eJ lél)lffi“éélZ é\He)r“ 3§dé|MIrW S4Hz, 1
1§U| h?%s -Hhkiaref) and @onsent 164 Ad 1 1) ¥y 8EHR & PHAMOIEMS)

N5 RISF i ORI £29P 4[5, 4- d] pyri ni di ne- 2, 5- di ani ne
(170 ng, 99% yield) as a 25white solid. 1H NMVR (400
MHz, DMSO-d6) 6 ppm 8. 27 44 (s, 2 H 3.10
(s, 6 H. Step D: D ne @AAADL@ZS;

5- (di net h@ﬂ)d\hﬁﬂalh}foémbb{]éwéol{ﬂ-ﬁy#ﬂ{ﬁ’ diaspi@s/oxazole-5,3'-
2%I ear boni m dodi t hi out > ?2 ]261511'0 a suspensi on

f ethyl N5N5d|methfyf?a Saéz éﬁpyrlmdmeZS-
di ami ne (160 ng, 0.819 nmol) in DMF (1 nth) was added
20.0 M sodi um hydroxi de (100 4, n2. 98 p@bDl ). The

m xture was allowed to stir HMG<r roomtenperature
at which tine carbon di uld—'r\(de Wasadded (120 p1, 2
mol ) and the resultieg&zngsh brown m xture was
stirred for 10 m nut addi tional portion of 20.0
M sodi um 10hydr oxi de (100 uL, 2.0 mmol) was added and
t he sixh 4t PiReias- c@%ﬂ%nz%g&]bk&gl 3 OteadOnMiddiRDare i nal 1y,

i odonmet hane (120 uL, 1 nmol ) was added dropwi se. The
2% xture was stirred for 5 nminutes, at which tinme a

vol um nous yel | ow preci piitatg hgd formed. The m xture
was poured into water ando}_i_fj,si2 were col | ected by
filtration to afford dinet

5- (di met hyl am no) t hi azol o[ 5, 4-d] pyri m di n- 2-

15yl car boni m dodi t hi oate (194 rTg, 79%yvyield). 1H NMR
(24(6)2 I\/HZTO m@l’vh)solﬁn&pdm Behldrobhehzo[d]okNzoB2 AbhikeS(70Gnd M. 15 mmol)
(R msfgl}@ @mmaﬁwdemzoctlw hydroxide O8N ot latBdnBol tgive,p grey
36Y ChiRpehs Rn 23QE ndfdke was stirred for 15 min at room temperature, Carbon
2-yQthi azol o[ 5, 4-41pyri m di ne- 2, 5-diam ne 20 HN-" N N
A m xture of dinethyl

5- (di met hyl am no) t hi azol o[ 5, 4] pyri m di n- 2-

ykar boni m dodi t hi oate (90 ng, 0.301 mmol),

(S)-3-(am nonet hyl ) qui nucl i di n-3-0l 25 di hydrochl ori de
(83ng, 0 361 nmol) and cesium carbonate (196 ng, 0.60
mmol) in DM (1.0 nL) was heated to 100C for 1.5
hours. The react| on mxture was cool ed to anbl ent

e o . T Y 1




vacuum The residual solid was dissolved in a m xture

of methanol (150 m) and 25ethanol (150 nl). To this
waodoat3oes was added TEA (109 ml, 780 nmol) andPCT/USZOO9/041076

hydr oxyl am nc hydrochl oride (72.5g, 1040 mol ). 121163 PCT

m xture was stirred at roomtenperature for 2 hour

and was heated to reflux for 4 hours. The crude

m xture was cooled to roomtenperature and the sol vent

oot O RREf ST ot Ao ST Boaciat WimeR resigtide o §% g brown

cé bg i\oumoa e hextalelTwLad st(u@eQ]g))r 15T1:ﬂﬁl % e oinflteM@Sratuddk &1&1& kéti@m

T C a ter eaque us aver sextracte Wit

Et oh\edrwﬁf‘céﬁ ONHS oA PREED a’fa@&ﬂ%feé ngf?é} NS 1o RRbane £23

Wi t I;lLbsr 9’ﬂﬁrn@[)d>va§ ea&:d dROpRHiscS @dg@mamlcaaé Butt fonPlI@icn, [The

2, 4tr|azolo]£ Iggrazm -anmne as a white 5solid
h&s%r

% 12@3actgagﬁ,yﬁ§| oemerftmpl.fﬂ)r 2hrg Jihe 9@1d vrasollected by
0. Z%iltfﬂﬁn w%%l?eﬁ w@th @Mﬁ%bg 0:301 2x2gnl) dried under house vacuum for 30
4Jtri azol (P razin-2-yl ear boni mdodithicate 10

To Ayl q‘t]@gﬁ d@¢ nen ogen at 65 °C under vacuum for 1 1/2 hr to afford the
41ty 4 6.
YGRS PN 905 TS MU,
Na O 302, M6 mm@l 8. “amigld).cd emeffhvante s¢lid whiph shomry cwugh to

1, BL RSB T 0 TSRS B0y LSBT 1 o

r eagts. immmqut €l) 7\66i(&; /=463 Bechare7.¢cH alidyl.7dhe 1m1)>.<Mﬂr e

Wi 00mL x 3). The combi ned
orgm&fﬁgﬁ/ 1%5&%&%@ ith brine, dried over
sodi um sul fat e, filtered, and evapor ated. The residue
was purified on a Biotage silijca col um (et hyl
coSkb 8 HERSreCHarRomny 6t s epolput-oh. 5

18] t bicpagb b Ge@ljpysm#k n- 2- ykarboni m dodi thi oate as a
yel l ow solid (720ng, 3mol, O% t HNMR (500 MHz,

20CDC13) 6 ppm 9.2 (2, 1H), N , 8.2 (d, 1H),
2.67 (s, 6H. MBS (LOVB) [I\/H- % 2. [M:Na] =
261.89; RT. = 1.55 m

(RIN-([1,2,4] Triazol [ L5- ra2|n 2-y0-4H 1' -azaspiro

[ oxazol e-5, 3' - bieyel p[ 2. 2. 2] octuni - 2-am ne 25
A mxture of dinmethyl [1, 2,

4111 220k < RS Qg1 i RS DAL AR, 9703 (%

e hya:ﬂtr(dc@ingm di:) rhhaD), lmgF (mnrzaammao)wam 0650 wmol), and

60" D5UB:fsh W hath wicBlrpme pPetes el T S

pur th1beBe2n d@szcmzag@ﬂsdniml@adlgﬁlateE(qamlgn@ 550 @Qﬁ/@lﬁt"lf}béhesultmg
acet ate, then 10-35 % 9: 1 net ha um hydr oxi de-

chi SFBIBIOR)Vap 85 3T tﬁ’é‘Pdé‘é‘Ferf@dl brr & ﬁ\é@ then indicated

(R) chdsmption ﬁliﬁaftingmlte{rﬂil 5F}@]r9d\éf1@1¥hlﬁmﬁ‘e )&v]ﬁ diluted with MeOH and
4H 1- - azaspi r o[ oxazol e- - bi cycl o[ 2. ] oct an -2-am

ne P@Hieg by PeraugivedPRC mffOéd gl@lenapcteﬂ nrqqm E3e);
%O@loﬁbeﬁfigﬂldgoxgzcﬁ rﬁ‘—yl)]-il'p[ I’ %a%ﬂrog;xz%lé AR ﬂiH)olo §2§%c§m%@

( d, arm)% (108, 4mg, 033 1@@101 ﬁﬁl}) % gicBD. 350 \dme ﬁ‘?hd4 NMR 4409 MHz,
(RT“T_A%Q&&-%) gpé@%d&;mzéﬁ'@m 352G EMRR (LMt H) 2.‘6&32276:2121, L H) 3.48

(R) ¢de; (FM3aZ08 6lz53 By By Bio8i(m; PHY1Y9 4400 bn 27E34i 8 Gf, ¢x1d.54
20l 8 5 B35 RPUSNCLah 21 3 PRI A& RN G PR -
30 hi sizol10fty, 4- PHpWMIMCMR)y B Kar benj (M-dod-thi.onte S S 20

To a suspension of thiazol o[5, 4-b]pyridin-2-am ne (300
ng, 1.98 nmol) in DM F (2 nL) was added 20. 0M sodi um
hydr oxi de (200 gL, 4.0 nmol).3pbhe m xture was al | owed

to stir 10 mmat roomtenperature at which tinme carbon
di sul fide was 25 added (300 ILL, 4.96 mmpl) and the
resulting reddi sh browm m xture was stirred for 10

m nutes. An additional portion of 20.0M sodi um
hydrOX|de (200 g L 4 O nnDI) was added and the

o o o .



bi cycl o[ 2. 2. 2Joct ani -2-am ne 5
(R) - N-(6-Bronot hi azol o[ 5, 4- 14yrazi n-2-yl)-4H 11- azasp

wo ofooszpad e- 5, 3' - bicycl o] 2. 2. 2] oct an] - 2- am nePCEYS1909/041076
0.111 mmol) was suspended in MeOH (50 nL) and 3N Hﬁh 3PCT
was added until all solids had dissolved (-10nt). 8
reaction flask was flushed with nitrogen and then 10%
pal | adi um on carbon (35 ng) was added, and the 10fl ask

was fitted wth a hydroge o, The m xture was
all oned to react overnigh?xgg%&%ﬁggh time TLC showed

consunpt i QR)-H Ok 634, BIH] by i iTBS BI4HRY - azdsp 8o folv@ke- I\BYS
flushed with n|trogen filtered through celite and
washed with met hanol .DiFKEESMACHEE (T4 at es wer e
concentrated by -90%to renove nost of the nethanol
and the solution was nmade basic by the addition of a
saturated solution of sodi um 15bj Wenate. The basic
aqueous phase was extracted N orlof orm (4x). The
conbi ned organi cs were N mnf% bfine, dried over
godiuntsulfate, filter yoncentrated I n vacuo.

he m xture was purified by silica gel chromatography
(2-40 % [9:1 net hanol : anmoni um hydr oxi de] - chl or of orm.

Tﬂesgﬁ9dg§%mé{?g%ggp@wM§gglgonbined and concentrat ed

vacuo

(R -N-(thiazol o[ 5, 4- b] pyr a¥yp-R-y1)- 20

4H 11- azaspi r o[ oxazol e- 5, [B1- B OydiH[ 2. 2. 2] oct an] - 2- ani
ne (24 ng, 0.075 mol, 67. 5 %%ield). 1H NVR (400 MHz,
CDC/3) S ppm 9.50 (br. s., 1 H 8. 41 (d, 1=2.76 Hz, 1

8.27 (d, J=2.76 Hz, 1 H 4.06 (d, J=9.79 Hz, 1 H
16,72 (d,An e@enmledtzounib ongilasg v(a@@hargedlxslﬂo@(lmmnéamkl

H) gl')%\éthanf%'_rbg%%g, 1@69%?1%22 %mé&gﬁlw&tr@( L%l &sn% 17%51 mmol)
0 780d a[nMcH])utTISFj_(ZOm@) at pJdom Emaﬁptuee 2Ih® resulting suspension was
( 12}_?}]}}21 A n'ggrtll? F 1h§ % 1\I;f¥ lntcr' éa?e%i% l%ljéte coggu%[tlolmop §ta{}tlgg

Zasp | oxaz
5, 3inateriely dlhe [Sé?lvéht ﬁﬂasmmﬂ)nbd 2-vaerioread Nhchibéidud-was 'ubedNin Fhe next

1! eﬁtﬁtﬁ‘%vgﬁ%ﬂﬁ%thﬁ o MPE MR R0 45 M1 5ol 800

es 0 /- ii .N Cl 10To a m xture of

fmrglg%l’ %259’%3 Hmzo}égtg%%’tilf#dw 2 ned@é’\%g‘(t@ 66 m., 5

62 mmol ) was added toluene (2 nL) to wet the solids

conpletely. The m xture S placed on 100 C oil bath

for 1.5 hours, at which 't F@ |ﬁr ture had sei zed

to give a solid nmass. Theg Sol'i cooled to

anbi ent tenperature and trlturated ith ether, then

20he resulting solids were 15collected by filtration to

gi ve et

7-chl or 2}( Gt gy PYRP QYT BIPEIAN AT YRS (! i @ mmol) from step A,

ykanhamt(ezrﬁl;t anﬁ agded:NaQﬁ-I Do, ,60(7 QL51 ?Abwm@bg}o glitrb MNBolutlon

(400 P pm 12. 70 (br. ¥) (q
7w§gh PqLLas stgrqq)forz 56tg1n(a§ roog tﬂjﬁpe_l_ratg{y (Qarbo‘ljt.d-ysu ile |(_%04 e, 15.00

|'|) mAd1 S BRhdR added to give an orange solut10n The mixture was stirred for 15

7- Met hoxy- 5- net hyl t hi azol o gyrlnldln- -amne s N
2} 2. mygpt room tempe@ttqai%then NaO (20 N 600 uL, 12.00 mmol) was added and the

7 ¢ Ettrﬂﬁgc&m%édr})ﬁl f()"rhﬁ‘lth LRk dﬂ&chpé/cﬁﬁti&ld Méi'o%ebﬁla&a(@@@[l@t

mol ) was suspended in a 25% w

sol M ﬂ%mm@ﬂ) \%dﬂ@ﬁﬁ diitHEsx rqa@ltlngwmm@teﬂaw@phctltrecmtatlzg affer 1 hr

b r t
et B on S Bl bt R B! B g Pl v
with water and extracted with chloroform 5(4x). The
conbi ned organi cs were washedsgy th brine, dried over
sodium sul fate, filtered and concentrated in vacua to
af ford 7-nmet hoxy-5-nethylthiazol o[ 5, 4-
d] pyri m di n-2-am ne (120ng, 0.612 nmol, 55.6 %yield).
1H NVR (400 MHz, DM SO-d6) 6 ppm 7.71 (s, 2 H 3.98
(s, 3 H 2.52 (s 3 FD 10 Step C. Dinethyl



NHN ( O-K N5 A m xture of dinethyl
7- met hoxy-5-nmet hyl t hi azol o[ 5, 4-d] pyri m di n- 2-

wQ@ k@phsnedér dodi t hi oate (56 ng, 0 19 mmol ), PCT/US2009/041076
(S)-3-(am nonet hyl ) qui nucl i di n- 3- ol dlhydrochlorld]gl63PCT
(51ng, 0.22 mmol) and cesium carbonate (175 ny, 4
mol) in DMF (0.5 nL) was heated to 100C for 2 hours.
The reaction m xture was cool ed to 10ambi ent

chi BEBTBIA (A8 Fhel BbRrenr s o B E g radpyridin-2-

Wi t RlchbommidodTthiesle CB\!S&ﬁg, $)qd'6 lrm‘hcﬂlﬂ 4 ed @eldf, bl & Qhﬁéjsoalﬂle NMR
concentrated in vacuo. m xture was_ puri )é

si | (499 Mfét. C@Qlaéd%pag%ébﬁw {{27%(% o843, 5.02 HZ 1H)7 2 (dd,
et Daned, 1 ATRN| Tk Y daoy-sled, 1000r PHONIh (L IRAS REPIESss:
fractions were conbi ned and concentrated in

af f MHH{RP4N4- 7- net hoxy-5- 15met hyl t hi azol o

[5,4-d] pyrimdin-2-yl)-4H 11-azaspiro[ oxazole-5,3 |-

b1 cxe) oLt 2y 0L AR 5 FLAMIS GPd Ry A Bl s A

H) 8ic030[0A,2]dct/hattne 1 H) 3.68 (d, J=9.54 Hz, 1 H)
3.39 (dd, J=14.93, 1.63 Hz, 1 H 2.7¢ -3.07 (m 5 H
2.68 (s, 3 H 2.04 - 2.28 (m,2 .T0- 1.86(m 1 H)
1.44- 1.67 (m 2 H. M (L RoF-as-1. 10; [ MtHr =
20361. 32. Exanple 274 N

(12)-N-(7-i11ethokyt hi , 4-dl pyri m di n- 2-y0- 4H 11
! azaspi ro[ oxazol e-5,3" - bicyclo[2.2.2]joetanl-2-am ne 0
ON-C NJ- -N/ 0-- N 25 Step A Dimethyl

7- met hoxy 15 miT&tad Wi EHape@ Weth3s #3-tnRiErhdthdigdindelidin-3-ole2 HCI

ylearbonlmdodlthloute 0S 1?1)%--N /hs ,-N 5To a
sus 838 mgp-044 mmol), DMF (2 ml), DIEA (7.74 uL, 0.04 mmol) and

T S e R A

hy dpxebldBt (-2 1pgri@n;2-Aeatbamirpidpditiritage ()% mug; 8- KA snail) dibed
t
13 or Bl dsfeig bl SR EHREL iRy Al A dcaped

t hecoragetk t@mgmpé@nbfsmrtbgonmeriaﬂ XTherreachas mettine ved dilged wh
mn or 1 M s

B e e R

m x(axamlmplsSazgayr[dusmylt)réﬁﬂl‘ﬁazaspirﬁ [oRamelt-6S3’-theyiekl [R)2,2] octan]-2-

e Mt b B ol e et Al B8 SR VR Frve

2@ Vakeohd @y s pyalil aw 1poa s, pichat7e -had fop med.16The4 (m 1 H)2.77
m xt ure was ;Joured into water and the solids

col I 82 &8 L) 289 tir&ti9%8 1% 6 Fafrldrd-2di(met Ky p-90 0 (d)J-1029 Hz, 1
kgﬁgh% Ya,9= [Mdﬁulzmq)aipj @h@w@ﬂi] WI HEﬂ 1de17 20 (42~ 7 91, 1 13

oni m dodi t hi oat e 69%y é@
Lol Hel, 1 1}, mmd(zrcﬁolw e B0y ek b e Ry
4.2 (s, 6 H. Step B:
(12)94!@ 7 Af et ﬁo(g??t hi azol o[ 5, 4- di pyri
28 n- 2-. 31) - 4H 11- azaspi r o[ ar azol e5, 31- bi cycl o[ 2. 2. 2Joc
tan]-2-arn'ne 20 NkN HN-C 0---" SA\NN) A
m xture of di nethyl
7- met hoxyt hi azol o[ 5, 4-d] pyri m di n- 2-
yl car boni m dodi t hi oate (150 ng, 0.52 mol),
(S)-3-(am nonet hyl ) qui nucl i di n-3-0l 25di hydrochl ori de
(132ng, 0.58 mmol ) and cesium carbonate (427 ng, 1.31
mmol) in DMF (3nL) was heated to 100 C. for 2 hours.
The reaction m xture was cool ed to anbi ent
tenperature, poured into water and extracted with
chl orof orm (4x). The conbi ned organi cs were washed
with brine, dried over sodiumggul fate, filtered and
concentrated in vacuo. The mi xture was purified by
silica gel chromatography (2-40 %[9:1
nmet hanol : ammoni um hydr oxi de] - chl orof orn). The product
fracti ons were conbi ned and concentrated in vacuo to
afford (R) N-(7 rrethoxythl azol 0[5 4-



(R -N(7-bromopyrrolo[1,2-f][1,2,4]triazin-4-yl)-4H 1
-azaspi ro[ oxazol e-5,3" - bicyclo[2.2.2]octan]-2-am ne

wowrm9Isymedhesi zed by the nmethod of Exanpl e 274 BCEHUS10N4041076
from7-bronopyrrolo[1,2-f][1,2,4]triazin-4-am ne. ﬁﬁ63PCT
NVR (400 MHz, MeOD) ppm 8.13 (1 H, s), 7.04(1 H d,
J=4.53 Hz), 6.77(1 H, d, J=4.53 Hz), 4.09(1 H d, 5 10
J=10.32 Hz), 3.79(1 H, d, J=10.58 Hz), 3.24(1 H, d),
3.12(1 H d), 2.70 - 3.00 (4 ., 2.06 - 2.25 (2 H
m, 1.52- 1.86(3 H m NSE%é@?’réé;?% T. = 1.62; [MH =
377. 22R)EROVBATEm &Fy - I A FqukndNn i1 4 BF-SNaRM- B Ic§ 162 2- Y OctlndP, 5'-
| r-azaspiro[ oxazole-5, 3 '-hifyglo[2.2.2] octan] -2-
amine H\--cN- /N [1,3]oxazol]=2"-amine
(R -N (1, 6-Naphthyridin-2-y1)-4H1'-a
, 3" - 15bicycl o[ 2. 2. 2] octan]-2-amn
the nethod of Exanple 274 starti
1, 6- napht hyri di n- 2- am ne. 11" N 0 MHz, MeOD) 5 ppm
8.99 (1 H s), 8.48 (1 , \W=6.04 Hz), 8.20 (1 H d,
J=8.56 Hz), 7.77 (1 H, /s =8.04 Hz), 7.12 (1 H, d,
J=8.81 Hz), 4.12(1 H, d, J=10.32 Hz), 3.82(1 H, d,
J=10.32 Hz), 3.36(1 H d), 3.21 (1 H d), 2.79 - 3.09
(4 ki, 51{) ’6—1%et2_§lisbqu7ino?lz%—i- e m , 1.56- 1.95 (3 H m.
20(LC?NB) RT. =0.38;, [MHii = 310.3. EXAWPLE 278

(12) - N-(Qui nazolin-2-y0-4H 11-azaspi ro[ oxazol e-5,

31-bicyclo[2. 2.2] octand-¢-aging 25 HNH , N INj'11/N

(R) - N- (Qui nazol i n-2-y1) - 4H7 61 r o[ oxazol e- 5, 3' - bi

cyclo[2.2.2]octan] -2- am né& synt hesi zed by the

nmet hod of Exanple 274 starting from 2-

am noqui nazol i ne. NVR (400 MHz, AfeOD)5 ppm 9.27 (1 H

168) s 7. 7275 a o18Bn (08 midihyM 2-dfetitbkydchtitida@d1. 1 468D RumoB) i 8

Hz), 4.07 él H d, Jzi0.0? FE),.3.76§1 H d, J=10.07

Hz ) methanad (§ miy) way addgd p-tolglmpthapamipg ()88 & 656 mmal) ¢rgpyige at

H  Bhpiektdffefathibe. Bhe redetion flhsiPQas tilier%ﬁac(ea it a MehedtdddiMRkn

RT. =1.11; [ MtH = 310.3. EXAMPLE 279

(R) aind-stiBe@aDi0ek for bi Is depirerobved-28d gidwikhcodled ZBipiofatiles are

é?le{e)eh}sgvg’d ﬁnc& rce}ilcfcleg E)rze'sszdrcez D26 aGn AT G aShadd dpoi)%gsgto N

1N ( ylAiDaciti Dmop erumplont RnPedived. Htheyreweatn mixtatiwdestidkddlifor 72

ggaﬁ,&%ngtﬂgﬁés%% Eékg%g]a%%etmﬁ%% I;agh, gilutg:'(} Wﬁh wa elr 250V\n%§), and

2, 2sldwBtieayiae@to pH € a0 &/ith 203dm ¢y drdRid6 (IO, )Asithe reaction

met hanol (10 .. The m xture.was ated.at 70C for 1

h. PREURP %Wﬁ%&)&& BOrRET R TR gﬁ’é%%‘g‘i‘%}&fﬁxwas fjﬂtered’

( Bi @hage with GA%r ainb tic AGeFREER)-methPBs od 8HbIE8LamiRGD 698 %$3%), as

were concentrated to

ield
20 25 SUPERHEr BRIV 5L PSRy & EemibT darhi dleT (25828
g, 2 7 a0V € b e [ i
T Kird 15507 B ) L b TG 8T LB SRR s
204(IZMSS R =H).37: AMTH] = 13938). (in, 2 H), 3.45 - 3.68
(n, 4 H, 1.09- 1.29 (m 6 H. LOVS RT=2.03; [MtH | =
3049, S B. 6, 8-Di ehl oroi soguj nol i n-3-am ne H2N
To SOp ot B G P SR Tas' Ruded
2:N- (2, 4-di chl orobenzyl) -2, 2- di et hoxyaceti m dam de (2
g, 6.6 nmmol) at room t egperat ur e. The reaction was
heated to 40C for 18 houry | C/ M5 i ndi cat ed
the presence of product. Then n was cooled to
roomtenperature and quenched with ag. NaCH (-15 M
S5until the reaction m xture was -pH 7. The crude
product was extracted with ethyl acetate (2 x 50 nl)
and the organics were dried with MgS™, filtered, and
concentrated in vacuo to yielghsthe product. The crude
product was purified by chromat ography (Biotage: 10- 80%
et hyl acetate/ hexanes) to yield 5, 7-
di chl oroi soqui nolin-I-amne (0.32g. 1.50 mmol, 22.9 %
yield) as a dark yell ow 10powder. 1H NM R (400 MHz,
DA/ SO-D6) 5 ppm8.99 (s, 1 H), 7.64- 7.73 (m 1 H),

spi ro[ oxazol c-5
s synt hesi zed by




7.30 (d, J=2.01 Hz, 1 H), 6.61 (s, 1 H, 6.43 (s, 2

H. M5 (LOMS) RT. = 1.40; [MtHr = 213.1. Step C
wWG2®9/MB1obd or 0- 3- i sot hi ocyanal oi soqui nol i ne NCl PCT/BS1009/041076

To 6, 8-di chl oroi soqui nolin-3-amne (0.27 g, 1.28 nﬁ%g PCT

i n dichl oronethane (20 nL) was added

1,1 -thiocarbonyl di pyridin-2(1H) -one (0.30 g, 1.29

nol ) and the reaction mxture was stirred at 40C for

e L L

ac etnadietfl remames) (10 eLy bedntbient temperature was added 6 methyhsoqumohn—

6, 8- dlchloro 3- i sat hi ocyanat oi_ soqui nol i ne ( 78
rmroP 26 (963 Pl B0 oty ﬂmﬂon PR R Y Blerﬁ er? @ preheated

IE-)I)AI §@b9ﬁ)a§d ﬁﬁf@d%t 4()2 C( for lg-h H)en réndx@d Gfrq)m t%%oﬂ Bah Bk cobled to

§ L@m@)entﬂemperaﬁur@ @ Qe mp)ﬂmp ]was: ccz@gnt@tedggd thetegysle Daatenal was
(12 I o, 3
L2y R LR A i gl s
(1/ 1SNh100§amt066 Sledll}’hMQWOh@-U% oghd. @Tﬁylamat 87 .4 dqwickiolap peoff-

((:gr %%}%% Oélg 131 %0%60 %D%ﬁg P 3 0?’23 g%d S48 FEFEN 1z, 1

(anHmomsﬂ(hyrl DIQ 046 Ued, i7e. 2%, 3-50IHA By clr.oe ky, o) des7((©.315). gviS

@i iRk Bod FPBRGRE Mhe 1 eact on was_caol ed o

roomtenperature and concentrat ed in vacua. The
uct was treated w

10d|9f|e@ &p r(6)p9’r(é%@é@élﬁ%wén@d%iﬂﬁtawzmwaly 5.3the
reag;cy@(gp\gah?roglggtge&im,%@ 90C for 4 hours. The reaction
was cooled to roomtenperature and concentrated to
yield the crude product. The crude prgduct was
purified by chromatography (Biotagg: 85% CHC13, 14%
MeOH, 1% NHAOH). The product up in a snall

anount of et hyl acetate,gvxﬁaj_q@ rasélted in the

formati on of a precipat I _mas filtered off,
15washed with a small nt”of ethyl acetate, and
ried in a vacuumoven to yield
R) - N- (6, 8-di chl oroi soqui nol i n-3-y1)-4H 1' - azaspi r o[ ox
azol e- 5, B S)BiepolookhyRqiihwtitimry-o2lilguliarklofide 94 gy, 0.285

( 406‘“{%‘;5 s @{%‘%L“% g uh) w;é e @ﬁmg[aﬂde%%?L 0.63

( m rrﬂnoll-})a,ndB i9®hiocyBn80-6{mathyllis buinolind B 7-mg, OFRS ol L THie,

7.13 -7.24 1 , 3.79 - 3 0 1 3, -, 2

3 6 grusg)?ﬂsmﬁr mpla%edgéto aé)rﬁlﬁat(edﬁ)ﬂ atﬁ)(and %nrleg)a’[ H é?o( Ith aQQ 30
2@") nmén. QQW%il?d?)rdpﬁca%ohﬂmld& ((9977(rﬁL 11144hmof \x%@tlfeﬁ addbd lhd the

1.59 (d, J=4.78 2 H, 40- 1.50 (m 1 H).
( LOVSyuIR W stirreg] 945§5 °¢ ﬁﬂr#ﬁ]h |T he mistyre as cEneaptad azé purified by
R
( ) sifed %1 Zhr@fn%%]]%%l? @AW, 10| e M QithiSn iy %%ﬁ‘%ﬁdd&lﬂ{ oxa

zol e- 5, 2.2Joct ani - 2-am ne
St ephl@r‘oform) followed by purlﬁcatlon by reverse phase preparatory HPLC (0-40 %

T LD PRI e

2fvas Caldarexil SWSacaHndigﬂ:tmdrMe@Hr(&x 1fyrl) and concentrated to afford the

et RGP CRdy ol fae Sl Goc ror 1

it ﬂﬂa&lyIﬂo‘qtulﬁblﬁh NG B)thisiiidaf a@dtaﬁ)gurﬁ hItDNBAROGI0A MYz, MeOD) & ppm
( Bi gt@gﬁi 100% @:jhyl acet at e éhe desired fracti

&éﬁﬁ}% T%W%Ild{)f\l- 8(1 1 H),7.74 (s, 1 H), 7.47 (d)J 3.53
( 3, frzdi Hh I4o|r7Q@e1&z<y§z) 2, RHfusl heXxyag e4 Hal darude (§,9=84. gr Hz,
9.2 mol 7%y|eld) as a col orl ess viscous oil.
NI\/R(SOO I\/Hz CD C13) 6 ppm7.45 (m 1 H), 7.40 (m 1
H, 7.19 (dd,1:8. 09, 1.98 Hz,30b H), 4.94(s, 1 H), 4.43
(s, 2 H, 3.47- 3.77(m 4 H, 1.41 - 1.79 (m 6 H).
LC MB RT=2. 15; [M{-H = 305.1. 20Step B: 6,
7-Di chl om soqui nol i n-3-am ne and
5, 6-di chl oroi soqui nol i n- 3-am ne



Cl To sulfuric acid (4 nL, 75 mol) was added

N- (3, 4-di chl orobenzyl) -2, 2- diethoxyacetim dam de (2
wW@2008/181926701 ) at room tenperature. The reacti oPCTES2009/041076

heated to 40C for 49 hours. TLC and LC/ MS indi cat eg1163 PCT

t he presence of product. The reaction was cool ed t

roomtenperature and quenched with ag. NaCH (-15 M

S5until the reaction m xture was -pH 7. The crude

hna Hie SR e L SR e REET7 0P Bt Ty v

concentr.sd @BH)N2 ¥AGHA MY ) i16l-d. 3ohe, PARAUSYLC/MS) KT ude24;
product was_purified by chronatography (Biotage: 100%

et hW Iél:eﬁ%?@ez to [90/10% et hyl acetate/ MeCH]) to yield
appr oxi mately a 1:1 mxture of regioisoners

6, 7-di chl oroi soqui nol i n-1-am ne 10and

% 6-di chl or oi soqui nol i n- 3- Brwé {%. 2 g, 5.64 mol ,

86. 0% W-BLEN ndRofiHA3 MPQHQWaR@MBxazJZQ% 3 %&y&%@@’%ﬁéan]-
were carried on W thout” 'separation.

(500 MHz, DAI SO D6) 6 ppm 829@711(7% 1 : 8 83 (s, 1

H, 8.12 (s, 1H),789(s H)N__784(d 1854Hz
1 H, 7.28(d,1885Hz 6. 58
(s, 1 H, 6.48(s, 2 H), I\/S(LC/I\/S) R T.
1.59; [ MrH] :2130

6, 7-Di chl oro- 3-i sot h| t0| squ| nol® ne and

5, 6-di chl oro-3- isothi ocyanat oi soqui noline Cl 20To
7-di chl or of soqui n am ne and

1@ 636p dnVg#d r%%ﬂﬁ@r%ﬂ@@m’%% gawfe g, 1.924 mmol)

i n dichl oronethane (20 niL added 1,1' -

t hi ocar bonyl di pyri di n-\g(/ 0469 g, 2.021 mol)

and the reaction mxture m 40C for 4

hours. The reaction was Ied to OO0y t enper at ure and

chr omat ogr aphed ( Bi ot age 10- 100% et hyl

acet at e/ hexanes) to yield the separated 25

regiois

6, 7- i CHi oy BIaR LY RF ey sy og TR R e -39 rgmod and

0. 78Hiunralethodide P. .%6yrhle| 10)39aidol) were added to a solution of methyl 2,2-

1§ Snenong gt st ht apvanatg) seaunoline | 0y mixure
5, 6wdi gdatea ra97(8e |f@lqt fhh WA asmhﬁg)psnuowqhm@e wasdtohRtrfe@O0The
MHz d, 1=8.85 Hz, 1
H) re§1dggwe%purlfp f].d)y s1ﬁc%@é allth jﬂ@ﬁg@y]_&ceta% tp.|glve Wge](l([vtymus oil
RT ) O¢ I 3
30i gzo(%ﬂhggg%angw[s{ 04%921%2{3 %8@137%%4?%8, %8 '5C6:DC?L’37)26% @
ppmHY 404308 Hz), 6K, (1 8L, b1 5,553 11(1 ), br.7.)0494 &, H, br.H)), 4.5 @A, br.
2@" 5.3 3 M3 GRCND) 2R, 15-3:0%%i2) [ Metls 1£129919- v €P

(12¥¥Ne.(6, 7- D chl or oi soqui nol i n-3-y0-4H 11-azaspiro[ar
azol e-5,3" - hicyclo[2.2.2Jactani-2-an ne 5To

6, 7-di chl or o- 3-i sot hi ocyanat oi soqui noline (0.13 g,

0. 538p BolByomevsdno(id-G-amide was added cesi um car bonat e
(0.42 g, 1.27 mml) andd.S) - 3- H
(am nomet hyl ) qui nucl i di n- Hr?ochl oride (0.118

g, 0.515 mmol) at room tenpgraty The reacti on was
tirred at 70Cfor 2 hours. The reaction was cooled to
oomte tur ntrated  in vacua. The crude
urea vasSht éugrqﬂ? g %%H@ﬁpeﬁﬁ%twﬁ%ﬂeﬂ(ﬁ Btidydnmen e
CHCh3furid 48 MR, 95198 Weateﬁ@@4@€qgiuﬂth VIaR mhik@R was

treated with DM F (10 m_

N, Nhewializsd pyitply e@@erezelsnmuspwsezgvaﬁﬁhmd The

The reacti on was heat ed to 90C for 18 hours. The

reacti on was cool ed to room tgypperature and
concentrated to yield the crude product, which was
purified by chromat ography (Biotage: 85% CHCl 3, 14%
MeOH, 1% NI -140H) to yield (R)-N-

15(6, 7-di chl or oi soqui nol i n-3-yl1)-4H1' - azaspi r o[ oxazol
e- 5 3' - bicycl 0[2 2 2]octan] 2 am ne (0.12 g, 0.312

~ A ~ N7 NN R ~NEw SN S\ a "




yield (R -N- (5, 6-di chl oroi soqui nolin-3-yl)-4H
1' -azaspi ro[ oxazol e-5, 3" - bicyclo[2.2.2]octan]-2-am ne
w@ 2009831925 0.218 mmol 50 6 %yield) as a yeI | ORCTUSIHEY/041076
1H NWMR (500 MHz, CDC13)6 ppm 9.09 (s, 1 , 8.93 ( 16}PCT
H, 7.63 - 7.82 20(m 2 H), 7.40 (d, 1855Hz f—b
3.99 (d, 1=9.16 Hz, 1 H, 3.78 (d, 1=8.85 Hz, 1 H)
3.51 (d, 1=14.65 Hz, 1 H), 3.30 (d, 1=14.65 Hz, 1 H),
Fy ey gl o g T gttt a0 LAy
H) . hdandsl ChdV&sirkd fractiond wbré condvttttatdd togivd 4 brdwnigbyellow solid

EXAVPLE 282 .

( 120 NA @B 20 b Y8 RopyT |- kM3 2) 0= 243 111- azaspi r o[ oxazol

e-5,3 bi cyclo[2.2.2Joctanr 2-amine CICl HN (iNN 5

éR) N- 4-Di chl oropyridin-2-y1)-4H 1' - azaspi r o[ oxazol
SS@P 61369’2‘14’ SfIPOQTHEO B PLi%Gi ne was prepared by

t he nmet hod of Exanple 267, starting Jsrom

2-am no- 3, 4-di chl or opyrardi pe, (500 MHz,

1111180-D6)6 ppm 9. 10 (sd\@@ 08 (d, J=5.49 Hz, 1

H, 7.13 (d, J=5.49 Hz "86 (d, J=9.77 Hz, 1

H), 103.60 (d, J=9.77 Hz, 1 H), 2.96 -3.05 (m 2 H),

2.77 (t, 112 - IG T

1 97 - ToJa zohﬁ%n%%ﬁ)l’thﬁ%rg%ﬁi(ﬁgﬁﬁd(lrrln Q(‘I%I)é)ﬁe’: @25&%, !’Q)%O rélénol)
m inXi¢iploromethgne-af rém tepmperaturd) waspgd¢d EpBipisRqumolB-Har@e

\% .
1515( 210 PR NP oo ey 3
5, 3LCHVS yelicefed fan@dacofahe desiredhprnduct. The deep orange solution was

(R) pu'%t%:ba bCl'g 11?%5 F%%E}O%a%gfag)% 0= ﬁ)L/]' et%lll a%%t%t%ﬂle%’lle%%@&ﬁ (')5

t hebmtohbﬂomfocfanamquﬁ(ﬁﬂlp ((M ar (I BWgnlﬁnDlom % yleld) as a yellow oil.

111%11 573 C@\”%ﬁ%ﬁﬁh 1H Nms(igo-wgklg (m 1 H,
1774- 7.79 (m J=7.78, 183 1.83, 168Hz

1H),
- 3 63
P [ (@ﬂ%@r%ﬂgpﬂqzlmh@ %5 42’31 7‘%‘“{”(0 5%773662?

H) bz%yc@g[Z(ZtZ]O&an? Ldnide, 2 H, 1.96 - 2.02 (m 1 H)
1.86 - 1.92 (m 25J=5.65, 3.20 Hg, 1H), 1.54- 1.63
(mJ687 3.66, 3.51 Hz, 2H - 1.49 (m 1 H.
M5 (LOVS) R T. = 0.26; EXAMPLE 284
(R)-N-(5-Chl oro-3-fluor @F ¢ 4H 11- azaspirof[ o
xazol e- 5, 31- bicyclo[

Joctani -2-amrne HNN 5
(R -N-(5-Chloro-3-fluoropyridin-2-yl)-4H1'-azaspiro[o
xazol c-5,3" - bicyclo[2.2.2]octan]-2-am ne was prepared

20y t he nEd (v0d- (alﬁmrﬁmﬁlpl)wlﬁlﬁfﬁdmsl alrdlhymlgbcﬁl’oode (0.086 g, 0.377

2- am no- chl oro
IB ]\{j]g:_%l] 8‘%\';11“ (@amlfe Egg mg a(déc'e_cll (li\l Nﬁ? wyw 843
J dlﬁmjrﬂ)g) dzll,ig 6l_‘t|izl:01hl) -3- 1§3t1880y(aﬁht01§0q91n4>ﬁnd-{2) 1 Q, OH)7 7 Hglacﬁf? ”[11@2
I(") SUSp@pion yvag étlr(eﬁl:i)t ?opi) temgérewre(fgm qlm}q}ltes 1N ) 1m92
( m Dhsdﬂ}opyﬂoaﬁﬁdnmfhe @(21’(6rth 2. 1‘3)2,mﬂ;014 Was thén Bfled Bhd the hixture
0. EX4MPLE 285

[ ME] + =
2%15( wys mrlzeé fm fBF]EﬁS;}? #lewrﬁ Bl WX&F& WPS coRsirice prckpy Hicd by
, 315 Lyt biabRatdeRPIRE 319 29.5:813 fi®hanol:ammonium hydroxide]-ethyl
acetate) to afford (R)-N-(6-bromoisoquinolin-3-yl)-4H-1'-azaspiro[oxazole-5,3'-
bicyclo[2.2.2]octan]-2-amine (0.054 g, 0.135 mmol, 36 % yield) as a yellow solid. '"H

NMR (400 MHz, MeOD) & ppm 9.04 (1 H, s), 7.80 - 8.05 (2 H, m), 7.55 (1 H, dd,

308



(R -N-(6-Chl oropyridin-2-yl)-411-11-azaspi ro[ oxazol e-5
, 31- 20bi cycl o[ 2. 2. 2] oct an] - 2-am ne was prepared by

wao b@oneobod of Exanple 267, starting from PCT/US2009/041076
2- am no- 6-chl oropyridine. 1H NVR (500 MHz, 11163 PCT
1111180-D6)6 ppm 8.33 - 8.42 (m 1 H), 7.60 - 7.68 (f}
1 H, 6.94 (d, J=7.02 Hz, 1 H, 6.72 - 6.81 (m 1H),
3.86 (d, J=9.46 Hz, 1 H), 3.57 (d, J=10.07 Hz,

2.97 (s, 69 -.2.78

J:7,_]%é§,'§’§c‘l,-}:27é?zp_‘z7’%7é?%, b i-.gé‘swlfg(ﬁlsﬂ)ﬁl&%g%ﬁ%3 (‘?gg%"} 10.83
1. 9Bz( m681 3Hy (1 B, B3, 3:561-. %67 @3, M), 229 3.49 (4, m), 2.4491 fmvr. ),
1 H. M q|(C/ I\/IS% R.T % QA3 [MH = 203 Q. FXAVPLE
586228 - 241 (1 H, m), 1.86 -2.15 3 H, m). LCMSIR.T. = 1.76; [M+]"=387.21.
(12)-N(4,6-D ehloropyridin-2-yl)-4H1i-azaspiro[ oxazo

| e-5,3" -bievao[2.2.2Joctanr 2-anmine Cl 0-\K N HN--<
PNNCI 5 Example 293

(R) M)M B@ngﬂb@ﬁmrﬂ LJ)-Pr 2 -Mé'a)spz%]"oﬂazoz@%aﬁ—@tc%?lvﬁxzaﬁ%tan]-
-5, |cyc 0 2. 2] octan] - 2-am ne was prepared

the nethod of Exanple 267, é%@ﬁm¢ng from

2-am no-4, 6-di chl oropyri di ne. | MR (500 MHz,

D:1SO-Da) S ppm8.43 (s, 1H (s, 1 H, 6.84

(s, 1 H, 3.86 (d, .7= 7@—&&, B59 (d, , T=10.07

Hz, 1 H), 102.98 (s, Z? AN58 - 72786 (m 4 FD, 1.94

-2.13 (m 1 H), 1.78 95 (n1 1 H, 1.36 - 1.65 (m

3 H. M (LCYNB) RT. =0, 87; [MrH = 327.0.

IEXA%?‘Q_ SHI Ifd%efgz%{gﬁyz) ‘g\gg’}e oxyacetzni‘rzdanl;]zldgyrl din-2"-y0- 4k

5b|cyclo[2 2.2loetan] - 2-am To

4- bromopyri di n- 2- am ne (0.5
2- met hoxypyri di n-3-yl boronj c E0|o
in DVF (25 L) was added[f& sodi uhm
2.3 mol ), followed by
1,1'-bis(diphenylphosphlno)ferrocene-
pal | adi u di.ch

R e et A R R A e K G S

houg&livah m3thokidasdsg menl soeiah@dl) ivere 2aea hanprtiad off eethyll2e-

roqu was . €. d with ethyl acet ( 5 .

18 P B (0 o) acmah el S at gy s lolbliure
Thewas idedRt P00 Eér VBB aithé fos@tn Dyel BRI RIRREOGiAdRYentrated. The
5(Bi otage: 100 to 90/ 10% et hyl acet at e- et hyl
acef By wat maHisH Py £1§038 FRropaiegiappkyith 100% cthyl acetate. The
3, 4des|ﬁbdpﬁﬁdtféh§w2re @Bﬂc’é@tre(t&i ) %w@’a VRIER vIVERK 011 €35 % yiop)| d)

as a _brown powde ?ro uct was taken directly to
theLﬁM&Réfteé 115&1\&9 B=3

>@' - hot hi ocyanat o- 2- net hoxy- 3, 4' - hi pyri dine N 10N', (7'
To 2-met hoxy-3,4" -bipyridin-2'-amne (0.53 g, 2.63

o Sep Bn 7@ﬁr@rh¢lmqameﬁhéwlf(ezcwdrﬂ-_f)mngogtMtj -3-amine

1,1' -thiocarbonyl di pyridin-2(1H)- gne (0.62 g, 2.7
mol ) and the reacti N2vnad roggd at 40 C for
4 hours. The reactio 1SN COOl Io oon1tenperature
and chromat ogr aphe®f (B ot age: 10x3008% &t hyl
acetate/hexanes) to yield

e A "‘%X%“Néﬂ'z@%%m 5T SRy i

2ﬁmea<8d G7mLd)5-FER) wes Iated 1t 49 C £@.526. (Tdd mlzﬂtulzt v88 netrabiged with

1(%5@\1301% §&1ﬁ20&s %p,[:b?l n%i ﬁ%l’e ﬁtlng\]sugge?%%lhz'_bas 1‘11?3_§d9 1(91%?%91@6

( d dwadpufifidd by 4ﬂ18:8gdﬂzhroﬂnaid\gl;apﬁiy @ith 2005% eBryH)cetaldSn hexanes, then
(LOMS) RT. =2.87; [MtH | = 244.9. Step D

(R -N-(2-Methaly-3-4"-hipyridin-r-yl)-4H P-azaspiro[ ox
azol e-5,3"- bieyel p[2.2.2]octyyp]-2-am ne 25 HN i Ng/ zN

To 2l -isothi ocyanat o- 2- net hoxy- 3, 4' - bi pyri di ne (0. 09g.
0.37 mol) in DMF (20 nL) was added EtIN (0.11 niL,

0.81 nmol) and (S)-3-(am nonet hyl)quinuclidin- 3-0

di hydrochloride (0.09 g, 0.37 nmol) at room

tenperature The reactlon was stlrred at 70 C for 2

oy o o o - N o,

érbonate (10 nE,



25Step A: Benzofinoxazol - 2- at ni ne An oven
dried round bottomflask was charged with
wa@l2qoamB192d dazol - 1- yfl met hani mi ne (500 ny, 3. 1BCTIE40P9/041076
2- am nophenol (188 ng, 1.724 mmol) and anhydrous T F63 PCT
(20mL) at roomtenperature. The resulting suspensi
was relluxed under N, for 2 hr to give conplete
conversi on based on LG M5. The sol vent vvas rem)ved in
vac re evvas urlfledo
o 1R asT ity e HiaekouBEsoncefonel o Risd s R sb hrainine
to abdiand oﬁ‘bﬁ)d@@tQQDOQdSM)OQMS R.T.=1.56; [M+2]" =225.1. The
Sbenzol d] oxazol - 2- ami ne (200 ng, 1.5 mml 870/,
yi efgytireges aSWﬁfSefO%F PEKUSIER NMR (400 MHz, CDC13) 6
ppm620(br s., 2 H 7.02 711(m 1H) 7.17 -7.22
—% % 29 (d, J=7.53 Hz, 1 H 7.36 (d, J=7.03 Hz,
H)S'tep 7(1%@1 zsqizzqcyanatq_zswmot’zmﬂd Sbrpmm-396. 10 St ep
B: @aoml& Mltmé%%g,ﬁ,g] ozazol - 2-yl car boni m dodi t hi out e
SO o a colorless solutlon of

benzo[d] oxazol - 2-am ne (200 ,gcg’f 184191 nmmly®in 15DVF
(10nl) was added [& yrd? OXi ﬂw/ 49 FIL, 2.98

nmol ), to give a greeglsuyspensi m xture was
stirred for 15 mB at” room t enperdt ut®e. Carbon
di sul fide (225 4, 3.73 nnDI) was added to give a dark

room. t anpith 08 0113 FBkeroBY ol Cioom 4fS B oD i

10y dgieKiofienc{rAaMNat rdd tdﬂlﬂeraﬂﬁre %s aaued )he@lﬁﬁitufet dfwrtﬁdmtn@ds udfdlin-
add| tional 10 mn. 20 | odonet hane(

was SPREH 36 dduoBeisHngln-3 AmpciEem §f61> Bdl Brgeé 3 ﬁi‘ffl%ﬁ eEhe orange

af t lutdoAd stirfoifat F@AC tehPBradld fof €ShERS. BCNYhAd@kcddndr
The solid was collected by filtration, washed with DV

( 2x foppytiongF prqdpgty ﬁﬁby decraringe splefeon waduHBesy Wigssam f or

30 %%%%{; (3*5907 ¢ h&%ta'tém&ane@y efhe'fﬂstY)?&i‘d fﬁ%&&ns were
night to afford the xpect ed product, yl
1Hengoibihehend ghncntpdtesbin oriord dt7mr@*a@é liozlsecygmgmsoqumohne

25 PR TRl 22 SO SGh voife S KyReldo glt! ABe) 5

H) 5pn49 1971 BOs)( 81 U BH)s),77.66- 8.2 (244, (my 7.16 H) H, sI)/S{(fL:Gll )

[ RERITRE zf%’% @%6_0%3 Tl “03%‘3%‘%FPIBFIB%%f@n@n%ated in

hi eﬁtﬁiu@ kPafBor@§ OEIrRNB ﬁsomwaaami’bqgmhnd LR \gasnhamgm %
1

R ovslirg; + i35 st MK RS Y5 c!e?%?)e‘gpp(?w 868 oo (1
36111ppands (SACHR (1935 s @ 122 TRRER AL 4O0M 1) -
terrperature |'owed by di met hyl benzol d] oxazol -

y k aP®od. mi dod| t h| oate (86ng, 0.361 nmmol). The

resulting suspension was stirred at room tenperature
for 1 hr. LC/MS then indicated consunption of starting
mat Step &l (R) TAE-Brioxp isp@invdis - i) -d e/d axdspino /Ne@ble ginit-

ur ajatiye HPLC to afford the 10expected
9 éluycg[z?ﬁfgﬁ\@?aj%éofd] oxazol - 2 yl)-4H
1

-azaspi rof[ oxazol e-5, 3" - Di cy 'T\2. 2. 2] oct an] - 2- ani ne
(101.5 ngy, 0.323 mol, 00/_? yRel £ a% a tan gum 1H
NVR (400 MHz, Acet one- 6 Pm2 .14 (m 2 H)

2.20 (ddd, 18785 233-45(m
1H)2.62(d,J226Hz 334- 3.47 (m 3 H
3.48 -3.58 (m 1 H 375- 388(m 2H) 4.15 (d,
3712654 ﬂ?(zsy’h (lal)nnﬂmfé%tyg&'ulnulcﬁafa ﬁdi drckhl%?ih& 72037% 0.905
( br mn. ) in ), N-dn tkl)ﬂ@fwsynd?e@ﬂ mk) wasr-dﬂed ?M?Q]s (% 32%2 @?3
EXAMPLE 289

(R) - N-(5-Chl orobenzo[ di at azol 319 y1) - 4H 11- azaspi r o[ oxa
zol e-5, 3 20bi cycl o[ 2. 2. 2] oct an] - 2- am ne Step A

Di met hyl

5- chl or obenzol[ d] oxazol - 2-yl ear boni m dodi t hi oate 25 C
To a brown sol ution of 5-chl orobenzo[ d] oxazol - 2-am ne
(700nmg, 4.15 mml) |n DMVF (5ml) was added SOdI um

~ N~



Cl A 10 m vial was charged with

(S)-3-(am nonet hyl ) qui nucl i din-3-012 HC1 salt (106 ny,
w@2®5031e®| ), DVF (2nil), DI EA (0.096 ni, O0.550Pe¢mus3009/041076

and 20Cs2CO3(358 ng, 1.100 nmol) at room tenperat W &3 peT

fol |l oned by di net hyl 5-

chl or obenzo[ d] oxazol - 2-yl car boni m dodi t hi oate (150nyg,

0.550 nmol ). The resulting suspension was stirred at

t at for..1 hr. LG/ MS.th t ed
ConBuT R e Eotsn iy My R R o R PO e e
\gﬁg s?bérﬂ%o?dva%\fstiilﬁed% %nﬁt?ﬁg@rﬁﬁﬁe{jﬂoﬁﬂ) 1@%‘1&1{?@ emavative H

0O a e e ecte roauc
25cP|‘169P6%%2g1061]“85@8§(gf‘232ﬂy:1 127 >“@§ diep .aﬂfi?ﬁ&sz%%w&@re
3" - RhEsthte@hProdmatRsdraik fér 18aibuRe Thd B tre rms c&lcémml and
53.0%yield), as a white solid. 1H N MR ,
Ac epwf\éed&ez)ﬂhsa 5@@@%@%@1@9&%&1@? 1500jHfy:1 g nolzﬂnmson(ﬂrﬁl 1
II:|)|) gy(ﬁ@}cldeg Zn gtﬁyl(a@étaté H)le c?ésﬂ'&i ﬁé&QOnngeze 5@1}06&1’21?6% ah@ further

(d, murg_f@dggmmgﬁ 15% [|9|)5 03 g@th@]@pl ag[mp@mgnfh}{qzox% p;)etlyyl poptate to
(dd ~ H) 9.10
(br aff&d%(&?%i ool WC(}ou%hIﬁ% %1) §ﬂ 1 Zza 1r{[5§la %%333 13,
EXAMD}LCEO[ZQOZ «gqu)n a@l(mex@ilﬁﬂ o[ @ 1sam1npyrw B vield) 31d) velip polid.

aﬁmﬁﬁ@ﬁﬁ eeo@ﬁgpn,\fg %{@' 19&[)28 12 (1 H, s), 7.66 (2 H, s, 7.32 (1

Oxazlob)p@ 61 6-Mpyr 3.7 (-12- d’),m e }N—(Z H],@pem oy en 29 Hdn) 2.84 -

rou tomfla r ged ( zol-1- .
y|)ﬁ$??ﬁﬂpﬁé3(§g’é% al%nln%%éﬂ{ PRI 76t e
2- amizgppyri din-3-ol (171 ng, 1.551 nmmol) and anhydrous
THF (20ml) at room tenperature. The resulting

suspensi on was refluxed under 1\12 for thr. LC M5

15 ndi cated conpl ete consunpkippioigsstarting material.

The sol vent was renoved in vacua and the residue wa
used@®/rV- f%@r%@}é?qbﬂ‘s@lt”eby%4ﬁhbﬂ€asﬁiﬁ?ﬁoﬁ@ﬁlepﬁf 1@%@:’% %%/octanJ-
MS(LC M5) R T. 0.235; [ MtHL7,436.09. Step B: Dim

et hyl oxazolo[ 4, 5-b] pyri di n-2-vl car boni m dodi t hi ot he

S S 20 To the crude aNel

oxazol o[ 4, 5- b] pyri di n- 2- ani e (8117 6 nmml) from
step A, in DVF (12nl), ﬁff ed Na@/(20 N, 600 p.L,
12.00 nmol ) to give a Setuti og/whi ch was stirred

for 15 min at roomtenperature. Carbon disulfide

(904nL, 15.00 mml) was then added to give an orange

2¢0l uti onte (B)8- (ﬁ?nﬁfoﬁfeﬁl n&‘hﬁfn[ﬁgl &i Wdr&ﬁloﬁ@@(@@t 09@5“
t enper at ur e, 600 2

addB¥NoRa NN@I@@WF@W@W@ rﬁ%q REbyes wedﬂ%szﬁ@as f(b73d|g¢ 23

dar kfo@thnd BLYi6hONA- 1sdtﬁg®gﬁit&%h%ln699@(0@l4 g, é‘@OﬂQmﬂ‘i’fﬁD hhe

was added dropwi se, resulting in a yellow solid

pr eUSpeIS R ey stifadeat ropnhempeyayra fer 3BOmEsnVeYsi on. The

m X [ :

AR B O A B Ut e i
28 myazhgﬂrred RboindfmpBathi nglrh&;honl:sz The mixture was concentrated and

A Rt R v

(s, h@drbfidef-cBR1 {adthtc). EBe @Biredbir@Romdzwerd ccb@ceﬂtra’iez a@di dyrther

ESFﬁéeﬂéfl%%S?%"/i%f@%gleég ({IW"Qﬂomu %Zr%ide?l e'?g 1 Cq:ceta}(_%2

- N (fEdZR)-Nf(4-bboniNsuquitiblin-2-y) YH-4HzBpazmspioteof Oxazol e-

3%31510%1%523%%&25%3{%@&]4%& (ﬁg})ép mle '5'0 % ylel% 'ctls<a yle ow solid.

(S)-3-(am nonet hyl ) qui nucl i din-3-012 HCl salt (8.53
ng, 0.044 mmol), DMF (2 m), DIEA (7.74 pt, 0.04 nmol)
and Cs2C0O3(28.9 ng, 0.089 mmoiy); at roomtenperature,
fol |l owed by di net hyl

oxazol o[ 4, 5- b] pyri di n-2-yl car boni m dodi t hi oate (10.6
ng, 0.044 mmol). The 15resul ting suspensi on was
stirred at roomtenperature for thr. LC/ M indicated
conpl ete consunptl on of st art| ng materl aI The

. I L Y



10To a solution of nethyl 2,2-diethoxyacetimdate (1.1
g, 6.82 mol) in nethanol (8 nlL) was added

w@2aohyloeet hanam ne (0.788 g, 6.50 mMmol) dr opwWPGEUSR009/041076
anbi ent tenperature. The reaction flask was then 11463 PCT
pl aced into a preheated oil-bath and stirred at 70t'd
for 16 h, then renoved and al |l owed cool ed. The
vol atil es were renoved under reduced pressure and the
crude_ mat rlal was added dropw se to 15sulfuric acid
(5T Cloiananhaman Lot e TUHaH o AR Ot ).
was 7R Heg, 3@1(17@ d51 3. 65*{@@1 uhe.1f7l-39k (Wﬁsnﬁlmeok 13”7(t1<H m),
an i ce-wat er ed Wwth water (50
sl 0%’} - A&b(4 Hl mie?dBt @ 3&N2H xro Wt hl-&bdi I@m%yt&il\é&%— 1.69;
(10[)»1-Asghhe reaction mxture became basic, a grey
preC|p|tate formed. This precipitate was flltered
nashed with water, and dried to afford
6-nethy|isoquinolin-3-awi 63%, as 20 a grey
powder. 1H NWVR (400 MHz, %%%%@gg?gg ppm 8.73 (s, 1 H),
7. 69 (R, N-I68-L2Bettl; 3-Boddynolind® 4 (aspirt [ Hyzabity @@ 2(2l] octane-2,5 -
J=8.28 Hz, 1 H), 5.81 ( 40 (s, 3 H. M
(LOMS) RT. = 1.37: NZHJ%X“FZDOZ{BZZ'“TW Step B:
3- Isothloevanato 6- nethyllsqu|noI|neMa5 To a
sol ution of 1,1"-thiocarbonyldi pyr j<H
(220nmg, 0.948 mmol) in dichl orope
anbi ent tenperature was add /
6- met hyl i soqui nol i n3-a 25N, OM§90 mmol ). The
reacti on m xture was Qﬁﬁc d,.Anto a preheated oil-bath
and stirred at 40 C for h, then renoved fromthe
1@i | -bath and cooled to 5anb|ent tenperature. The
m xture was concentrated and the crude material was
pur PEP dd sy Para v Esp B litirdiEt ogr aphy (5- 30 % et hyl
acetate in hexanes) to afford 3-

Me
i sot hi ocyanat o- 6- et hyl i soqui nolire (75 ng, 0.375
mmol, 47.4 %yield), as an of e solid. 1HNMR (400

MHz, CD C13) 6 ppm 9. 03 asy —7.88 (d, J=8.24 Hz,

1H),756(S 1H),746(dle8MéZ4 1.53 Hz, 1H),

7.39 (s H) H. M 10(LC I\/S) R T 1. 92;

[ MeH] | _Tozftt)g_ohi@n 0§pn@51yb22 -diethoxyacetimidate (I.5 g, 9.3 mmol) n

( 12)1remaﬁ<ﬁ 4Bty lwa§ Q&Hél:i ?hhﬁne@hﬁ@@nﬁbﬁétﬁan@%ﬁém Do O aZR1)
0]

3'- bieyelo[2 ct uni am ne
1% é@pwge e F"‘}‘H@u W@C@pﬁﬂsskdeh%péﬁc@%mwpra@ated
65 &
v R e R R e
3- i sdttridpeyssumat DhcGorwdztrimériad vguadiod dmva(SSVo wy:pn@a@<869 7 mL)

oi | a)an%hnen?t Sus{%lurr? aén stlfredsffsjo ?ﬁe%h 881? %ﬁ{s i%l‘fo an ice-

N, Nwaddi bala plilogoy with macd ( 30nme a(chsld.W nn‘i].trahiédﬁltomsm 10 was

h d d 85 C f 16
A I AR L e
gel p@&pﬁﬁafcﬁ?@é@ phiyis H1@eifdo fvak flitoiet, hathel wathiwamdr Lind dried to

hyd in. c Iorofor f ol | urificati

Feveen St gy ey 5] B g ol 9bv5 ™ PR caoo
TFAMTth Reoo) “5\/@5&{ 32 (sThﬁ) sal7yg,i lqu?b 850 ?sr @%}306 7M@S1 H), 2.61 (s,
filtered throu UCT d ean-up cartridge
wtﬁH%bﬁ(GG&Iﬂﬂ)anﬁ (bﬁM@&]EenWAtw o—afi-btd the
xpect ed product,

S) - 14( 3- hydr oxyqui nucl i di n- 3-yenet hyl ) - 3- (6-

met hyl i soqui nolin-3-yl)thiourea, as a tan gum 1H NWR
(400 MHz, MeOD) 6 ppm 9.11 (s, 1 H), 8.02 (d, J=8.53
Hz, 1 H, 7.80 (s, 1 H, 7.74 (s, 1 H), 7.47 (d,

J=8.53 Hz, 1 H), 4.47 (d, J=1§,54 Hz, 1 H), 4.31 (d,
.MD.54 Hz, 1 H), 4.10(d, J=14.81 Hz, 1 H), 3.92 (d,
J=14.81 Hz, 1 H), 3.53 -3.71 (m 2 H), 3.27 - 3.51 (m

3 H, 2.84 (br.s, 1 H, 2.55 (s, 3H), 2.48 (m 1 H), )
2.10 - 2.30 (m 3H. M5 (LOMS) RT. = 1.24; [MH =
323 2 5Exanp|e 292

N PN e e e ~ o~ ALl A



5 Step C 6-Bronp- 3-isothi oeyanaw soqui nol i ne
To a solution of 1,1 -thiocarbonyldipyridin-2(1H)-one

W@ 200283195 1. 080 mmol ) in dichl oronet hane at rBOMUS2009/041076
tenperature was added 6-bronoi soqui nol i n-3-am ne 163 PCT
10(0.241 g, 1.080 mmol ). The solution was stirred b
roomtenperature for 3 hours. LC/ M5 indicated
fornation of the desired product. The deep orange

OO0, Yengn R L Bty ieg e o e, 0% PN

bronn 3-1isot hi ocyanat oi soqui noli nepe0.1 g, 0.377 mmol
35 %yield) as a yeIIOM/9|I
267.04. 15 Step D _C

P- azaspi r o[ oxazol e-

, neMe 20To
(S)-3-(am nomret hyl ) qui nucl i di n-3-0l di hydrochl ori de
(0.086 g, 0.377 mml) in N, N-dinethylformam de (15 nl)
was addeth £so26ida of 0,13Miocarbo®@fydidinre( 1H)anel(1.35 g, 5.8 mmol) in

6-bro 3- |soth|ocyanat0|squ|nollne 0. 377
%mfhfggl‘ﬂ%*@ﬂ% eI aRRIsntd e PRGrEhre Aras l("g%?#q%errper ature

f or dBRHYIiIEsHueSlin-Bhadhine Mg, SOREARY | TRIBRADN Midre (s pidbed into
m., 1 132 mmol) was then added and the m xture 25was

st i PPElcatesoilbatlypndrigirred @ 4QoGriar 181h ghepiceeled songantrated, and the

(2SR PRI ARARIL S M S R SRS OTRURRLATYi

acehextands) tomf@f(f bisdthiocyanato-6,8- dlmethyhsoqumohne (93.7 mg, 0.437 mmol,

105 3% p S RIT S92 YL PRk g Yk (R 5832 (0 HSES 7.

mmtm, Zﬂ@p%2yl(§;|ld-l) a3s5 @, yeih, 1205y (s M. MBIMEC /MO R MHz2.03;
5@&%&7 O4(1H s), 7.80 - 8.05 (2 H, m,

H L .81, 1.76 Hz), 7.37(1L H, br. s.),

4 10(1 H, d, J- 10 58 Hz), 3.87(1 H, d, J=10.83 Hz),

3.68 -3.77 (1 H m, 3.56- 3.67 Sl,H,.n), 3.29 -

3 4§@4 Yy (Z%N (43~ %mtzt_lﬁylr_f szc}u_m@z_nyl’ —42{—@@1@[@@@@0{9{9{2%.%(ygtane—
1. 8@,5*{123]3;@2&502%&%/5 RT. =1.76; [MFr = 387.21.

5Exanpl e 293 (R)-N-(7-Bronvoi soqui nol i n-3-y0-4H1

1- azaspi ro[ oxazol e- 5, 31- bi cycl o[ 2. 2. 2Mgettm - 2-am ne

10 Step A: N-(3-Bronpbenzy0- 2, 2-di xyacel i m dam de

NH (3- Bronophenyl)netha hydr ochl ori de

(3.62 g, 15.64 mmol) an @%de (3.58 nmL, 15
64 Mol ) were added to tlgn of thyl 2, 2-
15di et hoxyacet i mi dat e /{&. 42 g, 31.3 nmol) in methano

(15 nL). The cloudy m xture was heated at 70 C for 1.5
h and the resulting yeIIOM/nixture was concentrat ed.

h
e 0008 S el B Sy Slg oo TR, Ao

c onoeN-ditrethytforngimide (@.4yrel | voaw a‘ddak:tﬁelﬁylamine(((ll Smd, 1.3 mmol)

2R e SRy Sub bR B s By egusrension
7. 93 pRdeliimto 5‘9&6119@[‘[&@0125@5 hﬂl tire b0 “Q5foPBh Yhd YBGin. N,N’-

heated at 40 C for 54 h. m xture was neutralized

wi t Riigeronyatadidgide &%7 g, bﬁmzn%ma%th@ gdded and;thgymixture was
SUS QGRS P ?5 Borfk ht %@ﬁhxuﬁ@ %va% € c%ﬁtéﬁ%ﬁ% B\Eﬁf‘ié(d' g%ﬂm{ gel

silica ge romat ogr aphy with 20-55% et acetate iI'n
hexelmematogiaply (0400%d &t mgthang @maoajunT hwlr@m@?d in dvgofeempe

on \/ Q - 0 0
2 PRSP Bl B Ay M3 P A0 251p. e
[ Mt giethamol 228er fito aTthel (@R xNU6S-dimsthylsR doqsndlmyf)eiH-spim[4-
next step. 5 Step C

7- Brono- 3-i sot hi ocyanawi soqui nol i ne and 5- brono- 3-
hot hi ocymat oi soqui nol i ne Toza sol ution of

1, 11-t hi ocar bonyl di pyridin-2(1 Hy-one 1.145 g, 4.93
mmol ) in 10di chl oronet hane at room t enperat ure was
added the m xture of 7-bronoi soquinolin- 3-am ne and
5- br onoi soqui nol i n-3-amne fromstep B (1.0 g, 4.5
mmol ) . The orange solutlon was stlrred at room

e ~ L 1




(0.27 g, 0.377 mol, 22 %vyield) as a yellow solid. 1H
NVR (400 MHz, Acetone) 6 ppm 9.19(1 H, s), 8.41 (1 H
WG@E2009138% 8.02(2 H, m), 7.760 H, s). R T. = 4rP@BUS2009/041076
[ MFHI = 267.04. The second product fractions were 11163 PCT
conbi ned and concentrated in vacuo to afford
5- br onp- 3-i sot hi ocyanat oi soqui noline (0.25 g, 0.377
mmol, 21 A 20yield) as a yellow solid. 1H NVR (400

8. 1%?3?%@0@% %t%%@(éi fP %3Z°r|72 é‘% aﬁﬁ? é&uq_Qje/gchgc;ﬁ salt (24

4. 6&5 0.043hfnoE 1267yi0d) as a whlte@bﬁ@ 1H NMR (400 MHz, MeOD) & ppm
%2% N-17- Bronolso%U|no i n- -4H 1! -azasplro oxazo
1e

(R5BDcy e 6 PH2. 7434 et ldhk 7 é4é9ml Ae. 448 @ 11¢- 0|4th1 R,
To (93 J£ﬁ%4@mt}b¥k MM fUKfﬁ{ '1@!{)”3 §6 Qidfﬂ%)()@f?@d“ﬂié’ﬁ'}@)% 51

(0. 207 905 nanol) or mam de
o) - ﬁ»é%%raﬂbléh 339283 ((1103 7. Y, (S 23 12132 73mlrd|=§ Sahd. 1 H), 2.48 -
7-b tahi_OC at efs | 0.

o) e oS e o e Sk T e oot (i R 000
for]ﬂﬁHhFﬂﬁﬁé@ N, N - Diisopropyl carbodiimde (0.423
m., 2 72 mmol) was then added and the m xture was
stirred at roomtenperature for 18 hours. The m xture
vvas conclenilt bt @ddeantd onpsiriildd ie chebyt thatltheqaesged disclosure is not

R BRI APl MitaRat B b, PRLERGorh B ARy Lin other

vver €pcCifio d@fiis rvﬁiheﬁi depattifgifrom elic qasentidliagdbutes th@edi_f- lﬁ%herefore
t 0 a‘fsrrsé—; ﬁlat tEIG examp]es %gggnsyc{r}ela r(lj arll?%(elsge%ls als ﬂlugttrap[ ¢ an r?ott ate

( ( RiestNcfive, Bit@ M $i@ P infa@é tothSappdided lbrainls, 2Rs ﬁhaﬁ@& 0% d&Bdoing
e-5, 31- blcyclogz 2.2]octan]-2-am ne (O 061 g, 0,156

o PXampas, apidfl ghanges which poraguvdlin ity mepgingrpd ’(a&@%ofwwalency
18\ €08he BlaPRBrSth&CRréIntcBled 18 bd fnbrabbd Bdrein’. 66(2 H, s),
7.32 (1 H s), 4.01 (1 H d, 3.73 (1 H d), 3.35 -
3.42 (1 H m, 3.22 -3.29 (1 H nm, 2.84 - 3.17 (4 H,
nm, 2.13 -2.35 (2 H m, 1.62- 1.96(3 H m. LCVS:RT.
= 1.76; [M+]7 =387.21. 15Exanple 294
(02) - N- (5-Bronoi soqui nol i n-3-y1)-4H1' - azaspi r o[ oxazo
e-5,3 -hicyclo[2.2. 2l octani- 2-amine HN O-\(N LN-7
20To (S)-3-(am nonet hyl ) qui nuclidin-3-0
di hydrochl oride (0.207 g, 0.905 mml) in
N, N- di et hyl f ormam de (20 nlL) was added Cs2CO3 (0. 737
g, 2.263 mmol) and
5- br ono- 3-1i sot hi ocyanat oi soqui noline (0.24 g, 0.905
nmol ). The suspension was stirred at roomtenpei ature
for 30 minutes. N,N - Diisopropyl carbodiimde (0.423
nm., 2.72 mmol) was then added and the m xture 25was
stirred at roomtenperature for 18 hours. The m xture
was concentrated and purified by silica ge
chromat ogr aphy (5-15%[9.5: 0.5 net hanol : anmoni um
hydr oxi de] -ethyl acetate). The desired fractions were
concentrated and further purified using 5-15%[9.5:0.5
nmet hanol : ammoni um hydroxi de] in ethyl acetate to
afford
(R) - N-(5-bronoi soqui nolin-3-yl)-4H 1' - azaspi r o[ oxazol e
-5,3"- 30bicyclo[2.2.2]octan]-2-am ne (0.248 g, 0.634
mmol, 70 %yield) as a yellow solid. NMR (400
MHz, illeOD) 6 ppm8.99 (1 H, s), 7.91 (2 H, dd), 7.55
(1 H hr. s.), 7.28 (1 H 0, 3.96(1 H, d), 3.65 (1 H
d, 3.17 - 3.26 (1 H m, 3.03 -3.13 (1 H m, 2.70 -
2.99 (4 H m, 2.03 - 2.30 (2 H m, 1.47- 1.87 (3 H

. LCMS:R T. = 1.69; [M2]+ = 389.21. EXAMPLE 295
(2RFN- (6, 8-Di et h. 31- 3-i soqui syl i nyl) - 4' H spi ro[ 4- azab
icyclo[2.2.21onane-2,5" - [L3Jayazol | -2'-am ne Me HN
O-\K NN Step A 6,8-D merhylisoquinolin-3-amne M
To a solution of nethyl 2,2-diethoxyacetimdate (1.5
g, 9.3 mol) in



nmet hanol (4.9 nth) was added
(2, 4- di net hyl phenyHret hanam ne (1.2 g, 8.9 mmol)
15dropwi se at anbi ent tenperature. The reaction flask
was then placed into a preheated oil-bath and stirred
at 70 C for 16 h, then cool g the volatiles
renoved under reduced pressure. e crude material was
added dropwi se to sulfuric acid (19.7 nL) at anbient
tenperature and stirred for 72 h. The flask was then
pl aced into an ice- water bath, diluted with water (50
m), and sl oy aorﬂﬁdunwflfgﬁqlm D R H sterebsomdr hegQstodi um
hydr oxi de (10 N). the react’ion m xture becamne
basi c, an orange preC|p|tate fordh@; This precipitate
was fiItered, washed wi th epsf{ and dried to afford
6, 8- di net hyl i soqui nol i n- 3-Afi fie{1.37 g, 7.95 ol
90%9 1H NWR (400 MHz, MeOD) 6 ppm 8.82 (s, 1 H), 7.17
(swhekrdth, 6.90 (s, 1 H), 6. 72 (s, 1 H, 2.61 (s, 3 H,

17% iésel@ied}_%frgﬁ l?)(ﬁ:{)l\({g s1st1ng of 1s09('az70Z};/l {>y¥a§(|)llylf, oiazolyl, thiazolyl,
3- hsedablbl P)éﬁﬁkﬂ&i?ﬂ i £l RN Viila QG ?&élh ﬁ%@ 1, py@dainyl,
solutﬁon9of 1,1 ﬁhléCérb&ﬂ¥|gl grP 1 g_ﬁ _gﬁepﬁg_sgw

g psrigidmyll yriazimyh djuatelioyb rm)qhmn nj(lwnn@gahavl awiphzinyl,

(1 TR Bl e AR BN 3 Y B, B PR,
a peghratad, Béﬂzoﬁﬂ&z!&l}ﬂn&rﬁiﬂuﬂﬁﬁﬂ%lafur 48 1diryar thikBopyridinyl,

t hen cool ed, concentrated, and the crude rmaterial was

purﬂillﬁﬁlmj’rlﬁyd@b'l ilS‘@&llg@llommdUWd\,ttbgmlphwctlm iszodopyridinonyl,
S bR ARICRRR b SRl RIF eagloprridin wigglopragind
0. ﬁﬁom&ﬁﬂzmyl,0§6 ‘iﬂh}aliiotitn!@ﬂhﬂ@ﬂhﬁelih)d, SHKhNR o) 8-dMFimidinyl,
é- m9.20 (s, 1 H), 7.36 - 7.44 (m 2 H),
@37 @ ydrp- ﬁﬂ-cy@op@ z([g pygmpﬁhnyh S5e7, §-§etra§1yé;)oqumgzohnyl 7,8-

Wh(ﬁéﬂ%(’lﬂ %%&ﬁtoﬁ@*l soqﬁ i #ﬁfo%eanthlazoEéle&&s sgguatted

bl ovith @B 2uikti2]encst ladqibﬁaerﬁlyﬂsbleﬂtbd)fﬁzm tHe-ﬁbupamthmg of Y 4alkyl,

[ I N .#1/
( s')d\"scs(%%"\f%n%tmm&&i fuerikarn C«plodirydroehrlatlicensy. Cr-
9 i 2p3
o SR TR i O AR eer it e
|pynbhdloogodmeﬂxyﬁnedldxy§dhm | theogllirmablyh epyﬁﬁﬁdingl, n@phByl,

Th pl te
o Calipiagide TRATRE Ty B PRRASE b iy BAE Wi Pric. pheny!
Di i28@BESRY hie AU kI I8 (-0 sebstifdhts irdeheRIBMkLy s@@&e& Bt the

added and the m xture was stirred at 85 C for 16
Theredpxaonsistingef habm §antlksl, €d-salkaxyp Gulfanl@dk}&ﬁlghalpclécoxy, and
ge somat ogr aphy (0-40 % [9: 1 met hanol : anmoni um
hy de] in chloroforn 25followed by purification
by reverse phase preparative HPLC (0-40% [ 0. 1% TFA] -
met hanol -water) to afford
( 2Ry iNpydsogrng Crveatl iyl C tiydeyirrirol, ion (o1 yanameplkpl; r of 4-
azabi cycl o[ 2. 2. 2] octanc- 2, 5' 41, 3] oxazol ] -2' -am nc as
the trifluoroacctic acid salt (24 ng, 0.053 nanmol 12 %
yi @dy hﬁﬁo@bnmlaﬂkﬁptimydﬂdiybﬂ@l (0#Q9. dMrinpalMIOD) 6 ppm
9 29 (s, 1 4 (s, 1 FD 7.4 (s, 1 H, 7.34 (s,

4. 38 (d J 11 04 Hz, , 4.17 (d, J=11.04 Hz,

]_ i

E-%Rz 28 e Rt i ﬁrt@sﬂﬁ% GOy Pyt i
(s,azéldlﬂ)yl Bridid{r], plp&ﬁﬂylkﬁlperﬁzﬁizl gg(%h&akgla%!iﬁ‘raﬁgwlﬁ

- m i

(L@}q%l}oqﬁy#orh‘”@gwenfhg&lﬁ] 337.38. It will be
evident to one skilled in the art that the present
disclosure is not 10limted t ghe f or egoi ng
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or a pharmaceutically acceptable salt thereof 10,A
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A %Hﬁlll(%{ne oxymgazo?yl difluoromethoxyindazolyl, benzimidazolyl,

fluorobenzimidazolyl, methylbenzimidazolyl, (methyl)(methoxy)benzimidazolyl,
methoxybenzimidazolyl, tetrahydrobenzothiazolyl, furopyridinyl,
dimethylfuropyrimidinyl, thienopyrimidinyl, isopropylthienopyrimidinyl,
dimethylthienopyrimidinyl, chlorotriazolopyridinyl, methyltriazolopyridinyl,
trifluoromethyltriazolopyridinyl, methoxytriazolopyridinyl, triazolopyrazinyl,
bromopyrrolotriazinyl, dimethylaminothiazolopyrimidinyl, thiazolopyazinyl,
bromothiazolopyazinyl, methoxythiazolopyazinyl, methylthiothiazolopyazinyl,
methoxythiazolopyrimidinyl, (methyl)(methoxy)thiazolopyrimidinyl, quinolinyl,
bromoquinolinyl, fluoroquinolinyl, methylquinolinyl, (methyl)(methoxy)quinolinyl,
isoquinolinyl, bromoisoquinolinyl, dichloroisoquinolinyl, methylisoquinolinyl,

dimethylisoquinolinyl, quinoxalinyl, chloroquinoxalinyl, methylquinoxalinyl,
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methoxyquinoxalinyl, quinazolinyl, bromoquinazolinyl, naphthyridinyl, 5,6-
dihydrobenzo[h]quinazolinyl, 5SH-chromeno[4,3-d]pyrimidinyl, 6,7-dihydro-5H-
cyclopenta[d]pyrimidinyl, 5,6,7, 8-tetrahydroquinazolinyl, and 7,8-
dihydroquinazolin-5(6H)-onyl;

or a pharmaceutically acceptable salt thereof.

4. A compound of claim 1 where R' is selected from the group consisting of
phenylthiazolyl, (chloro)(methyl)pyridinyl, (bromo)(phenyl)pyrimidinyl,
methoxypyrimidinyl, difluoromethoxypyrimidinyl, difluoroethoxypyrimidinyl,
cyclopentoxypyrimidinyl, (methylphenyl)pyrimidinyl, (methoxyphenyl)pyrimidinyl,
bromopyrazinyl, chloropyrazinyl, methylthiopyrazinyl, methoxybenzothiazolyl,
ethoxybenzothiazolyl, difluoromethoxybenzothiazolyl, thiazolopyridinonyl,

trifluoromethylindazolyl, benzimidazolyl, isoquinoinyl, and quinazolinyl,

or a pharmaceutically acceptable salt thereof.

S The stereoisomer of claim 1 according to Formula Ia;

H~R1
\(
[N oy N

Ia

or a pharmaceutically acceptable salt thereof.

6. A compound of claim 5 where R! is selected from the group consisting of
dimethylisoxazolyl, (methyl)(phenyl)isoxazolyl, methylpyrazolyl, dimethylpyrazolyl,
thienylpyrazolyl, methoxyphenylpyrazolyl, thiazolyl, bromothiazolyl, cyanothiazolyl,
methylthiazolyl, dimethylthiazolyl, (methyl)(phenyl)thiazolyl, isopropylthiazolyl,
butylthiazolyl, benzylthiazolyl, methoxyphenylmethyithiazolyl, phenylthiazolyl,
chlorophenylthiazolyl, methoxyphenylthiazolyl, (methoxyphenyl)(methyl)thiazolyl,
pyridinylthiazolyl, (phenyl)(methyl)imidazolyl, methyloxadiazolyl, ethyloxadiazolyl,
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methylthiadiazolyl, fluorophenylthiadiazolyl, furylthiadiazolyl,
(dimethylcarboxamido)(methyl)thiazolyl, pyrrolidinoylthiazolyl, phenyltriazolyl,
pyridinyl, bromopyridinyl, chloropyridinyl, (chloro)(fluoro)pyridinyl,
(chloro)(methyl)pyridinyl, dichloropyridinyl, fluoropyridinyl, cyanopyridinyl,
(cyano)(methyl)pyridinyl, (cyano)(dimethyl)pyridinyl, methoxypyridinyl,
(methylpyrrolidinyl)pyridinyl, phenylpyridinyl, methoxypyridinylpyridinyl,
pyridazinyl, bromopyridazinyl, chloropyridazinyl, methylpyridazinyl,
methoxypyridazinyl, methylthiopyridazinyl, pyrrolidinylpyridazinyl,
pyrrolidinonylpyridazinyl, phenylpyridazinyl, pyridinylpyridazinyl,
methoxypyridinylpyridazinyl, pyrimidinyl, (bromo)(isopropyl)pyrimidinyl,
(bromo)(dimethyl)pyrimidinyl, (bromo)(cyclopropyl)pyrimidinyl,
(bromo)(methoxy)pyrimidinyl, (bromo)(phenyl)pyrimidinyl,
(bromo)(pyridinyl)pyrimidinyl, chloropyrimidinyl, (chloro)(dimethyl)pyrimidinyl,
(methyl)(methoxy)pyrimidinyl, methylpyrimidinyl, ethylpyrimidinyl,
(methyl)(phenyl)pyrimidinyl, dimethylpyrimidinyl, butylpyrimidinyl,
isopropylpyrimidinyl, cyclopropylpyrimidinyl, methoxypyrimidinyl,
dimethoxypyrimidinyl, isopropoxypyrimidinyl, cyclopentoxypyrimidinyl,
difluoromethoxypyrimidinyl, trifluoroethoxypyrimidinyl, phenoxypyrimidinyl,
methylthiopyrimidinyl, phenylpyrimidinyl, chlorophenylpyrimidinyl,
methylphenylpyrimidinyl, methoxyphenylpyrimidinyl,
(phenyl)(triazolyl)pyrimidinyl, pyridinylpyrimidinyl, methoxypyridinylpyrimidinyl,
methoxypyrimidinylpyrimidinyl, naphthylpyrimidinyl, pyrazinyl, bromopyrazinyl,
(bromo)(methoxy)pyrazinyl, chloropyrazinyl, methylpyrazinyl, dimethylpyrazinyl,
butylpyrazinyl, cyanopyrazinyl, methoxypyrazinyl, isopropoxypyrazinyl,
trifluoromethylpyrazinyl, phenylpyrazinyl, and dimethyltriazinyl;

or a pharmaceutically acceptable salt thereof.

7. A compound of claim 5 where R' is selected from the group consisting of
dimethylpyridinoisoxazolyl, benzoxazolyl, chlorobenzoxazolyl,
fluorophenylbenzoxazolyl, ethylphenylbenzoxazolyl,
dimethylaminophenylbenzoxazolyl, pyridinylbenzoxazolyl, benzothiazolyl,

acetamidobenzothiazolyl, bromobenzothiazolyl, chlorobenzothiazolyl,
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(chloro)(methyl)benzothiazolyl, (chloro)(methoxy)benzothiazolyl,
fluorobenzothiazolyl, difluorobenzothiazolyl, cyanobenzothiazolyl,
methylbenzothiazolyl, dimethylbenzothiazolyl, (methyl)(methoxy)benzothiazolyl,
ethylbenzothiazolyl, trifluoromethylbenzothiazolyl, hydroxybenzothiazolyl,
methoxybenzothiazolyl, ethoxybenzothiazolyl, isopropoxybenzothiazolyl,
trifluoromethoxybenzothiazolyl, difluoromethoxybenzothiazolyl,
dimethoxybenzothiazolyl, morpholinylbenzothiazolyl, pyrrolidinoylbenzothiazolyl,
methylsulfonylbenzothiazolyl, chlorothiazolopyridinyl, dimethylthiazolopyridinyl,
benzyloxythiazolopyridinyl, difluoromethoxythiazolopyridinyl, benzotriazolyl,
indolonyl, indazolyl, bromoindazolyl, chloroindazolyl, fluoroindazolyl,
(methyl)(methoxy)indazolyl, methoxyindazolyl, trifluoromethylindazolyl,
trifluoromethoxyindazolyl, difluoromethoxyindazolyl, benzimidazolyl,
fluorobenzimidazolyl, methylbenzimidazolyl, (methyl)(methoxy)benzimidazolyl,
methoxybenzimidazolyl, tetrahydrobenzothiazolyl, furopyridinyl,
dimethylfuropyrimidinyl, thienopyrimidinyl, isopropylthienopyrimidinyl,
dimethylthienopyrimidinyl, chlorotriazolopyridinyl, methyltriazolopyridinyl,
trifluoromethyltriazolopyridinyl, methoxytriazolopyridinyl, triazolopyrazinyl,
bromopyrrolotriazinyl, dimethylaminothiazolopyrimidinyl, thiazolopyazinyl,
bromothiazolopyazinyl, methoxythiazolopyazinyl, methylthiothiazolopyazinyl,
methoxythiazolopyrimidinyl, (methyl)(methoxy)thiazolopyrimidinyl, quinolinyl,
bromoquinolinyl, fluoroquinolinyl, methylquinolinyl, (methyl)(methoxy)quinolinyl,
isoquinolinyl, bromoisoquinolinyl, dichloroisoquinolinyl, methylisoquinolinyl,
dimethylisoquinolinyl, quinoxalinyl, chloroquinoxalinyl, methylquinoxalinyl,
methoxyquinoxalinyl, quinazolinyl, bromoquinazolinyl, naphthyridinyl, 5,6-
dihydrobenzo[h]quinazolinyl, SH-chromeno[4,3-d]pyrimidinyl, 6,7-dihydro-5H-
cyclopenta[d]pyrimidinyl, 5,6,7, 8-tetrahydroquinazolinyl, and 7,8-
dihydroquinazolin-5(6H)-onyl;

or a pharmaceutically acceptable salt thereof.

8. A compound of claim 5 where R! is selected from the group consisting of
phenylthiazolyl, (chloro)(methyl)pyridinyl, (bromo)(phenyl)pyrimidinyl,
methoxypyrimidinyl, difluoromethoxypyrimidinyl, difluoroethoxypyrimidinyi,
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cyclopentoxypyrimidinyl, (methylphenyl)pyrimidinyl, (methoxyphenyl)pyrimidinyl,
bromopyrazinyl, chloropyrazinyl, methylthiopyrazinyl, methoxybenzothiazolyl,
ethoxybenzothiazolyl, difluoromethoxybenzothiazolyl, thiazolopyridinonyl,
trifluoromethylindazolyl, benzimidazolyl, isoquinolinyl, and quinazolinyl;

or a pharmaceutically acceptable salt thereof.

9. A compound of claim 5 where R' is selected from the group consisting of
thiazolyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl, benzothiazolyl,
thiazolopyridinyl, indazolyl, benzimidazolyl, isoquinolinyl, and quinazolinyl, and is
substituted with 0-3 substituents independently selected from the group consisting
of Cy4alkyl, C;_;cycloalkyl, C,shaloalkyl, C,4alkoxy, C;4haloalkoxy, Cs.
scycloalkoxy, C;.salkylthio, phenoxy, benzyloxy, halo, hydroxy, cyano, C;.
salkylsulfonyl, NR?R®, pyrrolidinonyl, methylenedioxy, furyl, thienyl, triazolyl,
pyrimidinyl, naphthyl, C,4alkylamido, CONR’R’, pyridyl, phenyl, and benzyl, and
where pyridyl, phenyl and benzyl are substituted with 0-2 substituents
independently selected from the group consisting of halo, C;salkyl, C 4alkoxy, C;.
shaloalkyl, C;_shaloalkoxy and NR’R?;

or a pharmaceutically acceptable salt thereof.

10. A compound of claim 9 where R' is selected from the group consisting of
pyridinyl, pyrimidinyl, pyrazinyl, thiazolopyridinyl, and isoquinolinyl, and is
substituted with 0-3 substituents independently selected from the group consisting
of C,4alkyl, Cs.scycloalkyl, C4 haloalkyl, C,4alkoxy, C;4haloalkoxy, Cs.
scycloalkoxy, Cy4alkylthio, phenoxy, benzyloxy, halo, hydroxy, cyano, C;.
salkylsulfonyl, NR*R®, pyrrolidinonyl, methylenedioxy, furyl, thienyl, triazolyl,
pyrimidinyl, naphthyl, C4alkylamido, CONRR?, pyridyl, phenyl, and benzyl, and
where pyridyl, phenyl and benzyl are substituted with 0-2 substituents
independently selected from the

group consisting of halo, C;alkyl, C,4alkoxy, C4haloalkyl, C;shaloalkoxy, and;
NR’R’:

321



or a pharmaceutically acceptable salt thereof.

11. A compound of claim 10 where R! is selected from the group consisting of
pyridinyl and isoquinolinyl, and is substituted with 0-3 substituents independently
selected from the group consisting of C,4alkyl, Cs7cycloalkyl, Cy4alkoxy, C.
shaloalkoxy, Cs_scycloalkoxy, Cj.salkylthio, phenoxy, benzyloxy, halo, hydroxy,
cyano, C;alkylsulfonyl, NR’R?, pyrrolidinonyl, methylenedioxy, furyl, thienyl,
triazolyl, pyrimidinyl, naphthyl, C;4alkylamido, CONR? R?, pyridyl, phenyl, and
benzyl, and where pyridyl, phenyl and benzyl are substituted with 0-2 substituents
independently selected from the group consisting of halo, C;4alky, C4alkoxy,
C,haloalkyl, C;.shaloalkoxy, and NR?R?;

or a pharmaceutically acceptable salt thereof.

12. A compound selected from the group consisting of

({7’0 { W o
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£N i . [N e’ 5 “"d
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or a pharmaceutically acceptable salt thereof.

13. A pharmaceutical composition comprising a therapeutically effective
amount of a compound of claim 1, or a pharmaceutically acceptable salt thereof,

and a pharmaceutically acceptable carrier.
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14.  Use of a compound of claim 1 in the manufacture of a medicament for the

treatment of schizophrenia or Alzheimer’s Disease.
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