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SELECTIVE BACEL INHIBITORS

The present invention relates to novel selective BACE]L inhibitors, to
pharmaceutical compositions comprising the compounds, to methods of using the
compounds to treat physiological disorders, and to intermediates and processes useful 1n
the synthesis of the compounds.

The present invention 1s 1n the field of treatment of Alzheimer’s disease and other

diseases and disorders involving amyloid B (Abeta) peptide, a neurotoxic and highly
aggregatory peptide segment of the amyloid precursor protein (APP). Alzheimer’s
disease 1s a devastating neurodegenerative disorder that affects millions of patients
worldwide. In view of the currently approved agents on the market which afford only
transient, symptomatic benefits to the patient rather than halting, slowing, or reversing the
disease, there 1s a significant unmet need 1n the treatment of Alzheimer’s disease.

Alzheimer’s disease 1s characterized by the generation, aggregation, and

deposition of Abeta in the brain. Complete or partial inhibition of B-secretase ([3-site
amyloid precursor protein-cleaving enzyme; BACE) has been shown to have a significant
eftfect on plaque-related and plaque-dependent pathologies 1n mouse models suggesting
that even small reductions 1n Abeta peptide levels might result in a long-term significant
reduction 1n plaque burden and synaptic deficits, thus providing significant therapeutic
benetits, particularly 1n the treatment of Alzheimer’s disease. In addition, two homologs
of BACE have been 1dentified which are referred to as BACE] and BACE?2, and 1t 1s
believed that BACEI 1s the most clinically important to development of Alzheimer’s
disease. BACEI 1s mainly expressed 1in the neurons while BACE2 has been shown to be
expressed primarily 1n the periphery. (See D. Oehlrich, Bioorg. Med. Chem. Lett., 24,
2033-2045 (2014)) In addition, BACE2 may be important to pigmentation as it has been
1dentitied as playing a role 1n the processing of pigment cell-specitic melanocyte protein
(See L. Rochin, et al., Proc. Natl. Acad. Sci. USA, 110(26), 10658-10663 (2013)). BACE
inhibitors with central nervous system (CNS) penetration, particularly inhibitors that are
selective for BACEL over BACE?2 are desired to provide treatments for Abeta peptide-
mediated disorders, such as Alzheimer’s disease.

United States Patent No. 8,158,620 discloses fused aminodihydrothiazine

derivatives which possess BACE] 1inhibitory activity and are turther disclosed as usetul
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therapeutic agents for a neurodegenerative disease caused by Abeta peptide, such as
Alzheimer’s type dementia. In addition, United States Patent No. 8,278,441 discloses
BACE inhibitors for treatment of diseases and disorders involving Abeta peptide, such as
Alzheimer’s disease.

S The present invention provides certain novel compounds that are inhibitors of
BACE. In addition, the present invention provides certain novel compounds that are
selective inhibitors of BACEL over BACE2. Furthermore, the present invention provides
certain novel compounds which penetrate the CNS. The present invention also provides
certain novel compounds which have the potential for an improved side-eftect profile, tor

10 example through selective inhibition of BACEI over BACE2.

Accordingly, the present invention provides a compound of Formula I:

N“c NH2 Formula |
LT
A~y
N
</N ..jl )\¢
N -
or a pharmaceutically acceptable salt thereof.

In addition, the present invention provides a compound of Formula Ia:

I

Formula la
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or a pharmaceutically acceptable salt thereof.

The present invention also provides a method of treating Alzheimer’s disease 1n a
patient, comprising administering to a patient in need of such treatment an effective

amount of a compound of Formulas I or Ia, or a pharmaceutically acceptable salt thereof.
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The present invention further provides a method of preventing the progression of
mild cognitive impairment to Alzheimer’s disease 1n a patient, comprising administering
to a patient 1n need of such treatment an etfective amount of a compound of Formulas I or
Ia, or a pharmaceutically acceptable salt thereof. The present invention also provides a
method of 1inhibiting BACE 1n a patient, comprising administering to a patient in need of
such treatment an effective amount of a compound of Formulas I or Ia, or a
pharmaceutically acceptable salt thereof. The present invention also provides a method
for inhibiting BACE-mediated cleavage of amyloid precursor protein, comprising
administering to a patient 1n need of such treatment an effective amount of a compound of
Formulas I or Ia, or a pharmaceutically acceptable salt thereof. The invention further
provides a method for inhibiting production of Abeta peptide, comprising administering
to a patient 1n need of such treatment an effective amount of a compound of Formulas I or
Ia, or a pharmaceutically acceptable salt thereof.

Furthermore, this invention provides a compound of Formulas I or Ia, or a
pharmaceutically acceptable salt thereof for use 1n therapy, 1n particular for the treatment
of Alzheimer’s disease or for preventing the progression of mild cognitive impairment to
Alzheimer’s disease. Even furthermore, this invention provides the use of a compound of
Formulas I or Ia, or a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament tor the treatment of Alzheimer’s disease.

The invention further provides a pharmaceutical composition, comprising a
compound of Formulas I or Ia, or a pharmaceutically acceptable salt thereot, with one or
more pharmaceutically acceptable carriers, diluents, or excipients. The invention further
provides a process for preparing a pharmaceutical composition, comprising admixing a
compound of Formulas I or Ia, or a pharmaceutically acceptable salt thereof, with one or
more pharmaceutically acceptable carriers, diluents, or excipients. This invention also
encompasses novel intermediates and processes for the synthesis of the compounds of
Formulas I and Ia.

Mild cognitive impairment has been defined as a potential prodromal phase ot
dementia associated with Alzheimer’s disease based on clhinical presentation and on

progression of patients exhibiting mild cognitive impairment to Alzheimer’s dementia

over time. (Morris, et al., Arch. Neurol., 58, 397-405 (2001); Petersen, et al., Arch.
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Neurol., 56, 303-308 (1999)). The term preventing the progression of mild cognitive
impairment to Alzheimer’s disease™ includes restraining, slowing, stopping, or reversing
the progression of mild cognitive impairment to Alzheimer’s disease 1n a patient.

As used herein, the terms “treating” or “to treat” includes restraining, slowing,
stopping, or reversing the progression or severity of an existing symptom or disorder.

As used herein, the term "patient” refers to a human.

The term “inhibition of production of Abeta peptide” 1s taken to mean decreasing
of in vivo levels of Abeta peptide 1n a patient.

As used herein, the term “effective amount” refers to the amount or dose of
compound of the invention, or a pharmaceutically acceptable salt thereof which, upon
single or multiple dose administration to the patient, provides the desired etfect in the
patient under diagnosis or treatment.

An effective amount can be readily determined by the attending diagnostician, as
one skilled 1n the art, by the use of known techniques and by observing results obtained
under analogous circumstances. In determining the effective amount for a patient, a
number of factors are considered by the attending diagnostician, including, but not imited
to: the species of patient; its size, age, and general health; the specific disease or disorder
involved; the degree of or involvement or the severity of the disease or disorder; the
response of the individual patient; the particular compound administered; the mode ot
administration; the bioavailability characteristics of the preparation administered; the
dose regimen selected; the use of concomitant medication; and other relevant
crrcumstances.

The compounds of the present invention are generally effective over a wide
dosage range. For example, dosages per day normally tall within the range of about 0.01
to about 20 mg/kg of body weight. In some 1nstances dosage levels below the lower limit
of the aforesaid range may be more than adequate, while 1n other cases still larger doses
may be employed with acceptable side effects, and therefore the above dosage range 1s
not intended to limit the scope of the invention 1n any way.

The compounds of the present invention are preferably formulated as
pharmaceutical compositions administered by any route which makes the compound

bioavailable, including oral and transdermal routes. Most preferably, such compositions
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are for oral adminmistration. Such pharmaceutical compositions and processes for
preparing same are well known 1n the art. (See, e.g., Remington: The Science and
Practice of Pharmacy (D.B. Troy, Editor, 21st Edition, Lippincott, Wilhams & Wilkins,
2000).

The compounds of Formulas I and Ia, or pharmaceutically acceptable salts thereot
are particularly useful 1n the treatment methods of the invention, but certain groups,
substituents, and configurations are preferred. The following paragraphs describe such
preferred groups, substituents, and configurations. It will be understood that these
preferences are applicable both to the treatment methods and to the new compounds of
the invention.

Thus, the compound of Formula I wherein the fused bicyclic ring 1s 1n the CIS
configuration, or pharmaceutically acceptable salt thereof, 1s preferred. For example, one
of ordinary skill in the art will appreciate that the compound of Formula Ia 1s 1n the CIS
relative configuration for the centers labeled 1 and 2 as shown 1n Scheme A below. In
addition, the compound of Formula Ia 1s comprised of a core that contains three chiral
centers at the carbon atoms labeled 1, 2, and 3 as indicated by the arrows. The preferred

relative configuration for the three chiral centers of Formula Ia 1s shown 1n Scheme A:

Scheme A
1

.

3 /
\ : S
>—o0 IR Formula Ia
: N/F NH,
0

7

2
<N\NJN|\/>\I/U\H/©/
/N;

Further compounds of the present invention are:
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and the pharmaceutically acceptable salts thereof.

Although the present invention contemplates all individual enantiomers and
diasteromers, as well as mixtures ot the enantiomers of said compounds, including

racemates, the compounds with the absolute configuration as set torth below are
preferred:

N-[3-[(4aR,6S,7aS)-2-amino-6-(cyclopropoxy)-4a,5,6,7-tetrahydro-4H-
cyclopenta[d]| 1,3]thiazin-7a-yl]-4-fluoro-phenyl]-5-(1,2,4-triazol-1-yl)pyrazine-2-
carboxamide, and the pharmaceutically acceptable salts thereof.

A more preterred compound 1s:

N-[3-[(4aR,6S,7aS)-2-amino-6-(cyclopropoxy)-4a,5,6,7-tetrahydro-4 H-

cyclopenta[d]| 1,3]thiazin-7a-yl]-4-fluoro-phenyl]-5-(1,2,4-triazol-1-yl)pyrazine-2-
carboxamide.

One of ordinary skill in the art will appreciate that compounds of the invention

can exist 1n tautomeric forms, as depicted generally in Scheme B. When any reference 1n
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this application to one of the specific tautomers of the compounds of the invention 1s

given, 1t 1s understood to encompass both tautomeric forms and all mixtures thereof.

Scheme B

NPy NPy

/“\/N " I "
oY I
N; <N;

Additionally, certain intermediates described 1n the following schemes may
contain one or more nitrogen protecting groups. The variable protecting group may be
the same or different 1in each occurrence depending on the particular reaction conditions
and the particular transtormations to be performed. The protection and deprotection
conditions are well known to the skilled artisan and are described 1n the literature (See for
example “Greene’s Protective Groups in Organic Synthesis”, Fourth Edition, by Peter
G.M. Wuts and Theodora W. Greene, John Wiley and Sons, Inc. 2007).

Certain stereochemical centers have been left unspecified and certain substituents
have been eliminated 1n the following schemes for the sake of clarity and are not intended
to Iimit the teaching of the schemes 1n any way. Furthermore, individual 1somers,
enantiomers, and diastereomers may be separated or resolved by one of ordinary skill in
the art at any convenient point 1n the synthesis of compounds of the invention, by
methods such as selective crystallization techniques or chiral chromatography (See for
example, J. Jacques, et al., "Enantiomers, Racemates, and Resolutions”, John Wiley and
Sons, Inc., 1981, and E.L. Eliel and S.H. Wilen,” Stereochemistry of Organic
Compounds”, Wiley-Interscience, 1994). The designations “isomer 1 and “isomer 27
refer to the compounds that elute from chiral chromatography first and second,
respectively, and 1f chiral chromatography 1s initiated early 1n the synthesis, the same
designation 1s applied to subsequent intermediates and examples.

Certain abbreviations are defined as follows: “CDI” refersto 1,1°-
carbonyldiimidazole; “CSF’ refers to cerebrospinal flumid; “DCC” refers to 1,3-

dicyclohexylcarbodumide; “DCM” refers to dichloromethane or methylene dichloride;
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“DIC” refers to dusopropylcarbodiimide; “DIPEA™ refers to dusopropylethylamine or N-
ethyl-N-1sopropyl-propan-2-amine; “ACN” refers to acetonitrile; “DMAP” reters to
dimethylaminopyridine; “DMEM” refers to Dulbecco’s Moditied Eagle’s Medium:;
“DMF” refers to dimethylformamide; “DMSQO” reters to dimethyl sulfoxide; “EDCI”
refers to 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride; “ee” refers to
enantiomeric excess; “Ex” refers to example; “F127 refers to Ham’s F12 medium; “FBS”
refers to Fetal Bovine Serum; “FRET™ refers to fluorescence resonance energy transter;
“HATU” refers to (dimethylamino)-N,N-dimethyl(3H-|1,2,3]triazolo[4,5-b]pyridin-3-
yloxy)methaniminium hexatluorophosphate; “HEK™ refers to human embryonic kidney;
“HOAC” refers to acetic acid; “HOALt” refers to 1-hydroxy-7-azobenzotriazole; “HOBt”
refers to 1-hydroxylbenzotriazole hydrate; “HBTU” refers to refers to 2-(1H-
benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate; “HPLC’ refers to
high-performance liquid chromatography; “ICso” refers to the concentration ot an agent
that produces 50% of the maximal inhibitory response possible for that agent; “min”
refers to minute or minutes; “MeOH” refers to methanol or methyl alcohol; “MTBE”
refers to methyl rert-butyl ether; “OR” refers to optical rotation; “PDAPP” refers to
platelet derived amyloid precursor protein; “PG™ refers to protecting group; “Prep” refers
to preparation; “PyBOP” refers to benzotriazol-1-yloxytripyrrolidino-phosphonium
hexatluorophosphate; “PyBrop” refers to bromo-tris-pyrrolidino phosphoniumhexatluoro
phosphate; “REFU” refers to relative fluorescence unit; “R,” refers to retention time;
“SEC” refers to supercritical fluid chromatography; and “THF" refers to tetrahydroturan.
The compounds of the present invention, or salts thereot, may be prepared by a
variety of procedures known 1n the art, some of which are 1llustrated 1n the Schemes,
Preparations, and Examples below. One of ordinary skill in the art recognizes that the
specific synthetic steps for each of the routes described may be combined 1n different
ways, or 1n conjunction with steps from different schemes, to prepare compounds of the
invention, or salts thereof. The products of each step in the schemes below can be
recovered by conventional methods well known 1n the art, including extraction,
evaporation, precipitation, chromatography, filtration, trituration, and crystallization. In

the schemes below, all substituents unless otherwise indicated, are as previously defined.
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The reagents and starting materials are readily available to one of ordinary skill 1n the art.

The tollowing schemes, preparations, and examples further 1llustrate the invention.
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Scheme 1
O O O Step 2 O OH
OJI\/CN Step 1 - OM/\ » ?J‘\/J\/\
PG PG PG
Step 3
PG PG PG
O O° 0O O° QO O
| Step 5 Step 4
K/k/\ -t /O*T N — HOJ\)\/\
Step 6
HOo ¥ i
“N O"’PG Step 7 h Step 8 HO i O
e e e
X PG =N | F\i H
Br

F‘Q
Br cis and trans alcohols

(racemates)
Step 9
chromatography
H
: H
~N’ -— i O_CE\'O
F chiral AN
\@\ chromatography O
Br
Br
trans alcohol trans alcohol
(preferred enantiomer) (racemate)

In Scheme 1, step 1, the protected methyl cyanoacetate 1s converted to the methyl
3-oxohex-5-enoate with 3-bromoprop-1-ene using aluminum chloride and zinc dust in a
solvent such as THF to provide the corresponding ketone product. In Scheme 1, step 2,
the ketone 1s then reduced under conditions well known 1n the art using a reducing agent
such as sodium borohydride 1n a solvent such as MeOH. After an appropriate reaction
time, acetone 1s added dropwise and the reaction 1s concentrated to give the hydroxy
product of Scheme 1, step 2. Other common reducing agents that may be used are LiBH4
or sodium triacetoxyborohydride with a catalytic amount of acid such as acetic acid. In
Scheme 1, step 3, the hydroxyl group can be protected, for example, with a rerz-butyl
dimethyl silyl group 1n a solvent such as DMF using an organic base such as imidazole

and tert-butyl-chloro-dimethyl-silane. “PG™ 1s a protecting group developed for amines,



10

15

20

25

30

CA 02977667 2017-08-01

WO 2016/149057 PCT/US2016/021901

-11-

esters, or hydroxy groups. Such protecting groups are well known and appreciated 1n the
art. In addition, the ester can then be hydrolyzed under conditions well known 1n the art
using an aqueous base such as sodium hydroxide to provide the corresponding carboxylic
acid of Scheme 1, step 3. In Scheme 1, step 4, the carboxylic acid can be converted to the
Weinreb amide under standard conditions using a coupling agent such as CDI 1n portions
followed by the addition of N,O-dimethylhydroxylamine hydrochloride. In Scheme 1,
step 5, the Weinreb amide 1s converted to the aldehyde with diisobutylaluminum hydride
1n a solvent such as THF at a temperature of about -30 to -60 °C. Other reducing agents
such as lithium aluminum hydride are well known 1n the art for converting the Weinreb
amide to an aldehyde. In Scheme 1, step 6, the aldehyde can be converted to an oxime
under conditions well known 1n the art with hydroxylamine hydrochloride 1n ethanol and
an organic base such as pyridine. In Scheme 1, step 7, the corresponding oxime can be
converted to the bicyclic 4,5-dihydroisoxazole 1n a 3+2 cyclization by several well known
methods such as using an aqueous solution of sodium hypochlorite or an alternative
oxidant such as N-chlorosuccinimide and 1n a solvent such as DCM, tert-butyl methyl
ether, toluene, or xylene at a temperature of about O °C or with heating. In Scheme 1,
step 8, the 2-fluoro, 5-bromo phenyl group can be added onto the dihydroisoxazole by
generating the organometallic reagent from 4-bromo- 1-fluoro-2-10do-benzene using
halogen-metal exchange with reagents such as n-butyllithium or 1sopropylmagnesium
chloride lithium chloride complex. Dropwise addition of the organometallic reagent at a
temperature of about -10 to -15 °C 1n a solvent such as THF with stirring followed by the
addition of boron trifluoride diethyl etherate gives the alkylated product. The crude
alkylated product can then be deprotected at the hydroxy using 1 M tetrabutylammonium
fluoride solution 1n THEFE to provide a diastereomeric mixture of the cis and trans alcohols
of Scheme 1, step 8. In Scheme 1, step 9, the diasteromeric cis/trans mixture of alcohols
can be separated using standard techmques well known 1n the art, such as silica gel
chromatography to provide the purified racemic trans alcohol (and the purified racemic
c1s alcohol). If desired, the racemic trans alcohol can be coverted to 1ts corresponding
HC1 salt under conditions well know 1n the art, for example, by addition of 1.25 M HCL
1n 2-propanol to the racemic trans alcohol in MTBE followed by filtration to collect the

resulting HC1 salt. In Scheme 1, step 10, the free base of the racemic trans alcohol can be
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separated 1nto 1ts corresponding enantiomers using chiral chromatography to provide the

preferred purified enantiomer.

Scheme 2

A A
Step 1 :

H
: =\ Step 2
HO-Of\,O —_— O ,O O —- HO ,O O
=N o:< ~~N TN
F AL F A F
\O\Br \OB[' \©\Br

O
11 L

O

T

2

(D

©

@)

O
&BII
e

O

A

D

O

AN

B
1T

prd

e

O

A
»a
A
28

: N H
= N - NH., = 2
LT )&l
N
‘ H
N x
/j N
5 N= Formula Ia

In Scheme 2, step 1, the product of Scheme 1, step 10 1s protected at the
tetrahydroisoxazole nitrogen and the hydroxy using DMAP, an organic base such as

pyridine, and acetic anhydride 1n a solvent such as DCM with heating to give the
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diprotected product. The protected hydroxy 1s selectively deprotected under conditions
well known 1n the art using aqueous sodium hydroxide 1n a solvent such as MeOH to give
the monoprotected product of Scheme 2, step 2. In Scheme 2, step 3, a palladium
coupling can be used to form the corresponding vinyl ether. For example, a catalytic
amount of palladium acetate and 1,10-phenanthroline 1n a solvent such as DCM and ethyl
vinyl ether with heating under refluxing conditions will give the product of Scheme 2,
step 3. The resulting vinyl ether can then be converted to the cyclopropane under
Simmons-Smith conditions with diethylzinc and chloroiodomethane 1n a solvent such as
DCM and a temperature of about O °C to give the product of Scheme 2, step 4. In
Scheme 2, step 5, the tetrahydroisoxazole nitrogen can be deprotected 1n a solvent such as
THF with dusobutylaluminum hydride at a temperature of about -45 °C, quenching first
with MeOH and then aqueous hydrochloric acid. The tetrahydroisoxazole ring can be
treated with zinc 1n acetic acid at a temperature of about 40 °C to form the ring opened
product of Scheme 2, step 5. An alternate method to open the tetrahydroisoxazole ring
uses Raney Nickel 1n a polar solvent such as ethanol under pressure with hydrogenation
conditions. The ring opened product of Scheme 2, step 5 can then be reacted with
benzoyl 1sothiocyanate 1n a solvent such as THF or DCM at a temperature of about O °C
to room temperature followed by the addition of CDI at room temperature with heating to
about 70 °C to give the thiazine product of Scheme 2, step 6. The bromide can then be
converted to an amide using tritluoroacetamide, copper 10dide, a diamine or related ligand
such as trans, racemic-N1,N2-dimethylcyclohexane-1,2-diamine, an 1norganic base such
as potassium carbonate, and sodium 10dide with heating to about 100-110 °C to give the
amide product of Scheme 2, step 7. The amide and the thiazine amine can then be
deprotected under conditions well known 1n the art using an aqueous base such as sodium
hydroxide 1n a solvent such as MeOH to give the deprotected aniline of Scheme 2, step &.
The deprotected aniline can be then be coupled with a heteroaromatic carboxylic acid
utilizing coupling conditions well known 1n the art. One skilled 1n the art will recognize
that there are a number of methods and reagents for amide formation resulting from the
reaction of carboxylic acids and amines. For example, in Scheme 2, step 9, the reaction
of the appropriate aniline with an appropriate carboxylic acid 1n the presence of a

coupling reagent will provide the amide of Formula Ia. Coupling reagents include HATU
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or carbodiimides such as DCC, DIC, EDCI, and aromatic oximes such as HOBt and
HOAt. Additionally, uronium or phosphonium salts of non-nucleophilic anions such as
HBTU, PyBOP, and PyBrOP can be used 1n place of the more traditional coupling
reagents. Organic bases such as triethylamine, dusopropylethylamine, or DMAP may be
used to enhance the reaction. Alternatively, the aniline can be acylated using substituted
benzoyl chlorides 1n the presence of a base such as triethylamine or pyridine to provide
the compound of Formula Ia.

A pharmaceutically acceptable salt of the compounds of the invention, such as a
hydrochloride salt, can be formed, for example, by reaction of an appropriate free base ot
Formula I or Ia, an appropriate pharmaceutically acceptable acid such as hydrochloric
acid 1n a suitable solvent such as diethyl ether under standard conditions well known 1n
the art. Additionally, the formation of such salts can occur stmultaneously upon
deprotection of a nitrogen protecting group. The formation of such salts 1s well known
and appreciated 1n the art. See, for example, Gould, P.L., “Salt selection for basic drugs,”
International Journal of Pharmaceutics, 33: 201-217 (1986); Bastin, R.J., et al. “*Salt
Selection and Optimization Procedures for Pharmaceutical New Chemical Entities,”
Organic Process Research and Development, 4. 42°7-435 (2000); and Berge, S.M., et al.,
“Pharmaceutical Salts,” Journal of Pharmaceutical Sciences, 66: 1-19, (1977).

The tollowing preparations and examples further 1llustrate the invention.

Preparation 1
Methyl 3-oxohex-5-enoate
O O

o’Lk/u\/\

Scheme 1, step 1: Charge methyl cyanoacetate (2700 g, 27.2 mol) and THF (32
L) into a 72 L round bottom flask equipped with a mechanical stirrer, addition funnel and
temperature probe under a nitrogen atmosphere. Cool to 5 °C and add aluminum (III)
chloride (363 g, 2.72 mol) and zinc dust (2320 g, 35.42 mol) 1n portions maintaining
internal temperature below 28 °C. Stir under nitrogen for 25 minutes and add 3-

bromoprop-1-ene (3960 g, 3510 mL, 32.70 mol) by addition funnel at a rate such that the
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internal temperature of the reaction mixture remains below 21 °C. Stir at ambient
temperature overnight. Filter through diatomaceous earth rinsing with THF (4 L) and
evaporate the filtrate under reduced pressure. Dissolve the residue in MTBE (8 L) and
add to a stirred solution of 1 N aqueous hydrochloric acid (12 L). Cool to O °C and add 6
N aqueous hydrochloric acid (3 L) followed by the addition of concentrated hydrochloric
acid (2.3 L) maintaining the internal temperature below 40 °C until pH 1-2 1s obtained.
Separate the organic phase and wash with brine (6 L), dry over sodium sultate, and filter
through a plug of silica gel, eluting with MTBE (8 L). Concentrate the filtrate under
reduced pressure to obtain the title compound as a dark o1l (4500 g, 99 %, 74% purity by
GCMS). EI MS m/z 142.0 [M+H]".

Preparation 2
Methyl 3-hydroxyhex-5-enoate
O OH

o’Lk/K/\

Scheme 1, step 2: Charge a solution of methyl 3-oxohex-5-enoate (4271 g, 30.05
mol) in MeOH (30 L) into a 72 L round bottom flask equipped with mechanical stirrer
and temperature probe under a nitrogen atmosphere. Cool to an internal temperature of 5
°C then add sodium borohydrnide (1137 g, 30.05 mol) 1n portions maintaining the internal
temperature below 16 °C. Stir at ambient temperature overnight. Add acetone (325 mL)
dropwise and concentrate the resulting mixture under reduced pressure. Partition the
residue between MTBE (20 L), brine (7 L) and water (7 L). Separate the layers and wash
with brine (1 x 10 L), dry over sodium sulfate, filter, and evaporate to dryness under
reduced pressure to obtain the title compound (3230 g, 75%, 74% purity by GC/MS) as a
dark oil. EI MS m/z 144.0 [M+H]".

Preparation 3

Methyl 3-{]|zert-butyl(dimethyl)silylJoxy }hex-5-enoate
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Scheme 1, step 3 (protection of alcohol): Dissolve methyl 3-hydroxyhex-5-enoate
(24.5 kg, 170.1 mol, 1.0 eq) in DMF (245 L) and cool to O °C. Add imidazole (23.1 kg,
340.2 mol) 1n one portion followed by tert-butyl-chloro-dimethyl-silane (51.4 kg, 340.2
mol) 1n portions over 30 minutes maintaining internal temperature between 0~7 °C. Stir
the reaction mixture at this temperature for 20 minutes and then heat to 40 °C overnight

or until the reaction 1s complete. Then add MTBE (150 L) and water (120 L) with stirring
and separate the layers. Wash the organic layer with water (100 L) and brine (60 L), dry

over anhydrous sodium sulfate, and concentrate to give the title compound (40 kg, 91%)

as a dark brown oil. ES/MS: m/z 259.1 [M+H]".

Preparation 4

3-{[tert-Butyl(dimethyl)silylJoxy }hex-5-enoic acid

Scheme 1, step 3 (deprotection of carboxylic acid): Dissolve methyl 3-{|zert-
butyl(dimethyl)silylJoxy }hex-5-enoate (40 kg, 154.8 mol) in methanol (160 L) and cool
to 3~5 °C. Add a solution of sodium hydroxide (18.6 kg, 464.3 mol, 3.0 eq) in water (225

L) dropwise over 2 hours keeping the internal temperature below 15 °C. Heat the
reaction to 60 °C and stir for 4 hours. Repeat this procedure on the same scale and

combine the two reaction mixtures. Remove methanol under vacuum at 55 °C. Wash the

resulting aqueous solution with DCM (60 L) and cool the aqueous layer to 3~5 °C. Add

concentrated HCI until pH 1~2 1s reached while maintaining the internal temperature

below 20 °C. Extract the mixture with DCM (70 L). Separate the layers and wash the

organic layer with brine (50%, 60 L), dry over anhydrous sodium sulfate and concentrate

to give the title compound (48 kg, 63%) as a dark brown oi1l. EI MS: m/z 203.0 [M-allyl].
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Preparation 5

3-{|tert-Butyl(dimethyl)silyl|Joxy } -N-methoxy-N-methylhex-5-enamide

Scheme 1, step 4: Stir a solution of 3-{[zert-butyl(dimethyl)silylJoxy }hex-5-enoic
acid (6.3 kg, 25.8 mol) in DCM (235 L) and cool to 5~10 °C under nitrogen. Add CDI
(4.6 kg, 28.4 mol) in portions while maintaining the internal temperature below 10 °C.
Stir at this temperature for 2 hours. Add N, O-dimethylhydroxylamine hydrochloride

(4.05 kg, 41.3 mol) in one portion and heat the reaction mixture to 40 °C for 24 hours.

Cool the reaction mixture to ambient temperature and pour into 1 N hydrochloric acid (30
L) with stirring. Wash the organic phase with saturated aqueous sodium bicarbonate (20
L), brine (10 L), and dry over anhydrous sodium sulfate. Repeat the reaction twice,

combine the crude DCM solutions, and concentrate under vacuum to give a residue.
Vacuum distill the mixture (65-95 °C, 2~3 Pa) to give the title compound (9.02 kg, 40%)
as a yellow oil. EI MS m/z 287 [M+H]".

Preparation 6

3-{|tert-Butyl(dimethyl)silylJoxy }hex-5-enal

—
o~ __,
A
Scheme 1, step 5: Charge a 50 L round bottom flask with diisobutylalununum
hydride (1 M 1n hexanes, 18.3 L), stir, and cool to an internal temperature of -50~-60 °C
using a dry 1ce-acetone bath. Add a solution of 3-|zert-butyl(dimethyl)silyl Joxy-IN-
methoxy-N-methyl-hex-5-enamide (5.00 kg, 17.39 mol) in THF (15 L) over 1.5~2 hours

while maintaining the internal temperature below -50 °C and stir the reaction solution at -

30~-50 °C for 2 hours. Ensuring that internal temperature does not exceed 20 °C, slowly



10

15

20

25

CA 02977667 2017-08-01

WO 2016/149057 PCT/US2016/021901

_18-

add water (300 mL) followed by dilute hydrochloric acid (3 M, 1 L). Pour this mixture
into a cooled solution of dilute hydrochloric acid (3 M, 36 L) ensuring that the internal
temperature does not exceed 20 °C. Separate the organic phase and wash with water (2 X

8 L) and brine (5 L), dry over anhydrous sodium sulfate, and concentrate to give the title

compound (2.90 kg, 73%) as brown oil. EI MS m/z 187.2 [M-allyl].

Preparation 7

3-{|tert-Butyl(dimethyl)silylJoxy }-N-hydroxyhex-5-en-1-imine

—
7
— Si ~ I}I
Ao
Scheme 1, step 6: Stir a suspension of pyridine (1.61 kg, 20.36 mol) and

hydroxylamine hydrochloride (1.23 kg, 17.64 mol) 1n ethanol (9.3 L) at 15 °C for 30
minutes. Add a solution of 3-[tert-butyl(dimethyl)silyl Joxyhex-5-enal (3.10 kg, 13.57
mol) 1n ethanol (3.1 L) and stir at 15-20 °C for 2 hours. Remove ethanol under reduced
pressure and add MTBE (4 L) and brine (4 L) to the residue. Separate the resulting
suspension and wash the organic phase with 0.5 N hydrochloric acid (2 x 3 L), then brine

(3 L). Dry over anhydrous sodium sulfate and concentrate to give the title compound

(mixture of E/Z 1somers 3.00 kg, 91%) as a brown o1l. EI MS m/z 202.0 [M-allyl].

Preparation 8

S-{|tert-Butyl(dimethyl)silylJoxy }-3a,4,5,6-tetrahydro-3H-cyclopentalc]| 1,2 |Joxazole

O AO:\/O
— Si N
7< \
Scheme 1, step 7: In a 50 L round bottom flask dissolve 3-{|zert-
butyl(dimethyl)silylJoxy }-N-hydroxyhex-5-en-1-imine (2.00 kg, 8.22 mol) in DCM (20

L), stir and cool to -7 °C with an 1ce-ethanol bath. Add a solution of 7-8 wt% strength

aqueous sodium hypochlorite (15.5 L) via additional funnel while maintaining the internal

temperature below O °C. Stir at O °C for 30 minutes. Separate the layers and wash the
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organic phase with saturated aqueous sodium sulfite (2 x 10 L) then brine (5 L). Dry over
anhydrous sodium sulfate, concentrate, and purity by silica gel flash column
chromatography eluting with a gradient from 2.5% to 9% ethyl acetate 1n 1sohexane to

give the title compound as yellow o1l (1.01 kg, 51%) and as a mixture of diastereomers.

ES/MS: m/z 242 [M+H]".

Preparation 9
rel-(3aR,5S,6aS)-6a-(5-Bromo-2-fluorophenyl)hexahydro- 1H-cyclopentalc][1,2]oxazol-
5-ol hydrochloride (trans alcohol)

Preparation 10
rel-(3aR,5R,6a5)-6a-(5-Bromo-2-fluorophenyl)hexahydro-1H-cyclopentalc]| 1,2 ]oxazol-
5-ol hydrochloride (cis alcohol)

H

Ho.--le\,o

: N
~_ H

FO\ HC
Br

Scheme 1, steps 8 and 9 (for preparations 9 and 10): Stir a solution of 4-bromo- 1-
fluoro-2-10do-benzene (149.6 g, 49°7.1 mmol) in anhydrous THF (600 mL) at -10 °C
under a nitrogen atmosphere and add dropwise a 1.3 M solution of 1sopropylmagnesium
chloride lithium chloride complex 1n THF (382 mL, 497 mmol). Stir at -15 °C for 1 hour.
Add a solution of 5-{[tert-butyl(dimethyl)silyl]oxy }-3a,4,5,6-tetrahydro-3H-
cyclopentalc]|1,2]oxazole (60 g, 248.54 mmol) 1n anhydrous toluene (300 mL)
maintaining the internal temperature below -5 °C. After 20 minutes add boron trifluoride

diethyletherate (63 mL, 497.1 mmol) and stir between O °C to 10 °C for 1 hour. Add

saturated aqueous ammonium chloride solution (500 mL) and partition between water
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(200 mL) and ethyl acetate (300 mL). Wash the organic layer with brine solution (500
mL), dry over magnesium sulfate, filter, and concentrate under reduced pressure to give a
dark orange o1l. Dissolve the residue in THF (240 mL), stir, and cool 1n an 1ce/water
bath. Add 1 M tetrabutylammonium fluoride solution in THF (546 mL) and allow to
warm to ambient temperature. Stir untill LCMS 1ndicates complete desilylation and
partition between water (500 mL) and ethyl acetate (500 mL) and separate the phases.
Extract the aqueous layer with ethyl acetate (500 mL), wash the combined organic
extracts with water (500 mL) and brine (500 mL), dry over magnesium sulfate, filter, and
concentrate under reduced pressure to give a mixture of cis/trans diastereomers. Separate
the cis/trans diastereomers by silica gel flash chromatography eluting with 30%-70%
ethyl acetate 1n 1sohexane to obtain separate cis and trans diastereomers (see Scheme 1,
step 9). Dissolve rel-(3aR,5S,6a5)-6a-(5-bromo-2-tluorophenyl)hexahydro-1H-
cyclopentalc][1,2]oxazol-5-0l (22.19 g, 73 mmol, trans alcohol) in MTBE (200 mL) and
add 1.25 M hydrochloric acid in 2-propanol (60 mL, 75 mmol) at 45 °C. Stir for 10
minutes and collect the resulting white solid by filtration, washing with MTBE (2 x 50
mL). Dry under nitrogen to obtain the title compound of Preparation 9 (20.88 g, 25%) as
a white powder. R, 0.99 min, ES/MS: m/e (B1/°'Br) 302.0/304.0 [M+H].

Partition rel-(3aR,5R,6aS)-6a-(5-bromo-2-fluorophenyl)hexahydro-1H-
cyclopentac]| 1,2]oxazol-5-0l (67.7 g, contaminated with tetrabuylammonium fluoride,
(c1s alcohol) between MTBE (300 mL) and water (300 mL) and wash the organic layer
with saturated aqueous ammonium chloride solution (300 mL), water (300 mL) and 2 N
aqueous hydrochloric acid (3 x 200 mL). Add 50% aqueous sodium hydroxide until the
pH reaches pH 10 and extract with MTBE (3 x 150 mL). Wash the combined organic
extracts with water (300 mL) and brine (300 mL). Treat the organic layer with 1.25 M
hydrochloric acid 1n 2-propanol (180 mL, 225 mmol) and stir for 10 minutes. Evaporate
the solution to dryness and triturate the residue 1n ethyl acetate (200 mL), filter and air
dry to give the title compound of Preparation 10 as a white powder (16.71 g, 20%).
ES/MS: m/e (79Br/81Br) 301.8/303.8 [M+H], R, 0.85 min, analytical reverse phase
conditions: Phenomenex Gemini-NX C18 column of 50 mm length, 2.1 mm internal
diameter and 3 um particle size. The mobile phase: Al=water with 0.1% formic acid /

B 1= ACN with 0.1% formic acid, temperature of 50 °C, a flow rate of 1.2 mL/min, with a
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gradient elution from 5% to 95% (B1) over 1.5 min followed by a 0.5 min hold at 95%
(B1).

Preparation 11

5 (3aR,5S,6aS5)-6a-(5-Bromo-2-fluorophenyl)hexahydro-1H-cyclopentalc][1,2]oxazol-5-0l

Scheme 1, step 10: Suspend rel-(3aR,3S,6a5)-6a-(5-bromo-2-
fluorophenyl)hexahydro-1H-cyclopentalc][ 1,2 ]oxazol-5-ol hydrochloride (200.0 g, 66
mmol, trans alcohol) in MTBE (6 L), and add water (4 L) and 2 N aqueous sodium

10 hydroxide (400 mL). Stir for 20 minutes, separate the layers, and extract the aqueous
layer with MTBE (2 x 500 mL). Combine the organic extracts and wash with water (2 L)
and brine. Dry over sodium sulfate, filter, and concentrate under vacuum to give the
racemic freebase (182.5 g). Separate the enantiomers by chiral SFC (Supercritical Fluid
Chromatography) (Column: Chiralpak AD-H (5u), 50 x 250 mm; eluent: 22% EtOH

15  (0.2% diethylmethylamine) in CO»; flow: 350 g/min at UV 220 nm). The first eluting
enantiomer 1s the title compound (83.94 ¢, 47%). OR [a]p =+73 ° (C=0.247, DCM),
ES/MS: m/e ("”Br/*'Br) 302.0/304.0 [M+H], R, 0.88 min.

Preparation 12

20 5-(1H-1,2,4-Tnazol-1-yl)pyrazine-2-carboxylic acid

®
N
Ly
SN N
N a
\—=N

Stir a mixture of methyl 5-chloropyrazine-2-carboxylate (124 g, 718.55 mmol),
1H-1,2,4-triazole (198.5 g, 2874.2 mmol) and potassium carbonate (297.92 g, 2155.6

mmol) in DMF (1000 mL) at 100 °C for 15 hours. Cool to ambient temperature and pour

25 1nto water (2 L). Adjust to pH 2-3 using concentrated aqueous hydrochloric acid (about
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500 mL) and stir for 30 minutes. Collect the resulting solid by filtration and wash with
water. Add water (500 mL) and ethanol (500 mL) and heat to 50-60 °C for 4 hours and
cool to ambient temperature. Collect the solids by filtration and dry under vacuum at 40

°C to give the title compound as a white solid. ES/MS: m/z 190.0 (M-H).

Preparation 13
(3aR,5S,6aS)-1-Acetyl-6a-(5-bromo-2-fluorophenyl)hexahydro-1H-

cyclopenta[c]|1,2]oxazol-5-yl acetate

Scheme 2, step 1: Stir a solution of (3aR,3S,6a5)-6a-(5-bromo-2-
fluorophenyl)hexahydro-1H-cyclopenta[c][1,2]oxazol-5-0l (36.16 g, 119.7 mmol),
DMAP (3.69 g, 29.9 mmol) and pyridine (38.7 mL, 478.7 mmol) in DCM (362 mL)
under nitrogen and add acetic anhydnde (45.3 mL, 478.7 mmol) dropwise. Heat the
reaction mixture to reflux for 18 hours. If incomplete conversion 1s observed by LCMS,
charge further acetic anhydride and continue heating. Cool to ambient temperature and
slowly add saturated aqueous sodium bicarbonate (650 mL). Extract the aqueous layer
with DCM (2 x 200 mL), dry the combined organic extract over sodium sulfate, filter,
and concentrate under vacuum. Purily the residue by silica gel flash chromatography,
eluting with 0% to 50% ethyl acetate 1n 1sohexane to give the title compound as a white

solid (57.7 g, contaminated with acetic acid). Carry this material on without further

purification. ES/MS: m/e (”Br/*'Br) 386.0/388.0 [M+H].

Preparation 14
1-[(3aR,5S,6aS5)-6a-(5-Bromo-2-fluoro-phenyl)-5-hydroxy-3a,4,5,6-tetrahydro-3H-

cyclopentalclisoxazol-1-yl]ethanone

PCT/US2016/021901
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Scheme 2, step 2: Dissolve (3aR,5S,6aS)-1-acetyl-6a-(5-bromo-2-
fluorophenyl)hexahydro-1H-cyclopenta|c][ 1,2]oxazol-5-yl acetate (57.7 g, 149.4 mmol)
in methanol (923 mL) and add 2 N aqueous sodium hydroxide (150 mL, 298.9 mmol) and
stir at ambient temperature for 2 hours. Remove most of the organic solvent under
reduced pressure then dilute with ethyl acetate (300 mL) and water (300 mL). Separate
the layers, extract the aqueous layer with ethyl acetate (2 x 200 mL) and wash the
combined organic extracts with brine, dry over sodium sulfate, filter, and concentrate
under vacuum to give the title compound as a white solid (39.45 g, 77%). ES/MS: m/e
("Br1/°'Br) 344.0/346.0 [M+H].

Preparation 15
1-[(3aR,5S,6aS)-6a-(5-Bromo-2-fluoro-phenyl)-S-vinyloxy-3a,4,5,6-tetrahydro-3H-

cyclopentalc|isoxazol-1-yl]ethanone

Scheme 2, step 3: Dissolve palladium (II) acetate (2.50 g, 11.16 mmol) and 1,10-
phenanthroline (2.28 g, 12.28 mmol) in DCM (192 mL) under mitrogen and stir for 10
minutes. Add ethyl vinyl ether (855 mL) and degas the mixture with vacuum / nitrogen
cycles. Stir for 15 minutes at ambient temperature and add a solution of 1-[(3aR,3S,6a5)-
6a-(5-bromo-2-fluoro-phenyl)-5-hydroxy-3a,4,5,6-tetrahydro-3H-cyclopenta| c|isoxazol-
I-yl]ethanone (38.41 g, 111.6 mmol) in anhydrous DCM (461 mL) via cannula and degas
the resulting mixture again. Heat to retflux under nitrogen for 18 hours. If the reaction
does not reach completion, further charges of palladium (II) acetate and 1,10-

phenanthroline should be added to drive the reaction to completion. Cool to ambient
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temperature, dilute with water (100 mL) and DCM (50 mL), and stir for 5 minutes. Filter
through diatomaceous earth and separate the layers. Extract the aqueous layer with DCM
(3 x 50 mL) and wash the combined organic extracts with water (150 mL) then brine (100
mL). Dry the solution over sodium sulfate, filter, and concentrate under vacuum to give a
residue. Purify the residue by silica gel flash chromatography, eluting with 0% to 40%

ethyl acetate 1n 1sohexane to give the title compound as a pale yellow o1l (32.52 g, 79%).
ES/MS: m/e ("”Br/*'Br) 370.0/372.0 [M+H].

Preparation 16
1-[(3aR,5S,6aS)-6a-(5-Bromo-2-fluoro-phenyl)-5-(cyclopropoxy)-3a,4,5,6-tetrahydro-

3H-cyclopenta|cisoxazol-1-yl]ethanone

Scheme 2, step 4: Cool anhydrous DCM (333 mL) to O °C under nitrogen and add
1 M diethylzinc 1n hexanes (198.0 mL, 198 mmol) via cannula. Add chlororodomethane
(33.45 mL, 449.9 mmol) dropwise and stir at O °C for 10 minutes. Add a solution of 1-
[(3aR,35,6aS)-6a-(5-bromo-2-fluoro-phenyl)-5-vinyloxy-3a,4,3,6-tetrahydro-3H-
cyclopentalclisoxazol-1-yl]ethanone (33.31 g, 89.98 mmol) in anhydrous DCM (200 mL)
dropwise and stir at O °C for 1 hour. Slowly add saturated aqueous ammonium chloride
(500 mL) at O °C and filter the biphasic mixture through diatomaceous earth. Separate
the layers, extract the aqueous layer with DCM (2 x 200 mL) and wash the combined
organic extracts with water (250 mL). Dry over sodium sulfate, filter, and concentrate
under vacuum to give a residue. Purily the residue by silica gel flash chromatography,

eluting with 0% to 30% MTBE 1n 1sohexane to give the title compound as a colorless o1l

(27.67 g, 80%). ES/MS: m/e ("”Br/*'Br) 384.0/386.0 [M+H].

Preparation 17

(3aR,5S,6a5)-6a-(5-Bromo-2-fluoro-phenyl)-5-(cyclopropoxy)-1,3,3a,4,5,6-
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hexahydrocyclopental c]isoxazole

Scheme 2, step 5 (deprotection): Dissolve 1-[(3aR,5S,6aS)-6a-(5-bromo-2-fluoro-
phenyl)-5-(cyclopropoxy)-3a,4,5,6-tetrahydro-3H-cyclopentalc]isoxazol-1-yl]ethanone
S (27.67 g, 72 mmol) in anhydrous THF (332 mL) and cool to -45 °C. Add 1 M

diisobutylaluminum hydride 1n hexanes (108 mL, 108 mmol) slowly, maintaining internal

temperature below -40 °C and stir at -40 °C to -45 °C for 1 hour. Add cold methanol (-45

°C, 9 mL) to the cold reaction mixture and remove the cooling bath. Slowly add 2 N
aqueous hydrochloric acid (36 mL, 72 mmol) maintaining the internal temperature below
10 5 °C. After the mixture reaches ambient temperature add water (150 mL) and ethyl
acetate (150 mL) and stir for 5 minutes, separate the layers, and extract with ethyl acetate
(2 x 100 mL). Dry the combined organic extracts over sodium sulfate, filter, and
concentrate under vacuum to give the title compound as a pale yellow o1l (23.16 g, 94%).
ES/MS: m/e ("”Br/°'Br) 342.0/344.0 [M+H].
15
Preparation 18
|(1R,25,45)-2- Amino-2-(5-bromo-2-fluorophenyl)-4-
(cyclopropyloxy)cyclopentyl methanol

20 Scheme 2, step S (ring opening): Suspend (3aR,3S,6a5)-6a-(5-bromo-2-fluoro-
phenyl)-3-(cyclopropoxy)-1,3,3a,4,5,6-hexahydrocyclopenta[c|isoxazole (23.16 g, 67.7
mmol) and zinc powder (26.55 g, 406.1 mmol) 1n acetic acid (301 mL) and stir at 40 °C

under nitrogen for 3 hours. Cool to ambient temperature and dilute with ethyl acetate
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(100 mL). Filter through diatomaceous earth, washing with ethyl acetate and concentrate
the filtrate under vacuum. Dilute with water (200 mL), ethyl acetate (250 mL) and 27%
aqueous citric acid (128 mL). Adjust the pH to pH 9-10 with saturated aqueous sodium
carbonate (about 550 mL) and separate the layers. Extract the aqueous layer with ethyl
acetate (2 x 100 mL) and dry the combined organic extracts over sodium sulfate, filter,
and concentrate under vacuum to give the title compound as a pale yellow o1l (24.51 g,

contaminated with acetic acid). Use the product without further purification. ES/MS:

m/e ("B1/°'Br) 344.0/346.0 (M+H).

Preparation 19
N-[(4aR,6S,7aS)-7a-(5-Bromo-2-fluoro-phenyl)-6-(cyclopropoxy)-4a,3,6,7-tetrahydro-
4H-cyclopentald]| 1,3]thiazin-2-yl]benzamide

q
01,3
: N/)\NJ\O
F A H
L,
Scheme 2, step 6: Add benzoyl 1sothiocyanate (5.13 g, 31.5 mmol) dropwise to a
solution of [(1R,25,45)-2-amino-2-(5-bromo-2-fluorophenyl)-4-

(cyclopropyloxy)cyclopentyl Jmethanol (10.31 g, 29.95 mmol) in anhydrous THF (103
mL) at O °C. Stir for 15 minutes then warm to ambient temperature for 1 hour. Add 1,1'-
carbonyldumidazole (5.95 g, 35.9 mmol) and stir at ambient temperature for 2 hours and
70 °C for 6 hours. Cool to ambient temperature and dilute with ethyl acetate (150 mL)
and water (150 mL). Adjust the pH to pH = 3.5-4.0 using 27% aqueous citric acid (45
mlL) and separate the layers. Extract the aqueous layer with ethyl acetate (2 x 100 mL)
and wash combined organic extracts with water (200 mL) and brine (100 mL). Dry over
sodium sulfate, filter, and concentrate under vacuum to give a residue. Purify the residue
by silica gel flash chromatography, eluting with 0% to 40% MTBE 1n 1sohexane to give
the title compound as a white foam (13.89 g, 95%). ES/MS: m/e (”Br/°*'Br) 489.0/491.0
IM+H].

Preparation 20
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N-[(4aR,6S,7aS)-6-(Cyclopropoxy)-7a-[2-fluoro-5-[(2,2,2-trifluoroacetyl )amino |phenyl]-
4a,5,6,7-tetrahydro-4H-cyclopenta|d]| 1,3 ]thiazin-2-yl |benzamide

<L H S O
O—G\/N\%NJ\O
HNO/
O&E

F

Scheme 2, step 7: Add a degassed solution of N-[(4aR,6S,7aS)-7a-(5-bromo-2-
tluoro-phenyl)-6-(cyclopropoxy)-4a,5,6,7-tetrahydro-4H-cyclopenta|d|[ 1,3 Jthiazin-2-
yl|benzamide (13.89 g, 28.4 mmol) 1in anhydrous 1,4-dioxane (167 mL) to 4 A molecular
sieves (2.22 g), 2,2,2-tritluoroacetamide (5.62 g, 48.2 mmol), potassium carbonate (7.06
g, 51.1 mmol), (trans, racemic)-N1,N2-dimethylcyclohexane-1,2-diamine (1.27 g, 8.5
mmol), copper (1) 10dide (1.08 g, 5.67 mmol), and sodium 10dide (7.23 g, 48.25 mmol)
and degas the resulting mixture. Stir the mixture and heat to 100-110 °C under nitrogen
for 22 hours. If full conversion 1s not achieved, further 2.2.2-trifluoroacetamide,
potassium carbonate (trans, racemic)-N1,N2-dimethylcyclohexane-1,2-diamine, and
copper (I) 1odide can be added and heating continued. Cool the reaction mixture to
ambient temperature and dilute the reaction mixture with ethyl acetate (100 mL) and
water (100 mL), then filter through diatomaceous earth. Separate the layers and wash the
organic layer with water (3 x 100 mL) and brine (100 mL). Dry the solution over sodium
sulfate, filter, and concentrate under vacuum to give a residue. Purify the residue by

silica gel chromatography, eluting with 5% to 35% ethyl acetate 1n 1sohexane to give the

title compound as a white solid (10.03 g, 68%). ES/MS: m/z 522.0 (M+H).

Preparation 21
(4aR,6S,7aS)-7a-(5- Amino-2-fluorophenyl)-6-(cyclopropyloxy)-4,4a,5,6,7,7a-
hexahydrocyclopenta|d][ 1,3 |thiazin-2-amine
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Scheme 2, step 8: Dissolve N-[(4aR,6S,7aS5)-6-(cyclopropoxy)-7a-|2-fluoro-5-
1(2,2,2-tritluoroacetyl)amino |phenyl]-4a,5,6,7-tetrahydro-4H-cyclopental d|| 1,3 ]thiazin-2-
yl]benzamide (10.03 g, 19.2 mmol) in methanol (100 mL) and add 50% aqueous sodium

S  hydroxide (3.46 mL, 96.2 mmol), stir and heat to 40 °C for 20 hours under nitrogen. Cool
to ambient temperature and remove most of the organic solvent under reduced pressure.
Dilute with water (200 mL) and DCM (300 mL) and stir until full dissolution occurs.
Separate the layers and extract the aqueous layer with DCM (2 x 100 mL). Wash the
combined organic extracts with water (4 x 100 mL), dry over magnesium sulfate, filter,

10 and concentrate under vacuum to give the title compound as a pale yellow solid (4.69 g,

76%). ES/MS: m/z 322.0 (M+H).

Example 1
N-[3-[(4aR,6S,7aS)-2-Amino-6-(cyclopropoxy)-4a,5,6,7-tetrahydro-4 H-
15 cyclopenta|d][1,3]thiazin-7a-yl]-4-fluoro-phenyl]-5-(1,2,4-triazol-1-yl)pyrazine-2-

carboxamide

e

N

¢

N
Scheme 2, step 9: Add a solution of (4aR,6S,7aS)-7a-(5-amino-2-fluoro-phenyl)-
6-(cyclopropoxy)-4a,3,6,7-tetrahydro-4H-cyclopenta[d][ 1,3 ]thiazin-2-amine (370 mg,
20  1.15 mmol) in methanol (19 mL) to 5-(1,2,4-trnazol-1-yl)pyrazine-2-carboxylic acid (352
mg, 1.84 mmol) and HATU (759 mg, 1.96 mmol). Heat the resulting slurry to 70 °C and

stir for 1 hour. Cool to room temperature and dilute with methanol to make a total
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volume of 19.6 mL. Filter the mixture and purify by reverse phase HPLC (CH;CN and
water with 10 mM ammonium bicarbonate adjusted to pH 9 with ammonium hydroxide,
30% to 100% CH3;CN over 9 min at 60 ml/min) to obtain, after solvent evaporation , the
title compound (341 mg, 60%). 'H NMR (400 MHz, de-DMSO): 10.86 (s, 1H), 9.58 (s,
1H), 9.22 (s, 1H), 9.24 (s, 1H), 8.49 (s, 1H), 7.77-7.84 (m, 2H), 7.14 (dd, J= 8.8, 12.7 Hz,
1H), 5.84 (broad s, 2H), 4.26 (quintet, J= 7.4 Hz, 1H), 3.24-3.29 (m, 1H), 2.80-2.81 (m,
2H), 2.37-2.45 (m, 1H), 2.07-2.14 (m, 1H), 1.86-1.96 (m, 2H), 0.41-0.50 (m, 4H), LCMS

(ESIY) m/z 495 [M+H]": OR [a]p™ +109.62 (¢ = 10, CHCI»).

In vitro Assay Procedures:
To assess BACEI selectivity over BACE?2, the test compound 1s evaluated 1n

FRET-based enzymatic assays using specific substrates for BACE] and BACE?2 as
described below. For in vitro enzymatic and cellular assays, the test compound 18
prepared in DMSO to make up a 10 mM stock solution. The stock solution 1s serially
diluted in DMSO to obtain a ten-point dilution curve with final compound concentrations
ranging from 10 uM to 0.05 nM 1n a 96-well round-bottom plate before conducting the in

vitro enzymatic and whole cell assays.

In vitro protease 1nhibition assays:
Expression of AuBACEL:Fc and huBACE2:Fc.

Human BACEI (accession number: AF190725) and human BACE?2 (accession
number: AF 204944) are cloned from total brain cDNA by RT-PCR. The nucleotide

sequences corresponding to amino acid sequences #1 to 460 are 1nserted into the cDNA
encoding human IgG; (Fc) polypeptide (Vassar et al., Science, 286, 735-742 (1999)).
This fusion protein of BACE1(1-460) or BACE2(1-460) and human Fc, named
huBACE]1:Fc and huBACE2:Fc respectively, 1s constructed into the pJB02 vector.
Human BACE1(1-460):Fc (huBACE]1:Fc) and human BACE2(1-460):Fc (huBACE2:Fc)

are transiently expressed in HEK293 cells. 250 ug cDNA of each construct are mixed

with Fugene 6 and added to 1 liter HEK293 cells. Four days after the transfection,
conditioned media are harvested tor purification. huBACE]1:Fc and huBACE2:Fc are



10

15

20

25

30

CA 02977667 2017-08-01

WO 2016/149057 PCT/US2016/021901

-3()-

purified by Protein A chromatography as described below. The enzymes are stored at —

80 °C 1n small aliquots. (See Yang, et. al., J. Neurochemistry, 91(6) 1249-59 (2004).

Purification of AuBACEI:Fc and huBACE?2:Fc.
Conditioned media of HEK293 cell transiently transtected with AuBACEL:Fc or
huBACE2:Fc cDNA are collected. Cell debris 1s removed by filtering the conditioned

media through 0.22 um sterile filter. 5 ml Protein A-agarose (bed volume) 1s added to 4
liter conditioned media. This mixture 1s gently stirred overnight at 4 °C. The Protein A-
agarose resin 1s collected and packed into a low-pressure chromatography column. The
column 1s washed with 20x bed volumes of PBS at a tlow rate 20 ml per hour. Bound
huBACE1:Fc or huBACE2:Fc protein 1s eluted with 50 mM acetic acid, pH 3.6, at flow
rate 20 ml per hour. One ml fractions of eluent are neutralized immediately with 0.5 ml
200 mM ammonium acetate, pH 6.5. The purity of final product 1s assessed by
electrophoresis 1n 4-20% Tris-Glycine SDS-PAGE. The enzyme 1s stored at —80 °C 1n

small aliquots.

BACEIL FRET Assay

Serial dilutions of the test compounds are prepared as described above. The
compounds are further diluted 20x in KH;PO,4 butfer. Ten uL of each dilution 1s added to
each well on row A to H of a corresponding low protein binding black plate containing
the reaction mixture (25 uL of 50 mM KH,PO,, pH 4.6, 1 mM TRITON® X-100, 1
mg/mL BSA, and 15 uM of FRET substrate based upon the sequence of APP) (See Yang,
et. al., J. Neurochemistry, 91(6) 1249-59 (2004)). The content 1s mixed well on a plate
shaker for 10 minutes. Fifteen ulL of two hundred pM human BACEI1(1-460):Fc (See
Vasser, et al., Science, 286, 735-741 (1999)) 1in the KH,PO,4 butfer 1s added to the plate
containing substrate and the test compound to 1mtiate the reaction. The RFU of the
mixture at time O 1s recorded at excitation wavelength 355 nm and emission wavelength
460 nm, after brief mixing on a plate shaker. The reaction plate 1s covered with
aluminum foil and kept 1n a dark humidified oven at room temperature for 16 to 24 hours.
The RFU at the end of incubation 1s recorded with the same excitation and emission

settings used at time 0. The ditference of the RFU at time 0 and the end of incubation 1s
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representative of the activity of BACEIL under the compound treatment. RFU differences
are plotted versus 1nhibitor concentration and a curve 1s fitted with a four-parameter
logistic equation to obtain the ICsq value. (May, et al., Journal of Neuroscience, 31,
16507-16516 (2011)).

The compound of Example 1 herein 1s tested essentially as described above and
exhibits an ICsg for BACETL of 0.955 + 0.093 nM, n=6, mean = SEM; SEM = standard
error of the mean. This data demonstrates that the compound of Example 1 inhibaits

purified recombinant BACEI enzyme activity in vitro.

BACE2 TMEM?27 FRET Assay
Transmembrane protein 27 (TMEM27) (Accession Number NM_020663), also
known as Collectrin) 1s a recently described substrate for BACE?2, but not BACEI
(Esterhazy, et al, Cell Metabolism, 14, 365-377 (2011)). To evaluate test compounds for
inhibition of BACE2 enzymatic activity, a FRET peptide (dabcyl-QTLEFLKIPS-LucY)

based upon the amino acid sequence of human TMEMZ27 1s used as a substrate
(Esterhazy, et al, Cell Metabolism, 14, 365-377 (2011)). Serial dilutions of the test
compounds are prepared as described above. The compounds are further diluted 20X 1n
KH>PO, butfer. Ten ulL of each dilution 1s added to each well on row A to H of a
corresponding low protein binding black plate containing the reaction mixture (25 ul of
S50 mM KH»POy4, pH 4.6, ] mM TRITON® X-100, 1 mg/mL Bovine Serum Albumin, and
SuM of TMEM FRET substrate). Fifteen ulL of twenty uM human BACE2 (1-460):Fc
(See Vasser, et al., Science, 286, 735-741 (1999)) in KH,PO,4 buffer 1s then added to the
plate containing substrate and the test compound to 1nitiate the reaction. The content 1s
mixed well on a plate shaker for 10 minutes. The RFU of the mixture at time O 1s
recorded at excitation wavelength 430 nm and emission wavelength 535 nm. The
reaction plate 1s covered with aluminum toil and kept 1n a dark humidified oven at room
temperature for 16 to 24 hours. The RFU at the end of incubation 1s recorded with the
same excitation and emission settings used at time 0. The difference of the RFU at time O
and the end of incubation 1s representative of the activity of BACE2 under the compound

treatment. RFU differences are plotted versus inhibitor concentration and a curve 1s fitted
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with a four-parameter logistic equation to obtain the 1Cs value. (May, et al., Journal of
Neuroscience, 31, 16507-16516 (2011)).

The compound of Example 1 herein 1s tested essentially as described above and
exhibits a BACE2 ICsp of 87.3 £ 11.1 nM, n=4, mean + SEM; SEM = standard error of the
mean. The ratio of BACE1 (FRET ICsy enzyme assay) to BACE2 (TMEM27 FRET ICsg
assay) for Example 1 1s about 91-fold, indicating functional selectivity for inhibiting the

BACEI enzyme. The data set torth above demonstrates that the compound of Example 1
1s selective tor BACEI over BACE2.

SH-SYSYAPP695SWt Whole Cell Assay

The routine whole cell assay for the measurement of inhibition of BACE] activity
utilizes the human neuroblastoma cell Iine SH-SYSY (ATCC Accession No. CRL2266)
stably expressing a human APP695Wt cDNA. Cells are routinely used up to passage
number 6 and then discarded.

SH-SY5YAPP695Wt cells are plated in 96 well tissue culture plates at 5.0x10°
cells/well in 200 pL culture media (50% MEM/EBSS and Ham’s F12, 1x each sodium
pyruvate, non-essential amino acids and Na bicarbonate containing 10% FBS). The
following day, media 1s removed from the cells, fresh media added then incubated at 37
°C tor 24 hours 1n the presence/absence of test compound at the desired concentration
range.

At the end of the incubation, conditioned media are analyzed for evidence of beta-
secretase activity by analysis of Abeta peptides 1-40 and 1-42 by specific sandwich
ELISAs. To measure these specific 1soforms of Abeta, monoclonal 2G3 1s used as a
capture antibody for Abeta 1-40 and monoclonal 21F12 as a capture antibody for Abeta
1-42. Both Abeta 1-40 and Abeta 1-42 ELISAs use biotinylated 3D6 as the reporting
antibody (for description of antibodies, see Johnson-Wood, et al., Proc. Natl. Acad. Sci.
USA 94, 1550-1555 (1997)). The concentration of Abeta released 1n the conditioned
media following the compound treatment corresponds to the activity of BACEI] under
such conditions. The 10-point inhibition curve 1s plotted and fitted with the four-
parameter logistic equation to obtain the ICsq values for the Abeta-lowering etfect. The

compound of Example 1 1s tested essentially as described above and exhibits an I1Csq of



10

15

20

25

30

CA 02977667 2017-08-01

WO 2016/149057 PCT/US2016/021901

-33-

0.38 £0.14 nM, n=4 for SH-SYSYAPP695Wt A-beta (1-40) ELISA and an ICsy of 0.43 +
0.08 nM, n=3 for SH-SYSYAPP695SWt A-beta (1-42) ELISA, (mean + SEM; SEM =

standard error of the mean). The data set forth above demonstrates that the compound of

Example 1 inhibits BACEI 1n the Whole Cell Assay.

In vivo Inhibition of Beta-Secretase

Several animal models, including mouse, guinea pi1g, dog, and monkey, may be
used to screen for inhibition of beta-secretase activity in vivo following compound
treatment. Animals used 1n this invention can be wild type, transgenic, or gene knockout
animals. For example, the PDAPP mouse model, prepared as described in Games et al.,
Nature 373, 523-5277 (1995), and other non-transgenic or gene knockout animals are
useful to analyze 1n vivo inhibition of Abeta and sAPPbeta production 1n the presence of
inhibitory compounds. Generally, 2 month old PDAPP mice, gene knockout mice or non-
transgenic animals are administered compound formulated 1n vehicles, such as corn oil,
beta-cyclodextran, phosphate butfers, PHARMASOLVE®), or other suitable vehicles via
oral, subcutaneous, intra-venous, feeding, or other route of administration. One to
twenty-four hours tollowing the administration of compound, animals are sacrificed, and
brains are removed for analysis of Abeta 1-x. "Abeta 1-x" as used herein refers to the sum
of Abeta species that begin with residue 1 and end with a C-terminus greater than residue
28. This detects the majority of Abeta species and 1s often called "total Abeta”. Total
Abeta peptides (Abeta 1-x) levels are measured by a sandwich ELISA, using monoclonal
266 as a capture antibody and biotinylated 3D6 as reporting antibody. (See May, et al.,
Journal of Neuroscience, 31, 16507-16516 (2011)).

For acute studies, compound or appropriate vehicle 1s adminmistered and animals
are sacrificed at about 3 hours after dosing. Brain tissue, 1s obtained from selected
animals and analyzed tor the presence of Abeta 1-x. After chronic dosing brain tissues of
older APP transgenic amimals may also be analyzed for the amount of beta-amyloid
plaques following compound treatment.

Animals (PDAPP or other APP transgenic or non-transgenic mice) administered
an 1nhibitory compound may demonstrate the reduction of Abeta 1n brain tissues, as

compared with vehicle-treated controls or time zero controls. For Example 1, three hours
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following a 3, 10, and 30 mg/kg oral dose of the compound to young female PDAPP
mice, Abeta 1-x peptide levels are reduced approximately 22%, 42%, and 51% 1n brain
hippocampus and 26%, 43%, and 59% in brain cortex p<0.01, compared to vehicle-
treated mice.

Given the activity of Example 1 against the BACE enzyme in vitro, these Abeta-
lowering etfects are consistent with BACE inhibition in vivo, and turther demonstrates
CNS penetration of Example 1.

These studies show that the compound of the present invention inhibits BACE and

18, therefore, usetul 1n reducing Abeta levels.
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[ CLAIM:

1. A compound of the formula:

>—o0
O
-
N

S or a pharmaceutically acceptable salt thereof.

2. The compound or salt according to claim 1 of the formula:

ll|||I

= F
O
<N\N)N\///\NHJ\E/(>/
/N;

3. The compound or salt according to either claim 1 or claim 2 of the formula:

lIlllI

~ F
O
/N;

10 4. 'The compound or salt according to any one of claims 1 to 3 which 1s N-| 3-
[(4aR,6S,7aS)-2-amino-6-(cyclopropoxy)-4a,5,6,7-tetrahydro-4H-
cyclopental|d]| 1,3]thiazin-7a-yl]-4-tluoro-phenyl]-5-(1,2,4-triazol-1-

yl)pyrazine-2-carboxamide.
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The compound according to claim 4 which 1s N-[3-[(4aR,6S,7aS)-2-amino-6-
(cyclopropoxy)-4a,5,6,7-tetrahydro-4H-cyclopenta[d]| 1,3 [thiazin-7a-yl]-4-
fluoro-phenyl]-35-(1,2,4-triazol-1-yl)pyrazine-2-carboxamide.

A method of treating Alzheimer’s disease 1n a patient, comprising
administering to a patient in need of such treatment an effective amount of a
compound of any one of claims 1-5, or a pharmaceutically acceptable salt

thereof.

. A method of preventing the progression of mild cognitive impairment to

Alzheimer’s disease 1n a patient, comprising administering to a patient in need
of such treatment an effective amount of a compound of any one of claims 1-

S, or a pharmaceutically acceptable salt thereotf.

. A compound or pharmaceutically acceptable salt thereof according to any one

of claims 1-5 for use 1n therapy.

A compound or pharmaceutically acceptable salt thereof according to any one
of claims 1-5 for use 1n the treatment of Alzheimer’s disease.

A compound or pharmaceutically acceptable salt thereof according to any one
of claims 1-5 for use 1n preventing the progression of mild cognitive
impairment to Alzheimer’s disease.

A pharmaceutical composition, comprising a compound or a pharmaceutically
acceptable salt thereot according to any one of claims 1-5 with one or more

pharmaceutically acceptable carriers, diluents, or excipients.
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