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Field of the Invention         The present invention relates to the
treatment of Alzheimer's disease and other neurodegenerative and/or
neurological disorders in mammals, including  5 humans. This invention also
relates to inhibiting, in mammals, including humans, the production of
A-beta peptides that can contribute to the formation of neurological
deposits of amyloid protein More particularly, this invention relates to
spiro-piperidine compounds useful for the treatment of neurodegenerative
and/or neurological disorders, such as Alzheimer's disease and Down's
Syndrome, related to A-beta peptide production. Background of the Invention
Dementia results from a wide variety of distinctive pathological processes.
The most common pathological processes causing dementia are Alzheimer's
disease (AD), cerebral amyloid angiopathy (CM) and prion-mediated diseases
(see, e.g.,  15 Haan et af., Clin. Neurol. Neurosurg. 1990, 92(4):305-310;
Glenner et al_ J. Neural. Sci. 1989, 94:1-28). AD affects nearly half of
all people past the age of 85, the most rapidly growing portion of the
United States population. As such, the number of AD patients in the United
States is expected to increase from about 4 million to about 14 million by
the middle of the next century. At present there are no effective
treatments  20 for halting, preventing, or reversing the progression of
Alzheimer's disease. Therefore, there is an urgent need for pharmaceutical
agents capable of slowing the progression of Alzheimer's disease and/or
preventing it in the first place.        Several programs have been
advanced by research groups to ameliorate the pathological processes
causing dementia, AD, CM and prion- mediated diseases. 25 Beta-secretase
(BACE) inhibitors are one such strategy and numerous compounds are under
evaluation by pharmaceutical groups. The present invention relates to a
group of brain-penetrable BACE inhibitors and as such would be expected to
be BACE inhibitors and modulators for the treatment of AD (see Ann. Rep.
Med, Chem. 2007, Olsen et ai., 42: 27-47). 30Summary of the Invention   - 2
-        The invention is directed to a compound, including the
pharmaceutically acceptable salts thereof, having the structure of formula
I: Rib0  (CH2)n 5 wherein the stereochemistry shown in formula at the
carbon bonded to R2 and at the spirocyclic carbon is the absolute
stereochemistry; B is alkyl, aryl, heteroaryl, cycloalkyl, or
heterocycloalkyl, wherein B is optionally substituted with zero to three R3
groups:          A is independently aryl, cycloalkyl, heterocycloalkyl or
heteroaryl wherein said 10 aryl, cycloalkyl, heterocycloalkyl or heteroaryl
is optionally substituted with one to three R4; whenis a single bond, Ria
and Rib are each independently hydrogen, alkyl, alkenyl,
-(CH2)t-cycloalkyl, -(CHOrheterocycloalkyl, -(CH2)t-aryl, -(CH2)r-
heteroaryl,-(CH2)-OR5,-(CH)N(R7)2,-NH-(0-12)t-cycloalkyl,-NFI-(CF12)t- 15
heterocycloalkyl, -NH-(CH2)t-aryl, -NH-(CH2),-heteroaryl, -(CF-12);-COR5,
-(CH2)tS02R5, or -(CH2)-CO2R5; wherein said alkyl, alkenyl,
-(CHOrcycloalkyl, -(CH2)theterocycloalkyl, -(CH2)t-aryl, or
-(CH2)-heteroary R1 or Rib substituent is optionally substituted with one
to three hydroxyl, aryl, heteroaryl, halogen, alkyl, cycloalkyl, -SO2R7,
-NR7COR7, -CON(R7)2, -COOR7, -C(0)R7, -CN, or -N(R7)2 wherein said aryl, 20
alkyl, cycloalkyl and heteroaryl substituent is optionally substituted with
one to three halogen, alkyl, hydroxyl, or ---0-alkyl; or Rid and RTh
together with the carbon they are bonded to form a cycloalkyiene moiety or
a heterocycloalkylene moiety, wherein said  - 3 - cycloalkylene or
heterocycloalkylene moiety is optionally substituted with one to three
hydroxyl, aryl, heteroaryl, halogen, alkyl, cycloalkyl, -S02R7 -NR7COR7,
-CON(R)2, -COOR7, -C(0)R7, -CN, or -N(R7)2, wherein said aryl, alkyl,
cycloalkyl and heteroaryl substituent is optionally substituted with one to
three halogen, alkyl, hydroxyl, or -O- 5alkyl; when  is a double bond, Rib
is absent and RI is hydrogen, alkyl, alkenyl, -(CH2)t-cycloalkyl,
-(CH2)t-heterocycloalkyl, -(CHarYl, -(CH2)rheteroaryl, -(CH2)r0R5,
-(CH2):N(R7)2, -NH-(CH2)t-cycloalkyl, -NH-(CH2)rheterocycloalkyl, NH
(CH2),-aryl, -NH-(CHA-heteroaryl, -(CI-12),-COR5, -(CH2)i-502R5, or  10
wherein said alkyl, alkenyl, -(0-12)1cycloalkyl, -(CF12)rheterocycloalkyl,
-(CF12)raryl, or -(0-12)1heteroaryl R1' substituent is optionally
substituted with one to three hydroxyl, aryl, heteroaryl, halogen, alkyl,
cycloalkyl, -SO2R7 -NR7COR7, -CON(R7)2, -COOR7, - C(0)137, or -N(R7)2,
wherein said aryl, alkyl, cycloalkyl and heteroaryl substituent is
optionally substituted with one to three halogen, alkyl, hydroxyl, or
-0-alkyl;  15 R2 is alkyl, cycioalkyl, or alkenyi wherein said alkyl,
cycloalkyl, or alkenyl is optionally substituted with one to three halogen,
hydroxyl, or cyano; 



each R3 is independently halogen, alkyl, cyano, hydroxyl, -0-alkyl, -0-
cycloalkyl, -S02R7. -N(R7)2, -COW, -CON(R7)2, -(CH2)t-cycloalkyl,
-(CH2)iheterocycloalkyl, -(CH2)t-aryl, or -(Cl-12)t-heteroaryl wherein said
R-1 alkyl, -(CH2)t-  20 cycloalkyl, -(CH2)t-heterocycloalkyl, -(CH2)t-aryl,
or -(CH2)t-heteroaryl is optionally substituted with one to three R4;
each R4 is independently alkyl, halogen, cyano, -SO2NHR7, -CON(R7)2,
-Ni(R7)2, -N(R)COR7, -N(R)CO2R7, -S02N(R7)2, -N(R7)S02R7, -COW, -S02R7,
-(CH2)rcycloalkYL -(CH2)rheterocycloalkyl, -(CH2)t-aryl, -(CHA-heteroatyl,
-(CH2)t-  25 N(R7)2, or -(CH2).E-0R5; wherein each Ri alkyl,
-(CH2)1-cycloalkyl, -(CH2)theterocycloalkyl, -(CHA-aryl, or
-(CH2)s-heteroaryl is optionally independently substituted by one to three
cyano, alkyl, halogen, -CF 3 or        each R5 is independently hydrogen,
alkyl, -(CH2)t-cycloalkyl, -(CH2)iheteracycloalkyl, -(CH2):-aryl, or
-(CHA-heteroaryl; wherein said -(CH2);-cycloalkyl,
30-(CH2)rheterocycloalkyl, -(CHA-aryl, or -(CH2)t-heteroaryl is optionally
substituted with one to three Rb;  - 4 -        each R6 is independently
alkyl, hydroxyl, alkoxy, halogen, cyano, -(CH2)/N(R7)2, -(CH2),-cycloalkyl,
-(CH4-heterocycloalkyl, -(CH2)raryl, or -(CH2)iheteroaryl; each R7 is
independently hydrogen, alkyl, -(CHA-cycloalkyl, -(CH2)i-  5
heterocycloalkyl, -(CH2)-aryl, or -(CHA-heteroaryl, or when two R7
substituents are attached to the same nitrogen atom they may be taken
together with the nitrogen to which they are attached to form a
heterocycloalkylene Moiety; and wherein said alkyl, -(CH2)t-cycloalkyl,
-(CH2)t-heterocycloalkyl, -(CH2)raryl, or -(CH2)rheteroaryl are optionally
substituted with one to three alkyl, halogen, cyano, hydroxyl, or --OR4; n
is an integer selected from 1, 2 and 3; and each t is an integer
independently selected from 0, 1, 2 andor pharmaceutically acceptable salts
thereof. In another embodiment of the invention, n = 1, In a further
embodiment of the invention ------- is a single bond, and  15 and R"b are
each independently hydrogen or alkyl. In one example of this embodiment, R1
and WI' together with the carbon they are bonded to form a cycloalkylene
moiety or a heterocycloalkylene moiety. In another example of this
embodiment, Ri" and Rib together with the carbon they are bonded to form a
cycloalkylene moiety or a heterocycloalkylene moiety. ln another example of
this 20embodiment, R11 and Rib are each hydrogen. In another embodiment of
the invention  is a double bond, and Rib is absent, In another embodiment
of the invention, A is aryl. In another embodiment of the invention, A is
cycloalkyl. 25In another embodiment of the invention, A is heteroaryl. In
another embodiment of the invention, A is heterocycloalkyl.        In
another embodiment of the invention, A is aryl, heteroaryl, cycloalkyl or
heterocycloalkyl, and A is optionally substituted with one R4 substituent.
In one example of this embodiment, R4 is independently alkyl, halogen,
cyano, -SO2NHR7,  30 -CON(R7)2. -N(R7)2 -N(R)COR7, -SO2N(R)2, -N(R)SO2R7,
-S02R7, -(CH2)tcycloalkyl, -(CH2)1-heterocycloalkyl, -(C1-12)t-arYI,
-(0-12)t-heteroaryl, -(CH2)-N(R7)2, or -(CH2)r0R6 wherein each R4 alkyl,
-(CH2);-cycloalkyl, -(CH2)t-heterocycloalkyl,  - 5 -  (CH2)raryl, or
-(CH2)t-hete oaryl is optionally independently substituted by one to three
cyan, alkyl, halogen, -CF3, or -0R5 In one example of this embodiment, A is
aryl or heteroaryl, and R4 is independently alkyl, halogen, cyan, -SO2NHR7,
CON(R7)2, -N(R7)2 -N(R7)CORI, -SO2N(R7)2, -N(R)S02R7, -COW, -S02R7,
-(CH2)icycloalkyl, -(CH2),-heterocycloalkyl, -(CH2)1-aryl,
-(CH,)t-heteroaryl, -(CH2)!-N(R7)2, or -(CH2)t-OR5 wherein each R4 alkyl,
-(CHOrcycloalkyl, -(CHA-heterocycloalkyl, -(CH2)t-aryl, or
-(CH2)t-heteroaryl is optionally independently substituted by one to three
cyano, alkyl, halogen, -CF3, or -0R5 In another example of this embodiment,
R4 is halogen, alkyl, -0R5, cyan, trifluoroalkyl, -(CH2)-cycloalkyl,
-(CK-jtheterocycloalkyl, -(CH)-aryl, or -(0-12)t-heteroaryl, wherein each
R4 -(CH2)tcycloalkyl, -(CH2)t-heterocycloalkyl, -(CH2)t-aryl, or
-(CH2)t-heteroaryl, is optionally independently substituted by one to three
-OW, alkyl, cyano, or halogen. In an example of this embodiment, A is aryl
and R4 is -0R5, wherein R5 is independently -(CHA-cycloalkyl or
-(CKA-heteroaryl wherein t is zero and said cycloalkyl or 15 heteroaryl is
optionally substituted with one to three R. In another example of this
embodiment, A is aryl and R4 is -(CH2)ratyl wherein t is zero and the aryl
is optionally substituted by one to three cyano, alkyl, halogen, or -0R5 In
another example of this embodiment, A is aryl and R4 is -(CH2)t-heteroaryl
wherein t is zero and the heteroaryl is optionally substituted by one to
three cyano, alkyl, halogen, or --OR5. In another 20 example of this
embodiment, A is heteroaryl and R4 is -OW, wherein R5 is independently
-(CHA-cycloalkyl or -(CHA-heteroaryl wherein t is zero and said cycloalkyl
or heteroaryl is optionally substituted with one to three Rs. In another
example of this embodiment, A is heteroaryl and R4 is -(CH2)raryl wherein t
is zero and the aryl is optionally substituted by one to three cyano,
alkyl, halogen, or -0R5, 25 In another example of this embodiment, A is
heteroaryl and R4 is -(CH2)t-heteroaryl wherein t is zero and the
heteroaryl is optionally substituted by one to three cyano, alkyl, halogen,
or -0R5 



In another embodiment of the invention A is aryl, heteroaryl, cycloalkyl or
heterocycloalkyl, and A is optionally substituted with two R4 substituents,
In one 30  example of this embodiment, each R4 is independently alkyl,
halogen, cyan, -SO2NHR7. -CON(R7)2, -N(R)COR7. -SO2N(R7)2, -N(R7)S02R7,
-COW, -S02R7,  (CH2)rcycloalkyl, -(CHA-heterocycloalkyl, -(CH)-aryl,
-(CHA-heteroaryl, -(CH2)t-  - 6 - 1\1(R7)2, or -(CH2)1-0R5 wherein each R4
alkyl, -(CH2)t-cycloalkyl, -(CH)heterocycloalkyl, -(CH2)raryl, or
-(CHOrheteroaryl is optionally independently substituted by one to three
cyano, alkyl, halogen, or -OW. In another example of this embodiment, each
R4 is alkyl optionally independently substituted by one to three  5 cyano,
alkyl, halogen, or -OW. In another example of this embodiment, A is aryl or
heteroaryl, and each R4 is independently alkyl, halogen, cyano, -SO2NHR7,
-CON(R7)2, -NI(R)COR7, -SO2N(R7)2, -N(R)S02R7, -COR7, -SO2R7,
-(CHAtcycloalkyl, -(CH2)t-heterocycloalkyl, -(CH2)t-arYI,
-(CH2)rheteroaryl, -(CH2),-N(R)2, or -(CH2),-OR wherein each R4 alkyl,
-(CH2)-cycloalkyl, -(CH2),-heterocycloalkyl, -(C1-12)1-aryl, or
-(0-12)t-heteroaryl is optionally independently substituted by one to three
cyano, alkyl, halogen, or -0R5 In an example of this embodiment, each R4 is
alkyl optionally independently substituted by one to three cyano, alkyl,
halogen, or - OR5 In another example of this embodiment, each R." is
independently alkyl, halogen, -(CHA-cycloalkyl, -(CF4-heteracyoloalkyl,
-(C1-12)raryl, or -(CH2)t-heteroaryl, wherein  15 each R4
-(CH2)t-oycloalkyl, -(CHz)t-heterocycloalkyl, -(CHz)t-aryl, or
-(CH2)t-heteroaryl is optionally independently substituted by one to three
cyano, alkyl, halogen, or - OW, In one example of this embodiment, A is
aryl and at least one R4 is -(CI-12),-aryl wherein t is zero and the aryl
is optionally substituted by one to three cyano, alkyl, halogen, or -0R5.
In another example of this embodiment, A is aryl and each R4 is -  20 OR.
In another example of this embodiment, A is heteroaryl and at least one R4
is -(CH2)t-aryl wherein t is zero and the heteroaryl is optionally
substituted by one to three cyano, alkyl, halogen, or -0R5. In another
example of this embodiment, A is heteroaryl and each R4 is -OW. In another
embodiment of the invention, A is aryl, heteroaryl, cycloalkyl or  25
heterocycloalkyl, and A is optionally substituted with three R4
substituents, In one example of this embodiment, each R4 is independently
alkyl, halogen, cyan, -SO2NHR7, -CON(R7)2, -N(R)COR7, -SO2N(R7)2,
-N(R7)SO2R7, COR7, -SO2R7, -(CHA-cycloalkyl, -(CH2)t-heterocycloalkyl,
-(CHDrarYl. -{CH2)t-heteroaryl, -(CH2)tN(R7)2, or -(CH2.)t-OR5 wherein each
R4 alkyl, -(CH2)rcycloalkyl, -(CH2)t-  30 heteracycloalkyl, -(CH2)t-aryl,
or -(CH2),-heteroaryl is optionally independently substituted by cyano,
alkyl, halogen, or ---OR5. In one example of this embodiment, A is aryl or
heteroaryl and each R4 is independently alkyl, halogen, cyano, -SO2NHR7,
"7,, -CON(R7)2, -N(R7)COR7, -SO:2N(R7)2, -N(R7)S02R7, -CORI, -SO2R7,
-(CH2)t- cycloalkyl, -(CH4-heteracycloalkyl -(CH2)i-aryl,
-(CH2)rheteroaryl, -(CH2)rN(R7)2, or  (CH2)t-OR5 wherein each R4 alkyl,
-(CHA-cycloalkyl, -(CH2);-heterocycloalkyl,  (CH2)t-aryl, or
-(CH2)t-heteroaryl is optionally independently substituted by one to  5
three cyano, alkyl, halogen, or -OR. In another example of this embodiment,
each R4 is alkyl optionally independently substituted by one to three cyan,
alkyl, halogen, or -OW. In another example of this embodiment, each R4 is
independently halogen, -0R5, cyano, trifluoroalkyl, -(CH2),-cycloalkyl,
-(CH2),-heterocycloalkyl, -(CH2)t-aryl, or -(CH2),-heteroaryl, wherein each
R4 -(CH2)r-cycloalkyl, -(CH2)rheterocycloalkyl, -(C1-12)1-aryl, or
(CH2)t-heteroaryl is optionally independently substituted by one to three
cyano, alkyl, halogen, or .-OR 5 In another example of this embodiment, at
least one R4 is -(CH2)t-heterocycloalkyl wherein t is zero and the
heterocycloalkyl is pyrrolidinyl, piperidinyl: or morpholinyl, and is
optionally independently substituted by cyano, alkyl, halogen, or -0R5 15In
another embodiment of the invention, B is aryl. Examples of said embodiment
include but are not limited to:
(5R,7S)-8-(4-Hydroxy-3-isopropoxy-benzyi)-7-methyl- 1 -pheny1-1,
-diazaspiro[4.5)decan-2-one, and
(5R,78)-8-(4-Hydroxy-3-isopropoxy-benzy -7-rnethyl-l-phenyl-1,8-diaza-
20spiro[4.5]dec-3-en-2-one.        In another example of this invention. B
is substituted with one to three Ra substituents. Examples of this
embodiment include but are not limited to:
N-{44(5R,7S)-8-(4-Hydroxy-3-isopropoxy-benzyl)-7-methyl-2-oxo-
8-diazaspiro[4.51dec-1-A-pheny1}-acetamide; 25(5R,78 )-1-Bi
pheny1-2-y1-8-(4-hyd roxy-3-isopropoxy-benzyl)-7-methyl- 1,8-
diaza-spiro[4,5]clecan-2-one; (5R,7S)-8-(4-Hydroxy-3-isopropoxy-benzyI)-7-m
thyl-1(3-trifluoro thyl- pheny1)-1,8-diaza-spiro[4.51decan-2-one;
3-R5R:75)-8-(4-Hydroxy-3-isopropoxy-benzy1)-7- ethy1-2-oxo -diaza-
30spiro[4.5]dec-1-yll-benzonitrile;
(5R,7S)-8-(4-Hydroxy-3-isopropoxy-benzy1)-1-(4-hoxy-pheny1)-7-methyl-
,8-diaza-spiro[4.5]clecan-2-one; and  - 8 -
2-[(5R7S)-8-(4-Hydroxy-3-isopropoxy-benzyl)-7-methyl-2-oxo- ,
-diazaspiro[4.5]dec-1-yli-biphenyl-4-sulfonic acid dimethylamide. 



In one example of this invention, B is substituted with only one R3
substituent and R is halogen. Examples of said embodiment include but are
not limited to:
5(5R,7S)-1-(2-Fluoro-phenyl)-8-(4-hydroxy-3-isopropoxy-benzyl)-7-methyl-
,8- diaza-spiro[4,5]decan-2-one;
(5R,7S)-1-(4-Fluoro-pheny1)-8-(4-hydroxy-3-isopropoxy-berizyl)-7-methyl-1
diaza-spiro[4,51decan-2-one;
(5R,75)-1-(2-Chloro-pheny1)-8-(4-hydroxy- -isopropoxy-benzyl)-7- e hyl-
10diaza-spiro[4.51decan-2-one; and        (5R,7S)-1-(4-Chloro-phenyl)-
-(4-hydroxy-3-isopropoxy-benzy1)-7-methyl-1, diaza-spiro[4,5]decan-2-one,
In one example of this invention, B is cycloalkyl. An example of this
embodiment includes but is not limited to
(5R,7S)-1-Cyclohexyl-8-0-hydroxy-3-
15isopropoxy-benzy1)-7-methyl-1,8-diaza-spiro[4,51decan-2-one,        In
another example of this invention, B is alkyl. An example of this
embodiment includes but is not limited to
(5R,75)-8-(4-Hydroxy-3-isopropoxybenzyl)-1-isopropy1-7-methyl-1,8-diaza-spi
ro[4.5jdecan-2-one. In another embodiment of this invention, B is h
eterocycioalkyL An example of 20this embodiment includes but is not limited
to (5R,7S)-8-(4-Hydroxy-3-isopropoxy-
benzyl)-7-methyl-1-(tetrahydro-pyran-4-y1)-1,8-diaza-spiro[45}decan-2-one.
In another embodiment of the invention, R2 is alkyl.         In a further
embodiment of the invention, the compound, including the pharmaceutically
acceptable salts thereof, have the structure, where the 25substituents are
defined above:  - 9 - Rib Rla 3 A In another embodiment of the invention,
the compound, including the pharmaceutically acceptable salts thereof, have
the structure, where the substituents are defined above:            In
another embodiment the present invention provides methods of treating
neurological and psychiatric disorders comprising: administering to a
patient in need thereof an amount of a compound of formula I effective in
treating such disorders. 10 Neurological and psychiatric disorders, include
but are not limited to: acute neurological and psychiatric disorders such
as cerebral deficits subsequent to cardiac bypass surgery and grafting,
stroke, cerebral ischemia, spinal cord trauma; head trauma, perinatal
hypoxia, cardiac arrest, hypoglycemic neuronal damage,  - 10 - dementia,
AIDS-induced dementia, vascular dementia, mixed dementias, age-associated
memory impairment, Alzheimer's disease, Huntington's Chorea, amyotrophic
lateral sclerosis, ocular damage, retinopathy, cognitive disorders,
including cognitive disorders associated with schizophrenia and bipolar
disorders,  5 idiopathic and drug-induced Parkinson's disease, muscular
spasms and disorders associated with muscular spasticity including tremors,
epilepsy, convulsions, migraine, migraine headache, urinary incontinence,
substance tolerance, substance withdrawal, withdrawal from opiates,
nicotine, tobacco products, alcohol, benzadiazepines, cocaine, sedatives,
and hypnotics, psychosis, mild cognitive  10 impairment, amnestic cognitive
impairment, multi-domain cognitive impairment, obesity, schizophrenia,
anxiety, generalized anxiety disorder, social anxiety disorder, panic
disorder, post-traumatic stress disorder, obsessive compulsive disorder,
mood disorders, depression, mania, bipolar disorders, trigeminal neuralgia,
hearing loss, tinnitus, macular degeneration of the eye, emesis, brain
edema, pain, acute and 



15 chronic pain states, severe pain, intractable pain, neuropathic pain,
post-traumatic pain, tarclive dyskinesia, sleep disorders, narcolepsy,
attention deficit/hyperactivity disorder, autism, Asperger's disease, and
conduct disorder in a mammal, comprising administering to the mammal an
effective amount of compound of formula 1 or pharmaceutically acceptable
salt thereof. Accordingly, in one embodiment, the  20 invention provides a
method for treating a condition in a mammal, such as a human, selected from
the conditions above, comprising administering a compound of formula i to
the mammal. The mammal is preferably a mammal in need of such treatment. As
examples, the invention provides a method for treating attention
deficit/hyperactivity disorder, schizophrenia and Alzheimer's Disease. 25In
another embodiment the present invention provides methods of treating
neurological and psychiatric disorders comprising: administering to a
patient in need thereof an amount of a compound of formula I effective in
treating such disorders. The compound of formula I is optionally used in
combination with another active agent. Such an active agent may be, for
example, an atypical antipsychotic, a  30 cholinesterase inhibitor, or NMDA
receptor antagonist. Such atypical antipsychotics include, but are not
limited to, ziprasidone, clozapine, olanzapine, risperidone, quetiapine,
aripiprazole, paliperidone; such NMDA receptor antagonists include but  are
not limited to memantine: and such chonesterase inhibitors include but are
not limited to donepezil and galantamine.       The invention is also
directed to a pharmaceutical composition comprising a compound of formula
I, and a pharmaceutically acceptable carrier. The composition  5 may be,
for example, a composition for treating a condition selected from the group
consisting of neurological and psychiatric disorders, including but not
limited to: acute neurological and psychiatric disorders such as cerebral
deficits subsequent to cardiac bypass surgery and grafting, stroke,
cerebral ischemia, spinal cord trauma, head trauma, perinatal hypoxia,
cardiac arrest, hypoglycemic neuronal damage,  10 dementia, AIDS-induced
dementia, vascular dementia, mixed dementias, age-associated memory
impairment, Alzheimer's disease, Huntington's Chorea, amyotrophic lateral
sclerosis, ocular damage, retinopathy, cognitive disorders, including
cognitive disorders associated with schizophrenia and bipolar disorders,
idiopathic and drug-induced Parkinson's disease, muscular spasms and
disorders  15 associated with muscular spasticity including tremors,
epilepsy, convulsions, migraine, migraine headache, urinary incontinence,
substance tolerance, substance withdrawal, withdrawal from opiates,
nicotine, tobacco products, alcohol, benzadiazepines, cocaine, sedatives,
and hypnotics, psychosis, mild cognitive impairment, amnestic cognitive
impairment, multi-domain cognitive impairment,  20 obesity, schizophrenia,
anxiety, generalized anxiety disorder, social anxiety disorder, panic
disorder, post-traumatic stress disorder, obsessive compulsive disorder,
mood disorders, depression, mania, bipolar disorders, trigeminal neuralgia,
hearing loss, tinnitus, macular degeneration of the eye, emesis, brain
edema, pain, acute and chronic pain states, severe pain, intractable pain,
neuropathic pain, post-traumatic  25 pain, tardive dyskinesia, sleep
disorders, narcolepsy, attention deficit/hyperactivity disorder, autism,
Asperger's disease, and conduct disorder in a mammal, comprising
administering an effective amount of compound of formula 1 or
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable
carrier. The composition optionally further comprises an atypical
antipsychotic, a cholinesterase inhibitor,  30 climebon, or NMDA receptor
antagonist. Such atypical antipsychotics include, but are not limited to,
ziprasidone, clozapine, olanzapine, risperidone, quetiapine, aripiprazole,
paliperidone; such NMDA receptor antagonists include but are not  WO
2010/058333PCT/IB2009/055043 - 12 - limited to memantine; and such
cholinesterase inhibitors include but are not limited to donepezil and
galantamine. Abbreviations and Definitions TABLE A - Abbreviations  Ac
Acetyl APC1 Atmospheric pressure chemical ionizationn mass spectrometry)
Boc tert-butoxyc,arbonyl br Broad CD3OD Deuterated methanol CDCI3
Deuterated chloroform d 



Doublet dba Dibenzyliclene acetone DCM DMF Dichloromethane
NN-clirnethylformamicle dd Doublet of doublets DMS0 dimethyl sulphoxide ES
Eiectrospray Ionization (in mass spectrometry) Et3N Triethylamine Et0Ac
ethyl acetate g Gram(s)  Hour(s) HPLC High performance liquid
chromatography  Coupling constant (in NMR) LCMS Liquid Chromatography -
Mass Spectrometry LDA Lithium diisopropyiamide LRMS Low Resolution Mass
Spectrometry (electrospray or thermospray ionization positive scan) LRMS
(ES-) Low Resolution Mass Spectrometry (eiectrospray ionization negative
scan)  WO 2010/058333PCT/IB2009/055043 



- 13 -        The term "alkyl" refers to a linear or branched-chain
saturated hydrocarbyl substituent (i.e., a substituent obtained from a
hydrocarbon by removal of a hydrogen) containing from one to twenty carbon
atoms; in one embodiment from one to twelve carbon atoms; in another
embodiment, from one to ten carbon atoms; in 5 another embodiment, from one
to six carbon atoms; and in another embodiment, from one to four carbon
atoms. Examples of such substituents include methyl, ethyl, propyl
(including n-propyl and isopropyl), butyl (including n-butyl, isobutyl,
sec-butyl and tert-butyl), pentyl, hexyl and the like. The term "benzyr
refers to methyl radical substituted with phenyl, i.e., the         The
term cycloalkyl" refers to a carbocyclic substituent obtained by removing a
hydrogen from a saturated carbocyclic molecule and having three to fourteen
carbon atoms. In one embodiment, a cycloalkyl substituent has three to ten
carbon atoms. Examples of cycloalkyl include cyclopropyl, cyclobutyl,
cyclopentyl and 5cyclohexyl.        The term "cycloalkylene moiety" refers
to a carbocyclic substituent obtained by removing two hydrogen atoms from a
saturated carbocyclic molecule and having three to fourteen carbon atoms.
In one embodiment, a cycloalkylene substituent has three to ten carbon
atoms. Examples of cycloalkylene include the following:           The term
"cycloalkyl" also includes substituents that are fused to a C6-Cio aromatic
ring or to a 5-10-membered heteroaromatic ring, wherein a group having such
a fused cycloalkyl group as a substituent is bound to a carbon atom of the
cycloalkyl group When such a fused cycloalkyl group is substituted with one
or more 15 substituents, the one or more substitutents, unless otherwise
specified, are each bound to a carbon atom of the cycloalkyl group. The
fused C6-C,0 aromatic ring or to a 5-10-membered heteroaromatic ring may be
optionally substituted with halogen; C1-C6 alkyl, C3-Cio cycloalkyl, or O.
A cycloalkyl may be a single ring, which typically contains from 3 to 6
ring 20 atoms. Examples include cyclopropyl, cyclobutyl, cyclopentyl, and
cyclohexyl. Alternatively, 2 or 3 rings may be fused together; such as
bicyclodecanyl and decalinyl.        The term "aryl" refers to an aromatic
substituent containing one ring or two or three fused rings. The aryl
substituent may have six to eighteen carbon atoms. As 25 an example, the
aryl substituent may have six to fourteen carbon atoms. The term "aryl" may
refer to substituents such as phenyl, naphthyl and anthracenyl. The term
"aryl" also includes substituents such as phenyl, naphthyl and anthracenyl
that are fused to a C4-C carbocyclic ring, such as a Cs or a Cs carbocyclic
ring, or to a 4- to  - 15 - 10-membered heterocyclic ring, wherein a group
having such a fused aryl group as a substituent is bound to an aromatic
carbon of the aryl group. When such a fused aryl group is substituted with
one more substituents, the one or more substitutents, unless otherwise
specified, are each bound to an aromatic carbon of the fused aryl  5 group.
The fused C4-Cio carbocyclic or 4- to 10-membered heterocyclic ring may be
optionally substituted with halogen, C,-C,-; alkyl, C3-Cio cycloalkyl, or
=Q. Examples of aryl groups include accordingly phenyl, naphthalenyl,
tetrahydronaphthalenyl (also known as "tetralinyl"), indenyl, isoindenyl,
indanyl, anthracenyl, phenanthrenyl, benzonaphthenyl (also known as
"phenalenyr), and fluorenyl.        In some instances, the number of carbon
atoms in a hydrocarbyl substituent (i.e., alkyl, alkenyl, cycloalkyl,
cycloalkenyl, aryl, etc.) is indicated by the prefix "Cx-C1r," wherein x is
the minimum and y is the maximum number of carbon atoms in the substituent.
Thus, for example, "CI-C6-alkyl" refers to an alkyl substituent containing
from 1 to 6 carbon atoms. Illustrating further, C3-C6-cycloalkyl refers to
15saturated cycloalkyl containing from 3 to 6 carbon ring atoms.        In
some instances, the number of atoms in a cyclic substituent containing one
or more heteroatoms (i.e., heteroaryl or heterocycloalkyl) is indicated by
the prefix "XY-membered", wherein wherein x is the minimum and y is the
maximum number of atoms forming the cyclic moiety of the substituent. Thus,
for example, 5-8-  20 membered heterocycloalkyl refers to a
heterocycloalkyl containing from 5 to 8 atoms, including one ore more
heteroatoms, in the cyclic moiety of the heterocycloaikyi. The term
"hydrogen" refers to hydrogen substituent, and may be depicted as -H. The
term 'hydroxy" or "hydroxyl" refers to -OH. When used in combination  25
with another term(s), the prefix "hydroxy" indicates that the substituent
to which the prefix is attached is substituted with one or more hydroxy
substituents. Compounds bearing a carbon to which one or more hydroxy
substituents include, for example, alcohols, enois and phenol.          The
term "hydroxyalkyl" refers to an alkyl that is substituted with at least
one 30hydroxy substituent. Examples of hydroxyalkyl include hydroxymethyl,
hydroxyethyl, hydroxypropyl and hydroxybutyl.  - 16 - 



The term "cyano" (also referred to as "nitrile') means -CN, which also may
be depi 0   The term "carbonyl" means -C(0)-, which also may be depicted
as:  5The term 'amino" refers to -NH2.        The term "alkylamino" refers
to an amino group, wherein at least one alkyl chain is bonded to the amino
nitrogen in place of a hydrogen atom. Examples of alkylamino substituents
include monoalkylamino such as methylamino (exemplified CH3 by the formula
-NH(CH3)), which may also be depicted:Hand 10dialkylamino such as
dimethylamino, (exemplified by the formula -N(CH3),), which -lay also be
depicted: -N CH3        The term 'halogen" refers to fluorin (which may be
depicted as -Fr), chlorine (which may be depicted as -Cl), bromine (which
may be depicted as -Br), or iodine 15(which may be depicted as -I). In one
embodiment, the halogen is chlorine. In another embodiment, the halogen is
a fluorine.        The prefix 'halo indicates that the substituent to which
the prefix is attached is substituted with one or more independently
selected halogen substituents, For example, haloalkyl refers to an alkyl
that is substituted with at least one halogen  20 substituent. Where more
than one hydrogen is replaced with halogens, the halogens may be the
identical or different. Examples of haloalkyls include chloromethyl,
dichloromethyl, difluorochloromethyl, dichlorofluoromethyl,
trichloromethyl, 1-bromoethyl, fluoromethyl, difluoromethyl,
trifluorornethyl, 2,2,2-trifluoroethyl,  - 17 - difluoroethyl,
pentafluoroethyl, thfluoropropyl, dichloropropyl, and heptafluoropropyl,
Illustrating further, "haloalkoxy" refers to an alkoxy that is substituted
with at least one halogen substituent. Examples of haloalkoxy substituents
include chloromethoxy, 1-bromoethoxy, fluoromethoxy, difluoromethoxy,
trifluoromethoxy (also known as  5 "perfluoromethyloxy"), and
22,2-trifluoroethoxy. It should be recognized that if a substituent is
substituted by more than one halogen substituent, those halogen
substituents may be identical or different (unless otherwise stated). The
term "oxo" refers to =0.    The term "oxy" refers to an ether substituent,
and may be depicted as -0-. The term "alkoxy" refers to an alkyl linked to
an oxygen, which may also be represented as.       --0-R, wherein the R
represents the alkyl group. Examples of alkoxy include methoxy, ethoxy,
propoxy and butoxy. The term "heterocycloalkyr refers to a substituent
obtained by removing a  15 hydrogen from a saturated or partially saturated
ring structure containing a total of 3 to 14 ring atoms. At least one of
the ring atoms is a heteroatom (i.e., oxygen, nitrogen, or sulfur), with
the remaining ring atoms being independently selected from the group
consisting of carbon, oxygen, nitrogen, and sulfur. A heterocycloalkyl
alternatively may comprise 2 or 3 rings fused together, wherein at least
one such ring  20 contains a heteroatom as a ring atom (i.e., nitrogen,
oxygen, or sulfur). In a group that has a heterocycloalkyl substituent, the
ring atom of the heterocycloalkyl substituent that is bound to the group
may be the at least one heteroatom, or it may be a ring carbon atom, where
the ring carbon atom may be in the same ring as the at least one heteroatom
or where the ring carbon atom may be in a different ring from  25 the at
least one heteroatom. Similarly, if the heterocycloalkyl substituent is in
turn substituted with a group or substituent, the group or substituent may
be bound to the at least one heteroatom, or it may be bound to a ring
carbon atom, where the ring carbon atom may be in the same ring as the at
least one heteroatom or where the ring carbon atom may be in a different
ring from the at least one heteroatom,  30 The term "heteracycloalkyl" also
includes substituents that are fused to a CeCio aromatic ring or to a 5- to
10-membered heteroaromatic ring, wherein a group having such a fused
heterocydoalkyl group as a substituent is bound to a heteroatom  



- 18 - of the heterocycloalkyl group or to a carbon atom of the
heterocycloalkyl group. When such a fused heterocycloalkyl group is
substituted with one more substituents, the one or more substituents,
unless otherwise specified, are each bound to a heteroatom of the
heterocycloalkyl group or to a carbon atom of the heterocycloalkyl 5group,
The fused C6-C1c,. aromatic ring or 5- to 10-membered heteroaromatic ring
may be optionally substituted with halogen, C1-C6 alkyl,cycloalkyl, CI-C6
alkoxy, or =O.        The term "heterocycloalkylene moiety" refers to a
substituent obtained by removing two hydrogen atoms from a saturated or
partially saturated ring structure containing a total of 3 to 14 ring
atoms, where at least one of the ring atoms is a heteroatom. In one
embodiment, a heterocycloalkylene substituent has three to ten ring atoms.
Examples of heterocycloalkylene include the following:  sj- VtA,
The term "heteroaryl" refers to an aromatic ring structure containing from
5 to 14 ring atoms in which at least one of the ring atoms is a heteroatom
(Le., oxygen, nitrogen, or sulfur), with the remaining ring atoms being
independently selected from the group consisting of carbon, oxygen,
nitrogen, and sulfur. A heteroaryl may be a single ring or 2 or 3 fused
rings. Examples of heteroaryl substituents include 6-membered ring
substituents such as pyridyl, pyrazyl, pyrimidinyl, and pyridazinyl; 20
5-membered ring substituents such as triazolyl, imidazolyl, furanyl,
thiophenyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, 1,2.3-, 1,2,4-,
1,2,5-, or 1,3,4-oxadiazoly1 and isothiazoly1; 6/5-membered fused ring
substituents such as benzothiofuranyl, isobenzothiofuranyl, benzisoxazolyl,
benzoxazolyl, purinyl, and anthranilyl: and 6/6-membered fused rings such
as quinolinyl, isoquinolinyl, cinnolinyi, quinazolinyi, 25 and 1
,4-benzaxazinyl. In a group that has a heteroaryl substituent, the ring
atom of the heteroaryl substituent that is bound to the group may be the at
least one heteroatom, or it may be a ring carbon atom, where the ring
carbon atom may be in the same ring as the at least one heteroatom or where
the ring carbon atom may be in a different ring from the at least one
heteroatom. Similarly, if the heteroaryl  - 19 - substituent is in turn
substituted with a group or substituent, the group or substituent may be
bound to the at least one heteroatom, or it may be bound to a ring carbon
atom, where the ring carbon atom may be in the same ring as the at least
one heteroatom or where the ring carbon atom may be in a different ring
from the at least  5 one heteroatom. The term "heteroaryl" also includes
pyridyl N-oxides and groups containing a pyridine N-oxide ring.
Examples of single-ring heteroaryls and heterocycloalkyls include furanyl,
dihydrofuranyl, tetrahydrofuranyl, thiophenyl (also known as
"thiefuranyl"), dihydrothiophenyl, tetrahydrothiaphenyl, pyrrolyl,
isopyrrolyl, pyrrolinyl, pyrrolidinyl,  10 imidazolyl, isoimidazolyl,
imidazolinyl, imidazolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl,
triazolyl, tetrazolyl, dithiolyl, oxathiolyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, thiazolinyl, isothiazolinyl, thiazolidinyl,
isothiazolidinyl, thiadiazolyl oxathiazolyl, oxadiazolyi (including
oxadiazolyi, 1,2,4-oxadiazolyi (also known as 'azoximy1"),
1,2,5-oxadiazoly1 (also known as "furazanyl"), or 1 ,3,4-oxadiazoly1),  15
oxatriazolyl (including 1 ,2,3,4-oxatriazoly1 or 1,2,3,5-oxatriazoly1),
dioxazolyl (including 1,2,3-clioxazolyl, 1,2,4-dioxazolyl,
1,3,2-dioxazolyl, or 1,3,4-dioxazoly1), oxathiazolyl, oxathialyl,
oxathiolanyl, pyranyi (including 1,2-pyranyl or 1,4-pyranyl),
dihydropyranyl, pyridinyl (also known as "azinyl"), piperidinyl, diazinyl
(including pyridazinyl (also known as "1,2-diazinyl"), pyrimidinyl (also
known as "1,3-diazinyl' or  20 "pyrimidyi"), or pyrazinyl (also known as
"1,4-diazinyr)), piperazinyl, triazinyl (including s-triazinyl (also known
as "1,3,5-triazinyl"), as-triazinyl (also known 1,2,4-triazinyl), and
v-triazinyl (also known as "1,2,3-triazinyi")), oxazinyl (including
1,2,3-oxazinyl, 1,3,2-oxazinyl, 1,3,6-oxazinyl (also known as
"pentoxazolyr), 1,2,6-oxazinyl, or 1,4-oxazinyl), isoxazinyl (including
o-isoxazinyl or p-isoxazinyl),  25 oxazolidinyl, isoxazolidinyl,
oxathiazinyl (including 1,2,5-oxathiazinyl or 1,2,6-oxathiazinyl),
oxadiazinyl (including 1,4,2-oxadiazinyl or 1 ,3,5,2-oxadiazinyl),
morpholinyl, azepinyl, oxepinyl, thiepinyl, and diazepinyl.        Examples
of 2-fused-ring heteroaryls include, indolizinyl, pyrindinyl,
pyranopyrrolyl, purinyl, naphthyridinyl, pyridopyridinyl (including  30
pyrido[3,4-bj-pyriclinyl, pyrido[3,2-bj-pyriclinyl, or
pyrido[4,3b]-pyridinyl), and pteridinyl, indolyi, isoindolyl, indoleninyl,
isoindazolyl, benzazinyl, phthalazinyl, quinoxalinyl, quinazolinyi,
benzodiazinyl, benzopyranyl, benzothiopyranyl,  - 20 -
benzoxazolyl,indoxazinyl,anthranilyi,benzodioxolyl,benzodioxanyl,
benzaxadiazolyl, benzofuranyl, isobenzofuranyl, benzothienyl,
isobenzothienyl, benzothiazolyl, benzothiadiazolyl, benzimidazolyi,
benzotriazoiyl, benzoxazinyl, benzisoxazinyl, and tetrahydroisoquinolinyl,
5Examples of 3-fused-ring heteroaryis or heterocycioalkyls include
5,6-dihydro-4H-imidazo[4,5,1-iflquinoline,4,5-dihydroimidazo44,5,1-hipndole
, 4,5,6,7-tetrahydroimidazo[4,5,1-jk][1]benzazepine, and dibenzofuranyl.
Other examples of fused-ring heteroaryls include benzo-fused heteroaryis
such as indolyl, isoindolyl (also known as Isobenzazolyl" or
"pseudoisoindoly1"),  10 indoleninyl (also known as -pseudoindoly1"),
isoindazolyl (also known as "benzpyrazoly1"), benzazinyl (including
quinolinyl (also known as -1-benzazinyr) or isoquinolinyl (also known as
"2-benzazinyl")), phthalazinyl, quinoxalinyl, quinazolinyl, benzodiazinyl
(including cinnolinyi (also known as "1,2-benzodiazinyr) or quinazolinyl
(also known as "1 ,3-benzodiazinyl")), benzopyranyl (including "chromanyl"
or 



15isochrornanyl"), benzothiopyranyl (also known as "thiochromanyl"),
benzoxazolyi, indoxazinyl (also known as benzisoxazoly1"), anthranilyl,
benzodioxolyi, benzodioxanyl, benzoxadiazolyl, benzofuranyi (also known as
"coumaronyl"), isobenzofuranyl, benzothienyl (also known as
"benzothiophenyl," -thionaphthenyl," or "benzothiofuranyl"),
isobenzothienyl (also known as 'Isobenzothiophenyl," 20"isothionaphthenyl,"
or -isobenzothiofuranyl"), benzothiazolyl, benzothiadiazolyl,
benzimidazolyl,benzotriazolyl,benzoxazinyl(including1,3,2-benzoxazinyl,
1,4,2-benzoxazinyi, 2,3,1-benzoxazinyl, or 3,1 ,4-benzoxazinyi),
benzisoxazinyl (including 1,2-benzisoxazinyl or 1,4-benzisoxazinyl),
tetrahydroisoquinolinyl carbazolyl, xanthenyi, and acridinyl. 25The term
Theteroaryr also includes substituents such as pyridyi and quinolinyl that
are fused to a C4-C10 carbocyclic ring, such as a C5 or a C5 carbocyclic
ring, or to a 4- to 10-membered heterocyclic ring, wherein a group having
such a fused aryl group as a substituent is bound to an aromatic carbon of
the heteroaryl group or to a heteroatom of the heteroaryl group. When such
a fused heteroaryi group is  30 substituted with one more substituents, the
one or more substitutents, unless otherwise specified, are each bound to an
aromatic carbon of the heteroaryl group or to a heteroatom of the
heteroaryi group. The fused C4-C carbocyclic or 4- to 10-  - 21 - membered
heterocyclic ring may be optionally substituted with halogen, C1-C6 alkyl,
cycloalkyl, or O.          Additional examples of heteroaryls and
heterocycloalkyls include: 3-1Hbenzimidazol-2-one, (1
-substituted)-2-oxo-benzimidazol-3-yl, 2-tetrahydrofuranyl, 3-
5tetrahydrofuranyl, 2-tetrahydropyranyl, 3-tetrahydropyranyl,
4-tetrahydropyranyl, [1 ,3]-dioxalanyi, [1 [1,3]-dioxanyl, 2-
tetrahydrothiophenyl, 3- tetrahydrothiophenyl, 2-morpholinyl,
3-morpholinyl, 4-morpholinyl, 2-thiomorpholinyi, 3-thiomorpholinyl,
4-thiomorpholinyi, 1-pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-
piperazinyl, 2-piperazinyl, 1-piperidinyl, 2-piperidinyl, 3-piperidinyl,
4-piperidinyl, 4- 10thiazolidinyl, diazolonyl, N-substituted diazolonyl,
1-phthalimidinyl, benzoxanyl,
benzo[1,31dioxine,benzo[1,41dioxine,benzopyrrolidinyl,benzopiperidinyl,
benzoxolanyl,benzothiolanyi,4,5,6,7-tetrahydropyrazol[1,5-alpha]pyridine,
benzothianyl, pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl,
tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, morpholino,  15 thiomorpholino,
thioxanyl, piperazinyl, azetidinyi, oxetanyi, thietanyl, homopiperidinyi,
oxepanyl, thiepanyl, oxazepinyi, diazepinyl, thiazepinyi,
1,2,3,6-tetrahydropyridinyl, 2- pyrrolinyl, 3-pyrrolinyl, indolinyl,
2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-dioxolanyi, pyrazolinyl, dithianyl,
dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl, pyrazolidinyl,
imidazolinyl, imidazolidinyl, 3-azabicyclo[3.1.0Thexanyl, 3-
20azabicyclo[4.1.0]heptanyl, 3H-indolyl, quinolizinyl, pyridinyl,
imidazolyi, pyrazolyl, triazolyl, pyrazinyi, tetrazolyl, furyl, thienyi,
isoxazolyi, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl,
isoquinolinyl, indolyi, benzimidazolyi, benzofuranyl, cinnolinyi,
indazolyl, indolizinyl, phthalazinyl, pyridazinyl, triazinyl, isoindolyi,
pteridinyl,purinyl,oxadiazolyl,thiadiazolyl,furazanyi,benzofurazanyi,  25
benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, and furopyridinyl. The foregoing groups, as derived from
the groups listed above, may be C-attached or IN-attached where such is
possible. For instance, a group derived from pyrroie may be pyrrol-1-y1
(N-attached) or pyrrol-3-y1 (C-attached). Further, a group derived from
imidazole may be imidazol-1-y1 (N-attached) or imidazol- 302-yl
(C-attached).  - 22 -       A substituent is "substitutable" if it comp es
at least one carbon, sulfur, oxygen or nitrogen atom that is bonded to one
or more hydrogen atoms. Thus, for example, hydrogen, halogen, and cyano do
not fall within this definition. If a substituent is described as being
"substituted, a non-hydrogen  5 substituent is in the place of a hydrogen
substituent on a carbon, oxygen, sulfur or nitrogen of the substituent.
Thus, for example, a substituted alkyl substituent is an alkyl substituent
wherein at least one non-hydrogen substituent is in the place of a hydrogen
substituent on the alkyl substituent. To illustrate, monofluoroalkyl is
alkyl substituted with a fluor substituent, and difluoroalkyl is alkyl
substituted with two  10 fluoro substituents. It should be recognized that
if there is more than one substitution on a substituent, each non-hydrogen
substituent may be identical or different (unless otherwise stated).
If a substituent is described as being "optionally substituted," the
substituent may be either (1) not substituted, or (2) substituted if a
carbon of a substituent is  15 described as being optionally substituted
with one or more of a list of substituents, one or more of the hydrogens on
the carbon (to the extent there are any) may separately and/or together be
replaced with an independently selected optional substituent. If a nitrogen
of a substituent is described as being optionally substituted with one or
more of a list of substituents, one or more of the hydrogens on the  20
nitrogen (to the extent there are any) may each be replaced with an
independently selected optional substituent. One exemplary substituent may
be depicted as - NR'R,' wherein R' and R" together with the nitrogen atom
to which they are attached, may form a heterocyclic ring The heterocyclic
ring formed from R' and together with the nitrogen atom to which they are
attached may be partially or fully saturated.  25 In one embodiment, the
heterocyclic ring consists of 3 to 7 atoms. In another embodiment, the
heterocyclic ring is selected from the group consisting of pyrrolyi,
imidazolyl, pyrazolyl, triazolyl, tetrazolyl, isoxazolyl, pyridyl and
thiazolyl. 



This specification uses the terms "substituent," "radical," and "group'
interchangeably. 30If a group of substituents are collectively described as
being optionally substituted by one or more of a list of substituents, the
group may include: (1) unsubstitutable substituents, (2) substitutable
substituents that are not substituted by  - 23 - the optional substituents,
and/or (3) substitutable substituents that are substituted by one or more
of the optional substituents.        If a substituent is described as being
optionally substituted with up to a particular number of non-hydrogen
substituents, that substituent may be either (1)  5 not substituted; or (2)
substituted by up to that particular number of non-hydrogen substituents or
by up to the maximum number of substitutable positions on the substituent,
whichever is less. Thus, for example, if a substituent is described as a
heteroaryl optionally substituted with up to 3 non-hydrogen substituents,
then any heteroaryl with less than 3 substitutable positions would be
optionally substituted by  10 up to only as many non-hydrogen substituents
as the heteroaryl has substitutable positions: To illustrate, tetrazolyl
(which has only one substitutable position) would be optionally substituted
with up to one non-hydrogen substituent. To illustrate further, if an amino
nitrogen is described as being optionally substituted with up to 2
non-hydrogen substituents, then the nitrogen will be optionally substituted
with up to  15 2 non-hydrogen substituents if the amino nitrogen is a
primary nitrogen, whereas the amino nitrogen will be optionally substituted
with up to only 1 non-hydrogen substituent if the amino nitrogen is a
secondary nitrogen.       A prefix attached to a multi-moiety substituent
only applies to the first moiety. To illustrate, the term "alkylcycloalkyl"
contains two moieties: alkyl and cycloalkyl.  20 Thus, a C1-C6- prefix on
CI-C6-alkylcycloalkyl means that the alkyl moiety of the alkylcycloalkyl
contains from 1 to 6 carbon atoms; the C1-C- prefix does not describe the
cycloalkyl moiety. To illustrate further, the prefix "halo" on
haloalkoxyalkyl indicates that only the alkoxy moiety of the alkoxyalkyl
substituent is substituted with one or more halogen substituents, If the
halogen substitution only occurs on the alkyl  25 moiety, the substituent
would be described as "alkoxyhaloalkyl," If the halogen substitution occurs
on both the alkyl moiety and the alkoxy moiety, the substituent would be
described as -haloalkoxyhaloalkyl,       When a substituent is comprised of
multiple moieties, unless otherwise indicated, it is the intention for the
final moiety to serve as the point of attachment to  30 the remainder of
the molecule. For example, in a substituent A-B-C, moiety C is attached to
the remainder of the molecule. In a substituent A-8-C-D, moiety D is
attached to the remainder of the molecule. Similarly, in a substituent  WO
2010/058333PCT/IB2009/055043  - 24 -    aminocarbonylmethyl, the methyl
moiety is attached to the remainder of the  Hzp        molecule, where the
substituent may also be be depicted as. In a 



substituent trifluoromethylaminocarbonyl, the carbonyl moiety is attached
to the remainder of the molecule, where the substituent may also be
depicted as 5             If substituents are described as being
"independently selected" from a group, each substituent is selected
independent of the other. Each substituent therefore may be identical to or
different from the other substituent(s). Isomers         When an asymmetric
center is present in a compound of formula I, hereinafter referred to as
the compound of the invention, the compound may exist in the form of
optical isomers (enantiomers). In one embodiment, the present invention
comprises enantiomers and mixtures, including racemic mixtures of the
compounds of formula 1. In another embodiment, for compounds of formulae I
that contain more 15 than one asymmetric center, the present invention
comprises diastereomeric forms (individual diastereomers and mixtures
thereof) of compounds. When a compound of formula I contains an alkenyl
group or moiety, geometric isomers may arise. Tautomenc Forms  The present
invention comprises the tautomeric forms of compounds of 20 formula I.
Where structural isomers are interconvertible via a low energy barrier,
tautomeric isomerism (tautomerism) can occur. This can take the form of
proton tautomerism in compounds of formula I containing, for example, an
imino, keto, or oxime group, or so-called valence tautomerism in compounds
which contain an aromatic moiety. It follows that a single compound may
exhibit more than one type of 25 isomerism. The various ratios of the
tautomers in solid and liquid form is dependent on the various substituents
on the molecule as well as the particular crystallization technique used to
isolate a compound.  - 25 - Salts        The compounds of this invention
may be used in the form of salts derived from inorganic or organic acids.
Depending on the particular compound, a salt of the compound may be
advantageous due to one or more of the salt's physical properties,  5 such
as enhanced pharmaceutical stability in differing temperatures and
humidities, or a desirable solubility in water or oil. In some instances, a
salt of a compound also may be used as an aid in the isolation,
purification, and/or resolution of the compound. Where a salt is intended
to be administered to a patient (as opposed to, for  10 example, being used
in an in vitro context), the salt preferably is pharmaceutically acceptable
The term "pharmaceutically acceptable salt" refers to a salt prepared by
combining a compound of formula I with an acid whose anion, or a base whose
cation, is generally considered suitable for human consumption.
Pharmaceutically acceptable salts are particularly useful as products of
the methods of the present  15 invention because of their greater aqueous
solubility relative to the parent compound. For use in medicine, the salts
of the compounds of this invention are non-toxic "pharmaceutically
acceptable salts." Salts encompassed within the term "pharmaceutically
acceptable salts" refer to non-toxic salts of the compounds of this
invention which are generally prepared by reacting the free base with a
suitable 20organic or inorganic acid.        Suitable pharmaceutically
acceptable acid addition salts of the compounds of the present invention
when possible include those derived from inorganic acids, such as
hydrochloric, hydrobromic, hydrofluoric, boric, fluoroboric, phosphoric,
metaphosphoric, nitric, carbonic, sulfonic, and sulfuric acids, and organic
acids such 25as acetic, benzenesulfonic, benzoic, citric, ethanesulfonic,
fumaric, gluconic, glycolic, isothionic, lactic, lactobionic, maleic, mak,
methanesulfonic, trifluoromethanesulfonic, succinic, toluenesulfonic,
tartaric, and trifiuoroacetic acids. Suitable organic acids generally
include, for example, aliphatic, cycloaliphatic, aromatic, araliphatic,
heterocyclylic, carboxylic, and sulfonic classes of organic acids,  30
Specific examples of suitable organic acids include acetate,
trifluoroacetate, formate, propionate, succinate, glycolate, gluconate,
digluconate, lactate, malate, tartaric acid, citrate, ascorbate,
glucuronate, maleate, fumarate, pyruvate, aspartate,  - 26 -
glutamate,benzoate,anthranilicacid,mesylate,stearate,salicylate,
p-hydroxybenzoate,phenyiacetate,mandeiate,embonate(pamoate),
methanesulfonate,ethanesuifonate,benzenesulfonate,pantothenate,
toluenesulfonate, 2-hydroxyethanesulfonate, sufanilate,
cyclohexylaminosulfonate, 



5 algenic acid, p-hydroxybutyric acid, galactarate, galacturonate, adipate,
alginate, butyrate, camphorate, camphorsulfonate, cyclopentanepropionate,
dodecylsulfate, glycoheptanoate, glycerophosphate, heptanoate, hexanoate,
nicotinate, 2-naphthalesulfonate, oxalate, palmoate, pectinate,
3-phenylpropionate, picrate, pivalate, thiocyanate, tosylate, and
undecanoate.        Furthermore, where the compounds of the invention carry
an acidic moiety, suitable pharmaceutically acceptable salts thereof may
include alkali metal salts, i.e., sodium or potassium salts; alkaline earth
metal salts, e.g., calcium or magnesium salts; and salts formed with
suitable organic ligands, e,g., quaternary ammonium salts. in another
embodiment, base salts are formed from bases which form non- 15toxic salts,
including aluminum, arginine, benzathine, choline, diethylamine, glycine,
lysine, meglumine, olamine, tromethamine and zinc salts.        Organic
salts may be made from secondary, tertiary or quaternary amine salts, such
as tromethamine, diethylamine, NN-dibenzylethylenediamine, chloroprocaine,
choline, diethanoiamine, ethylenediamine, meglumine  20
(N-methylglucamine), and procaine. Basic nitrogen-containing groups may be
quaternized with agents such as lower alkyl (C1-C6) halides (e.g., methyl,
ethyl, propyl, and butyl chlorides, bromides, and iodides), dialkyl
sulfates (Le., dimethyl, diethyl, dibuytl, and diamyl sulfates), long chain
halides (i.e., decyl, lauryl, myristyl, and stearyl chlorides, bromides,
and iodides), arylalkyl halides (i.e., benzyl and 25phenethyl bromides),
and others.        In one embodiment, hemisaits of acids and bases may also
be formed, for example, hem sulphate and hemicalcium salts. Prod rugs  Also
within the scope of the present invention are so-called prodrugs" of the
30 compound of the invention. Thus, certain derivatives of the compound of
the invention which may have little or no pharmacological activity
themselves can, when administered into or onto the body, be converted into
the compound of the invention  - 27 - having the desired activity, for
example, by hydrolytic cleavage. Such derivatives are referred to as
"prodrugs." Further information on the use of prodrugs may be found in
'Pro-drugs as Novel Delivery Systems, Vol. 14, ACS Symposium Series (T
Higuchi and W Stella) and "Bioreversible Carriers in Drug Design," Pergamon
Press, 1987  5 (ed. E B Roche, American Pharmaceutical Association).
Prodrugs in accordance with the invention can, for example, be produced by
replacing appropriate functionalities present in the compounds of any of
formula I with certain moieties known to those skilled in the art as
"pro-moieties" as described, for example, in "Design of Prodrugs" by H
Bundgaard (Elsevier, 1985). 10Isotopes         The present invention also
includes isotopically labelled compounds, which are identical to those
recited in formula I, but for the fact that one or more atoms are replaced
by an atom having an atomic mass or mass number different from the atomic
mass or mass number usually found in nature. Examples of isotopes that can
15 be incorporated into compounds of the present invention include isotopes
of hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur, fluorine and
chlorine, such as 2H, 3H, C,"C, 14C, 15N, 180, 170, P. 32P, S. 113F, and
Cl.36 respectively. Compounds of the present invention, prodrugs thereof,
and pharmaceutically acceptable salts of said compounds or of said prodrugs
which contain the  20 aforementioned isotopes and/or other isotopes of
other atoms are within the scope of this invention. Certain isotopically
labelled compounds of the present invention, for example those into which
radioactive isotopes such as 3H and 14C are incorporated, are useful in
drug and/or substrate tissue distribution assays. Tritiated, i.e., 3H, and
carbon-14, i.e., 14C, isotopes are particularly preferred for their ease of
preparation  25 and detectability. Further, substitution with heavier
isotopes such as deuterium, i.e., 2H, can afford certain therapeutic
advantages resulting from greater metabolic stability, for example
increased in vivo half-life or reduced dosage requirements and, hence, may
be preferred in some circumstances. Isotopically labelled compounds of
formula I of this invention and prodrugs thereof can generally be prepared
by carrying 30 out the procedures disclosed in the Schemes and/or in the
Examples and Preparations below, by substituting a readily available
isotopically labelled reagent for a non-isotopically labelled reagent. - 28
- Administration and Dosing         Typically, a compound of the invention
is administered in an amount effective to treat a condition as described
herein. The compounds of the invention are administered by any suitable
route in the form of a pharmaceutical composition  5 adapted to such a
route, and in a dose effective for the treatment intended. Therapeutically
effective doses of the compounds required to treat the progress of the
medical condition are readily ascertained by one of ordinary skill in the
art using preclinical and clinical approaches familiar to the medicinal
arts. The compounds of the invention may be administered orally. Oral  10
administration may involve swallowing, so that the compound enters the
gastrointestinal tract, or buccal or sublingual administration may be
employed by which the compound enters the blood stream directly from the
mouth.         In another embodiment, the compounds of the invention may
also be administered directly into the blood stream, into muscle, or into
an internal organ.  15 Suitable means for parenteral administration include
intravenous, intraarterial, intraperitoneal, intrathecal, intraventricular,
intraurethral, intrasternal, intracranial, intramuscular and subcutaneous.
Suitable devices for parenteral administration include needle (including
microneedle) injectors, needle-free injectors and infusion techniques. 20In
another embodiment, the compounds of the invention may also be administered
topically to the skin or mucosa, that is, dermaliy or transdermally. In
another embodiment, the compounds of the invention can also be administered
intranasally or by inhalation. In another embodiment, the compounds of the
invention may be administered rectally or vaginally. In another embodiment,
the compounds of 25the invention may also be administered directly to the
eye or ear. The dosage regimen for the compounds and/or compositions
containing the compounds is based on a variety of factors, including the
type, age, weight, sex and 



medical condition of the patient; the severity of the condition: the route
of administration: and the activity of the particular compound employed.
Thus the 30 dosage regimen may vary widely. Dosage levels of the order from
about 0.01 mg to about 100 mg per kilogram of body weight per day are
useful in the treatment of the above-indicated conditions. In one
embodiment, the total daily dose of a compound  - 29 - of the invention
(administered in single or divided doses) is typically from about 0.01 to
about 100 mg/kg. In another embodiment, total daily dose of the compound of
the invention is from about 0,1 to about 50 mg/kg, and in another
embodiment, from about 0.5 to about 30 mg/kg (i.e., mg compound of the
invention per kg body weight).  5 In one embodiment, dosing is from 0.01 to
10 mg/kg/day, In another embodiment, dosing is from 0.1 to 1.0 mg/kg/day,
Dosage unit compositions may contain such amounts or submultiples thereof
to make up the daily dose. In many instances, the administration of the
compound will be repeated a plurality of times in a day (typically no
greater than 4 times). Multiple doses per day typically may be used to
increase 10the total daily dose, if desired.        For oral
administration, the compositions may be provided in the form of tablets
containing 0.01, 0.05, 0.1, 0.5, 1,0, 2,5, 5.0, 10.0, 15.0, 25,0, 50.0,
75.0, 100, 125, 150, 175, 200, 250 and 500 milligrams of the active
ingredient for the symptomatic adjustment of the dosage to the patient. A
medicament typically  15 contains from about 0.01 mg to about 500 mg of the
active ingredient, or in another embodiment, from about 1 mg to about 100
mg of active ingredient. Intravenously, doses may range from about 0.1 to
about 10 mg/kg/minute during a constant rate infusion. Suitable subjects
according to the present invention include mammalian  20 subjects. Mammals
according to the present invention include, but are not limited to, canine,
feline, bovine, caprine, equine, ovine, porcine, rodents, lagomorphs,
primates, and the like, and encompass mammals in utero. In one embodiment,
humans are suitable subjects. Human subjects may be of either gender and at
any stage of development. 25Use in the Preparation of a Medicament
In another embodiment, the invention comprises the use of one or more
compounds of the invention for the preparation of a medicament for the
treatment of the conditions recited herein. Pharmaceutical Compositions
30For the treatment of the conditions referred to above, the compound of
the invention can be administered as compound per se. Alternatively,
pharmaceutically - 30 - acceptable salts are suitable for medical
applications because of heir greater aqueous solubility relative to the
parent compound.         In another embodiment, the present invention
comprises pharmaceutical compositions. Such pharmaceutical compositions
comprise a compound of the  5 invention presented with a
pharmaceutically-acceptable carrier. The carrier can be a solid, a liquid,
or both, and may be formulated with the compound as a unit-dose
composition, for example, a tablet, which can contain from 0.05% to 95% by
weight of the active compounds. A compound of the invention may be coupled
with suitable polymers as targetable drug carriers. Other pharmacologically
active substances can 10also be present.        The compounds of the
present invention may be administered by any suitable route, preferably in
the form of a pharmaceutical composition adapted to such a route, and in a
dose effective for the treatment intended. The active compounds and
compositions, for example, may be administered orally, rectally,
parenterally, or 15topically.        Oral administration of a solid dose
form may be, for example, presented in discrete units, such as hard or soft
capsules, pills, cachets, lozenges, or tablets, each containing a
predetermined amount of at least one compound of the present invention. In
another embodiment, the oral administration may be in a powder or  20
granule form. In another embodiment, the oral dose form is sub-lingual,
such as, for example, a lozenge. In such solid dosage forms, the compounds
of formula I are ordinarily combined with one or more adjuvants. Such
capsules or tablets may contain a controlled-release formulation. In the
case of capsules, tablets, and pills, the dosage forms also may comprise
buffering agentsor may be prepared with 25enteric coatings.         In
another embodiment, oral administration may be in a liquid dose form.
Liquid dosage forms for oral administration include, for example,
pharmaceutically acceptable emulsions, solutions, suspensions, syrups, and
elixirs containing inert diluents commonly used in the art (i.e., water).
Such compositions also may 30comprise adjuvants, such as wetting,
emulsifying, suspending, flavoring (e.g., sweetening), and/or perfuming
agents.  - 31 - 



In another embodiment, the present invention comprises a parenteral dose
form. "Parenteral administration" includes, for example, subcutaneous
injections, intravenous injections, intraperitoneally, intramuscular
injections, intrasternal injections, and infusion. Injectable preparations
(i.e., sterile injectable aqueous or 5 oleaginous suspensions) may be
formulated according to the known art using suitable dispersing, wetting
agents, and/or suspending agents.        In another embodiment, the present
invention comprises a topical dose form. "Topical administration" includes,
for example, transdermal administration, such as via transdermal patches or
iontophoresis devices, intraocular administration, or intranasal or
inhalation administration. Compositions for topical administration also
include, for example, topical gels, sprays, ointments, and creams. A
topical formulation may include a compound which enhances absorption or
penetration of the active ingredient through the skin or other affected
areas. When the compounds of this invention are administered by a
transdermal device, administration will be 15 accomplished using a patch
either of the reservoir and porous membrane type or of a solid matrix
variety. Typical formulations for this purpose include gels, hydrogels,
lotions, solutions, creams, ointments, dusting powders, dressings, foams,
films, skin patches, wafers, implants, sponges, fibres, bandages and
microemulsions. Liposomes may also be used. Typical carriers include
alcohol, water, mineral oil, 20 liquid petrolatum, white petrolatum,
glycerin, polyethylene glycol and propylene glycol. Penetration enhancers
may be incorporated - see, for example, J. Pharm. Sci., 88 (10), 955-958,
by Finnin and Morgan (October 1999).        Formulations suitable for
topical administration to the eye include, for example, eye drops wherein
the compound of this invention is dissolved or 25 suspended in suitable
carrier. A typical formulation suitable for ocular or aural administration
may be in the form of drops of a micronised suspension or solution in
isotonic, pH-adjusted, sterile saline. Other formulations suitable for
ocular and aural administration include ointments, biodegradable (i.e.,
absorbable gel sponges, collagen) and non-biodegradable (i.e., silicone)
implants, wafers, lenses and 30 particulate or vesicular systems, such as
niosomes or liposomes. A polymer such as crossed-linked polyacrylic acid,
polyvinylalcohol, hyaluronic acid, a cellulosic polymer, for example,
hyclroxypropylmethylcellulose, hydroxyethylcellulose, or methyl  - 32 -
cellulose, or a heteropolysaccharide polymer, for example, gelan gum, may
be incorporated together with a preservative, such as benzalkonium
chloride. Such formulations may also be delivered by iontophoresis. For
intranasal administration or administration by inhalation, the active  5
compounds of the invention are conveniently delivered in the form of a
solution or suspension from a pump spray container that is squeezed or
pumped by the patient or as an aerosol spray presentation from a
pressurized container or a nebulizer, with the use of a suitable
propellant. Formulations suitable for intranasal administration are
typically administered in the form of a dry powder (either alone, as a
mixture, for  10 example, in a dry blend with lactose, or as a mixed
component particle, for example, mixed with phospholipids, such as
phosphatidylcholine) from a dry powder inhaler or as an aerosol spray from
a pressurised container, pump, spray, atomiser (preferably an atomiser
using electrohydrodynamics to produce a fine mist), or nebuliser, with or
without the use of a suitable propellant, such as 1.1
,1,2-tetrafluoroethane or  15 1 ,1,1,2,3,3,3-heptafluoropropane. For
intranasal use, the powder may comprise a bioadhesive agent, for example,
chitosan or cyclodextrin.         In another embodiment, the present
invention comprises a rectal dose form. Such rectal dose form may be in the
form of, for example, a suppository. Cocoa butter is a traditional
suppository base, but various alternatives may be used as 20appropriate.
Other carrier materials and modes of administration known in the
pharmaceutical art may also be used. Pharmaceutical compositions of the
invention may be prepared by any of the well-known techniques of pharmacy,
such as effective formulation and administration procedures. The above
considerations in regard to  25 effective formulations and administration
procedures are well known in the art and are described in standard
textbooks. Formulation of drugs is discussed in, for example, Hoover, John
E., Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton,
Pennsylvania, 1975: Liberman et al., Eds., Pharmaceutical Dosage Forms,
Marcel Decker, New York, N.Y., 1980: and Kibbe et at,, Eds., Handbook of
30 Pharmaceutical Excipients (3'1J Ed.), American Pharmaceutical
Association: Washington, 1999. administration  - 33 -        The compounds
of the present invention can be used, alone or in combination with other
therapeutic agents, in the treatment of various conditions or disease
states. The compound(s) of the present invention and other therapeutic
agent(s) may be may be administered simultaneously (either in the same
dosage form or in 5separate dosage forms) or sequentially. An exemplary
therapeutic agent may be, for example, a metabotropic glutamate receptor
agonist.        The administration of two or more compounds In combination"
means that the two compounds are administered closely enough in time that
the presence of one alters the biological effects of the other. The two or
more compounds may be administered simultaneously, concurrently or
sequentially. Additionally, simultaneous administration may be carried out
by mixing the compounds prior to administration or by administering the
compounds at the same point in time but at different anatomic sites or
using different routes of administration.           The phrases "concurrent
administration," "co-administration," "simultaneous 15administration," and
'administered simultaneously" mean that the compounds are administered in
combination. Kits        The present invention further comprises kits that
are suitable for use in performing the methods of treatment described
above, in one embodiment, the kit 20 contains a first dosage form
comprising one or more of the compounds of the present invention and a
container for the dosage, in quantities sufficient to carry out the methods
of the present invention.         In another embodiment, the kit of the
present invention comprises one or more compounds of the invention. 



25Intermediates          In another embodiment, the invention relates to
thenovel intermediates useful for preparing the compounds of the invention.
General Synthetic Schemes The compounds of the formula I may be prepared by
the methods described  30 below, together with synthetic methods known in
the art of organic chemistry, or modifications and derivatisations that are
familiar to those of ordinary skill in the art. The starting materials used
herein are commercially available or may be prepared by  - 34 - routine
methods known in he art (such as those methods disclosed in standard
reference books such as the COMPENDIUM OF ORGANIC SYNTHETIC METHODS, Vol.
1-VI (published by Wiley-Interscience)). Preferred methods include, but are
not limited to, those described below. 5During any of the following
synthetic sequences it may be necessary and/or desirable to protect
sensitive or reactive groups on any of the molecules concerned. This can be
achieved by means of conventional protecting groups, such as those
described in T. W. Greene, Protective Groups in Organic Chemistry, John
Wiley & Sons, 1981; T. W. Greene and P. G. M. Wuts, Protective Groups in
Organic  10 Chemistry, John Wiley & Sons, 1991, and T. W. Greene and P. G.
M. Wuts, Protective Groups in Organic Chemistry, John Wiley & Sons, 1999,
which are hereby incorporated by reference.        Compounds of formula I,
or their pharmaceutically acceptable salts, can be prepared according to
the reaction Schemes discussed herein below. Unless  15 otherwise
indicated, the substituents in the Schemes are defined as above. Isolation
and purification of the products is accomplished by standard procedures,
which are known to a chemist of ordinary skill.        It will be
understood by one skilled in the art that the various symbols, superscripts
and subscripts used in the schemes, methods and examples are used  20 for
convenience of representation and/or to reflect the order in which they are
introduced in the schemes, and are not intended to necessarily correspond
to the symbols, superscripts or subscripts in the appended claims. The
schemes are representative of methods useful in synthesizing the compounds
of the present invention. They are not to constrain the scope of the
invention in any way.  Scheme 1 illustrates the synthesis of lectern
derivatives depicted by Formula I employing methods well known to one
skilled in the art Referring to scheme 1, Strecker reaction of an
appropriately protected chiral piperidinone with zinc cyanide 5in acetic
acid followed by chiral separation provides chiral compounds 2. Acylation
of amine 2 with an appropriate acyl chloride provides compounds 3.
Formation of the keto-amide 5 is accomplished by base catalyzed closure of
4 followed by decarboxylation/hydrolysis. Reduction of the carbonyl group
of 5 with sodium borohydride followed by conversion to the chloride and
elimation provides 6.  - 36 - Reduction of the enone and removal of the
protecting group (in the case of Cbz) is accomplished with hydrogenation to
provide lactam 7. Reductive amination of 7 with an aldehyde and sodium
triacetoxyborohydride or alkylation of 7 with a halide (X Cl, Br, I) and
base such as sodium hydride provides compound 8. Installation of 5R1/R" to
provide compound 9 is accomplished using methods known to one skilled in
the art Alternatively, removal of the protecting group of compound 6 (in
the case of Cbz this is accomplished with 6N HCI) provides enone 10.
Reductive amination of 10 with an aldehyde and sodium triacetoxyborohydride
or alkylation of 10 with a halide (X Cl, Br, I) and base such as sodium
hydride provides compound 11 10 Synthesis of compound 12 is accomplished
using methods known to one skilled in the art from compounds 8 or 11.
Experimental Procedures and Working Examples        The following
illustrate the synthesis of various compounds of the present invention.
Additional compounds within the scope of this invention may be prepared
15using the methods illustrated in these Examples, either alone or in
combination with techniques generally known in the art.        Experiments
were generally carried out under inert atmosphere (nitrogen or argon),
particularly in cases where oxygen- or moisture-sensitive reagents or
intermediates were employed. Commercial solvents and reagents were
generally  20 used without further purification, including anhydrous
solvents where appropriate (generally SureSealTM products from the Aldrich
Chemical Company, Milwaukee, Wisconsin). Mass spectrometry data is reported
from either liquid chromatography-mass spectrometry (LCIVIS) or atmospheric
pressure chemical ionization (APCI) instrumentation, Chemical shifts for
nuclear magnetic resonance (NMR) data are 



25expressed in parts per million (ppm, 6) referenced to residual peaks from
the deuterated solvents employed.        For syntheses referencing
procedures in other Examples or Methods, reaction conditions (length of
reaction and temperature) may vary. In general, reactions were followed by
thin layer chromatography or mass spectrometry, and subjected to work-up
when appropriate. Purifications may vary between experiments: in general,
solvents and the solvent ratios used for eluantsIgradients were chosen to
provide appropriate Rs or retention times.  - 37 - Preparation 1
Racemic
(5R7S),(5S7R)-1-(3-fiuorophenyl)-7-rnethyl-1,8-diazaspiro[4.5]dec3-en-2-one
(P1) Step 1.Synthesis of benzvl 2-methy1-4-oxo-3.4-dihydropyridine-1(2H)-
5 carboxylate (C11. Benzyl chloroformate (235 g, 1,38 mol) was added
drop-wise to a chilled solution of 4-methoxypyridine (150 g, 1.38 mol) and
tnethylamine (19 mL, 0137 mol) in anhydrous tetrahydrofuran (6 L), while
keeping the temperature below -50C. A white precipitate formed. After
completion of the addition, the resulting suspension was stirred at -60C
for 20 minutes. Methylmagnesium bromide (3,0 M in  10 diethyl ether, 650
mL, 1.95 mol) was then added drop-wise at -60C -50C, The reaction mixture
was stirred at room temperature overnight, at which time thin layer
chromatography (petroleum ether/ethyl acetate = 1:1) indicated that the
reaction was complete. After quenching the reaction with 1 N aqueous
hydrochloric acid (500 mL), the color of the reaction mixture became
brown-black. The organic layer was 15 separated and concentrated in vacua,
and the residue and the aqueous layer were extracted with ethyl acetate (2
x 2 L). The combined organic layers were washed with saturated aqueous
sodium chloride solution (500 mL), dried over sodium sulfate and evaporated
to dryness to give crude CI, which was used in the next step without
purification. Yield: 1500 g, 4 batches. 20Step 2. Synthesis of benzvl
2-methyl-4-oxopiperidine-1-carboxvlate (C2). To a stirred solution of
compound Cl (750 g, 3.06 mol) in acetic acid (2.8 L) at 100C was added zinc
powder (795 g, 12.2 mol) over 4 hours in four portions. The reaction
mixture became yellow. After completion of the addition, the reaction
mixture was stirred at 110C for 1 hour The mixture was filtered through
Celite, the filtrate was  25 concentrated in vacua, and the residue was
diluted with water (2 L), and extracted with ethyl acetate (3 L). The
combined organic layers were basified with solid potassium carbonate to pH
7-8, then washed with saturated aqueous sodium chloride solution (1 L),
dried over sodium sulfate and evaporated to dryness to give crude C2 as a
brown-black oil, which was purified by column chromatography on 30silica
gel (Gradient; 0-10% ethyl acetate in petroleum ether) to afford C2 as a
light yellow oil, Yield: 836 g from 2 batches, 3.38 moil, 61% over two
steps. 'H NMR (400  - 38 - MHz, CDC): 3 7.40-7.32 (m, 5H), 5.18 (s, 2H),
4.79 (in, 1H), 4,34-4,30 (in, 1H), 3.42-3.35 (m, 1H), 211-2,66 (dd, 1H),
2,54-2.45 (in, 1H), 2.38-2.25 (m, 2H), t21120 (d, 3H) Step 3,Synthesis of
racemic berizyl (2S,4R)(2R,4S)-4-cvano-44(3-  5
fluorophenyl)amino-1-2-methylpiperidine-l-carboxylate (C3), 3-Fluoroanne
(376 g, 3,38 mol) was added drop-wise to a solution of compound C2 (418 g,
1.69 mol) in acetic acid (3 L) at room temperature. Zinc cyanide (430 g,
3,66 mol) was then added in portions. The reaction mixture was stirred at
worn temperature for 18 hours, at which point thin layer chromatography
(petroleum ether/ethyl acetate = 4:1) 10 showed the reaction was complete.
The mixture was cooled to 0C, and aqueous ammonium hydroxide solution (2 L)
was added drop-wise until pH = 7-8, The resulting mixture was extracted
with ethyl acetate (3 x 2 L), The combined organic layers were washed with
saturated aqueous sodium chloride solution (1 L), dried over sodium sulfate
and concentrated in vacuo to give crude C3 (530 g), which was purified by
column chromatography on silica gel (Gradient 1:20 to 1:2 ethyl
acetate/petroleum ether) to give C3 as a brown oil comprised of a mixture
of diastereomers. Yield: 846 g, 2 batches, 2,30 mol, 68%. 1H NMR (400 MHz,
CDC13):   7,39-7,31 (m, 5H), 7.24-7.15 (m, 1H), 6,66-6,59 (m, 3H), 5.15 (s,
2H), 4.63-4.43 (2 multiplets, 1H), 428-4,02 (2 multiplets, 1H), 3.85-3.76
(2 broad singlets, 1H), 3.39-  20 3,24 (m, 1H), 2.40-2,18 (several multip
ets 3H), 1.83-1.58(2 multiplets, 1H), 1.411,20 (2 doublets, 3H).
Step 4, Synthesis of racemic benzyl (2S,4R)(2R,4S)-4-cvano-4-[(3-ethoxv-3-
oxopropanoy1)(3-fluorophenvflaminoi-2-methylpiperidine-1-carboxylate (C4).
2,6- Dimethylpyricline (242 g, 2.26 mol) and ethyl 3-chloro-3-oxopropanoate
(255 g, 1,69  25 mol) were added to a solution of C3 (415,5 g, 1.13 mol) in
anhydrous dichloromethane (2 L) at 10C. The brown mixture was stirred at
room temperature overnight Water (500 mL) was added at 15C, and the organic
layer was separated and washed with saturated aqueous sodium chloride
solution (1 L), dried over sodium sulfate, filtered and evaporated to
dryness to give crude product, which was 30purified by chromatography on
silica gel (Eluant: 1:15 then 1:5 then 1:1 ethyl acetate:petroleum ether)
to give compound C4 as a brown oil. Yield: 465 g, 2  - 39 - batches, 0,965
mol, 43%. NMR data indicated that this material was a single diastereomer.
1H NMR (400 MHz, CDCI3): 6 7.48-7.43 (m, 1H), 7,42-7,30 (m, 5H), 7.23-719
(m, 1H), 7.06-6.92 (m, 2H), 5,14-5.07 (m, 2H), 4.55 (br s, 1H), 4.24-4.09
(m, 3H), 3.38-3.31 (m, 1H), 3.14-3.05 (m, 2H), 2.80-2.76 (m, 1H), 2,17-2.04
(m, 1H), 51,78-1.72 (m, 1H), 1.48 (d, 3H), 1.46-1.35 (m, 11-1), 1.28-1.20
(t, 3H),        Step 5. Synthesis of racemic 8-benzyl 3-ethyl
(5R,78)(5S,7R)-4-amino-1-(3-
fluorophenyI)-7-methyl-2-oxo-1,8-diazaspiro14.51dec-3-ene-3,8-dicarboxylate
(C5). To a solution of compound C4 (450 g, 0.934 mol) in methanol (3.4 L)
at 15C was added a solution of sodium methoxide (60.5 g, 1.12 mol) in
methanol (600 mL). A  10 yellow precipitate formed. After completion of the
addition, the reaction mixture was stirred at room temperature for 40
minutes. Thin layer chromatography (petroleum ether/ethyl acetate 2:1)
showed the starting material was completely consumed. The reaction was
concentrated in vactio to give crude product, which was suspended in
methanol (100 mi..) and water (2 this mixture was cooled to 5C and
acidified 



15 with 1 N aqueous hydrochloric acid to pH 6. The solid was filtered and
dried to obtain compound C5 as a white solid. Yield: 445 g, 0,923 mol, 99%.
11-I NMR (400 MHz, CDCI3): 8 7.35-7.33 (m, 3H), 7.24-7.22 (m, 3H),
6.95-6.93 (m, 3H), 4.93-4.90 (d, 1H), 4.72-4.68 (d, 1H), 4.26-4.20 (m, 1H),
3,87-3,83 (m, 1H), 3.36-3,29 (m, 111), 2,98-2,90 (m, 1H), 2.41-2.33 (m,
1H), 2.10-2.01 (m, 11), 1.92-1.86 (m, 1H), 1 .79- 201,72 (m, 1H), 1.30-1.26
(t, 3H), 0,95-0.92 (m, 3H).        Step 6. Synthesis of racemic
(5R,7S)(5S,7R)-1-(3-fluoropheny1)-7-methyl1.8-diazaspiro14,51decane-2,4-dio
ne hydrochloride (C6). Compound C5 (217 g, 0.45 mol) was added portion-wise
to 6 N aqueous hydrochloric acid (2 L) at room temperature, and the mixture
was heated to reflux for 5 hours. The mixture was 25 cooled to room
temperature, and concentrated in vacuo to give crude C6 as a brown solid,
which was used in the next step without purification. Yield: 282 g. 2
batches.        Step 7. Synthesis of racemic benzyl
(5R7S)(5S.7R)-1-(3-fluoropheny1)-7-
methyl-2,4-dioxo-1,8-diazaspiro[4,51decane-8-carboxylate (C7). To a
solution of C6 (140.5 g, 0.45 mol) in wateritetrahydrofuran (400 mL/800 mL)
at 5C was added a 30solution of sodium hydroxide (90 g, 2.25 mol) in water
(400 mL). The reaction became red-brown.The reaction mixture was cooled to
0C and benzyl  -40 - chloroformate (115,2 g, 0,67 mol) was added drop-wise.
The solution, which became yellow in color, was stirred for 1 hour at 0C,
at which time thin layer chromatography (petroleum ether/ethyl acetate =
1:2) showed the reaction was complete. Ethyl acetate (500 mt..) was added
and the aqueous layer was separated, cooled to 0C,  5 and acidified with 4
N aqueous hydrochloric acid to pH 2-3. The aqueous layer was then extracted
with ethyl acetate (3 x 1 L) and the combined organic layers were washed
with saturated aqueous sodium chloride solution (500 mL), dried over sodium
sulfate and concentrated in vacuo to give Cl as a yellow solid. Yield: 84
g, 2 batches, 0.205 mol, 23% over hvo steps. 'H NMR (400 MHz, CDCI3): 3
7.46-7,40 (m,  10 1H), 7.37-7.27 (m, 5H), 7.18-7.13 (m, 1H), 6.93-6.85 (rn,
2H), 5.07-4.99 (m, 2H), 4.36-4.34 (m, 1H), 4.07-4.03 (m, 1H), 3.55-3.48 (m,
1H), 3.40-3.18 (AB quartet, 2H), 2.05-1.96 (m, 2H), 1.86-1.82 (br d, 1H),
1.74-1.72 (m, 1H), 1,26-1,24 (d, 3H), Ste 8. Synthesis o racemic
1:I_py_7S5S7R.luoro hen -4-f
hydroxv-7-methvI-2-oxo-1.8-diazasbiror4.51decane-8-carboxviate(C8).Toa
suspension of compound Cl (84 g, 0,205 mol) in methanolltetrahydrofuran
(2500 mL/500 mL) at 15C was added sodium borohydride (23.3 g, 0.614 mol) in
portions. After completion of the addition, the solution was light yellow.
The mixture was stirred at 15C for 1 hour, at which time thin layer
chromatography (petroleum ether/ethyl acetate = 1:1) showed the reaction
was complete. The solvent was 20 removed in vacua and the residue was
diluted with ethyl acetate (2 L). The mixture was washed with water (500
mL), then with saturated aqueous sodium chloride solution (500 mL), dried
over sodium sulfate and concentrated under reduced pressure to give C8 as a
yellow solid. Yield: 84 g, 0.204 mol, 99%. St%) 9 Synthesis of racemic
benzyl (5R,7S)f5S,7R)-1-(3-fluoroohenyI)-7- 26
methy1-2-oxo-1.8-diazaspirof4 51dec-3-ene-8-carboxylate (C9). Thionyl
chloride (73.68 g, 0.614 mol) was added drop-wise to a solution of compound
C8 (84 g, 0.204 mol) in pyridine (1,5 L) at 0C. The mixture was stirred at
room temperature for 1 hour, then heated to 50C for 5 hours. After cooling
to room temperature, the solvent was removed in vacua, and the residue was
diluted with ethyl acetate (1 L) and washed with saturated aqueous sodium
bicarbonate solution to pH 7. The organic layer was dried over sodium
sulfate and evaporated to dryness to give crude product, which was purified
by silica gel column chromatography to give C9 as a brown syrup.  - 41 -
Yield: 62 g, 0.157 mai, 77%. LCMS m/z 395.1 ( 1). 1H NMR 400 MHz, CDC): 3
7.64-7.62 (d, 1H), 7,52-7.37 (m, 1H), 7.34-7.32 (m, 5H), 7.16-7.11 (m, 1H),
6.91-6.80 (m, 2H), 6.34-6.32 (d, 1H), 5.08 (br s, 2H), 4.70-4.64 (m, 1H),
4.24-4.20 (m, 1H), 3.1&-309 (m, 1H), 2.13-2.06 (m, 1H), 1.91-1.87 (m, 1H),
1.69-1.62 (m, 1H), 1 .47- 51,44 (br d, 1H), 1.32-1.30 (d, 3H).        Step
10. Synthesis of racemic
(5/3,7S)(5S,7R)-1-(3-fluorophenv1)-7-methyl1.8-diazaspiro14.51dec-3-en-2-on
e (P1), To a solution of C9 (20 g, 51 mmol) in methanol (20 mL) was added 6
N aqueous hydrochloric add (200 mL) at room temperature. The reaction was
then heated to reflux for 2 hours, during which time  10 the brown solution
became yellow. Thin layer chromatography (petroleum ether/ethyl acetate =
1:2) showed the reaction was complete. The mixture was concentrated to half
of the initial volume, and then extracted with ethyl acetate (2 x 100 mL).
These organic extracts were discarded. The aqueous layer was cooled to 10C
and basified with saturated aqueous sodium hydroxide to pH 11, then
extracted with ethyl acetate (5 x 200 mL). The organic layers were dried
over sodium sulfate, filtered and evaporated to afford P1 as a red syrupy
solid. Yield: 12 g, 46 mmol, 90%. LCMS m/z 261.3 (M+1). H NMR (400 MHz, CDC
13): 5 7,44-7,35 (m, 1H), 7,14-7.10 (m, 1H), 7.03-7.02 (d, 1H), 7,00-6,98
(d, 1H), 6.94-6,91 (m, 1H), 6,18-6,16 (d, 1H), 2.922.87 (m, 1H), 2.77-2.70
(m, 1H), 2.67-2.60(m, 1H) 2.02-191 (m, 1H), 1,90-1.84 (m, 202H), 1.70-1.61
(dd, 1H), 1.08-1.02 (d, 3H). Preparation 2
Racemic(5R7S)(5S,7R)-1-(3-fluorophen )-7-methyl-1,8- diazaspirof4.51de
n-2-one (P2) ._ o.:Lo   C9P2 (+I-)-trans 



- 42 - temperature for 18 hours. Thin layer chromatography (petroleum
ether/ethyl acetate = 2:1 and dichloromethanelmethanol =10 : 1 ) showed the
reaction was complete. The reaction mixture was filtered and the filtrate
was concentrated in vacua: the residue was then diluted with ethyl acetate
(100 ml..) and water (100 mL). The mixture was  5 cooled to 10C and
acidified with 1 N aqueous hydrochloric acid to pH 2-3, after which the
aqueous layer was separated and maintained at 10C. It was then basified to
pH 11 with saturated aqueous sodium hydroxide, and extracted with ethyl
acetate (5 x 200 mL). These five organic layers were combined, dried over
sodium sulfate and evaporated to give P2 as a red syrupy solid. Yield: 9.0
g, 34 mmol, 67%. LCMS  10 2632 (M+1). "H NMR (400 MHz, CDCW: 6 7.40-7.34
(m, 1H), 7.10-7.05 (m, 1H), 6.95-6.93 (m, 1H), 6.90-6.86 (m, 1H), 2.87-2.81
(m, 1H), 2.76-2.69 (m, 1H), 2.61-2,54 (m, 3H), 2.16-1.97 (m, 4H), 1.79-1.70
(m, 1H), 1.50-1.41 (dd, 1H), 1.08- 1.02 (d, 3H), Preparation 3
15(5R,7S)-1-(3-Fluoropheny1)-7-methy1-1,8-diazaspiro[4.51dec-3-en-2-one
(P3) Step 1. Synthesis of benzyl
(2S,4R)-4-cyano-4-1(3-fluorophenyl)amino1-2- methylpiperidine-1-carboxylate
(C10).A solution of benzyl (2S)-2-methyl-4- oxopiperidine-1-carboxylate
(see C. Coburn et al.. PCT Patent Application Publication WO 2007011810 Al
20070125) (31 g, 125 mmol) in acetic acid (250 20 mi.) was treated with
3-fluoroaniline (24.1 mL., 250 mmol) followed by zinc cyanide (36,8 g, 313
mmol), The reaction mixture was allowed to stir at room temperature for 18
hours, at which time it was cooled in an ice bath and slowly basified with
aqueous ammonium hydroxide solution The resulting mixture was extracted
three times with dichloromethane, and the combined organic layers were
dried and concentrated in 25 vacua Purification of the residue by silica
gel chromatography (Eluant: 20% to 40% ethyl acetate in heptane) afforded a
mixture of C10 and its isomer benzyl (2S,4S)-4-
cyano-4-[(3-fiuorophenyl)aminol-2-methylpiperidine-1-carboxylate (C11) as
an oil. Yield: 36 g, 98 mmol, 78%. This material was subjected to
chromatography using a Chiralcel OJ-H column, 5 p111, 30x250 mm (Mobile
phase: 70/30 CO,/methanol; Flow 30rate: 120 gimin) to afford 14.6g (32%) of
CIO as a oil. Retention time; 3.45-4.46 min, MS (APCI) miz 341.1 (M-CN)+.
1H NMR (400 MHz, CDCl3) 6 1.49 (d, J=7.3 Hz,  - 43 - 3H), 1.70 (ddd,
J=13.3, 13.3, 4.4 Hz, 1H), 1.89 (cid, J=13.9, 6.6 Hz, H), 2.46 (m, 2H),
3.35 (m, 1H), 3.73 (br s, 1H), 4.28 (m, 1H), 4.63 (m, 1H), 5.16 (AB
quartet, J=12 Hz, 2H), 6.60-6.67 (m, 3H), 7.21 (m, 1H), 7.37 (m, 5H). Step
2. Synthesis of benzvl (2S,4R)-4-cyano-44(3-ethoxy-3-oxopropanoy1)(3-  5
fluorophenyl)amino)-2-methylpiperidine-1-carboxylate (C12).
2,6-Dimethylpyndine (99%, 4.80 mL, 40.8 mmol) was added to a solution of
Cle (10 g, 27 mmol) in dichloromethane (136 mL). Ethyl
3-chloro-3-oxopropanoate (4.48 mL, 35.4 mmol) was then added drop-wise from
an addition funnel, and the reaction mixture was allowed to stir at room
temperature for 4 hours. The mixture was diluted with  10 dichloromethane
(30 mL), washed with water (80 mL), with saturated aqueous sodium chloride
solution (80 mL), arid then dried over sodium sulfate. Filtration and
removal of solvent in vacuo was followed by chromatographic purification on
silica gel (Eluant: 30% ethyl acetate in heptane) to provide C12 (6,64 g)
as a ye1low oil. Mixed fractions were rechromatographed to provide
additional C12 Total yield. 824  15 g, 17.1 mmol, 63%. LCMS miz 482.0
(M+1), 'H NMR (500 MHz, CD300) 6' 1.20 (t, J=7.1 Hz, 3H), 1,44 (2 doublets,
J=7,3, 7.3 Hz, 3H), 1.46 (m, 1H), 1.90 (m, 1H), 2.16 (m, 1H), 2.76 (m, 1H),
3.14 (s, 2H), 3.33 (m, assumed 1H, partially obscured by solvent peak),
4.09 (2 quartets, J=7,1, Ti Hz, 2H), 4.15 (m, 1H), 4.54 (m, 1H), 5.10 (m,
2H), 7.16 (m, 2H), 7.29-7.35 (m, 6H), 7.53 (m, I H), 20Step 3. Synthesis of
8-benzyl 3-ethyl (5R7S)-4-amino-143-fluorophenyl)-7-
methyl-2-oxo-1,8-diazasoirol4.51dec-3-ene-3,8-dicarboxylate (C13). Sodium
metal (426 mg, 18.5 mmol, prewashed with heptane) was added to methanol (12
mL) and allowed to react completely. This solution of sodium methoxide was
then added to a OC solution of C12 (6.64 g, 142 mmol) in methano1 (45 mL).
The reaction mixture 25 was allowed to warm to room temperature, stirred
for 45 minutes, and concentrated to provide C13 as a yellow paste, which
was taken on to the next transformation without purification. Yield: 6.84
g, 14.2 mmol, 100%. LCMS tn/z 482.1 (M+1).NMR (500 MHz, CD30D) 6' 1.02 (d,
J=6.1 Hz, 3H),       1.31 (t, J=7.1 Hz, 3H), 2.01 (dd, J=14.7, 11.3 Hz,
1H), 2.12 (dcl, J=14.6, 6.8 Hz, 11), 302.19 (dd, J=15.4, 4.8 Hz, 1H), 2.56
(m, 1H), 3.18 (m, 1H), 3.44 (m, 1H), 3.97 (dd,  - 44 - J=14,0, 6.6 Hz, 1H),
4.27 (q, J=7,1 Hz, 2H), 4.71 (in, 1H), 4.95 (br d, J=12,0 Hz, 1H), 7.05 (m,
1H), 7.10 (br d, J=8.3 Hz, 2H), 7.26 (m, 2H), 7.28-7.37 (in, 4H).
Step 4. Synthesis of (5R,7S)-1-(3-fluorophenyl)-7-methyl-1,8-
diazaspirof4,51decane-2.4-dione hydrochloride (C14). Compound C13 (8.0 g,
17  5 mmol) was added in portions to an aqueous 6 N solution of
hydrochloric acid (130 mL), and the yellow suspension was heated at reflux
for 28 hours. After cooling to room temperature, the mixture was azeotroped
five times with toluene, then dried under high vacuum for 18 hours to
provide C14 as a gray-green solid. Yield: 6.3 g, assumed quantitative. LCMS
m/z 277.1 (M+1). 10Step 5. Synthesis of benzvl
(5R,7S)-143-fluorophenv1)-7-methyl-2,4-dioxo- 



1.8-diazaspirol4 Sidecane-8-carboxylate (C15). A solution of C14 from the
previous step (4.73 g, <15,1 mmol) in tetrahydrofuran (40 mL) and water (20
mL) was cooled to 0C and treated with a solution of sodium hydroxide (4,11
g, 103 mmol) in water (19 mL). Benzyl chloroformate (95%, 4.61 mL, 30,8
mmol) was added, and the  15 resulting solution was stirred at 0C for 2
hours, Another portion of benzyl chloroformate (95%, 1.28 mL, 8.6 mmol) was
added, and the reaction was stirred for an additional 2 hours at 0C. After
concentration in vacuo to remove tetrahydrofuran, the residue was diluted
with water (50 and extracted three times with dichlorornethane. The
combined organic layers were dried over sodium sulfate,  20 filtered and
concentrated in yaw, and the crude product was purified twice by
chromatography on silica gel (Gradient: 5% to 100% ethyl acetate in
heptane, then 30% to 100% ethyl acetate in heptane). The resulting material
(5.78 g) was identified as the enol benzyl carbonate by mass spectroscopic
and NMR analysis. The bulk of this material (5.05 g) was dissolved in
tetrahydrofuran (about 60 and stirred with  25 aqueous sodium hydroxide
solution (1 N, 200 mL, 200 mmol) for 5 hours. The reaction mixture was then
acidified to pH 2 with aqueous 1 N hydrochloric acid, and extracted twice
with dichloromethane The combined organic layers were dried over sodium
sulfate, and concentrated to afford C15 as a brown oil, contaminated with
extraneous aromatic material. Yield 4 g, <9.7 mmol. LCMS m/z 411.1 (M+1 ),
30 NMR (400 MHz, CDC1) Product peaks only: 6 1.26 (d, J=7.2 Hz, 3H), 1.74
(m, 1H), 1.86 (m, 1H), 2.00 (in, 2H), 3.22 (d, half of AB quartet, J=21.9
Hz, 1H), 3,39 (d, half of AB quartet, J=21.9 Hz, 1H) 3,53 (in, 1H), 4.07
(m, 1H), 4.39 m, H), 5.04 (m,  WO 2010/058333PCT/1B2009/055043 - 45... 2H),
6,88 (m, 1H), 6.93 (br d, J=7.8 Hz, 111) 7.17 (m, 1H), 7,32 (m 5H), 7.44
(ddd, J=8.3, 8.3, 6.3 Hz, 1H).        Step 6. Synthesis of benzvl (5R,7S)-
-(3-fluoropheny1)-4-hydroxy-7-methyl-2-
oxo-1,8-diazaspirof4.51decane-8-carboxylate (C16). A solution of C15 (881
mg, 2.15  5 mmol) in methanol (25 mL) and tetrahydrofuran (5 mL) at 0C was
treated portion-wise with sodium borohydride (98%, 248 mg, 6.42 mmol), and
the resulting yellow solution was stirred at 0C for 2 hours. Water (5 mL)
was added, volatiles were removed in vacua, and the remaining mixture was
acidified to pH 3 with 1 N aqueous hydrochloric acid, then extracted with
ethyl acetate (3 x 5 mL). The combined  10 organic layers were dried over
sodium sulfate, filtered and concentrated; the residue was purified via
silica gel chromatography (Eluant: ethyl acetate) to afford C16 as a light
brown foam. Yield 620 mg, 1,50 mmol, 70%. LCMS mlz 413,2 (M+1), 1H NMR (400
MHz, CDCI3) Mixture of two diastereomers, selected peaks: 6 1.18 and 1.21
(2 doublets, J=7.0, 7,2 Hz, 3H), 1.36 (m, <1H), 1.90 (m, <1H), 2.07 and
2.18 (2 broad doublets, J=13.1, 11.3 Hz, 1H), 2.37 (m, 1H), 2.86 (m 1H),
3.03 (m 1H), 5.03 (m, 2H), 6.80 (m, 2H), 7.06 (m, 1H), 7.29 (m, 6H).
Step 7. Synthesis of benzvl (5R,7S)-1-(3-fluorophenyl)-7-methyl-2-oxo-1,8-
diazaspirof4.51dec-3-ene-8-carboxylate (Cu). A solution of C16 (510 mg,
1.24 mmol) in pyridine (8,83 mL) was cooled to 0C and treated with thionyl
chloride  20 (0,270 mL, 3.71 mmoi), The reaction was stirred for 1 hour at
room temperature, then at 50C for 18 hours. After cooling to room
temperature, volatiles were removed under reduced pressure, and the residue
was dissolved in ethyl acetate and neutralized by repeated washing with an
aqueous solution of sodium bicarbonate (4 x 10 mL). The organic layer was
concentrated in vacua and purified by  25 chromatography on silica gel
(Gradient: 20% - 100% ethyl acetate in heptane), providing C17. Yield: 300
mg, 0.76 mmol, 61%. LCMS m/z 395,5 (M+1). 1F-1 NMR (500 MHz, CDCl2) 3 1.32
(d, J=7.1 Hz, 3H), 1.50 (br d, J=12.9 Hz, 1H), 1.68 (m, 1H), 1.93 (m, 1H),
2,11 (m, 1H), 3,14 (m, 1H), 4.24 (m, 1H), 4,64 (m, 1H), 5.09 (m, 2H), 6,34
(d, J=6.1 Hz, 1H), 6.85 (m, 1H), 6.91 (br d, J=7.8 Hz, 1H), 7,14 (m, 1H),
7.30- 307.37 (m, 5H), 7.43 (ddd, J=8.2, 8.2, 6.4 Hz, 1H), 7.64 (d, J=6.3
Hz, 1H).  - 46 - Step8.Synthesisof(5R7S)-1-(3-fluorophenyi)-7-methy1-1,8-
diazaspiro[4,51dec-3-en-2-one (P3).. Compound C17 (150 mg, 0.38 mmol) was
dissolved in methanol (0.19 mi.) and 6 N aqueous hydrochloric acid (1.27
mi., 7,6 mmoi), and the reaction was heated at reflux for 2 hours, The
mixture was 5  concentrated in vacua to one-half its original volume, and
then extracted with ethyl acetate; this extract was discarded. The aqueous
layer was cooled to 10C, basified to pH 11 with 1 N aqueous sodium
hydroxide solution, and extracted with ethyl acetate (3 x 10 mL). The
combined organic layers were concentrated under reduced pressure to give P3
as an oil. Yield 32 mg, 0.12 mmol, 32%. LCMS iniZ 261.2 10  (M+1). 1H NMR
(400 MHz, CDCI3) 6 1.02(d, J=6.5 Hz, 3H), 1.62 (dd, J=14.1. 9,9 Hz, 1H),
1,82-1.90 (m, 2H), 1.96 (ddd, J=14.1 10.9, 4.9 Hz, 1H), 2.63 (ddd, 1=12,7,
10.9, 3,3 Hz, 1H), 2.73(m. 1H), 2.89 (ddd, J=12.6, 4,6, 4,6 Hz, 1H), 6.16
(d, 1=5.9 Hz, 111), 6,93 (m, 1H), 6.99 (m, 1H), 7.03 (d, J=6.0 Hz, 1H),
7,12 (in, 1H), 7.41 (ddd, J=8.0, 8,0, 6.4 Hz, 1H), Preparation 4
(5R,7S)-14 -fluoroblien -7-methyl-1,8-diazaspirof4.5 ecan-2-one (P4) 0 0-
Oen C17P4        Synthesis of P4. Compound Cu7 50 mg, 0.38 mmol) and
palladium hydroxide (20% by weight on carbon, 26.7 mg, 0.038 mmol) were
combined in 20 methanol (4.75 mL) and hydrogenated for 18 hours under 45
psi of hydrogen. The reaction mixture was filtered through an Acrodise
syringe filter and the filtrate was concentrated in vacua to afford P4 as
an oil. Yield: 70 mg, 0.27 mmol, 71%. LCMS miz 263.5 (M4-1). 'H MUIR (400
MHz, CDCla) 3 1.08 (d, J=6.4 Hz, 3H), 1,59 (dd, 1=14.2, 9.2 Hz, 1H), 1.86
(ddd, J=14.3, 10.2, 4.5 Hz, 1H), 1.98-2.14 (m, 4H), 2.50- 25 2.58 (m, 3H),
2.76 (m, 1H), 2,88 (ddd, J=13.0, 4.9.4.9 Hz, 1H), 6,84 (ddd, J=9.3, 2.2,
2.2 Hz, 1H), 6.90 (m, 1H), 7,06 (dddd, J=8.3, 8.3, 2.4, 0.9 Hz, 1H), 7,35
(ddd, J=8.2, 8.2, 6,4 Hz, 1H).  - 47 - Examples I - 86 



Racemic8-substituted(5R,7S)(5S,7R)-1-(3-fluorophenyl)-7-methyl-1,8-
diazaspiro14.51dec-3-en-2-ones and 8-substituted
(5R7S)(5S,7R)-1-(3-fluorophenyl)- 7-meth yl-1 .8-diazaspiroK5]decan-2-ones
0 .JI  H     P2Examples 33-55 5( +trans(+0-trans        Synthesis of
Examples 1 - 86. A solution of either compound P1 or P2 (0.19 M in
dichloroethane, 400 iL, 75 pmol) was placed in an 8 mL vial, and treated
with the aldehyde component (0,25 M solution in dichloroethane, 300 pl., 75
Hmol). Sodium triacetoxyborohydride (225 p.mol) was added to each vial,
which was then 10 capped and shaken at 30C for 16 hours. Solvent was
removed using a SpeedVac system, and the crude products were purified by
preparative HPLC. See Table 1 for characterization data.        Table 1
shows the structure of the compounds and relevant biological data that were
measured in each case either on the compound as a free base or on the  15
pharmaceutically acceptable salt of the compound disclosed in the Table.
Each assay is disclosed in greater detail hereinbelow. Table "I   WO
2010/058333PCT/IB2009/055043 -48 -     W'c' 0 R1a-1-4: N,13    Rib (if
present) H R2= CH3 B = 3-fluoroprienyl n = 1  - is a double bond (D) or a
single bond (S)    Ex # A  BACE Activity/ 



WRAC Name Caled. Exact Moi, Wt. Mass. Spec. (M+1) HPLC RI (mm)2
Racernic(5R,7S),(5S,7R)-8-(3- ethoxybenzyl)-1-(3-fluorophenyl)- 394,2 395
2.06&     7-rnethyl-1,8-diazaspiro[4.51deo-        3-en-2-one   



2 ' D *** Racernic(5R,7S),(5S,7R)-1-(3- fluorophenyl)-7-methyi-843-(4-
rnethylphenoxy)benzyli-1,8- diazaspirof4,51dec-3-en-2-one 456.2 457 2.583''
-:.       3 ------- f>--0 /7 3\ \a> D ** Racemic(5R,7S),(5S,7R)-1-(3-
fluoropheny1)-843-(4- methoxyphenoxy)benzylj-7- rnethyi-1
,8-diazaspiro[4.51dec-3- en-2-one 472.2 473 2.4563  .     ...-- r--\? D 



** Rademic(5R,7S),(5S,7R)-1-(3- fluorophenyl)-7-methyl-843- (pyrrolidin-1
-ylsulfonyl)benzyll- 483,2 484 2003,'  6   1,8-diazaspiro[4.51dec-3-en-2-
one       ** Racemic73),(55,7R)-8{ 492,2 493 1.901  L..,... :I    (3,5-
difluorophenoxy)methylibenzy1}-     0- i j: 



rk--      1-(3-fluoropheny1)-7-meth0-1,8- diazaspirot4,51deo-3-en-2-one
--.--N 6H D  Racemic(5F 2.7S),(5S7R)-1- fluorophenyl)-84(6-
hydroxypyridin-2-yl)methyil-7- methyl-1,8-diazaspiro[4.51dec-3- en-2-one
367,2 368 1,595''    ** Racernic3-{[(5R,7S),(5S,7R)-1- 375.2 376 0.9503
..."  i CN
(3-fluorophenyl)-7-rnettly1-2-oxo1,8-diazaspiro[4.5]dec-3-en-8-
Amethyl}benzonitrile     



WO 2010/058333PCT/IB2009/055043 -49 - 8 , _   D  Racemic(5R,75),(55,7R)-1-
fluoropheny1)-8-(3- triethoxybenzy1)-7-methyl-1,8-
diazaspirof4.51dec-3-en-2-one 380.2 381 -; 1.796- 9 HO -..-  -OH D  Racemic
(5R,75),(55,7R)-8-(2,4- di hydroxybenzy1)-1-(3- fi Li=
phenyi)-7-methy1-1,8- diazas pi r014.51dec-3-en-2-one 382.2 383 1.81e 10 11
\--z  D ** Racernic(5R,7S),(5S,7R)-1-(3- 



fl uoro phenyi)-7-methy1-64(1- pro py1-1H-pyrazol-5-yi
)rnethyll1,8-diazaspiro[4.51dec-3-en-2- one Racem id(5R,75),(55,7R)-1 -(3-
fluoraphenyi)-8-(1H-indol-5- yirnethyl)-7-methyl-1,8-
diazaspirot4.51dec-3-en-2-one 382,2 389.2 383 390 0.9773 1.669' 12 HO'...)
"- --- -1 - ---)  D *** Racernic(5R,7S),(5.5,7R)-1-(3- fl uoro phenyl
)-8-(4-hydroxy-3- methoxybenzy1)-7-methyl-1 :8-
diazaspirot4.5)dec-3-en-2-one 396.2 397 1.813 ' 13 14  I 42 \   D ** Racem
id(5R,75),(5S,7R)-8-(4- fl uoro-3-methoxybenzy1)-1-(3- fl
uoropheny1)-7-methyl-1,8- diazas pi rot4 .51dec-3-en-2-one 398.2 399 



1.845''       Racem id(5R,75),(53,7R)-8-(2- fluoro-5-methoxy benzy1)-1-(3-
11 UM phenyi)-7-methyi-1,8- diazaspiro[4.51dec-3-en-2-one 398.2 399 1.859
15 HO - ,  '..-   *** Racernic(5R,7S),(5.5,7R)-8-(3-
chlar-4-hyciroxybenzA-1-(3-, fi uoro pheriyi)-7-methyi-1, 8- di azaspi
ro[4,5]dec-3-en-2-one 400.1 401 0.938' 16  ,  D ***
Racemic(5R7S),(5.5,7R)-1 -(3- fluor() phenyi)-8-(3- i
sopropoxybenzy1)-7-methyl-1.8- diazas pi rof4,51dec-3-en-2-one 



408.2 409 2.22& 17  0  D ** Racemic(5R,75),(55,7R)-1- fl uoro phen
y1)-7-methyl-8-(3- pro poxybenzy1)-1,8- diazaspi r014.51clec-3--en-2-one
408.2 409 2.300''  "".< D ** Racemic(5R,75),(55,7R)-1-(3-
fluorophenyi)-8-(3- isobutoxybenz0)-7-meth0-1,8-
diazaspiro(4.5)dec-3-en-2-one 422.2 423 2,4833  WO
2010/058333PCT/IB2009/055043 19 /F-'\\ D ** Racemic(5R7S),(5S,7R)--
fluoropheny1)-7-methyl-8-(3- pyridin-2-yibenzy1)-1,8-
diazaspirof4.51dec-3-en-2-one 427.2 



428 1.970'' 20 21 22 23 0, / \N.")A 'e"",..? 6 D **
Racemic(5R,75),(55,7R)-8[3- (cyclopentyloxy)benzy1]-1-(3-
fluorophenyl)-7-methyl-1,5- diazaspirot4.51dec-3-en-2-one 434.2 435 2.470J
D D D *** ** ** Racemic(5R7S),(5SYR)-1- fluoropheny1)-7-methy1-843-(4-
methylpyridin-3-yi)benzyl]-1,8- diazaspirot4.51clec-3-en-2-one
Racemic(5R,75),(5S,7R)-1 -(3- fluoropheny1)-7-methyl-8-(3-
phenexybenzyl)-1,8- diazaspirof4,51dec-3-en-2-one
Racemic(5R,7S),(5S,7R)-8-(5- bromo-2-fluorobenzy1)-1-(3-
fluorophenyl)-7-methyl-1,5- diazaspiro14.51dec-3-en-2-one 441,2 442.2 446.1



442 ' 443 447 1,7835' 1.530' 2.0093 24    Racemic(5R,7S),(5S,7R)-8-(3- bro
mo-4-fluorobenzyi)-1-(3- fl uoropheny0-7-methyl-1,8-
diazaspiro[4,51dec-3-en-2-one 446.1 447 2.102'' 25 N -----CN  :7:1\::  , D
D ** Racemic5-(3-{R5R,75),(5,3,7R)- 1-(3-fluoropheny0-7-methyl-2- oxo-1
,8-diazaspro[4.51dec-3-en8-ArnethAphenyOnicotinonitriie Racemic
4-(241(5R,75),(5S,7R)- 1-(3-fluoropheny0-7-methyl-2- oxo-1
,8-cliazaspiro[4.51dec-3-en8-Arnethyl)-1,3-thiazol-4- yObenzonitn le 452.2
458.2 453 459 1.981:) 2.1547 26 ?. 



-- N ..,. NC       27 (, )-----N r , ON  D ** Racemic3-(2-15R,75),(55,7R)-
1-(3-fluoropheny1)-7-methyl-2- oxo-1
,8-diazaspiro[4.5]dec-3-en8-yilmethy1}-1,3-thiazol-4- yObenzon itri le
458.2 459 2.1733 28 ;// -^r- D  Racemic3-([(5R,7S).(5S,7R)-1-
(3-fluoropheny1)-7-methyl-2-oxo1,8-diazaspiro[4.51dec-3-en-8- ylimethy1}-N-
isopropyibenzenesulfonamide 471,2 472 1 852''  



WO 2010/058333PCT/IB2009/055043 - 51 - 29 30 e, , \k, \ D **
Racemic(5R,7S),(5S,7R)-843- (4-chlorophenoxy)benzy11-1-(3-
fluoropheny1)-7-methyl-1,8- diazaspirof4,51dec-3-en-2-one 476.2 477 3.58e
D  Racemic(5R, 7 S),(5 S , 7R)-1-(3- fl uorophen0)-7-methyi-84345- (trifl
uoromethyl)pyridi n-2- yllbenzy1}-1,8-d iazaspiro[4 .51dec3-e n-2-one 495 2
496 2.457' 31 .." HN --- 1 D  Racemic(5 R ,7 S),(5 S,7R)-8-([6-
(ethylarnino)pyridin-3-ylimethyl}- 1-(3-fluoropheny0-7-methyl-1 , 8- di
azaspirof4 .5}dec-3-e n-2-one 394.2 395 



2.520k) 32 , jJ HN   Racemic(5R,7S),(5S,7R)-1-(3-
fluoropnenyi)-7-rnethyi-8-{f6- (propyiarnino)pyndln-3-
ylimethy1}-1,8-thazaspiro[4.5jdee3-en-2-one 408.2 408 1.610''  ,,,...0
Racem lc(5 R,7S), (5S,7R)-8-(3- ethoxybeflzyi)-1-(3-fluoropheny1)-
7-methyl-1 ,8- diazaspiro[4.51decan-2-one 396.2 397 2.0673 34 ..-.. S **
Racemic(5R ,7 S),(5 5,7 R)-1-(3- fl uoro pnenyi)-7-methyi-843-(4- meth
yiphe noxy )be nzyil-1,8- diazaspiro[4.51decan-2-one 458.2 459 2.582 35 36
,.;., 



-:--.., r\ N6   S ** Racemic(5R.75),(5S.7R)-1-(3- flUOrOpheny1)-843-(4-
methoxyphenoxy)benzy11-7- methyl-1,8-diazaspiro[4.5ldec- 2-one
Racemic(5R,7S),(5S,7R)-1-( - fluoropheny1)-7-rnethyl-843- (pyrrolidin-1
-yisulfonyl)benzy11- 1, 8-dazaspi ro(4,5)decan-2-one 474.2 485.2 475 486
3.413 1.961' 37 HO S  Racemic(5R,7S),(5S,7R)-1- fl LIOr0 phen y1)-8-(4-
hydroxybenzy1)-7-rnethyl-1,8- diazaspiro14.51clecan-2-one 368.2 369 2.48e
38 HO'. S ** Racemic(5R,7S),(55,7R)-1-( fl uoro phenyi)-8-(4-hydroxy-3-
meth yibefizyi)-7-methyi-1, 8- .2 383 1.001  



WO 2010/058333PCT/IB2009/055043 - 52 - 39 ', -, S
Racemic(5R,7S),(5S,7R)-1-( - fl uorophen 0)-7-methyl-S.-RIpro
py1-1H-pyrazol-5-AmethylF 1,8-diazaspiro[4,51decan-2-one 384.2 385 1.9435
40  S  Racernio(5R,7S),(55,7R)-1- fluorophen0)-8(1H-indol-5-
ylmethyl)-7-methyl-1.8- 391,2 392 1.68 41     ---\ z ), -,- S **
Racemic(5R,78),(5S,7R)-1-(3- f I Lt oro pheny)-7-methy1-2-oxo-1,8- di aza
spirop .51dec-8-yilmet h y1)-2- hydroxybenzonitnie 393,2 394 1,780') 42
---, HOT a S 



** Racemic(5R,7S),(55,7R)-1-( - fluorophenyi)-8-(4-1-1ydfoxy-3-
metboxybenzyi)-7-rnethyl-1,8- diazaspiro[4,5]decan-2-one 398.2 399 2.684'
43 Qj S  Racemic(5R,7S),(5S,7R)-8-(2- fluoro-5-methoxybenzy1)-1-(3- 400.2
401 1.8613     11uorophenyi)-7-rnethyM , 8- diazaspi ro[4,5]decan-2-one
44 ..-7., Ho" ci S " Racern lc(5R,7S),(55,7R)-8-(3- chi
oro-4-hydroxybenzyi)-1-(3- fl uoro phen y i)-7-meth0- 1,8-
diazaspiro[4.51decan-2-one 402,2 403 



0.957 45 3.-- -,- 'r  ** Racemic(5R,75),(5S,7R)-1 -(3- fluoropheny1)-8-(3-
isopropoxybenzyi)-7-methyki,8- diazaspiro[4.51decan-2-one 410,2 411 . 2,222
' 46   ** Racernic(5R,7S),(5S,7R)-1-(3- fi Lioro phen0)-7-methyl-8-(3-  pm
poxy benzy1)- 1,8- i_liazaseLok4Jidecan-2-one 410.2 411 2.2983 47
Racemic(5R,7S),(5.5,7R)-8-(3- butoxybenzyi )-1-(3-fluorophen y1)- 424.3 425
2.478'   



_ 7-meth0-1,8- diazaspi ro[4.51decan-2-one    48   * Racemic(5R, 7S),(5S,
7R)-1-- fluoropheny0-8-(3- isobutoxybenzyl)-7-methyl-1,8-
diazasplro[4.51decan-2-one 424,3 425 3,539 49  F  *
Racemic(5R,7S),(5.5,7R)-' -(3- fluoropheny1)-7-methyl-8-(3-
pyridin-3-ylbenz0 -1.8- diazaspiro[4.51decan-2-one 429,2 430 2.888 50 \  *
Racemic(5R,7S),(5S,7R)-8-[3- 436.3 437 2.465-  



(cyclopentyloxy)benzyll-1-(3- fl uoro phen y1)-7-methyi-1, 8- diazaspi
ro[4.51decan-2-one     WO 2010/058333PCT/IB2009/055043 - 53 - 51 \ d S
Racemio(5R,7S),(5S,7R)-1-(3- fluorophenyi)-7-methyi-843-(4-
rnettlyipyridin-3-yi)benzyl]-1,8- diazaspiro44.51deoan-2-one 443,2 444 1808
52 Ax.  /-\ //". S ** Racemic(5R,7S),(5S,7R)-1-(3-
fluorophenyi)-7-rnethyi-8-(3- phenoxybenzy1)-1,8-
diazaspirof4,5}decan-2-one 444.2 445 2.577"' 53 'F S 



Racemic(5R,7S),(55,7R)-8-(5- brorno-2-fluorobenzy1)-1-(3-
fluorophenyi)-7-rnethyi-1 ,8- diazaspiro[4.51decan-2-one 448.1 449 2,288''
54 s'3..... --N / CN   Rr_acemic4-(2-{[(5R,7S),(55,7R)-
1-(3-fluoropheny1)-7-rnethyl-2- axe-1,8-diazaspiroi4,5jdec-8-
Amethy1}-1,3-thiazof-4- yObenzon itri le 460 2 461 2.1243 55 . '1 .-.o
.11..-  ** Racemic(5R7S),(5S7R)-84 - (4-cNorophenoxy)benzy11-1-(3-
fluoropheny0-7-methyi-1,8- diazaspiro[4.5jdecan-2-one 478.2 479 2.615' 59 '
j 



,-,-.: D *** Racemic N-(4-{[(5R,7S),(5S,7R)- 1-(3-fluoropheny)-7-methyi-2-
axe-1,8-diazaspio[45]dec-3-en8-AmethylphenyOacetamide 407.2 408 .1.978`' 60
, C D  Racernic(5R,7S),(5.5,7R)-1 -(3- fluoropheny)-7-methy1-8-([1-
(2,2,2-trifluoroethyly1H-pyrazoi5-yllmethy1)-1,8- diazaspiro[4.5lciec-
-en-2-one 422.2 423 2.225" 61 HN ft CN  D ** Racernic3-([(5R,75).(5S,7R)-1-
(3-fluoropheny1)-7-methyl-2-oxe1,8-diazaspiro[4.51dec-3-en-8-
yi]methyl}-1H-Indole-5- carbonitrile 414,2 415 1.797'3 62  - - \-),2--ciD
c. D 



** Racemic(5R,7S),(5S,7R)-8-ff 5- (be nzyloxy)-1H-indo1-3-
yllniethy1}-1-(3-fluorophen0)-7- rnethyi-1,8-diazaspiro[4 .51dec-3-
en-2-one 495.2 496 1,7234  WO 2010/058333PCT/IB2009/055043 - 54 - 63
i.,...:k HN _ D  Racemic(5R,7S),(5S,7R)-84(6- fluoro-1
H-indol-3-ArnethA-1-(3- fluorophenyi)-7-rnethyi-1,8-
diazaspiro[4.51dec-3-en-2-one 407,2 408 2024.' 64 -.. ..N N D "
Racernic(5R, S),(55,7R)-1-(3- fluoropheny0-7-methyi-8-[3(11-1-
pyrazol-1-y)benzy11-1,8- diazaspiro[4.5]dec-3-en-2-one 416,2 417 1.985' 65
,Nr,"..3tr HNi )rN 



,--,--t, cr D . ** Racemic(5R,7S),(5S,7R)-8-[(5-
chloro-11-i-indazol-3-0)rnethylj-1- (3-fluorophenyl)-7-methyl-1,8-
diazaspiro[4.51dec-3-en-2-one 424.1 425 2038." 66 " HN --- i/\) D
Racernic(5R,7S),(5S,7R)-1-(3- fl harp phenyl )-7-methy1-84(6- meth y}-1H-i
ndok3-yi )rnethyl]-1,8- diazaspi ro[4.5]dec-3-en-2-one 403.2 404 2.163'3 67
1 . D " Racernic(5R,7S),(55,7R)-1-(3- fl uorophenyi)-7-methyi-8-([6-
(trifluoromethy0-11-i-indol-3- ylimethy1}-1,8-diazaspiro[4.5]deo3-e n-2-one
457,2 458 2.501Q 68 . 



. n ., -"N D ** Racerhic(5R,7S),(55,7R)-8-(3-
[(3-oydoprop0-1,2,4-oxadiazo-5- y)methoxypenzy1)-1-(3-
fluorophenyi)-7-rnethyi-1,8- diazaspiro[4.51deo-3-en-2-one 488.2 489 2.3163
70 71 , ) i N Fi i'-==-YN HNi ------ ----,\ o  5-4' -N \ \ CI S D ** ** **
Racemic N-(4-([(5R,7S),(5S,7R)- 1-(3-fluoropheny)-7-rnethyi-2- axe-i
,8-diazaspiro[4.5]dec-8-   rnethy iben 1 acetarnide
Racemic(5R,7S),(55,7R)-8-[(5- chloro-1H-indo1-3-0)methyll-1-(3-
fluorophenyi)-7-rnethyi-1,8- diazaspiro[4.51decan-2-one 



Racerhic(5R75),(5S,7R)-8-([4- (3-chloropheny1)-1,34Mazoi-2-
yl]methyl}-1-(3-fluorophenyi)-7- metnyi-1,8-diazaspiro[4.51deo-3- en-2-one
409.2 425.2 467,1 410 426 468 1 964Q 2.185 . 1864  WO
2010/058333PCT/IB2009/055043 - 55 - 72 .s, V --N   \ ''- D
Racemio(5R,7S),(5S,7R)-1- 3- fluorophenyi)-8-{[4-(3-
rnettioxypherly1)-1,34hiazol-2- ylimethyl)-7-methyl-1,8-
diazaspirot4.51deo-3-en-2-one 463,2 464 2.36 73 fr; ^; ; 0 D **
Racemic(5R,7S),(5S,7R)-1-(3- fluoropheriyi)-8-1[4-(4-
rnethoxypherwl)-1,3-thiazol-2- Amethyl)-7-methyl-1,8-
diazaspirof4,51dec-3-en-2-one 



463.2 464 2.335' 74 '1<lfaaaaacfz--z.-, '-'- z   Racemic(5R,75),(55,7R)-8-E
6- fluoro-1H-indol-3-Arnethyl)-1-(3- fluorophen0)-7-methyi-1,8-
diazaspiro[4.51decari-2-one 409.2 410 2,019s 75    1-. . -.1...11'. . . o'o
1   Racemicmethyi(4- {[(5R,7S),(5S,7R)-1-(3-
fluoropheri0)-7-methyl-2-ox1,8- diazaspi rof4.5}dec-8-
ylimettiyi)pherlyi)oarbarnate 425.2 426 1.7673 76 c- ---..., HN,J r-,:-- (;
\b ---- -.., CN 



, S  Racemic3-{[(5R,7S),(55,7R)-1- (3-fluoroph
eny1)-7-rnethyl-2-oxo1,8-diazaspiro[4,51dec-8- Amethy1)-1H-indole-5-
carbonitrile  Racemic(5R,75),(5S,7R)-1 -(3- fluoropheri0)-7-methyl-8-([1-
(2,2,2-trifluoroethyi)-1H-pyrazol5-yilmethyl)-1.8-
diazaspiro[4.51decan-2-one 416,2 424,2 417 425 1.793J 2.157' 77   N, N'1
oF3       78 79 .,, HN', r-.. F o, S D  Racemic(SR7S),(5S,7R)-84(5- chi
oro-11-1-indazol-3-0)methyll-1- (3-fluoropheny1)-7-methyt-1,8-
diazaspiro[4,51decan-2-one 



Racemic(5R,7S),(5S,7R)-1-(3- fl uoropheny1)-7-rnethyl-843-(1 I+ pyrazol-1
-0)benzyll-1,8- diazaspiro[4 .5]decan-2-one Racernio(5R,7S),(5S,7R)-84 3-
(cyclopropyloxy)-4- (difluoromethoxy)benzyil-1-(3-
fluorophenyi)-7-methyi-1,8- diazas pi rot4.51dec-3-en-2-one  426 2 418.2 ,
472,2 427 419 - 473 2.0243 1.982' 3 2.394 80         WO
2010/058333PCT/IB2009/055043 - 56 - 81 ....s. V- -- N a S  



Racemic(5R,7S),(5S,7R)-8-([4- (3-chioroptienyi)-1,3-thiazoi-2-
yi]methyl}-1-(3-fluorophenyi)--7- methyl-1,8-diazaspiro[4,51decan2-one
469,1 470 1.7794 82 83 ---A- Il --o'o- HN./-k-si' \ D D
Racernic(5R,7S),(55,7R)-8-13-
(3,3-dimethoxycyciobutyi)benzyl11-(3-fluorophenyl)-7-methyl-1,8-
diazaspirot4,51dec-3-en-2-one Racemic(5R,7S),(55,7R)-1-(3-
fluorophenyl)-7-methyl-8-[(2- pheny1-1H-imidazol-4-yl)methyl]-
1,8-diazaspiro[4.51dec-3-en-2- one 464,2 416.2 465 417 2.28e 1.747 84
/,,,,:k HN; \rN iif \-----,--' i F.;6 ,  Racemic(5R,7S),(5S,7R)-1-(3- 



fluorophenvi)-7-methyl-84[6- (trifluoromethyl)-1H-indol-3- yilmetnyi}-1,8-
diazaspiro[4,51decan-2-one 459,2 460 2.562' 85  ,s,,.;!_s- )--N \\,-0 ' D *
Racemic(5R7S),(5S,7R)-6-([4- (2-chlorophenyi)-1,3-thiazol-2-
ylimettly1}-1-(3-fluoroonenyi)-7- methyl-1,8-diazaspiro[4,5]dec-3-
en-2-one    467,1 468 2.479- 86 e0-z , kr, S  Racemic(5R,7S),(5S,7R)-8-{3-
R3-cyclopropyk1,2.4-oxadiazol-5- Amethoxylbenzyl)-1-(3-
fluorophenyi)-7-methyl-1,8- diazaspiro[4.51decan-2-one 490,2 491 2.307'
BACE activity Cell Free Assay1 nM to 1 pM ****, 1 pM to 10 M ***, 10 pM to
100 pM7, 100 pM to 300 pM*           HPLC conditions: Row rate 0.8 milmin;
50'C; column and gradient described in footnote for each value.         "
Column: Yaw.: ODS-AQ, 2.0x5Ornm, 5 1.im: Mobile phase A: 0,0375% TFA in
water (v/v): Mobiie phase B: 0,01875% TFA in acetonitrile Gradient: minutes
10% B 0.5 minutes  



10%B  4 minutes 100% B 4.3 minutes 10% B 4,7 minutes  10% B   - 57..
Gradient:  0 minutes 25% B 0.5 minutes 25% B 4 i:ntes 100% B 4.3 minutes
25% B 4,7 minutes 25% B  5 Column: Ymc ODS-AO, 2,0x5Omm; 5 pm; Mobile phase
A: 0.0375% TFA in water   Gradient:  0 minutes 0.6 minutes  1%B 5% B  4
minutes 100% B 4,3 minutes 



1% B 4,7 minutes 1% B   COIUM#1: Welch XB-C18, 2.1x5Omm, 5 urn; Mobile
phase A: 0.05% NFLOH in water   Gradient:  0 minutes  5% B  0.5 minutes 5%
B 3.4 minutes 100% B 4.2 minutes 100% B 4,21 minutes 5% B 4,7 minutes 5% B
'Column: Ymc ODS-AO, 2,0x5Omm, 5 gni; Mobile phase A: 0,037TFA in water
(v/v); Mobile phase B: 0.01875% TFA in acetonitrile cy/v)  Gradient: 0
minutes0% B 1,0 minutes5% B 4.0 minutes 70% B 4,1 minutes 0% B 4,7 minutes 



0% B 10Example 87
(5R,73)-1-(3-fluorophenvi)-8-(4-hydroxv-3-isopropoxybenzvl)-7-methyl-1.8-
thazas  iro 4 5 dec-3-en-2-one hydrochloride 87   - 58 - Sche   0[ I  0 0
-H _LiI '-"<s> C18C19C20           Step 1. Synthesis of
3-isopropoxy-4-methoxvbenzaldehyde (C18). A solution of
3-hydroxy-4-methoxybenzaidehyde (5.00g. 32.9 mmol) in dimethylformamide
(100 5 mt..) was treated with potassium carbonate (9.03 g, 65.7 mmol) and
2-iodopropane (6,57 mL, 65.7 mmol). The reaction was stirred for 4 hours
and then additional 2- iodopropane (3.29 mL, 32.9 mmol) was added and the
mixture was allowed to react for an additional hour. It was then poured
into water and extracted with ethyl acetate (3 x 20 mL). The combined
organic layers were washed with 1 N aqueous sodium hydroxide solution, then
with saturated aqueous sodium chloride solution, dried, filtered and
concentrated in vacuo to provide C18 as an oil. Yield: 4.60 g, 23.7 mmol,
72%. LCMS Mit 195.2 (WO), 1H NMR (400 MHz, CDCI3) 8 1.41 (d, J=6.2 Hz, 6H),
3,95 (s, 3H), 4,65 (m, 111), 6.99 (d, J=8,1 Hz, 1H), 7.42-7,46 (m, 2H) 9.85
(s, 1H).        Step 2. Synthesis of
2-(3-isopropoxy-4-methoxyphenyl)-1.3-dioxolane (C19). Ethylene glycol (99%,
2.63 mL, 47.4 mmol) and para-toluenesulfonic acid monohydrate (97%, 75 mg,
0.38 mmol) were added to a solution of C18 (4.6 g, 23,7 mmoi) in toluene
(79 mL). The reaction flask was equipped with a Dean-Stark trap, and the
contents were heated at reflux for 5 hours, The reaction was poured into
aqueous potassium carbonate solution, and the organic layer was then washed
an additional two times with aqueous potassium carbonate solution, and once
with saturated aqueous sodium chloride solution. The organic layer was
dried, filtered  - 59 - and concentrated; NMR and LCMS revealed that the
reaction was incomplete, so the product was resubjected to the reaction
conditions, heating at reflux for 18 hours, The workup was repeated, to
afford C19 as an oil. Yield; 5.0 g, 21.0 mmol, 89%. III NMR (400 MHz,
CDCI:1) 3 1.38 (d, J=6.2 Hz, 6H), 3.86 (s, 3H), 4.02 (m, 2H), 4.14 (m,
52H), 4.57 (septet, J=6.0 Hz, 1H), 5.75 (s, 1H), 6,88 (d, J=8.7 Hz, 1H),
7.03 (m, 2H),       Step 3. Synthesis of 4-hydroxy-3-isopropoxybenzaldehyde
(C20). Lithium wire (cut into small segments, 204 mg, 29.4 mmol) was added
to a solution of chlorodiphenylphosphine (2.17 mL, 11.7 mmol) in
tetrahydrofuran (18.7 mL), and the reaction was stirred for 1 hour. A
solution of C19 (2.00 g, 8.39 mmol) in  10 tetrahydrofuran (5 mL) was then
added drop-wise to the dark red mixture, and the reaction was stirred for 2
hours. It was then filtered into an aqueous sodium hydroxide solution, and
extracted with diethyl ether (3 x 15 mL); the combined organic layers were
washed with 1N aqueous sodium hydroxide solution, and the aqueous layers
were combined and cooled in an ice bath. This aqueous phase was acidified
with concentrated aqueous hydrochloric acid. The mixture was extracted with
diethyl ether (3 x 10 mL) and these three organic layers were combined and
washed with saturated aqueous sodium chloride solution, dried and
concentrated in vacua to give C20 as an oil. Yield: 740 mg, 4.11 mmol, 49%.
1H NMR (400 MHz, CDCI3) 1.41 (d, J=6.0 Hz, 6H), 4.73 (septet, J6.1 Hz, 1H),
6.30 (s, 1H), 7.05 (d, 20J=8.0 Hz, 1H), 7.40 (m, 2H), 9.82 (5, 1H).
Step 4. Synthesis of 87. Compound C20 (20.7 mg, 0.115 mrnol) in
dichloroethane (0.5 mL) was combined with a solution of P3 (20 mg, 0.077
mmol) in clichloroethane (0.4 mL). Acetic acid (4 H.L, 0.07 mmol) was
added. After 5 hours of stirring, the reaction was treated with sodium
triacetoxyborohydride (32,6 mg, 0.154  25 mmol), and the reaction mixture
was allowed to stir for 18 hours. Aqueous sodium bicarbonate solution was
then added, and the layers were separated. The aqueous layer was extracted
with dichloromethane (3 x 5 mL), and the combined organic layers were dried
over sodium sulfate, filtered and concentrated in vacua. The residue was
purified by chromatography on silica gel (Gradient: 20% - 70% ethyl
30acetate in heptane) to provide the free base of 87 as an oil Yield: 7.8
mg, 0.018 mmol, 23%. LCMS m/z 425.2 (M+1). 'H NMR (400 MHz, CDC13) 3 1.14
(d, J=6.8  



- 60 -  Hz, 3H), 1.33(2 overlapping doublets, J=6.0, 6.0 Hz, 6H), 1.59 (m,
1H), 1.71 (m, 1H), 1.97 (ddd, J=13.1, 9.8, 4,1 Hz, 1H), 2.11 (dd, J=13.3,
5.1 Hz, 1H), 2.41 (ddd, J=12.5, 5.3, 4.3 Hz, 1H), 2,64 (ddd, J=12.7, 9.8,
3,0 Hz, 1H), 2.99 (m, 1H), 3,35 (d, J=13,3 Hz, 1H), 3.55(d, J=13.3 Hz, 1H),
4.52 (septet, J=6,0 Hz, 1H), 5.63 (bra, 1H), 6,23 (d,  5 J=6.2 Hz, 1H),
6.68 (dd, J=8.0, 1.6 Hz, 1H), 6.77 (br s, 1H), 6.81 (d, J=8.0 Hz, 1H), 6,89
(ddcl, J=9.5, 2.2, 2,2 Hz, 1H), 6.95 (br d, J=7.8 Hz, 1H), 7.13 (ddd,
J=8.4, 8.4, 2,5 Hz, 1H), 7.38-7.44 (m, 2H). '2C NMR (100 MHz, CDCI:,.). Not
all of the expected signals were observed. 6 15.16, 22.06, 22.12, 33.63,
40.34, 43.96, 51.00, 57.80, 71.47, 113.62, 113.95, 115,60 (d, J=21 Hz),
118,12 (d, J=22 Hz), 121.48, 124.93,  10 126,60 (cl, J=3 Hz), 130.38 (d,
J=9 Hz), 144.41, 145.61, 153.60. The hydrochloride salt was prepared by
dissolving the free base of 87 in diethyl ether and treating the solution
with a 1.0 M solution of hydrochloric acid in ether, followed by
concentration in vacua Compound 87 was obtained as a solid. Yield: 8.6 mg,
0,18 mmol, 100%. Example 88
(5R,7S)-1-(3-fluorophenv1)-7-methyl-8-((2'- e hylbiphenyl-3-v1) ethyl)-1
diazaspirol4.51decan-2-one hydrochloride (88)    P4        Compound 88 was
prepared according to the general procedure for the synthesis of 87 in
Example 87, except that P4 and 2t-methylbipheny1-3-carbaldehyde 20 were
used instead of P3 and C20, to provide the free base of 88 as an oil.
Yield: 16.5 mg, 0.037 mmol, 48%, LCMS (wiz 443,2 (M+1), H NMR (500 MHz,
CDCI3) 8 1,14 (d, J=6.8 Hz, 3H), 1.60 (m, 1H), 1.70 (m, 1H), 1.89 (m, 1H),
2.04 (dd, J=13.2, 5.4 Hz, 1H), 2.13 (ddd, J=12.4. 9.5, 9.5 Hz, 1H), 2.25
(a, 3H), 2.31 (ddd, J=12.7, 8.8, 3,9 Hz, 1H), 2.49 (ddd, J=12.4, 4.4, 4.4
Hz, 1H), 2.53-2.69 (m. 3H), 3,04 (m, 1H), 253.51 (d, J=13.6 Hz, 1H), 3.63
(d, J=13.4 Hz, 1H), 6.87 (ddd, J=9.3. 2.1, 2.1 Hz, 1H), 6.92 (br d, J=8.3
Hz, 1H), 7.11 (ddd, J=8.4. 8.4, 2.4 Hz, 1H), 7.20-7.28 (m. 7H), 7.33  - 61-
(dd, J=7.6. T6 Hz: 1H), T40 (ddd, J=8.0: 8.0, 6,3 Hz, 1H). 13C NMR (125
MHz, CDCI3) a 13.79, 20.36, 29.80, 33.40, 34.42, 42.57, 43.63, 51.52,
58.13, 64.03, 115 45 (d, J=20 Hz), 117.90 (d, J=22 Hz), 125.69, 126.30 (d,
J=3 Hz), 126.99, 127.15, 127.76, 127.89, 129 49, 129,68, 130.18 (d, J=9
Hz), 130.28, 135.17, 138.00, 138.08,  5 138,56, 141,71 (d, J=6 Hz), 162,76
(d, J=248 Hz), 175,01, The hydrochloride salt was prepared by dissolving
the free base of 88 in diethyl ether and treating the solution with a 1.0 M
solution of hydrochloric acid in ether, followed by concentration in vacua.
Compound 57 was obtained as a solid. Yield: 18 mg, 0.037 mmol, 100%.
Example 89
10(5R,73)-1-(3-fluoropheny1)-8-(4-hydroxy-3-isopropoxybenzyl)-7-methyl-1.8-
cliazaspirof4.51decan-2-one hydrochloride (89)    HO"89         Synthesis
of 89. Compound 89 was prepared according to the general procedure for the
synthesis of 87 in Example 87, except that P4 was used instead of 15 P3, to
provide the free base of 89 as an oil. Yield: 26 mg, 0.060 mmol, 40% LCMS
m/z 427.1 (M+1). 1H NMR (500 MHz, CDC13) 6 1.10(d, J=6.8 Hz, 3H), 1.32 (d,
J=6.1 Hz, 6H), 1.56 (m, 1H), 1.67 (rn, 1H), 1.84(m, 1H), 2.00 (dd, J=13.2,
5,4 Hz, 1H), 2.10 (ddd, J=12.4, 9.5, 9,5 Hz, 1H), 2.28 (cliold, J=12.7,
8.8, 3.9 Hz, 1H), 2.42 (ddd, J=12.4, 4.5, 4,5 Hz, 1H), 261-2,63 (m, 3H),
2,97 (m, 1H), 3,38 (d, J=13.2 Hz, 1H), 3,46 (d, 20 J=13.2 Hz, 1H), 4.51
(septet, J=6.1 Hz, 1H), 6.67 (dd, J----7.9, 1.6 Hz, 1H), 6.77 (m, 1H),
6.80(d, J=8,0 Hz, 1H), 6.85 (ddd, J=9,4, 2.1, 2.1 Hz, 1H), 6.90 (br d,
J=7.8 Hz, 1H), 7.10 (ddd, J=8.4, 8,4, 2.5 Hz, 1H), 7.38 (ddd, J=8.0, 8.0,
6.4 Hz, 1H). 13C NMR (100 MHz, CDCI3) Not all of the expected signals were
observed, 3 13.70, 22.03, 22.11, 29,84, 33,45, 34.51, 42,54, 43,27, 51.27,
57,86, 64.12, 71,42, 113,54, 113.88, 25115.38 (d, J=21 Hz), 117.91 (d, J=22
Hz), 121.36, 126.40 (d, 1=3 Hz), 130.15 (d, J=9 Hz), 144.41 145.52, 175,05.
The hydrochloride salt was prepared by dissolving the  - 62 - 



free base of 89 in diethyl ether and treating the solution with a 1,0 M
solution of hydrochloric acid in ether, followed by concentration in vacua
Compound 89 was obtained as a solid. Yield: 28 mg, 0.060 mmol, 100% Example
90 and 91  5Racemic
(5R,7S)(5S,7R)-3-fluoro-1-(3-fluoropheny1)-8-(3-isopropoxybenzyl)-
7-methyl-1,8-diazaspiro(4.51decan-2-one, formate salt (90) andRacemic
f5R,7SV5S,7R)-3,3-difluoro-1434luorophenv1)-8-(3-isooropoxvbenzvl)-7-methyl
-1,8-  diazaspirof4.5Idecan-2-one, formate salt (91) 10A flame-dried flask
under a nitrogen atmosphere was charged with dry THF (5 mL) and
cliisopropylamine (106 mg, 1.05 mmol) and was cooled to -78 C in a dry
ice-acetone bath, n-BuLi (0,37 mL, 0,93 mmol) was added dropwise, then the
solution was warmed to -55C for 1 h and then cooled back to -78C. A
solution of Example 45 (240 mg, 0,58 mmo0 in anhydrous THF (3 mL) was added
dropwise, 15  then the resulting mixture was stirred for 45 min at -78C and
allowed to warm to - 55C. A solution of (PhS02)2NF (276 mg, 0.87 mmol) in
anhydrous THF (2 mL) was added dropwise, and the reaction mixture was
stirred for 1 h at -55C. The reaction was quenched with saturated NH4CI (10
mL) and the solvents were removed in vacua. The residue was partitioned
between Et0Ac (10 mL) and water (10 mL). After 20  separating layers, the
aqueous layer was re-extracted with Et0Ac. The combined organic layers were
dried over Na2SO4, and evaporated to give crude product, which was purified
by preparative HPLC to obtain Example 90 (25 mg, 10%) as a white solid and
Example 91 (58 mg, 22%) as a white solid. Example 90:H NMR (400 MHz, Me0D):
6 7.51-7.45 (m, 1H), 7.23-7.13 25m. 2H), 7,04-6.99 (m, 2H), 6,78-6,74 (d,
3H), 5,31-5.15 (m, 1H), 4.56-4.50 (s, 1H), 3-3.48 (m, 2H), 2.94-2.47 (m,
5H), 2.11-1.73 (d, 4H), 1.28-1.21 (d, 6H), 1.22-1.18  - 63- (t, 3H). HPLC
Column YMC ODS-AQ (0.46 x 5cm x 5 urn), RI 1.99 min, Mobile Phase 10% MeCN
(0.1%TFA) in water to 80% MeCN (0.1% TFA) in water. LCMS m/z 429.4 (M+1).
Example 91: 1H NMR (400 MHz, Me0D): 8 7.54-7.49 (m, 1H), 7.28-7.23 (m, 1H),
7.17-7.13 (m, 1H), 7.09-7.06 (d, 2H), 6.78-6.75 (m, 3H), 4.55-4.51 (s, 1H),
3.60- 3.49 (m, 2H), 2.99-2.86 (m, 2H), 2.76-2.66 (d, 2H), 2.50-2.40 (m,
1H), 2.13-2.05 (m, 2H), 1.84-1.77 (d, 2H), 1.28-1.26 (d, 6H), 1.19-1.18 (d,
3H). HPLC Column YMC DS-AO (0.46 x 5cm x 5 RI = 2.12 min, Mobile Phase 10%
MeCN (0.1%TFA) in water to 80% MeCN (0.110 TFA) in water. LCMS m/z 447.4
(M+1). 10Example 92  Racemic3-fluoro hen I -3-h drox -8-(3-
isopropoxybenzvl)-7-methyl-1,8-diazaspiro14.51decan-2-one, hydrochloride
salt (921 HO FIR,o    0   #C38,-",--;-`1 92 Compound #C38 was hydrogenated
according to the procedure described in 15 Preparation 4. The deprotected
material [LCMS m/z 279A (M+1)] was then converted to the title product by
reaction with 3-isopropoxybenzaldehyde, using the general method described
for preparation of 87 in Example 87, except that the gradient for
chromatography was 0% to 5% methanol in dichloromethane. The free base was
isolated as a colorless oil, estimated by 1H NMR to be comprised of a 20
roughly 3:2 mixture of diastereomers at the carbon bearing the hydroxy
group. Yield: 9 mg, 0.02 mmol, 15%. 1H NMR (400 MHz, CHCQ:  t12 (d, J=6.9
Hz) and 1.17 (d, J=6.7 Hz, 3H), 1.29 and 1.35 (2 d, J=6.0 Hz) and t30 (d,
J=6.0 Hz, total 6H), 1.56- 2.84 (m, 8H), 2,98-3,04 (m, 11-1), 3.49 (AB
quartet, JAB=13.6 Hz, AvAB=75.6 Hz) and 3.50 (AB quartet, JAB=13.6 Hz,
AvAB=25.7 Hz, total 2H), 4A6-4,64 (m, 2H), 6.73-6.80 25(m, 3H), 6.84-6.87
(m, 1H), 6.90-6.93 (m, 1H), T08-7.18 (m. 2H), 7.36-7.43 (m, 1H).  - 64 - 



LCMS mlz 427.1 (Mil), Conversion to the hydrochloride salt as in Exanipe 87
provided 3,6 mg of the title product. Example @.93
(5R,7-(CycloproovImethyl)-8-(3-isooropoxvbenzyl)-7-methyl- .8-
5diazaspiro14,51dec-3-en-2-one (#93)     Step1.Syn hesisof
benzvl(2SAS)-4-hydroxy-2-methvI-4-
(trichloromethyl)piperidine-l-carboxylate (#C21), Chloroform (4.06 mt.,
50.7 mmol) was added to a mixture of benzyl
(2S)-2-methyl-4-oxopiperidine-1-carboxylate (98.5%. 4,24 g, 16.9 mmol) and
magnesium chloride (4.83 g, 50.7 mmol) in 1,2- dimethoxyethane (45 mL), and
the reaction mixture was cooled in a dry icelacetone bath. Lithium
bis(trimethylsilyl)amide (1 M in tetrahydrofuran, 25.4 mL, 25.4 mmol) was
added drop-wise over 30 minutes, while keeping the internal temperature of
the reaction below -72C. The reaction was stirred at -72 to -77 C for 4
hours, then 15  allowed to warm to -15 "C by transferring the flask to a
wet ice-methanol bath. After one hour at -15 C, the reaction was slowly
quenched with water (25 mL), then partitioned between water (75 mL) and
ethyl acetate (150 mL). The aqueous phase was extracted with ethyl acetate
(2 x 50 mL), and the combined organic extracts were washed with saturated
aqueous sodium chloride solution (75 mL), dried over  - 65 - magnesium
sulfate, filtered and concentrated in vacua. The crude product was
dissolved in diethyl ether (30 mL), which caused a white precipitate to
form: this mixture was stirred for 18 hours. The solid was collected by
filtration and rinsed with cold diethyl ether (10 mL) to provide #C21 as a
white solid. The relative configuration  5 of the methyl and hydroxy groups
was determined by single-crystal X-ray crystallographic analysis of a
sample prepared in an analogous manner; that sample was crystallized from
acetonitrile-water. Yield: 2.95 g, 8.05 mmol, 48%. 1FI NMR (400 MHz,
DMSO-d6, presumed to be a mixture of rotamers) 6 1.27 and 1.28 (2 d, J=6.9
Hz, 3H), 1.81-1,96 (m, 3H), 2.07-2.15 (m, 1H), 3.09-3,25 (m, 1H), 3.95-4.03
10(m, 1H), 4.44-4.53 (m, 1H), 5,04-5,14 (m, 2H), 6,20 (s, 1H), 7.29-7.40(m,
5H).        Step 2. Synthesis of 1-benzyl 4-methyl
(2S,4R)-4-azido-2-methylpiperidine1,4-dicarboxylate (#C22). A suspension of
benzyl (2S,4S)-4-hydroxy-2-methyl-4-
(trichloromethyl)piperidine-1-carboxylate (#C21) (18.00 g, 49.09 mmol),
18-crown-6 ether (2.00 g, 7.57 mmol) and sodium azide (98%, 9.00 g, 136
mmol) in methanol (130 mL) was stirred at room temperature for 1 hour.
1,8-Diazabicyclo[5.4.01undec7-ene (98%, 24.0 mL, 157 mmol) was then added
over ten minutes. The reaction mixture was stirred at room temperature for
18 hours. Most of the methanol was removed in vacuo, and the residue was
diluted with water (200 mL) and extracted with ethyl acetate (2 x 250 mL),
The combined organic extracts were washed with  20 water (150 mL), washed
with saturated aqueous sodium chloride solution (150 mL) and dried over
magnesium sulfate. After filtration and removal of solvent under reduced
pressure, #C22 was obtained as a light yellow oil. Yield: 15.8 g, 47.5
mmol, 97%. APCl rniz 333.3 (M4-1). 1H NMR (400 MHz, CDC13) 6 1.09 (d, J=7.1
Hz, 3H), 1.60 (ddd, J=13.5, 12,5, 5,3 Hz, 1H), 1.94 (del, J=13.6, 6.1 Hz,
1H), 2,23-2.32 (m,  25 2H), 3.16 (ddd, J=14.3, 12.3, 3.2 Hz, 1H), 3.84 (s,
3H), 4.07 (br ddd J=14, 5, 3 Hz, 1H), 4.45-4.53 (m, 1H), 5.14 (s, 2H),
7.30-7.40 (m, 5H).        Step 3. Synthesis of 1-benzyl 4-methyl
(2SAR)-4-amino-2-methylpiperidine1.4-dicarboxylate (#C23). Zinc dust (99%,
4.76 g, 72 mmol) was added to a solution of 1-benzyl 4-methyl
(25,4R)-4-azido-2-methylpiperidine-1,4-dicarboxylate (#C22) 30(4.8 g, 14.4
mmol) in acetic acid (35 mL) and tetrahydrofuran (35 mL), and the reaction
mixture was heated at 50 QC for 4 hours. After cooling to room temperature,
- 66 - the mixture was filtered through Celite, and thete was concentrated
In vacua to remove most of the solvents. The residue was diluted with ethyl
acetate, washed several times with saturated aqueous sodium bicarbonate
solution, then washed with saturated aqueous sodium chloride solution and
dried over magnesium sulfate. The  5 mixture was filtered and concentrated
under reduced pressure to provide #C23 as a light yellow oil, which was
taken to the next step. Yield: 4.4 g, 14.4 mmol, quantitative. LCMS rn/z
307,5 (M+1). 1H NMR (400 MHz, CDCI3) 6 1,05 (d, J=7.1 Hz, 3H), 1.44 (ddd,
J=13.2, 12.8, 5.2 Hz, 1H), 173 (dd. J=13.6, 6.0 Hz, 1H), 2.15-2.26 (m, 4H),
3.16 (ddd, J=14.1, 12.7, 3.1 Hz, 1H), 3.75 (s, 3H), 4,05 (br cldd, J=14, 5,
a  10 Hz, 1H), 4.42-4.50 (m, 1H), 5.14 (AB quartet, JAB=12.5 Hz, AvAB=5.5
Hz, 2H), 7.297,39 (m, 5H). Step 4.Synthesis of 1-benzyl 4-methyl
(28,4R)-44(3-ethoxv-3-
oxopropanovl)aminoi-2-methylpiperidine-1,4-dicarboxylate (#C24).
(Dimethylamino)propylp\P-ethylcarbodiimide hydrochloride (EDCl, 98%, 3.58
g, 18,3  15 mmol) was added to a solution of 1-benzyl 4-methyl
(2S,4R)-4-amino-2- methylpiperidine-1,4-dicarboxylate (#C23) (5.10 g, 16,6
mmol), 3-ethoxy-3- oxopropanoic acid (96%, 2.25 mL, 18,3 mmol) and
triethylamine (99%, 4.69 mL, 33.3 mmol) in dichloromethane (50 mL), and the
mixture was stirred at room temperature for 2 hours. An additional 0.1
equivalent of EDCI and 3-ethoxy-3-oxopropanoic acid  20 were added, and
stirring was continued for 1 hour. Solvents were removed in vacuo, and the
residue was diluted with ethyl acetate, washed twice with 0.5 N aqueous
hydrochloric acid, washed with saturated aqueous sodium bicarbonate
solution, water, and saturated aqueous sodium chloride solution. After
drying over magnesium sulfate, the mixture was filtered, and the filtrate
concentrated under  25 reduced pressure to provide #C24 as a viscous, light
yellow oil, which was used without further purification. Yield: 7.3 g,
>16.6 mmol, quantitative. LCMS m/z 421.5 (M+1). 1/1 NMR (400 MHz, CDCI3) 6
1.16 (d, J=6.8 Hz, 3H), 1.28 (t, J=7.2 Hz, 3H), 1.68 (ddd, J=14.0, 12.0,
6.2 Hz, 1H), 2.07 (br dd, half of ABX system, J=13.9, 6.0 Hz, 1H), 2.17
(dd, half of ABX system, J=13.8, 6.2 Hz, 1H), 2.52-2.58 (m, 1H), 3.24 (s, 



302H), 3.34 (ddd, J=14.2, 12, 4.3 Hz. 1H). 3.75 (a, 3H), 4.02 (br ddd,
J=14, 6, 2 Hz,  - 67 - 1H), 4.10-4.24 (m, 2H), 4,27-4.35 (m, 1H), 5.14 (AB
quartet, JAB=12.4 Hz, tivAs=6,0 Hz, 2H), 7.30-7.39(m, 5H), 7.56 (br s, 1H).
Step 5Synthesis of 8-benzyl 3-ethyl (5R.7.3)-7-methyl-2,4-dioxo-1.8-
cliazaspiro14.51decane-3,8-dicarboxylate (#C25). Sodium ethoxide powder
(95%, 1.41  5 g, 19.7 mmol) was added to a solution of 1-benzyl 4-methyl
(25,4R)-4-[(3-ethoxy-3-
oxopropanoyl)amino]-2-methylpiperidine-1,4-dicarboxylate (#C24) (6.90 g,
16.4 mmol) in methanol, and the mixture was stirred at room temperature for
20 minutes, The reaction was quenched with acetic acid (2 mL), and most of
the ethanol was removed in vacua. The residue was diluted with ethyl
acetate, then washed with 0,2  10 N aqueous hydrochloric acid, water, and
saturated aqueous sodium chloride solution. After drying over magnesium
sulfate, the mixture was filtered and concentrated under reduced pressure
to afford #C25 as a white foam whose NMR data indicated a mixture of
diastereomers, which was taken to the next step without purification.
Yield: 6.4 g, 16 mmol, 98%. LCMS rn/z 389.5 (M+1). 111 NMR (400 MHz, CDC13)
15 1,26-1.30 (m, 3H), 1.40 (t, J=7,1 Hz, 3H), 1.76-1.92 (m, 3H), 2,18 (ddd,
J=14.2, 5,9, 2,5 Hz, 1H), 3.21-3.31 (m, 1H), 4,03-4,10 (m, 1H), 4,18-4,25
(m, 1H), 4,33-4.45 (m, 2H), 5.11-5.22 (m, 2H), 6.31 (br s, 1H), 7.31-7,41
(m, 5H). Step6.Synthesisofbenzyl(5R,7S)-7-methyl-2,4-dioxo-1,8-
diazaspirof4.51decane-8-carboxylate (#C26). 8-Benzyl 3-ethyl
(5R,7S)-7-methyl-2,4-  20
dioxo-1,8-cliazaspiro[4.5}decane-3,8-dicarboxylate (#C25) (6.30 g, 16,2
mmol) was dissolved in clioxane (90 mL) and water (10 mL) and heated at
reflux for 1 hour. After cooling to room temperature, the reaction was
concentrated in vacua. The residue was diluted with ethyl acetate, washed
with saturated aqueous sodium chloride solution, dried over magnesium
sulfate, filtered and concentrated under reduced  25 pressure to afford
#C26 as a light yellow foam. Yield: 5.13 g, 16.2 mmol, quantitative. LCMS
mtz 317.5 (M+1). 11-1 NMR (400 MHz, CDCI3) 8 1.26 (d, J=6.6 Hz, 3H),
1.74-1.89 (m, 3H), 2.13 (ddd, J=14.1, 5.2, 2.3 Hz, 1H), 3,06 (AB quartet,
46=22.2 Hz, LvAB-----38.5 Hz, 2H), 3.25 (ddd, J=14.2, 11.3, 5,1 Hz, 1H),
4.07 (br ddd, J=14, 7, 2 Hz, 1H), 4.24-4.33 (m, 1H), 5.16 (AB quartet,
JAs=12.3 Hz, Arp,B=18.2 Hz, 302H), 6,70 (br s, 1H), 7.32-7,41 (m, 5H),  -
68 - Step 7.Synthesis of benzyl (5R,7S)-4-hydroxy-7-methyl-2-oxo-1,8-
cliazaspiro[4.51decane-8-carboxylate (#C27). Sodium borohydride (98%, 915
mg, 23.7 mmol) was added to a solution of benzyl
(5R,7S)-7-methyl-2,4-dioxo-1,8- diazaspiro[4,51decane-8-carboxylate (#C26)
(5.00 g, 15.8 mmol) in methanol (100  5 mL) and the reaction was allowed to
stir at room temperature for 18 hours. After the addition of more sodium
borohydride (300 mg, 7.8 mmol), the reaction was stirred for one hour, then
quenched with acetic acid (5.5 mL, 96 mmol) and concentrated in vacua The
residue was diluted with ethyl acetate, washed with 0.2 N hydrochloric
acid, saturated aqueous sodium bicarbonate solution, water, and saturated
aqueous  10 sodium chloride solution. The organic layer was dried over
magnesium sulfate, filtered and concentrated under reduced pressure to
provide #C27 as a viscous, colorless oil that was a mixture of
diastereomers. Yield: 4.6 g, 14,4 mmol, 91% LCMS m/z 319.5 (M+1). 1H NMR
(400 MHz, CDCI3)  1,24-1.28 (in, 3H), 1.56-1.81 (m, 3H), 2.06-2.11 and
2,24-2,36 (m, 2H), 2.77-2.85 (in, 1H), 3.04-3.20 (m, 1H), 4,00-4.09 (m,
1H), 4.22-4.30 (m, 1H), 4,31-4,47 (m, 1H), 5.10-5.18 (m, 2H), 6,21 and 6,35
(2 br s, 1H), 7.30-7.40 (m, 5H).        Step 8. Synthesis of benzvl
(5R,7S)-7-methy1-2-oxo-1,8-diazaspirof4.51dec-3- ene-8-carboxylate (#C28).
Methanesulfonyl chloride (99.5%, 1.16 mL, 14.9 mmol) was added to a
solution of benzyl (5R,7S)-4-hydroxy-7-methy1-2-oxo-1  20
diazaspiro[4.51decane-8-carboxylate (#C27) (4.30 g, 13.5 mmol). After
addition of triethylamine (99%, 2.47 mL, 17.5 mmol), the reaction mixture
was stirred at room temperature for 1 hour. At this point,
1,8-diazabicyclo[5.4.0]undec-7-ene (98%, 2.68 mL, 17.6 mmol) was added, and
stirring was continued for 3 hours. Additional 1,8- diazabicyclo[5.4
O]undec-7-erie (1.48 mL, 9.53 mmol) was added, and the reaction 25 was
allowed to continue for 1 hour. Most of the solvent was removed in vactio,
and the residue was diluted with ethyl acetate, washed with 0.5 N aqueous
hydrochloric acid, then with saturated aqueous sodium bicarbonate solution,
water, and saturated aqueous sodium chloride solution. The aqueous layer
was dried over magnesium sulfate, filtered and concentrated under reduced
pressure, and the crude product was purified by chromatography on silica
gel (Eluant: 10% methanol in ethyl acetate) to afford the product as a
light yellow foam. Yield: 3.4 g, 11.3 mmol, 84%, LCMS m/z  - 69 - 301.4
(M+1). 1H NMR (400 MHz, CDC13) 6 1.28 (d, J=7.0 Hz, 3H), 1.62 (ddd, J=13.7,
3.4, 1.6 Hz, 1H), 1.73-1.79 (m, 1H), 1.37 (ddd, J=13.5, 12.4, 5.2 Hz, 1H),
2.04 (dd, J=13.7, 6.6 Hz, 1H), 3.12 (ddd, J=14.3, 12.3, 3.6 Hz, 1H), 4.18
(br ddd, J=14, 5, 3 Hz, 1H), 4.52-4.60 (m, 1H), 5.16 (AB quartet, JA8=12.4
Hz, ilvAB=9.8 Hz, 2H), 6.07 5(dd, J=5.9, 1.7 Hz, 1H), 6.30 (br s, 1H),
7.32-7.41 (m, 6H),        Step 9, Synthesis of benzyl
(5R,7S)-1-(cyclobropylmethyl)-7-methyl-2-oxo1,8-diazaspirof4.51dec-3-ene-8-
carboxylate (#C29). A solution of benzyl (5R,7S)-7-
methy1-2-axa-1,8-diazaspira[4.51dec-3-ene-8-carboxylate (#C28) (45 mg, 0.15
mmol) in tetrahydrofuran (0.3 mt..) was added to a suspension of sodium
hydride (60% in  10 mineral oil, 6.6 mg, 0.16 mmol) in tetrahydrofuran (0.3
mL), The reaction was stirred for 20 minutes after gas evolution ceased,
then treated with a solution of (bromomethyl)cyclopropane (33,6 mg, 0.249
mmol) in tetrahydrofuran (0.3 mL). The reaction was heated to 60 C for 20
minutes, at which time sodium iodide (< 5 mg) and 15-crown-5 ether (1 drop
from a Pasteur pipette, < 5 mg) were added. The  15 reaction mixture was
maintained at 60 00 for an additional 6 hours, then at room temperature for
18 hours. Solvent was removed under a stream of nitrogen, and the residue
was partitioned between water (1.5 mL) and ethyl acetate (3 mL), The
aqueous layer was extracted with ethyl acetate (2 mL), and the combined
organic layers were dried over magnesium sulfate, filtered and concentrated
in vacuo.  20 Purification was effect by chromatography on silica gel
(Gradient: 0% to 10% methanol in dichloromethane) to provide the product as
a thick gray oil. Yield: 52 mg, 0.147 mmol, 98%. LCMS m/z 355.2 (M+1). 'H
NMR (400 MHz, CD013) 6 0.300,34 (m, 2H), 0.49-0.54 (in, 2H), 0.99-1.09 (m,
1H), 1.30 (d, J=6.9 Hz, 3H), 1.3-1.39 (br m, 1H), 1,42-1.54 (br m, 1H),
1.97-2.09 (br m, 1H), 2.28 (dd, J=13.8, 6,5 Hz, 1H), 253.08-3.24 (m, 3H),
4.16-4.35 (br m, 1H), 4.61-4.81 (br m, 1H), 5.13-5.21 (m, 2H), 



6.19 (d, J=6.2 Hz, 1H), 7.32-7.40 (m, 5H), 7.47 (d, J=6.2 Hz, 1H).
Step 10. Synthesis of (5R,7S)-1-(cyclopropylmethyI)-8-(3-isopropoxybenzyl)-
7-methyl-1,8-diazaspiro[4.51dec-3-en-2-one (#93). Benzyl (5R,7S)-1-
(cyclopropyl methyl )-7-methyl-2-oxo-1,8-di
azaspiro[4.51clec-3-ene-8-carboxylate 30(#C29) (48 mg, 0,14 mmol) was
dissolved in a freshly prepared solution of trimethylsilyi iodide (0.17 M
in acetonitrile, 1.0 ml., 0.17 mmol), and the resulting  - 70 - solution
was stirred at room temperature for 8 hours. Purification was carried out
by loading the reaction mixture directly onto a mixed-mode cation-exchange
(MCX) solid-phase extraction column. The column was flushed with
dichloromethane (5 mL), and the product was then eluted using a 2 M
solution of ammonia in methanol  5 (5 mL), The eivant was concentrated in
vacuo to afford the deprotected intermediate. LCMS m/z 221.1 (M+1). This
material was mixed with acethnitrile (1 mL) and potassium carbonate (62.8
mg, 0.45 mmol). After addition of 1-(bromomethyl)-3- isopropoxybenzene
(which may be prepared from 3-isopropoxybenzaldehyde using the general
procedure reported by A. van Oeveren et al.. J. Org. Chem, 1994, 59,  10
5999-6007) (68.7 mg, 0.300 mmol), the mixture was stirred at room
temperature for 1 hour, then loaded onto an MCX cartridge containing a
small amount of Celite on top of the packing material, to assist in
removing solids. The cartridge was flushed with clichloromethane (5 mL),
and the filtered solids and Celite were manually removed from the
cartridge. The product was eluted using a 2 M solution of ammonia in  15
methanol (5 mL), and the filtrate was concentrated in vacuo. The residue
was purified by preparative silica thin layer chromatography (Eluant: 5%
acetonitrile in ethyl acetate); the product band was extracted with 2:1
ethyl acetate: methanol (15 mL) and filtered. After removed of solvent
under reduced pressure, the residue was dissolved in ethyl acetate (3 mL),
passed through a nylon filter (0.2 pm) and  20 reconcentrated to provide
the product as a gray/off-white semi-solid. Yield: 24.8 mg, 0.067 mmoi,
48%. LCMS rn/z 369.2 (M+1). H NMR (400 MHz, CDCk) 6 0.35-0.40 (m, 2H),
0.49-0.54 (m, 2H), 1.05-1,13 (m, 1H), 1.15 (d, J=6.8 Hz, 3H), 1.33-1.46 (m,
2H), 1.35 (d, J=6,0 Hz, 6H), 2.11 (ddcl, J=12, 12, 5 Hz, 1H), 2.34 (del,
1=13.1, 5.5 Hz, 1H), 2.61-2.73 (m, 2H), 3.19-3.35 (m, 3H), 3.62 (AB
quartet, 45=13.7 Hz, dvAs=8.3  25 Hz, 2H). 4.58 (septet, J=6.0 Hz. 1H),
6.10 (d, J=6.2 Hz, 1H), 6.79 (br d, J=8 Hz, 1H), 6.90-6.94 (m, 2H), 7.23
(dd, J=8, 8 Hz, 1H), 7.37 (d, J=6,0 Hz, 1H). Example (94
(5F?,75)--isopropoxybenzyl)-7-methyl-1-propy1-1 -diazaspiro14.51de
-3-en-2-one  (#94)  - 71 -    Step 1.Synthesis of benzyl
(5R,7S)-7-methyl-2-oxo-1-propyl-1,8- diazaspiro[4.5]dec-3-ene-8-carboxylate
(#C30). The title product was prepared according to the general procedure
for the synthesis of benzyl (5R,7S)-1-
(cyclopropylmethyl)-7-methyl-2-oxo-1,8-diazaspiro[4,5]clec-3-ene-8-carboxyl
ate (#C29) in Example @93, except that 1-iodopropane was used in place of
(bromomethyl)cyclopropane, the reaction was heated at 60 C for 22 hours,
and sodium iodide and 15-crown-5 ether were not used. In this case, the
crude product, obtained as a thick gray oil, was taken directly on to the
next step. LCMS mIz 343.1 10 (M+1). 111 NMR (400 MHz, CDC13), partial
spectrum: 6 0.91 (t, J=7.4 Hz, 3H), 2.21 (dd, J=13.5, 6.6 Hz, 1H),
5,12-5.20 (m, 2H), 6,17 (d, J=6.2 Hz, 1H), 7,32-7,40 (m, 5H), 7,45 (d,
J=6.2 Hz, 1H),        Step 2. Synthesis of
(5R,7S)-8-(3-isopropoxybenzyl)-7-methyl-1-propyl-1,8-
diazaspiro[4.51dec-3-en-2-one (#94). The title compound was prepared
according to 15 the procedure described for the synthesis of #93 in Example
@93, except that benzyl
(5R,7S)-7-methyl-2-oxo-1-propy1-1,8-diazaspiro[4,5]dec-3-ene-8-carboxylate
(#C30) was used instead of benzyl
(5R7S)-1-(cyclopropylmethy0-7-methyl-2-oxo-1,8-
diazaspiro[4.5]dec-3-ene-8-carboxylate (#C29). The product was obtained as
a thick yellow oil. Yield: 14.3 mg, 0.040 mmol, 27% over 2 steps. LCMS miz
357.6 (M+1). 20 "H NMR (400 MHz, CDCI3) 5 0.94 (t, J=7.4 Hz, 3H), 1.15(d,
J=6.8 Hz, 3H), 1.33-1.38 (m, 1H), 1.36 (d, J=6.0 Hz, 6H), 1.41-1.47 (m,
1H), 1,60-1,70 (m, 2H), 2.00 (ddd, J=12.9, 10.7, 4,6 Hz, 1H), 2,23 (dd,
J=13.2, 5,4 Hz, 1H), 2,59-2.73 (m, 2H), 3.22-3,34 (m, 3H), 3.62 (AB
quartet, JAB=13.6 Hz, L\ vAs=21.7 Hz, 2H), 4,58 (septet, Hz, 1H), 608 (d,
J=6,0 Hz, 1H), 680 (br dd, J=83, 2.3 Hz, 1H), 6.91-6.94 (m, 2H), 7.23
25(dd, J=7.8, 7.8 Hz, 1H), 7.31 (d, J=6.2 Hz, 1H). Example @).95   WO
2010/058333PCT/IB2009/055043 - 72 -
(5R,7S)-1-CycloproPV1-8-(3-isopropoxvbenzvl )-7-methvH ,8-d z
piro[4.5}decz) n- 2-one, trifluoroacetate salt (#95) 



#C28#C31 5Step 1.Synthesis of benzyl
(5R,7S)-1-cyclopropy1-7-methyl-2-oxo-1,8-
piro[4.51dec-3-ene-8-carboxylate (#C31). Benzyi (5R,7S)-7-methyl-2-oxo-1,8-
diazaspiro[4.5}dec-3-ene-8-carboxylate (#C28) was converted into the title
product by reaction with cyclopropylboronic acid, according to the method
of S. Benard et al., J. Org. Chem. 2008, 73, 6441-6444. Purification was
carried out by silica gel  10 chromatography (Eluant: ethyl acetate) to
provide the product as an oil. Yield: 18 mg, 0.053 mmol, 31%. LCMS 177/Z
341.3 (M+1). 1H NMR (400 MHz, CDC13) 6 0.78099 (m, 4H), 1.27-1.3 (rn, 1H),
1.30 (d, J=7.2 Hz, 3H), 1.36-1.46 (br m, 1H), 2.17- 2.23 (m, 1H), 2.19-2.30
(br m, 1H), 2.55 (br dd, J=13, 7 Hz, 1H), 3.07-3.17 (br m, 1H), 4.17-4.35
(br m, 1H), 4.66-4.80 (br m, 1H), 5.13-5.23 (m, 2H), 6.14 (d, J=6.2 Hz,
151H), 7.32-7.40 (m, 5H), 7.44 (d, J=6.2 Hz, 1H).        Step 2. Synthesis
of
(5R7S)-1-cyclopropy1-8-(3-isopropoxybenzy1)-7-methyl1,8-diazaspiro[4.5]dec-
3-en-2-one, tnfluoroacetate salt (#95). The title compound was prepared
according to the procedure described for the synthesis of #93 in Example
@93, except that benzyl (5R,7S)-1-cyclopropy1-7-methyl-2-oxo-1,8-
20cliazaspiro[4.5}dec-3-ene-8-carboxylate (#C31) was used instead of benzyl
(5R,78)-
1-(cyclopropylmethy0-7-methy1-2-oxo-1,8-thazaspiro[45]dec-3-ene-8-carboxyla
te (#C29), the removal of the protecting group was carried out over 18
hours rather than 8 hours, and strong cation exchange (SCX) solid-phase
extraction columns were used rather than MCX columns. The final
purification was carried out via reversed-  25 phase HPLC (Column: C,a;
Mobile phase A: 0.1% TFA in water (v/v); Mobile phase B: 0.1% TFA in
acetonitrile (v/v); Gradient: 5% B to 100% B) to afford the title product
as an oil. Yield: 7 mg, 0.015 mmol, 9% over 2 steps. LCMS m/z 355.2 (M+1).
- 73 - NIVIR (400 MHz, CD3OD), partial spectrum: 5 0.81-1.01 (br in, 4H),
1.33 (d, J=6.0 Hz, CH), 1,62 (cl, J=6.9 Hz, 3H), 1.65-114 (br m, 1H),
3.46-3,60 (br m, 2H), 4,67 (septet, J=6.0 Hz, 1H), 7.034.23 (m, 4H), 7.41
(dd, J=7.9, 7.9 Hz, 1H). Example @.96
5(5R,75)-1-(3-Fluoropheny1)-8-(3-isopropoxybenzyl)-3,7-dimethyl-1.8-
diazaspiro[4.51decan-2-one. hydrochloride salt (#96)         Step 1.
Synthesis of (2S,4R),44(3-fluorophenyl)amino]-2-methylpiperidine-4-
carbonitrile (#C32). Benzyl (2S,4R)-4-cyano-4-[(3-fluorophenyl)amino]-2-
methylpiperidine-1-carboxylate (C10) (4,0 g, 11 mmol) was dissolved in
methanol (100 mL) and treated with a suspension of palladium hydroxide on
carbon (20% by weight, 540 mg, 0.77 mmol) in ethyl acetate (10 mL), The
reaction mixture was shaken under 40 psi of hydrogen for 4 hours, filtered
and concentrated in vactio The resulting oil was purified by chromatography
on silica gel (Gradient: 50% to 100% 15 ethyl acetate in heptane, followed
by 10% methanol in ethyl acetate), to afford the product as a clear yellow
oil. Yield: 1.85 g, 7.93 mmol, 72%, LCMS mlz 234,0 (M+1). 'H NMR (400 MHz,
CDC13) 3 1.10 (d, J=6,3 Hz, 3H), 1.43 (br s, 1H), 1,73 (dd,  - 74 - J=13,7,
11,5 Hz, 1H), 2.03 (ddd, J=13.8, 8.6, 8.6 Hz, 1H), 2,30-2,38 (m, 2H),
2.903.01 (m, 3H), 3.78 (bra, 1H), 6.56-6.64 (m, 2H), 6.66 (odd, J=8.1, 2.3,
0.8 Hz, 1H), 7.20 (ddd, J=8.2, 8,1, 6.7 Hz, 1H),
Step2,Synthesisof(2S,4R)-4-[(3-fluorophenyl)amino1-1-(3-  5
isopropoxybenzy1)-2-methylpiperidine-4-carbonitrile (#C33), (2S,4R)-4-[(3-
Fluorophenyl)amino1-2-methylpiperidine-4-carbonitrile (#C32) (4.20 g, 18.0
mmol), 1- (bromomethyl)-3-isopropoxybenzene (4.95 g, 21.6 mmoi) and cesium
carbonate (99%, 14.2 g, 43.1 mmol) were combined in acetonitrile (90 mL)
and stirred at room temperature for 3 hours. The reaction mixture was then
diluted with ethyl acetate,  10 and washed with water, then with saturated
aqueous sodium chloride solution, dried over magnesium sulfate, filtered
and concentrated in vacuo. Purification was effected by chromatography on
silica gel (Gradient 0% to 20% ethyl acetate in heptane), providing the
product as a solid. Yield: 4.60 g, 12,1 mmol, 67%. The characterization
data was obtained on a sample derived from a similar reaction.  15 LOMS mit
382,0 (M+1). 1H NMR (400 MHz, CDCI3) 8 1.22 (d, J=6.2 Hz, 3H), 1,35 (d,
J=6.0 Hz, 6H), 2.02-2.32 (m, 5H), 2,56-2,71 (m, 2H), 3.06 (d, J=13.4 Hz,
1H), 3.80 (br s, 1H), 4,07 (d, J=13.4 Hz, 1H), 4.57 (septet, J=6,0 Hz, 1H),
6,55-6,66 (m, 3H), 6,77-6.88 (m, 3H), 7.16-7.24 (m, 2H),
Step3.Synthesisof(28,4F?)-4-[(3-fluorophenyi)amino]-1-(3-  20
isopropoxybenzyl)-2-methylpiperidine-4-carbaldehyde (#C34).
Diisobutylaluminum hydride (98%, 1.5 M solution in toluene, 5.8 mL, 8.5
mmol) was added drop-wise to a solution of (2 S,4R)-4-[(3-fluorophenyl)ami
no]-1-(3-isopropoxybenzy1)-2- methylpiperidine-4-carbonitrile (#C33) (2.20
g, 5.77 mmol) at -78 "C, The reaction was stirred at -78 C for 1 hour, then
warmed to 0 "C for 1 hour, then warmed to 25 room temperature for 1 hour.
Aqueous ammonium chloride solution and 1 N hydrochloric acid were added
until the reaction mixture was acidic (pH around 5). The aqueous layer was
extracted three times with ethyl acetate, and the combined organic layers
were dried, filtered and concentrated in vacua The residue was purified by
chromatography on silica gel (Gradient: 0% to 100% ethyl acetate in
30heptane), providing the product as an oil. Yield: 730 mg, 1.90 mmol, 33%.
LCMS m/z 385,0 (M+1). "H NMR (400 MHz, CDC13) 3 1.22 (d, J=6.0 Hz, 3H),
1.36 (d, J=6.0  - 75 - 



Hz, 6H), 1/1 (dd, J=13,6, 11.7 Hz, 1H), 1 6- .96 (m, 3H), 2.15 (br ddd,
J=11.9, 11.3, 4,4 Hz, 1H), 2.48-2.56 (m, 1H), 2.76 (br ddd, J=12, 3, 3 Hz,
1H), 3,07 (d, J=13.5 Hz, 1H), 4.12 (d, J=13.5 Hz, 1H), 4.17 (br s, 1H),
4,58 (septet, J=6,0 Hz, 1H), 6.25 (ddd, J=11.3, 2,3, 2,3 Hz, 1H), 6.30 (dd,
J=8,0, 2.1 Hz, 1H), 6.44 (ddd, J=8.3, 58.3, 2.2 Hz, 1H), 6,79 (dd, J=8.1,
2.2 Hz, 1H), 6,86-6,91 (m, 2H), 7.08 (ddd, J=8.1, 8,1, 6.8 Hz, 1H), 7.21
(dd, J=7.9, 7.9 Hz, 1H), 9.63 (s, 1H). Step 4Synthesis of ethyl
3-[(2S,4R)-4-[(3-fluorophenyl)amino]-(3-
isopropoxybenzyl)-2-methylpiperidin-4-y1}-2-methylacrylate(#C35).Ethyl2-
(diethoxyphosphoryl)propanoate (0.122 mL, 0.560 mmol) was added drop-wise
to a  10 mixture of sodium hydride (60% in oil, 20.6 mg, 0.515 mmol) in
1,2-dimethoxyethane (0,9 mL) at 0 C. After being stirred at 0 C for 30 min,
the reaction was warmed to room temperature, (2
S,4R)-4-[(3-Fluorophenyl)ami flop -(3-isopropoxybenzyI)-2-
methylpiperidine-4-carbaldehyde (#C34) (180 mg, 0.47 mmol) in minimal 1,2-
dimethoxyethane was added drop-wise, and the reaction was stirred for an
additional 3 hours. After addition of water, the mixture was extracted with
ethyl acetate. The combined organic layers were dried over sodium sulfate,
filtered and concentrated in vacua. Purification via silica gel
chromatography (Gradient: 10% to 40% ethyl acetate in heptane) afforded the
title product as an oil. Yield: 85 mg, 0.18 mmol, 38%. LCMS m/z 469.1
(M+1). 1H NMR (400 MHz, CDC13), characteristic signals: 6  20 1,18 (d,
J=6.0 Hz, 3H), 1.31 (t, J=7,1 Hz, 3H), 1,34 (d, 1=6.2 Hz, 6H), 1.94 (d,
J=1.5 Hz, 3H), 3,04 (d, J=13.5 Hz, 1H), 4,10 (d, J=13.5 Hz, 1H), 4,21 (q,
J=7.1 Hz 2H), 7.04 (ddd, J=8,1, 8,1, 6.8 Hz, 1H), Step 5.Synthesis of ethyl
3-[(2S,4R)-4-[(3-fluoropheny )amino]-1-(3-
isopropoxybenzyl)-2-methylpipendin-4-01-2-methylpropanoate (#C36).Ethyl 3-
25
[(2S,4R)-4-[(3-fluorophenyl)aminol-1-(3-isopropoxybenzyl)-2-methylpiperidin
-4-yil-2- methylacrylate (#C35) (85 mg, 0.18 mmol) and palladium on carbon
(10%, 19.2 mg, 0,018 mmol) were combined in methanol (1.8 mL) and shaken
under 50 psi of hydrogen for 18 hours. The reaction was filtered and
concentrated in vactio to provide the product as an oil, which was used
without further purification. Yield: 75 30 mg, 0.16 mmol, 88%. LCMS mtz
471,4 (M+1).  - 76 -        Step 6. Synthesis of
(5R,7S)-1-(3-fluorophenyi)-8-(3-isopropoxybenzyl)-3,7-
dimethyl-1,8-diazaspiro[4.5]deoan-2-one, hydrochloride salt (#96). Ethyl
3-[(2S,4R)-
4-[(3-fluorophenyl)amino]-1-(3-isopropoxybenzyi)-2-methylpiperidin-4-y11-2-
methylpropanoate (#C36) (75 mg, 0.16 mmol) was added to a mixture of sodium
5 hydride (9.5 mg. 024 mmol) and tetrahydrofuran (0.8 mL) at UC. The
reaction was stirred under ice cooling for 1 hour, then heated at reflux
for 18 hours, Removal of solvent under reduced pressure was followed by
chromatography on silica gel (Gradient- 0% to 100% ethyl acetate in
heptane) to provide the free base of the product as a roughly 2:1 mixture
of diastereomers, as judged from the 1H NMR 10 spectrum. Yield: 14 mg,
0,033 mmol, 21%. LCMS m/z 425.0 (M+1). 1H NMR (400 MHz, CDCI3)  1.09 and
1,14 (2 d, J=6.9 and 6.8 Hz, 3H), 1.28-1.32 (m, 9H), 1.461.51 and 1.60-1.77
(2 m, 3H), 1.82-1.91 (m, 1H), 1.98-2.08 (m, 1H), 2.19-2.25 and 2.47-276 (2
m, 4H), 2.89-3.03 (m, 1H), 3.47 (AB quartet, J,A5=136 Hz, AvAB=22.8 Hz) and
3.44 (AB quartet, 45=13.6 Hz, AvAB=99.9 Hz, total of 2H), 4.45-4.55 (2
15septets, J=6,0 Hz, 1H), 672-6.81 (m, 3H), 6.84 (ddd, J=9.5, 2.2, 2.2 Hz,
1H), 6.90 (ddd, J=7.9, 1.8, 0.9 Hz, 1H). 7.06-7.18 (m, 2H). 7.35-7.42 (m,
1H).        This material was converted to 15 mg of the corresponding
hydrochloride salt, isolated as a solid, Example A97
20(5R,7S)-1-(3-Fluorophenyl)-8-(4-hydroxy-3-isopropoxybenzyl)-7-methyl-3-ph
enyl-1,8- diazaspirof4.51dec-3-en-2-one, hydrochloride salt (#971  - 77 -
17--------( '...<\\ /,?\-r/ r_"1-4---------;.., 4->e -...."../ H #C42 
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c,)- ' 0i       Step. 1. Synthesis of benzyl (5R,7S)-
-(3-fluorophenyl)-7-methyl-2-oxo-1,8- diazaspiro[4.5]decane-8-carboxylate
(#C37). (5R,7S)-1-(3-Fluoropheny1)-7-methyl1,8-diazaspiro[4.5]decan-2-one
(P4) (532 mg, 2.03 mmol) was dissolved in  5 tetrahydrofuran (10 mL) and
water (5 mL) and chilled in an ice bath. Sodium hydroxide (487 mg, 12,2
mmol) in water (1 mL) was added, followed by benzyl chloroformate (0.39 mL,
2.6 mmol), and the ice bath cooling the reaction mixture was allowed to
warm to room temperature over 18 hours. The reaction was then poured into
dilute aqueous sodium bicarbonate solution and extracted three times with
10 dichloromethane. The combined organic layers were dried over sodium
sulfate, filtered and concentrated in vacua to provide a residue, which was
subjected to silica gel chromatography (Gradient: 0% to 4% methanol in
dichloromethane). The product was isolated as a white foam. Yield: 545 mg,
1,37 mmol, 67%. Step 2. Synthesis of benzyl
(5R,7S)-1-(3-fluoropheny1)-3-hydroxy-7-methyl-2-
15oxo-1,8-diazaspiro[4,5]decane-8-carboxylate (#C38). Lithium
bis(trimethylsilyl)amide (1 M in tetrahydrofuran, 1.5 mL, 1.5 mmol) was
added to a solution of benzyl
(5R,7S)-1-(3-fluorophenyl)-7-methyl-2-oxo-1.8-diazaspiro[4.51clecane-8-carb
oxylate (#C37) (500 mg, 1.26 mmol) in tetrahydrofuran (6.3 mL) at -60 ')C,
and the reaction mixture was maintained at this temperature for 1 hour. A
solution of 3-pheny1-2- 20(phenylsulfonyl)oxaziridine (see L. C.
Vishwakarma at al., Organic Syntheses 1988,  - 78 - 66, 203-10) (494 mg,
1.89 mmol) in tetrahydrofuran was added drop-wise, and the reaction was
warmed to room temperature and stirred for 18 hours. The mixture was poured
into saturated aqueous ammonium chloride solution (3 mL) and extracted with
dichloromethane (3 x 3 mL); the combined organic layers were dried over  5
sodium sulfate, filtered and concentrated in vacuo. Purification via silica
gel chromatography (Gradient: 0% to 5% methanol in dichloromethane)
provided the product as a white solid, presumed to be a mixture of rotamers
and diastereomers from its 111 NMR spectrum. Yield: 201 mg, 0.487 mmol,
39%. APCI m/z 413.2 (M+1). 1H NMR (400 MHz, CDCI3) 1.24-1.31 (m, 3H),
1.53-1.94 (br m, 4H), 2.23 (dd,  10 J=13,5, 5.3 Hz) and 2.05-2.12 (m, total
of 1H), 2.64 and 2.86 (2 dd, J=13.4, 8.1 Hz and J=12.8, 8.5 Hz, 1H),
3.05-3.15 (br m, 1H), 4.05-4.62 (m, 4H), 5.01-5.12 (br s, 2H), 6.79-6.83
(m, 1H), 6.85-6.88 (m, 1H), 7.10-7.16 (m, 1H), 7.28-7.44 (m, 6H), Step 3.
Synthesis of benzyl (5R,7S)-1-(3-fluorophenyI)-7-methyl-2,3-dioxo-
,8-diazaspiro[4.5]decane-8-carboxylate (#C39). Manganese(IV) oxide (85%,
124 mg, 1.21 mmol) was added to a solution of benzyl
(5R,75)-1-(3-fluorophenyI)-3- hydroxy-7-methyl-2-oxo-1
,8-diazaspiro[4.5]decane-8-carboxylate (#C38) (50 mg, 0.12 mmol) in
dichloromethane (0.61 mL), and the reaction was stirred at room temperature
until no starting material was observed by thin layer chromatography on
silica gel (Eluant: 5% methanol in chloroform). The reaction mixture was
filtered  20 through a <1 um filter, and solvent was removed in vacuo.
Chromatography on silica gel (Gradient; 0% to 5% methanol in
dichloromethane) provided the product as an oil, assumed to be a mixture of
rotamers from its 'H NMR spectrum. Yield: 30 mg, 0,073 mmol, 61%. LCMS m/z
411.0 (M+1). H NMR (400 MHz, CDCI3) 1.23-1.31 (m, 3H),  25 1.61-1.78 (br m,
2H), 1.84-2.13 (br m, 2H), 2.96 (AB quartet, 45=19.1 Hz, AvAB=34.9 Hz, 2H),
3,0-3,13 (br m, 1H), 4,12-4.31 (br m, 1H), 4.54-4.71 (br m, 1H), 5.00-5.14
(br m, 2H), 6.80-6.94 (m, 2H), 7.11-7.23 (m, 1H), 7.28-7.39 (m, 5H),
7.44-7.51 (m, 1 H).        Step 4. Synthesis of benzyl
(5R,7S)-1-(3-fluorophenyl)-7-methyl-2-oxo-3-
{Rtnfluoromethyl)sulfonyl]oxy}-1,8-diazaspiro[4.5idec-3-ene-8-carboxylate
(#C40). Lithium bis(trimethylsilyl)amide (1 M in tetrahydrofuran, 0.067 mL,
0.067 mmol) was  - 79 - 



added drop-wise to a solution of benzyl
(5R,7S)-1-(3-fluorophenyl)-7-methyl-2,3-
clioxo-1,8-cliazaspiro[4.5}decane-8-carboxylate (#C39) (25 mg, 0.061 mmol)
in tetrahydrofuran (0,61 mL) at -78 C. After 30 minutes,
N-(5-chloropyridin-2-y1)-1,1,1-
trifluoro-N-[(trifiuoromethyl)sulfonyl]methariesulfonamide (28.7 mg, 0.0731
mmol) in  5 tetrahydrofuran (1 mL) was added drop-wise and stirring was
continued at -78 ')C for 2 hours. Sodium sulfate decahydrate (100 mg, 0.31
mmol) was added, and the reaction was allowed to warm to room temperature,
at which point it was filtered and concentrated in vacuo. Purification via
silica gel chromatography (Gradient: 0% to 40% ethyl acetate in heptane)
provided the product as a solid. Yield: 30 mg, 0.055 10 mmol, 90%. LCMS m/z
542.9 (M+1), H NMR (400 MHz, CDCI3) 1.31 (d, J7.1 Hz, 3H), 1,55 (br d, J=13
Hz, 1H), 1.71-1.78 (br m, 1H), 1.96-2.06 (br m, 1H), 2.19 (br dd, J=13, 7
Hz, 1H), 3.06-3.17 (br m, 1H), 4,21-4,36 (br m, 1H), 4,60-4,74 (br m, 1H),
5.09 (br 5, 2H), 6,86 (ddd, J=9.1, 2,2, 2.2 Hz, 1H), 6.91 (ddd, J7.9, 1,9,
0,8 Hz, 1H), 7,18 (dddd, J=8.3, 8.3, 2,5, 0.8 Hz, 1H), 7.29-7,39 (in, 5H),
7.42 (s, 1H), 7.45 (ddd, 15J=8.2, 8.2, 6.2 Hz, 1H).       Step 5. Synthesis
of benzyl (5RIS)-1-(3-fluorophenyl)-7-methyl-2-oxo-3-
phenyl-1,8-diazaspiro[4.5]dec-3-ene-8-carboxylate (#C41). Phenylboronic
acid (8.0 mg, 0.066 mmol), anhydrous potassium phosphate (35.0 mg, 0.165
mmol) and then [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(11)
(4.4 mg, 0.0060 mmol)  20 were added to a solution of benzyl
(5R,7S)-1-(3-fluorophenyl)-7-methyl-2-oxo-3-
{[(trifluoromethyl)sulfonyl]oxy}-1,8-diazaspiro[4,5]dec-3-ene-8-carboxylate
(#C40) (30 mg, 0.055 mmol) in tetrahydrofuran (0.55 mL), The resulting
solution was heated at reflux for 1 hour, then cooled to room temperature,
diluted with ethyl acetate (5 and filtered through a <1 pm filter. The
filtrate was concentrated in vacuo, then  25 purified by silica gel
chromatography (Gradient: 0% to 50% ethyl acetate in heptane) to provide
the product as a colorless oil. Yield: 20 mg, 0,042 mmol, 76% APCI m/z
471.1 (M+1). 1H NMR (400 MHz, CDCI3) 3 1.39 (d, J=7.2 Hz, 3H), 1.54-1.6 (m,
1H, assumed: partially obscured by water peak), 171-1.79 (br m, 1H),
1.95-2.05 (br m, 1H), 2.18 (br dd, J=13, 7 Hz, 1H), 3.19-3,28 (br m, 1H),
4.204.37 (br m, 1H), 4.62- 304.74 (br m, 1H), 5.11 (br 5, 2H), 6.91 (ddd,
J=9.3, 2.2, 2.2 Hz, 1H), 6,95-6.98 (m, 1H),  - 80 - 7,16 (br ddd, J=8.3,
8.3 2.5 Hz, 1H), 7.31-7.48 (m, 9H), 713 (s, 1H), 7.91-7.95 (m, 2H). Step
6.Synthesis of (5R,7S)-1-(3-fiuoropheny1)-7-methyl-3-pheny1-1,8-
diazaspiro[4,51dec-3-en-2-one (#C42). The title compound was prepared
according  5 to the general procedure for the synthesis of P1 in
Preparation 1, except that benzyl
(5R,7S)-1-(3-fluoropheny1)-7-methyl-2-oxo-3-pheny1-1,8-diazaspiro[4.5)clec-
3-ene-8- carboxylate (#C41) was used instead of racemic benzyl
(5R,7S)(5S,7R)-1-(3-
fluoropheny1)-7-methyl-2-oxo-1,8-diazaspiro[4.5]dec-3-ene-8-carboxylate
(C9). The product was obtained as an oil. Yield: 6.8 mg, 0.020 mmol, 47%.
LCMS m/2- 337.1  10 (M+1). H NMR (400 MHz, CDC) 3 1.07 (d, J=6.4 Hz, 3H),
1.72 (dd, J=14,2, 10,1 Hz, 1H), 1.90-1.98 (m, 2H), 2,06 (cIdd, J=14.2,
11.1, 5.0 Hz, 1H), 2.69 (ddd, J=12.7, 11,0, 3.2 Hz, 1H), 2.74-2.84 (m, 1H),
2.95 (ddd, J=12,6, 4.5, 4,5 Hz, 1H), 6.99 (ddd, J=9.3, 2.1, 2.1 Hz, 1H),
7.06 (ddd, J=7.9, 1.8, 0.9 Hz, 1H), 7.15 (dddd, J=8.4, 8.4, 2,5, 1,0, 1H),
7.17 (s, 1H), 7.34-7.47 (in, 4H), 7,91-7,94 (m, 2H).
Step7.Synthesisof(5R,75)-1-(3-fluoropheny1)-8-(4-hydroxy-3-
isopropoxybenzyl)-7-methyl-3-phenyl-1,8-diazaspiro[4.5jclec-3-en-2-one,
hydrochloride salt (#97). The title product was prepared from (5R,7S)-1-(3-
fluoropheny1)-7-methyl-3-pheny1-1,8-diazaspiro[4.5]dec-3-en-2-one (#C42)
according to the general procedure for the synthesis of
(5R,7S)-1-(3-fluoropheny1)-8-(4-
20hydroxy-3-isopropoxybenzy1)-7-methyl-1,8-diazaspiro[4.51dec-3-en-2-one
hydrochloride (87) in Example 87, except that the purification was carried
out by multiple silica gel chromatographies: 0% to 5% methanol in
dichloromethane gradient, followed by 1% to 100% ethyl acetate in heptane
gradient, and finally diethyl ether eluant, providing the neutral form of
the product as a solid. Yield: 3.0 25 mg, 0.0056 mmol, 28%._LCMS miz 500.2
(M+1). 111 NMR (400 MHz, CDCla) 3 1,20 (d, J=6.7 Hz, 3H), 1.34 (br d, J=6
Hz, 6H), 1.64-1.69 (m. 1H), 1.76-1.82 (in, 1H), 2,00-2.08 (m, 1H), 2,18
(dd, J=13, 5 Hz, 1H), 2,41-2,47 (m, 1H), 2.68-2.74 (m, 1H), 2.99-3,04 (m,
1H), 3.48 (AB quartet, JAB=13 Hz, ilvAB=79 Hz, 2H), 4.54 (septet, Hz, 1H),
5.62 (s, 1H), 6.70 (dd, J=8, 2 Hz, 1H), 6.79 (d, J=2 Hz, 111), 6.83 (d,
J=8.0 30Hz, 1H). 6.93-6.96 (rn, 1H), 6.99-7.02 (m, 1H), 7.12-7.17 (m, 1H),
7.34-7.46 (m, 4H),  - 81 - T53 (s, 1H), 7,91-7,94 (m, 2H). The
hydrochloride salt was prepared using 1 M hydrogen chloride in diethyl
ether, providing #97 as a solid, 3 mg,
Example @.98
(5R,75)-1-(3-Fluoroohenv1)-8-(4-hydroxv-3-isopropoxybenzv1)-3,7-dimethvl-1,
8- 5diazaspiro[4.51dec-3-en-2-one, hydrochloride salt (#98)     HO".
Steil) 1, Synthesis of 1-benzyl 4-methyl
(2S,4R)-4-[(3-fluorophenyl)amino]-2- methylpiperidine-1,4-dicarboxylate
(#C43). Benzyl (2S,4S)-4-hydroxy-2-methy1-4-
(trichloromethyl)pipericline-l-carboxylate (#C21) (4.80 g, 13.1 mmol),
3-fluoroanne 10  (98%, 2,91 mL, 26.2 mmol) and
cliazabicyclo[5,4.0]undec-7-ene (98%, 5,99 mL, 39.3 mmol) were dissolved in
methanol (131 mL) and heated at reflux overnight. The reaction mixture was
diluted with water and extracted with ethyl acetate. The combined organic
layers were washed with saturated aqueous sodium chloride solution; dried
over magnesium sulfate, filtered and concentrated in vacua. The 15  residue
was purified by chromatography on silica gel (Eluant: 25% ethyl acetate in
heptane) to afford a ViSCOUS, colorless oil (3.8 g), which was taken
directly to the next step. LCMS m/z 401.47 (M+1). 



Step 2.Synthesis of benzyl (2S,4R)-4-[(3-fluorophenyl)amino]-4-
(hydroxymethyl)-2-methylpiperidine-1-carboxylate (#C44).1-Benzyl 4-methyl
20(2S,4R)-4-[(3-fluorophenyl)aminci]-2-methylpiperidine-1,4-dica xylate
(#C43) from  - 82 - the previous step was dissolved in tetrahydrofuran
(63.3 mL) and treated with a solution of lithium borohydride in
tetrahydrofuran (2 M, 19.0 mL, 38.0 mmol). The resulting mixture was heated
at reflux for 18 hours. After cooling to room temperature, the reaction
mixture was quenched with saturated aqueous ammonium  5 chloride solution,
diluted with water, and extracted with ethyl acetate. The combined organic
layers were washed with saturated aqueous sodium chloride solution, dried
over magnesium sulfate, filtered and concentrated under reduced pressure.
The residue was purified by silica gel chromatography (Eluant: 50% ethyl
acetate in heptane) to provide the product as a viscous, colorless oil.
Yield: 1.10 g, 2.95 mmol,  10 22% over two steps. 1H NMR (400 MHz, CDCl3)
6' 1.21 (d, J=6.6 Hz, 3H), 1.35 (dd, J=14,4, 7.9 Hz, 1H), 1.78-1.88 (m,
2H), 2.06 (del, J=14.3, 6.5 Hz, 1H), 2.20 (br J=6, 6 Hz, 1H), 3.06-3.14 (m,
1H), 3.53 (br s, 1H), 3.68 (dd, half of ABX system, J=11.3, 4.9 Hz, 1H),
3.75 (dd, half of ABX system, J=11.3, 6.1 Hz, 1H), 3,96-4.03 (m, 1H),
4.15-4,24 (m, 1H), 5.13 (s, 2H), 6.39-6.44 (m, 2H), 6,52 (dddd, 8.3 2.3,
0,9 Hz, 1H), 7.08 (ddd, J=8.3, 8,3, 6.8 Hz, 1H), 7.29-7.38 (m, 5H),
Step 3. Synthesis of benzyl (23,4R)-4-[(3-fluorophenyl)amino)-4-formy1-2-
methylpiperidine-1-carboxylate (#C45). Oxalyl chloride (99%, 0.39 mL, 4.4
mmol) was added drop-wise to a -78 C solution of dimethyl sulfoxide (0.63
mi.., 8.9 mmol) in dichloromethane (5 After 20 minutes, a solution of
benzyl (2S,4R)-4-[(3-  20
fluorophenyl)aminal-4-(hydroxymethyl)-2-methylpiperidine-1-carboxylate
(#C44) (1,10 g, 2.95 mmol) in dichloromethane (5 mL) was slowly added.
After an additional 20 minutes, triethylamine (99%, 1.66 mL, 11.8 mmol) was
added, and the reaction mixture was allowed to warm to room temperature and
stir for 18 hours. The reaction was then diluted with water and extracted
with ethyl acetate. The organic layer was 25 washed with saturated aqueous
sodium chloride solution, dried over magnesium sulfate, filtered and
concentrated under reduced pressure to provide the product as an oil.
Yield: 600 mg, 1.62 mmol, 55%. 'H NMR (400 MHz, CDCls) 3 1.18 (d, J=6.7 Hz,
3H), 1.71 (ddd, J=13.7, 12.2, 6.0 Hz, 1H), 1.91 (dd, half of ABX system,
J=14.2, 6.4 Hz, 1H), 1.98 (dd, half of ABX system, J=14.2, 6.3 Hz, 1H),
2.44 (ddd, J=14.0, 3, 303 Hz, 1H), 3.14 (ddd. J142, 12.0, 4.2 Hz, 1H),
4.03-4.09 (m, 2H), 4.32-4.41 (m, 1H), 5.14 (s. 2H), 6.21 (ddd. J=11.2, 2.3,
2.3 Hz, 1H), 6.25 (br dd, J=8, 2 Hz, 1H), 6.46 (br  - 83 - ddd, J=8, 8, 2
Hz, 1H), 7.05 (ddd, ,I=8.1, 8.1, 6.7 Hz, 1H), 7,31-7.39 (m. 5H), 1H).
Step 4. Synthesis of benzyl
(5R,7S)-1-(3-fluoropheny1)-3,7-dimethyl-2-oxo1,8-diazaspiro[4.51dec-3-ene-8
-carboxylate (#C46). Ethyl 2-[bis(2,2,2-  5
trifluoroethoxy)phosohoryl]oroparloate (353 mg, 1.02 mmol) was added
drop-wise to an ice-cooled mixture of sodium hydride (60% in oil, 40.8 mg,
1,02 mmol) and 1,2- dimethoxyethane (1.46 mL). The mixture was stirred at 0
`-'C for 30 minutes and then warmed to room temperature. A solution of
benzyl (2S,4R)-4-[(3-
fluarophenyl)amino]-4-formy1-2-methylpiperidine-1-carboxylate (#C45) (270
mg,  10 0.729 mmol) in minimal 1,2-dimethoxyethane was added drop-wise, and
the reaction was stirred for 18 hours, Water was then added, and the
mixture was extracted with ethyl acetate. The combined organic layers were
dried over sodium sulfate, filtered and concentrated in vactio.
Purification of the residue via chromatography on silica gel (Gradient; 10%
to 40% ethyl acetate in heptane) provided the product as a solid. Yield:
170 mg, 0.416 mmol, 57%. LCMS rn/z 409.5 (M+1). 1H NMR (400 MHz, CDCI3) (3
132 (d, J=7.0 Hz, 3H), 1.41-1.47 (m, 1H), 1,57-1,65 (m, 1H), 1.82-1.95 (m,
1H), 1.99 (d, J=16 Hz, 3H), 2.04-2.10 (m, 1H), 3.08-3.17 (m, 1H), 4.13-4.26
(m, 1H), 4.56-4.69 (m, 1H), 5,05-5,14 (m, 2H), 6.84 (ddd, J=9.4, 2.2, 2.2
Hz, 1H), 6.89 (br d, J=8 Hz, 1H), 7.11 (br ddd, J=8.4, 8.4, 2.5 Hz, 1H),
7.23-7.24 (m, 1H), 7.30-7.37 (m, 205H), 7.41 (ddcl, J=8.2, 8.2, 6.4 Hz,
1H). Step5.Synthesis of (5R,7S)-1-(3-fluorophenyi)-3,7-dimethyl-1,8-
diazaspiro[4.5]dec-3-en-2-one (#047). The title compound was prepared
according to the general procedure for the synthesis of P1 in Preparation
1, except that benzyl
(5R,7S)-1-(3-fluorophenyi)-3,7-dimethyi-2-oxo-1,8-diazaspiro[4.5)dec-3-ene-
8-  25 carboxylate (#C46) was used instead of racemic benzyl
(5R,7S)(5S,7R)-1-(3-
fluoropheny1)-7-methyl-2-oxo-1,8-diazaspiro[4.5]dec-3-ene-8-carboxylate
(C9). Yield: 55 mg, 0.20 mmol, 50%. APCI m/z 275.0 (M+1). H NMR (400 MHz,
CDCls) 6 1.01 (d, J=6.3 Hz, 3H), 1.34 (bra. 1H), 1.57 (dd, J=14.1. 10.0 Hz,
1H). 1.75-1.85 (m. 2H), 1,87-1.95 (m, 1H), 1.92 (d, J=1,6 Hz, 3H), 2.61
(ddd, J=12.7, 11.0, 3.3 Hz, 1H), 2.66- 302.74 (rn, 1H), 2.87 (ddd, J=12.6,
4.5, 4.5 Hz, 1H), 6,63 (q, J=1.5 Hz, 1H), 6,91 (ddcl,  - 84 - J=9.5: 2.2,
2.2 Hz: 1H), 6.97 (ddd, J7.9, 1.8, 0.9 Hz, 1H), 7.10 (dddd, J8.4, 8.4. 2.5,
0.9 Hz, 1H), 7.39 (ddd, J=8.2, 8.1, 6.4 Hz, 1H). Step6.Synthesisof (5 R ,7
S)-1-(3-fluorophenyI)-8-(4-hydroxy-3-
isopropoxybenzyl)-3,7-dimethyl-1,8-diazaspiro[4,51dec-3-en-2-one,
hydrochloride salt  5 (#98). The title product was prepared from
(5R7S)-1-(3-fluoropheny1)-3,7-dimethyl1,8-diazaspiro[4.51dec-3-en-2-one
(#C47) according to the general procedure for the synthesis of
(5R,7S)-1-(3-fluoropheny1)-8-(4-hydroxy-3-isopropoxybenzy1)-7-methyl1,8-dia
zaspiro[4.51dec-3-en-2-one hydrochloride (87) in Example 87. The neutral
form of the product was obtained as an oil. Yield: 12.4 mg, 0.0283 mmol,
39%.  10 LCMS miz 439.6 (M-1-1). 1H NMR (400 MHz, CDCI3) 6 1,14 (d, J=6.6
Hz, 3H), 1.33(2 d, J=6.0 Hz, 6H), 1.51-1.56 (m, 1H), 1.62-1.69 (m, 1H);
1.90-1.97 (m, 1H), 1.95 (c1; J=1.6 Hz, 3H), 2.07 (cld, J=13,3, 5.1 Hz, 1H),
2,38 (ddd, J=12.5, 5,7, 4,1 Hz, 1H), 2,62 (ddd, J=12.5, 9.7, 3.1 Hz, 1H),
2.92-3.00 (m, 1H), 3,44 (AB quartet, J13.3 Hz, AvAB=76.8 Hz, 2H), 4.52
(septet, J=6,0 Hz, 1H), 5,63 (br s, 1H), 6.68 (dd, 1=8.1,  15 1,9 Hz: 1H),
6.77 (d, J=1,8 Hz, 1H), 6.81 (d, J=8.1 Hz, 1H), 6.88 (ddd, J=9,5, 2.2, 2.2
Hz, 1H), 6.93 (ddd, J7,9, 1.8, 0.9 Hz, 1H), 7.00-7.02(m, 1H), 7,11 (dddd,
J=8.4, 8,4, 2,5, 0.8 Hz, 1H), 7.39 Odd, J=8,1, 81, 6.4 Hz, 1H).
Treatment of the neutral form of the product with I M hydrogen chloride in
diethyl ether provided the hydrochloride salt #98 as a solid, 13.2 mg. 



20Biological data for Examples 87 - @98 is given in Table 6.        The
structures of additional Examples are shown in Tables 2 and 3, which also
give physical data, preparative information and biological data for these
Examples. Table 2 - Examples #200 212   WO 2010/058333PCT/IB2009/055043 -
85 - Ex # ,  r 1?1., -0- Method Ex 87 BACE1 Activity ,, Name IUPAC
(5R,7S)-1- (3- fuorophenyl )-8-[(5- isobuty1-1,3- oxazol-4- yl)methyll-
7-metnyt- 1,8- diazaspiro[4 .51dec-3-en- 2-one, hydrochiold e salt    1H
NMR (400 MHz, CDC). 6 (poni) Mass spectrum: LCMS (unless otherwise
indicated), observed on rn/z 0.85 (d, J=6.5 Hz, 3H), 0.86 (d, J.6 Hz, 3H),
1.19 (d. J=6.5 Hz, 3H), 1,67 (br cid, J=14, 6 Hz, 1H), 1.80-2.01 (m. 3H),
2.09 (dd, 



J=13.6, 4.7 Hz, 1H), 2.40-2.46 (m, 1H), 2.42 (d, J=7.1 Hz. 2H), 2.66 (ddd
(J=12.4. 8.5, 3.6 Hz, 1H), 2.94-3.02 (m, 1H), 346 (AB quartet,
jA0-----.14.0 Hz. AVAE,j7-15.0 Hz, 2H), 6 21 (d, J=6.0 Hz, 1H), 6.85 Odd,
"1:19.4, 2.2, 2.2 Hz, 1H), 6,91 (ddid, j,--7.9, 1.8, 1.0 Hz. 1H), 7,08
(dddd. J=8.4, 8.4. 2.5, 0.6 Hz, 1H), 7 32 (d. J=6.0 Hz, 1H), 7,36 (ddd,
J=8.1. 8.1, 6.3 Hz, 1H), 7.66 (s, 1H), 398.2 (M+1)2 $200      #201
,, HO"-'..- Ex 87 *** (5R,7S)-8- (3-thioro-4- hYdrpxYberl zy1)-1-(3-
fluoroohenvl     '' )-7-methvl- ' die za spiro[4 '51clec-3-e-,.., - 2-one;
hydrochlorid e salt 1.14 (d. J,--6.6 Hz, 3H). 1.61 (ddd, J=13.5, 5.1, 1.6
Hz1H) .1.71478 (m, 1H), 1,96 "- 



(ddd, J=13 0, 9.t, 4.0 Hz, 111), 2.10 (cid, J=134, 5 0 Hz, 1H), 2.37 (ddd,
J=12.5. 6.2. ,,,-.., ., ri-- 4.1 Hz, 1H), 2,62 kdeici, J=12 .o, 9.4.
').,)z, 11-0 2,91-2.98 (m, 1H), 3,43 (AB quartet, , JAE=13 5 Hz,734 Hz 2H),
623d J=6.0 Hz, IN), 6.86-6.90 (m. 1H). 6.88 (d, J=8.3 Hz, 1H), 6.94 (ddd,
J=7.9. 1.9, 1.0 Hz, 1H),7.00 (dd. J=8.3, 2.0 Hz, 1H), 7,12 (dddd, ,- J=8.4,
8.4 2.5, 0.9 Hz, 1H), 7.18 (br d, J=2.0  Hz, 1H), 739 (d. J=6.2 Hz. 1H),
7.4-7.44 (m, 1H): APC# 401.0, 463.0 (M+1 )2 #202 '-,'.'--kz.k., No Ex 87
"'" (5R,78)-1- (3- fluorophenyl hydroxy-Z- methylblphe nyl-3- yi)rnethyq-
7-methyl- .,8_ diazaspiro[4 .51dec..-3-en- 2-one. hydroohlorid e salt 1 14
(d. J=6.6 Hz, 3H). 1.60 (ddd, J=13.4, 4,9, 1,6 Hz, 1H), 1,70-1,76 (m, 1H).
1.97 (ddd, J=13.1. 9.7, 4,0 Hz, 1H), 2.10 (dd, J=13.2, 5.1 Hz. 1H), 2.14
(s. 3H), 2.42 ((kid, 



J=12.4. 5.7. 4.2 Hz, 1H), 2.66 (ddd, J=12 5, 9,6, 3.1 Hz. 1H), 2.95-3.03
(m, 1H), 336d J=1 al H411-1), 360(d J=13 3 Hz, 1H). 4.90 (br s. 1H), 6.22
(d, d=6.0 Hz, 11-1), 6.87-6.91 (m, 2H), 6 95 (ddd, J=7.8, 1.8, 0.9 Hz, 1H),
6.99 (d. J--.2.2 Hz, 1H), 7.09-7.14 (m, 2H), 7.20-7.22 (m, 1H), 7.25-7.34
(m, 3H), 7.38- 7,44 (m, 1H), 7.40 (d, J=6,0 Hz, 1H); 457.1 (M+1)2 #203 .,--
1 ...-,--- .. Ex 87 ''''' (5R,7S)-1- (3- iluorophenyl )-7-methyl-
8-(3-([(1R)- 1- methylpropy iloxylbenzyl   0.96 (t, J=7.5 Hz, 3H), 1.15 (d,
J.7 Hz, 3H), 1.27 (d J=6.2 Hz. 3H), 1.54-1.64 (m, 2H), 1.67-1.7 6 (m, 2H).
1.99 (ddd, J=12.9, 9,8, 4,1 Hz, 1H), 2,13 (dd, J=13,3, 5,1 Hz, 1H), 2.42
(ddci, J=12.5. 5.7, 4.2 Hz, 1H), 2,66 (ddd. J=12.5, 9.8. 3.2 Hz, 1H),
2.97-3.05 (m, 1H), 3.38 (d, J=13.5 Hz, 1H), 3.60 (d, J=13.5 Hz. 1H), 4
22-4.29 (m, 1H), 6.23 (d, ../.2 Hz, 1H), 6.73-6.81 (m, 3H), 6.89 (dcid,
J=9.5,  WO 2010/058333PCT/IB2009/055043 - 86 -     diazaspIrc44
.51dee-3-en- 2-one, 



hydrochlorid e salt 2.2, 2 2 Hz, 19), 6.95 (ddd, ,fr7.9, 1.8, 1.0 Hz, 1H),
7 11-7.18 (m, 29): 739-7 45 (n 2H); 423.1 (M+1)'- 4204 4205 - c e' HO'.
k-i-'( nr..)ir ,.. ..:,......,...:: 3-i0'---- Ex 87 Exe **** (5R'7S) 4 "
(3- flUoropnenyl )--8-(4- hYdvax)/-3. Isobutyryibe me rIzYi )-7-
thyl-1,8- diar    zasoiI .51dee-3-en- 2-me, hydrochior id (5R,7S)-1- (3-
fluorophenyl   )-844- hYcjmxY-3- 



(1-hvxv-     -dr - methyipropy ibenzy1]-7-  ) meth).4-1.8- diazaspiro' t4
.51dee-3-en- 2-one, hydrochiorid e salt.
_____________________________It?.,iti.z.,:.1 - " 1,17 (d, J-=6.7 Hz. 39),
1,21 (br d, J-=6.8 Hz, 69). 1.61 (Ici '1=13 4 4 5 1.7 H,19) . 1.70-1.76
(rn, 19), 1.98 (dcld, J=13.1, 9.8, 4.0 Hz 1H' 2 l'3 Ad J-13 41 H- 1H' 2 40
,r,  i. - - , - I-- b  (ddd, J=12.5, 56 4.2 Hz, 19), 2.66 (ddd, fr12.5,
9.8, 3., 2,-. ..1 Hz, 19)97304 (m, 19), , " ....." /.,- " , ,. , a.49-3 6
(rn, 1H), ,5,-)u tAb cipariet, ..,-1.5.D Hz. A599 Hz 2H), 6 24 (d.
J,--'6.-0 Hz, 19), 687 -6.91 (rn, 19), 6.92 (d J=8.4 Hz 1.8, 0 9 Hz19) 7,13
.-.,-,,, (ciddd, .1=8 3, 8.3, 2.b, 0.9 Hz, 19), 7.35 (cid, J,--8.5. 2.1 Hz,
1H), 7,42 Odd. Jz--6.2, 8.2. 6.3 Hz. 19), 7,42 (d' J6.0 Hz.' 19), 7.62 (d,
0.79 (2 d, Jz--6.6 and 6.7 Hz, 39), 1.01 (d, J6.6 Hz, 3H), 1,13 (2 d,
J----6.6 Hz. 39), 1.54-1.61 (rn, 19), 1.67-1 73 (m, 19), 1.89- 1.98 (m,
19), 1 99-2.11 (m, 29), 2.31-2 41 (m, 19)2.56-2.65 (in. 19). 2.88-2.99 (rn,
, 19), 3.05 (v br s, 1H), 3,32(d, J----13.1 Hz, 1K 3.52 and 3 53 (2 d,
J----13,1 Hz, 1H), 4A0   '.-...- and 4.41 (2d ..i=7.1 Hz, 1H), 6,.,1 vi, Li
_ -6.0 ,;7, . Hz. 19), 6.72-6,6 im, 29), 6.84-6.88 (m, 19), 6,91-6.94 (M,
1H), 6.96-7,00 (m, 14), 7,09-7.15 (m, 1H). 7.37-744 (m, 2H), 8.12 (V 



.. br s, 19); 439.0 (M+4)2 206 ; ,- --",---.., 1. Ho'' Ex 87  (5R,7S)-8-
1(2'-chiore- 6- hydroxybiph eny)-3- 3.4)methy1}- 1-(3- iluorophenyl
)-7-rnethyl- 1,8- diazaspirop .51dee-3-en- 2-one, hydrochiond e salt 1 14
(d. J-,-.6.7 Hz, 3H). 1.6(ddd, J.--13.3, 4,9, 1.6 Hz, 1H), 1.70-1,77 (m,
19). 1.97 (ddd, J13.0, 9,6, 4,1 Hz, 1H), 2.10 (cid, J----13.4, 5.0 Hz, 19).
2.43 (ddci, J.--12.5, 5.9, 4.1 Hz, 19), 2.67 (dcid, ..i=12.4, 9.7, 3.3 Hz,
1H), 2.95-3.03 (m, 19), 3.49 (AB quartet, JA0:--13.3 Hz, i.WAB-z94.1 Hz,
2H), 5,12 (br s, 19), 6.22 (d, ,./----;18.0 Hz, 19), 6.88 (d. J:--8.3 Hz.
19). 6.87-6.90 (in, 19), 6.94 (ddd. J---7.9. 1.8, 0,9 Hz, 19), 7.05 (d,
Jzz2.2 Hz. 1H), 7.11 



(dcidd, ,,fr--8.4, 84, 2.5, 0.9 Hz, 19), 7.15 (dd, J=8.3, 2.2 Hz, 1H), 7
317.43 (m, 59), 7.50- 7.54 (rri, 1H): 476.8, 479.0 (M+V  WO
2010/058333PCT/IB2009/055043 -87W #207  Ex 87 " (5P,7S)-1- (3- fluorophenyl
)-7-methyt.- 81(5- phenyl-1,3- oxazot-4- yi)rnethyli- 1,8- diazaspiro[4
5)dec-3-en- 2-one, hycirochto d e salt    1.18 (d, "/,7 Hz, 3H), 1,61
(dcid, J--213,4. 4.8, 1.7 Hz. 1H), 1.70-1.76(m, 1H), 198 (ddd, J=13 1, 9.7,
4.0 Hz. 1H). 2.12 (dd. j=13A, 5.0 Hz, 1H), 2,56 (ddcl, J=12.4, 5.8. 4.2 Hz,
1H), 2,74 (ddcl, J=12.4, 9.6. 3.2 Hz, 1H), 3.04-3,12 (m, 1H), 3,70 (AB
quartet, J13.6 Hz, EWA:3=71.2 Hz, 2H), 6.22(d. J,---6.2 Hz, 1H), 6,86 (ddd,
J=9.4, 2,2, 2.2 Hz, 1H), 6.92 (cfcid, J=7.9, 1.8, 0.9 Hz. 1H), 7.12
(cis:W(1, J=8.4, 8 4, 2.5, 0.9 Hz, 1H), 7.31-7.43 



(m. 5H), 7.64-7.68 (m, 2H), 7.82 (s, 1H): 417.9 (M+1 #208  x 87 E ',,,,,
(5R,7S)-8- [(2'-lluoro-6- hydroxybiph er134-3.- yl)methyq- 1-(3-
tlUorophenyl )-7-meth 18- yl- ,  pi  diazas rop 2-one, hydrochtorid a salt
1 15 (d, J=6.6 Hz. 3H). 1.62 (br dd, d--n13, 5 Hz, 1H), 1.72-1 76 (br m,
1H), 1 93-2.00 (rn, 1H), 2.09 (dd. J=13.5, 4.9 Hz, 1H), 2.32.45 4m, 1H),
2.63-2.70 (m. 1H). 2.94-3.01 (rn, 1H). 3.50 (AB quartet, 4;3=13.3 Hz,
AvA6=83.3 Hz, 2H), 622d ,J=6,0 Hz. 1H), 6,85-6,90 (m, 2H), 6.93 (br d. J=8
Hz, 1H), 7.07-7.26 (rn, 5H), 7.33-7.42 (m, 4H), 461.5 ', (M+1) #209 .L.
,.:;..,. 1,..iOH 



Ex 87 ""' (5R,7S)-8- [(5'-fluoro-6- hydroxy-Z- trlethytbiphe ny1-3-
yl)rnethyl]- 1-(3- fluorophenyl , )-7-nlethY`- diazas pirop .-en- 51dec-3
2-one , hydrochiortd e salt 1.14 (d, J-4.7 Hz, 3H), 1,60 (ddd, J13.4. 4,9,
1.5 Hz. 1H), 1,70-1.77 (m, 1H), 1.97 -, (ddd. J=13.0, 9 6, 4,0 Hz, 1H),
2.09 (5, 3H), 2.10 (c1d. J=13.3, 5.0 Hz. 1H), 2.41 (c1dd, J=12.4, 5.9 4.1
Hz, 1H), 2.66 (cid& d=12.4. 9.5, 3.1 Hz, 1H). 2.94-3.02 (m, 1H), 3.48 (AB
quartet, ..; Aip,=-13.3 Hz, AvA96.1 Hz, 2H), .-,")",,. , 5.13 (br s, 1H),
b.,..2 (d, J----6.2 Hz. 1H), 6.66 (d, J83 Hz, 1H), 6.88 (ddd. J---9.4, 22
22 Hz, 1H), 6.91-6,96 (m, 3H), 7.01 (ddcf, J=8.4, 8A, 2.8 Hz, 1H).
7.09-7.14 (m, 2H), 7.26 (dd , J=8.5 5.8 Hz, 1H) 740(d J=6.1 Hz, 11-1), 741
(ddd. J=6.2, 8.2, 6.4 Hz, 1H); 474.9 (:' M41) #210 4- , NI 



\---5 Ex 87 ''''' (5R,7S)-8- {[4- (cydopropyl methyl)-1,3- thiazol-5-
yilmethyly 1-(3- ffuoraphenyl )-7 -methyl- 1,8- dlazaspiro14 51dec-3-en-
2-one, hydrochtorld 0.14-0.18 (m, 2H), 0.43-0.48 (m,0.97- 1.07 (m, 1H),
1,16 (d, J=6.7 Hz. 3H), 1.60 (ddcf. J=13.4, 4.8, 1.7 Hz, 1H), 1,70-1.77 (m,
1H), 1.97 (ddd, J=13.1, 9.6, 4.0 Hz, 1H), 2,11 (dd, d=13.4, 5.0 Hz, 1H),
2.46 (dcfd. J=12.4, 5.8, 4.1 Hz, 1H), 2.60 (d, J=6.7 Hz. 2H), 2.68 (ddd,
J----12.5, 9.6, 3.2 Hz, 1H), 3 02-3.10 (m, 1H), 3.67 (AB quartet, d14.2 Hz,
AvE.,,-----82.8 Hz. 2H), 6.24 (d, J=6.0 Hz. 1H), 6.89 (ddd, J=9.3, 2,2, 2.2
Hz. 1H), 6.95 (ddd, J=7.9, 1.8, 0,9 Hz, 1H), 7.14 (dcidd, Jr,z8,4, 8.4,
2.5, 09 Hz, 1H), 7.39 (d. J--,6.0 Hz, 1H), 7.43 (cfdd, J=8.1, 816.3 Hz,
1H), 8.63 (s, 1H); 411.9 (M+1)2  WO 2010/058333PCT/IB2009/055043 - 88 - 



e salt  #211 \-3,-, N M ?\ --S Ex 87 ' (5R,7 S)-8- 114- (cyciobutyl
methyl)-1,3- thiazoi-5- yi]methyl)- 1-(3- fluoroenl     phy ) 7 methyl 18-
,  diazas rop 51clec-3-e pi .n- 2-one , hydrochlorid e salt    117 (d,
J=6.6 Hz, 3H), 1.57-2.04 (m, 9H), 2.11 (dd, J=13.5, 5.1 Hz, 1H), 246 (dcfd,
J--:12.4, 5.7, 4.2 Hz, 1H), 2 61-2.75 (rn, 4H), 302 -3.10 (m, 1H): 3.68 (AB
quartet, ,/ ,=14 2 H7-vA82' 2 Hz' 2H) 6 24 (d, '.''  J=6.1 Hz. 1H). 6.89
(ddd, J=9.4. 2.2, 2.2 Hz, 1H), 6,95 (ddcl, Jv--7,9, 1R,, 0.9 Hz, 1H),7.14 



(dcidd' J8.4, -8 4 8. 4' 2 5'." 1 0 Hz 1H)'.. 7 4-7 45 ,: (rn, 1H). 7A1 (d,
J=6.1 Hz. 1,m), 8,59 (s, 1H) ; 425.9 (M4-1)`  #2 2 Ex 87 - ''''' (5R,7S)-1-
- fluorophenyi )-844- hydroxy-3- 0-methy(-2- thiehyl)benz yl-,  meth1 8- d
iazasbirop *leo-3-er)- 2-one, hydrochlord e salt 1.14 (d. ,i=6.7 Hz, 3H),
1.61 (ddd, J=13.4, 4.9, 1.3 Hz 1H) 1 71-1 77 (rn1H) 1 96  .'.''-'' (ddcf,
Jrz13.0, 9.5, 4.0 Hz, 1H), 2.06-.1 (m, 1H) 211 (s 3H) 241 (dddI=12 9 6041
-' Hz, 1H), 2.65 (ddd, J=12.4, 9.5, 3.2 Hz, 1H), 2.94-3.02 (m, 1H), 3.47
(A8 quartet, J'Atc=-13 3 Hz, AvAs-=76.3 Hz, 2H), 6.22 (d,  ,J=61 Hz, 1H),
6.81-6.34 (rn, 1H), 688 (ddd, J=9A, 2.2, 2,2 Hz, 1H), 6.92-6,95 (m, 1H),
6.95 (d, J.--5,2 Hz, 1H), 7.07-7.12 (m. 3H), 



7,29 (d, J,----5 1 Hz, 1H), 7.39 (ddcf, J.--8,1, 8.1, 6 3 Hz 1H) 7 40 (d
..1=6 1 Hz 1H)- 463 4 ' (- M+1)  BACE activity CO Free Assay IC..30 1 nM to
1 prvlpM to 10 WV}10 pM to 100 ptVr- 100 pM to 300 pM* N1',AR and MS data
obtained on free base, prior toion of hydrochloride salt. Table 3 -
Examples #213 - #217  Rib 0 RI 34_4 N   -(61'12)il A       Ex # A Method
BACE Activity IUPAC Name iH NMR (400 MHz, CDC11). S (ppm); Mass spectrum:
LCMS (unless otherwise ind(cated), observed ion nv`z        WO
2010/058333PCT/IB2009/055043 - 89 - #213 1 



..5,-,      , ' ./`z.,-- o\, -.:-..N Ex 88 +4 (5R,7S)-1-(3-
f,111,9.,,r9,Phehri',, l; --1('-'-'sc'''LLY'- 1 3-oxazol-4- ,
I'l)metilY9-7- methyl-1,8- dlazaspiro[4.5] decan-2-one, hydrochioricie salt
0 84 (d,=-6.6 Hz. 3H), 0.85 (d, ..1=-6.7 Hz, 39), 1.1(d,1,:6.6 Hz. 3H),
1.54-1.59 (m, 1H), 1,65-1,72 (m, 1H), 1.85-1,95 (m, 2H),                 ,
2.25 (ddd.1=12 6, 8,6 2.02-2.1'7 (m, '7H)"7 , 4 6 Hz, 1H), 2.4-2.47 (m,
1H), 242 (d. 1,--7.0 Hz2H) 2.53-2.63 (m, 3H), 294 ,,   3.01 (m, 19). 3.40
(s. 2H), 6,81 (ddd, ,,,,.... 2A, 2,2, 2.2 Hz, 1H), 6.87 (ddd, ,!--z--7.9, V
1.8, 0.9 Hz, 19), 7.05 (dcIdd, 1=8.4, 84, ....... 2.5. 0.9 Hz, 1 H), 7 34
(ddd,1,:8.2. 8.1, 6.3 .. Hz, 19), 7.66 (s, 1H); 400.2 (M+1)- #214
CI.--.:,-:..-- 'T-----r z , 1; HO" Ex 88 ,, chloro-4 hydroxybenzyl) 



-1-(3- fluoropheny1)- 7-methy1-1,8-       pir  diazas o[4.5j decan-2-one ,
hydrochloride salt 1.10 (d,1=6.9 Hz, 3H), 1.57 (ddd, 1=13.2, 4.0, 2.1 Hz,
19), 1.64-1.70 (m. 1H), 1.84 (br ddd, 1,13, 10, 4 Hz, 1H), 2.00 (dd, J=13.2
5,8 Hz, 19), 2.16 (br ddd, J=12.5, , 9.4, 9.4 Hz, 19), 2.27 (dcld,1=12.6,
8.6, 4 2 H- 1H238 'br ddd 1=124 45 4.6 Hz, 1H), 2.50-2.65 (m, 3H), 2
90-2.98 (m, 1H), 340 (AB quartet, JAB,----13,4 Hz, AVAkt`=33.5 Hz, 2H), 5
67 (v br s,111), 684 (ddd. 1=9.4, 2,2, 2.2 Hz, 1H), 6,89 (d, J--.8.3 Hz,
19), 6.90 (ddd, ,f-=7.9, 1.9, 1.0 HzHI 701 'dd J-8 3 20 Hz 19) 7 10 (dddd,
1=8.4, 8 4, 2.5, 0.9 Hz, 19), 7.18 (d, 1,,--,.0 Hz, 1H). 7,39 (ddd, J=8.1
,8.1, 6.3 Hz. 1H), 403.1, 405,1 (1\4+1)` 4215 a b )> Ex 8 "" (5R 7S)43-
fluorophenyi)- 8-[(6-hydroxy- 2'-- methylblphenyl -3-11)mettlY1]-7-
methyl-1,8- 



diazaspiro[4.51 decari-2-one ' hydrochloride salt 1.10 (d, 1=6.9 Hz, 3H).
1.57 (ddd, J=13, 4, 2 Hz, 1H), 1 64-1.70 (m, 1H), 1.81-1.89 (m, 19), 2.00
(dd, J13.0. 5.4 Hz, 19), 2 06-2.14 (m, 1H), 2.14(s 3H), 2.28 (ddd, -1=12 r
8 6 4 2 Hz 1H' 244 (br ddd, 1=12.5, 4.5, 4,5 Hz, IH), 2.50-2,65 (m, 3l--0
2,95-3.01 (m, 19): 3,4.5 (br AB ,.. nuartel, ...4"\-----13 H7, AVAB=46 Hz.
2H), 6.84 '   (idd. J---9.4, 2.2, 2 2 Hz, 19), 6.89 (d. 1=8.3 Hz, 19), 6.90
(ddd, 12-'T 9, 1.8, 6.9  Hz. Ill), 6.98 (d, J=2,2 Hz, 1H), 7.06-7,14 , .
"Al- ")0 7 22(1H) 7 2C-7 14 (m 3H). 7.33 (ddd, 1=82 8.1, 6.3 Hz, 1H): 459.1
#216 . d,,...,k,,.,, kj . Ex 88 *** (5R,7S)-1-(3- fluoropheny1)-
7-methyl-8-(3- il(1R)-1- methylpropyljo xy}benzo)..1.8,_ diazaspiro[4.51
decan-Z-one, hydrochloride salt 



0.95 (t.1,,7.5 Hz, 3H), 1.11 (d, 1,--6.9 Hz, 39), 1,26 (d,1=6.0 Hz. 39),
1,54-1.78 (m, 4H). 1.82-1,89 (m, I H), 2.02 (dd, 1=13.1. 5.5 Hz, 19),
2,06-2.15 (m, 1H), 2,29 (ddd, 1=12.6, 8.6. 4.1 Hz, 1H), 2.43 (ddd, J=I2.4.
4.5, 4.5 Hz, I H), 2 50-2.65 (m, 3H), 2.96-3,04 (m, 1H), 3.47 (AB quartet,
._ tAti=13.6 Hz, At,A=39.0 Hz, 29), 4.21- 4.28 (rn, 19), 6.73-6.80 (m. 3H),
6.85 (ddd,J=9.4. 2.2, 2,2 Hz, 19), 6,91 (ddd, J=T 9, 1.9, 0.9 Hz. 19), 7.10
(cldrld,1=8.4, 8.4, 2.5, 1,0 Hz, 19), 7.16 (br dcl, 1=8, 8 Hz, 1H), 7.40
(cidd, 1=8.2, 8.1, 6.3 Hz, 1H); 425.2 (N1+1)z  WO
2010/058333PCT/IB2009/055043 - 90 - 217 ,---,.< z-i' Ex 88 ""
fluorephenyl)- 8-(4-hydroxy-3- (3-methyk2- thienyl)benzyll- 7-methyl-1,8-
diazas p      pro 5) clecan-2-one , hydrochloride sat 1.11 (cf, ..i=6.8 Hz,
31-0, 155-1.60 (m, 1H). 1.65-1.71 (m. 1H), 1.81-1.89 (m, 1H), 2.00 (dci,
j-413..2, 54 Hz, 1H), 266-2,15 (m, tH), 211 (s, 3H), 228 (ddd, J=12 5, 81
4.2 Hz, 1H), 2.43 (ddd, ,./,---12.3, 4.5, 4.5 Hz 1H) 2.50-2.65 (m, 3H),
294-3.02 (m, '" 1H), 345 (AB quartet, .../AFF13,4 Hz, Av-38 8 H2H) 6 84
((kid J-9 4 2 2 2.2 Hz, 1H), 6.89 (d, J=8,3 Hz, 1H), 6,90 



(ddci, d,--1.8, 1,9, 0.9 Hz, 1H), 6,98 (d,  Jzz5.2 Hz, 1H), 7:07-7.12 (m,
2H), 7.14 (dd. J-='8,3, 2.2 Hz. 1H), 7,33 (d, ,../--.5 2 Hz, 1H), 7.39
(ddd, j-8,1, 81, 6,4 Hz, 1H))             BACE ac N. Cell Free Assay IC 5,)
1 nM to 1 M "*". 1 pM t 0 pM*"*, 10 pM to 100 pM**, 100 pM to 300 pM* NMR
and MSained on free base, prior to formation of hydrochloride salt,
Examples #101 - #126
1-Heteroaryl-sub5tituted(5R,7S)-8-(3-isopropoxybenzy1)-7-methyl-1,8-
diazaspirol4.51dec-3-en-2-ones  .?-? 11        Step 1. Synthesis of
1-heteroaryl-substituted benzyl (5R,7S)-7-methyl-2-oxo1
,8-diazaspiro[4.5]dec-3-ene-8-carboxylate (#C100), A solution of benzyl
(5R,7S)-7- 10  methy1-2-oxo-1 ,8-diazaspiro[45]dec-3-ene-8-carboxylate
(#C28) (45 mg, 0.15 mmol) and N.N'-dimethylethylenediamine (5 equivalents)
in dioxane (0,92 mL) was added to a mixture of the heteroaryl iodide or
bromide (3 equivalents), copper(I) iodide (4 equivalents) and either cesium
carbonate or potassium phosphate (3 equivalents) in a 1-dram vial The
resulting suspension was sealed and heated at 80-90 s'C for 18- 66 hours.
The reaction mixture was then cooled to room temperature, diluted with
ethyl acetate, and flushed through an IV1CX cartridge containing a small
amount of Celite on top of the packing material. Additional ethyl acetate
(5-10 mL) was eluted through the cartridge, and the combined filtrates were
concentrated in vacuo to afford the product, which was taken directly into
the next step.  - 91 -
Step2.Synthesisof1-heteroaryl-substituted(5R,7S)-8-(3-
isopropoxybenzyl)-7-methyl-1 ,8-diazaspiro[4,5]dec-3-en-2-ones (#101-#126).
The 1- heteroaryl-substituted benzyl
(5R7S)-7-methyl-2-oxo-1,8-diazaspiro[4.5]clec-3-ene- 8-carboxylate (#C100)
from the previous step was dissolved in a freshly prepared  5 solution of
trimethylsilyl iodide (0.3 M in acetonitrile, 2 equivalents), and the
resulting solution was stirred at room temperature for 18 hours.
Purification was carried out by loading the reaction mixture directly onto
an MCX column. The column was flushed with dichloromethane (5 mL), and the
product was then eluted using a 2 M solution of ammonia in methanol (5 mL).
The eluant was concentrated in vacuo to afford the deprotected
intermediate. This material was mixed with acetonitrile (1 mL) and
potassium carbonate (3 equivalents). After addition of 1-(bromomethyl)-3-
isopropoxybenzene (2 equivalents), the mixture was stirred at room
temperature for 18 hours, then loaded onto an MCX cartridge containing a
small amount of Celite on top of the packing material. The cartridge was
flushed with dichloromethane (5 mL),  15 and the filtered solids and Celite
were manually removed from the cartridge. The product was eluted using a 2
M solution of ammonia in methanol (5 mL), and the filtrate was concentrated
in vacua.        Purification was carried by preparative HPLC using one of
the following systems: 1) Column: Waters XBridge C18, 5 pm; Mobile phase A:
0.03% NI-140H in  20 water (v/v); Mobile phase B: 0.03% NH4OH in
acetonitrile (v/v); Gradient: 5-30% B to 100% B; or 2) Column: Waters
Sunfire Cie, 5 pm; Mobile phase A: 0.05% trifluoroacetic acid in water
(v/v); Mobile phase B: 0.05% tnfluoroacetic acid in acetonitrile (v/v);
Gradient: 10 or 15% to 100% B. See Table 4 for characterization data and
biological activity. 25Table 4 - Examples #101 - #126  Rib R18, Rib H R2 =
GH3 A = 3-isopropoxyphenyl n = 1 ,R2is a double bond A  - 92 - Ex #  BACE 



Activityl #LiPAC Name Retention Time (min) [HP LC method in footnotes] Mass
spectrum: Observed ion miz (Mi-1) #101 r ** ( 5R,7S)-8-(3- isopropoxybenzyl
)-7- methyl-l-pyrid in-2-0-1,8- diazaspiro[4.5]dec-3-en-2-one
(5RIS)-8-(3-isopropoxybenzyl)-7- methyl-1-pyrid in -4-yl- 1,8 -
diazaspiro[4.5]dec-3-en-2-orie 2,48 2.40 392,2 392.3 #102      04  *, #1,
(5R,75)-1-(5-chloropyridin-2-y0-8-(3- isopropoxybenzy1)-7-methy1-1 ,8-
diazaspiro[4.51dec-3-en-2-one. trifluoroacetate salt  2 44 426.2, 



428.2 #105 , Ni,,,,, i \---,:.----k? ** (5R,7,S)-8-(3-isopropoxybenzy1)-7-
methyl-1-(5-methylpyridiri-2-yi)-1,8- diazaspiro[4.5]dec-3-en-2-one,
trifitioroacetate salt 2.13 406.3 #106 , Y-:-;- **
(5R,7S)-8-(3-isopropoxybenzy1)-7- methyl-1-pyrazin-2-y1-1,8-
diazaspiro[4.51dec-3-en-2 one, triftuoroacetate salt 2 393.3 #107 . ***
(5R,7 S)-8-(3-i so propoxybenzyl)-7- methyl-1-(6-methy1pyridin-2-yi)-1,8-
diazaspiro[4.51dec-3-en-2-one 2.09 406.3 #108 .-,--- ***
(5R,7S)-8-(3-isopropoxyhenzy1)-7- , methyl-1-(4 - meth yi pyri d i
n-211)-.1 ,8- diazaspiro[4,51deo-3-en-2-one 2.12 406.3 #109  ** 



(5R.7 S)-8-(3-iscpropoxybenzyl )-7- metnyl-1-(6-methyipyridin-3-yl)-1,8-
diazaspiro[4,51dec-3-en-2-one 1,81 406,3 #110 1 .-;--"'-%-"-- ;: ...- N
(5R,7 S)-8-(3-i so propoxybenzyl)-7- methyl-1-(2-metVpyridin-4-y1)-1 ,a-
diazaspiro[4.51dec-3-en-2-one 1,66 406,3 #111 ., **
(5R7S)-8-(3-isopropoxybenzyl)-7- rnethyl-1-pyriclin-3-yll .8- d i aza s
piro[4.5]deo-3-en-2 -one 1.81 3922 #112 ' *** ,*
(5R,7S)-1-(3-fitioro-5-methoxyphenyi ).- 8-(3-isopropoxybenzyI)-7-meth
y1-1,8- diazaspiro[4.51dec-3-en-2-one (5R,7S)-8-(3-isopropoxybenzyl)-7-
methyt-1-(1-Methy1-1H-byrazol-4-y1)- 1,8-d ia zaspiro[4.51dec-3-en-2-one
(5R,7S)-8-(3-isepropoxybenzy1)-7- methyl-1-(5-methOpyridin-3-y0-1,8-
diazaspiro[4.51dec-3-en-2-one 2.37 1 87 1.89 439.2 395.3 406.2 #113 #114 



#115 --;., N---.--- ** (SRS)-8-( 3-i so propoxyben zyl )-7-
methyl-1-(3-methylpyridin-2-y})-1,8- diazaspiro[4.5jdec-3-en-2-one 1.97
406.3  WO 2010/058333PCT/IB2009/055043 - 93 - #116 - ... *
(5R7S)-1-(5-quoropyridin-3-y1 -8-(3- isapropoxybenzyty7-methyl-1,8-
diazaspiro[4.5Idec-3-en-2-one 2.02 410.2 #117 --r.f '1-; -....1,4-.--- '
*** (5R,7S)-1-(5-chloropyridin-3-yl)-8-(3- isopropoxybenzyl)-7-methy:1-1,8-
diazaspiro[4.5ideo-3-en-2-one 2.14 426 2 428,2 #118 



Z 0 (.4P ,\ ''') // C Zi ** " (5R,7S)-8-(3-isopropoxybenzy1)-7-
methyl-145-(trifluoromethyl)pyridin-3-
yl)-1,8-cliazaspiro[4.5)dec-3-en-2-one (5R,7S)-8-(3-isopropoxybenzyl)-7-
methyl-1-14-(trifluotometyl)pyridin-2-
yl]-1,8-diazaspiro[4.5]dec--3-en-2-one 5-1(5R,7S)-8-(3-isopropoxybenzyl
)-7- rnethyl-2-oxo-1,8-diazaspiro[4.51dec-.3- en-l-ylinicotinonitrile 2.34
2.79 2.1Ci 460.2 460.1 417.2 #119      #120      " #1" 'A.,..--N, -i\;---- 



L--- *** (5R,7S)-8-(3-isopropoxybenzy1)-7-
methyl-1-(2-methyl-1,3-thiazol-.4-y1)- 1,8-diazaspirof4,5]ctec-3-en-2-one
2.10 412.1 #122 '5 ,,N -- e '-N- --7.----1 **
(5R,7S)-8-(3-isopropoxybenzyI)-7- methyl-1-(1-m ethyt-1H-pyrazo1-3-yI)-
1,8-di8z8spiro[4.51clec-3-en-2-one 1.93 395.2 #123 -;\ N--\ 1_-_--,', N
(5R,7S)-1-(1-ethyl-1H-pyrazol-4-y1)-8- (3-isopropoxybenzyl)-7-methyl-1,8-
diazaspiro[4.51deo-3-en-2-one 1.97 409.2 #124    - N --=-,-; **
(5R,7S)-1-(5-fluoropyridin-2-y1)-8-(3- isopropoxybenzy1)-7-methyll , 8-
diazaspiro[4.5]clec-3-en-2-one, trifluoroacetate salt 2.25 410.2 #125 Lt7
Z', ** 



** (5R,7S)-8-(3-isopropoxybenzyl)-7- methyl-146-(trifluoromethyl)pyridin-2-
yl]-1,8-diazaspiro[4.6]clec-3-en-2-one, trifluoroacetate salt
(5R7S)-8-(3-isopropoxybenzyl)-7- methyl-1-(6-methylbyrazin-2-y1)-1,8-
diazasbiro[4,5idec-3-en-2-one, trifluoroacetate salt 2.70 2.22 460.2 407.2
#126                 BACE activity Cell Free Assay IC:30: 1 nM to 1 pM
"'"', 1 pM to 10 pM "", 10 pM to 100 prvi-, 100 piVI to 300 pM'
Column: Waters Atlantis dCm, 4,6x5Ornm, 5 pm Mobile phase ,k 0.05% TFA in
water (viv); Mobile phase B: 0.05% TFA 53C0iUmn. Waters XB   Gradient:   0
minutes 15% B 4.0 minutes 95% B 5.0 minutes 95% B   Exam les #130 - #141  -
94 - -Heteroar -8-sub itu ed-( R.7S)-7-methvi- -diazaspiro[41.5}dec-3-en-2-
ones        These compounds were prepared from benzyl
(5R7S)-7-methy1-2-oxo-1,8- diazaspiro[4.51dec-3-ene-8-carboxylate (#C28) in
a manner analogous to the 



5 preparation of Examples #1014126, except that the 8-substituent was
introduced via reductive amination (see Examples 1 - 87). Purification was
carried out by preparative HPLC using the same systems described for
Examples #101 - #126. See Table 5 for characterization data and biological
activity. Table 5- Examples #130 - #141  RTh 0 N-E3 2 10 Ex # A  B  BACE i
Activity #UPAC Name Retention Time (min) 1HPLC method in footnotes] Mass
spectrum: Observed on tniz (M4-1) #130 !\:..  .. ;; ? .;---- **  



(5R7S)-6-1( 1-isopropyt-lf-i- indazol-6-yl)methyli-7-methyl-1-
pyrazin-2-y}-1,8- diazaspiro[4.51dec-3-en-2-one 2 0 417.0  \/, ,  , N .,,.
. * * * * (5R.7S)-8-114-(cyciobutylmethyly 1,3-thiazo1-5-yilmethyl)-7-
methyl-1-pyrazin-2-y1-1.8- d./sace._ .5 ec-3-en-2-one
(5R,7S)-8-(4-hydroxy-3- isopropoxybenzy1)-7-methyt-1- pyrazin-2-0-1,8-
dlazaspiro[4.51dec-3-en-2-one 2A7 1.95 410 0 409.0 #132       



#1 #134 A ,N Nt. A h '.-- (...., ,N N t '' '>-   * *
(5R,75)-7-methy1-8-[(1-propyl- 1 H-pyrazol-5-y)methyl]-1- pyrazin-2-y1-1,8-
diazaspiro[4.5idec-3-en-2-one , R,75)-7-methyl-1-pyrazin-2-yl- 8-Jai
-(2,2.2-trifluotoethyl)-11-1- pyrazol-5-Amethyl8-
diazaspiro[4.51dec-3-en-2-one 2,02 130 367 1 407.0 #135 --,,-- 



i 0  z, ** * , * (5R,73)-8-(4-hydroxy-3- isopropoxybenzy1)-7- methyl-1-
(6-methylpyridin-2-y1)-1,8- diazespiro[4.51dec-3-en-2-one 2.10 422.2  WO
2010/058333PCT/IB2009/055043 - 95 - #136 4----( / "...}1 \s-----' ;--'*.jk
1 Z **** (5R7S)-844-hydroxy-3-(3- methy1-2-thienyl)benzyl]-7-
methy1-1-(6-methylpyridin-2-y1)- 1,8-cliazaspiro[4 51cloc-3-en-2- one 2.48
460.1 #137 .-, 14\ --S 



Z".; *** (5R,7S)-8-{[4-(cyClobutylmethyi)- 1,3-thiazol-5-ylimethyl}-7-
methy1-1-(6-methylpyric.iin-211)- 1 :8-diazaspiro[4.5pec-3-en-2- one 2.53
423.2  \ NI/ .___"  ** (5R,7S)-7-metny1-1-(6-
methylpyrictin-2-y1)-8-[(1-propyi-  1H-pyrazol-5-t8-1,8-
diazaspiro[4,5jdeo-3-en-2-orie    2.05 aso.2 #139 , N-----"`kt ,, i
(5R.73)-8-[(1-isopropyl-11-1- indazol-6-yl)methy11-7-methyl-1-
(6-methylpyridin-2-yi)-1,8- dia.zaspiro(4,5jdec-3-en-2-one 2.41 430.2 #140
#141 



CI. _- HO'-=.--- CI, , ,.., _.." HO'- N-;) , ,  i s-:-`; **
(5R,7S)-8-(3-chloto-4- hydroxybenzyl)-7-methyl-1- pyrazin-2-0-1,8-
diazaspiro[4.5]1ec-3-en-2-one, ammonium salt (5R,7S}-8-(3-ohloro-4- hyd
roxybenzyly7-methyl-1-(6- methylpyridin-2-0)-1,8-
diazawiro[4.5]cleo-3-en-2-one, ammonium salt 1,57 1.62 385 0 , 386.9 398.1,
400 1            BACE activity Cell Free Assay 10511 nM to 1 tiM ****, 1
tiM to 10 pM .4*, 10 pM to 100 WM": 100 pill to 300 pM Table 6 - Biological
Data for Examples **  



Example Number  BACE ActlyityI 87 **** 88 *** 89 90 **** * 91 ** 92 ** @93
* @94  @95   @98 ** @97 *** @98 **** ee Assay ICs ,31 nM to 1 LIM ****. 1
LINA k  - 96 - Biological Assay        A synthetic APP substrate that can
be cleaved by beta-secretase and having N-terminal biotin is used to assay
beta-secretase activity in the presence or absence of the inhibitory
compounds. The substrate can contain either the wildtype sequence  5 around
the BACE cleavage site or the Swedish mutation (Vassar, R., B. D. Bennett
et al. (1999). "beta-secretase cleavage of Alzheimer's amyioid precursor
protein by the transmembrane aspartic protease BACE.H Science. 286(5440):
735-741). The substrate and test compounds are added to 384 well
polypropylene plates. The reaction is initiated by the addition of soluble
BACE enzyme to a final volume of 12.5  10 pL per well. The final assay
conditions are: 0.001 - 300 pM compound inhibitor, 0.05M sodium acetate (pH
4.5), 3 pki substrate, soluble human BACE, and 2% DMSO, Concentrated
conditioned media from cells secreting human recombinant soluble BACE was
titrated to provide a source of BACE enzyme. The cell media can be used as
either a crude BACE prep or BACE can be purified using any number of 



15 techniques, including immobilized BACE inhibitor purification columns.
The assay mixture is incubated for 1 hour at 37C, and the reaction is
quenched by the addition of an equal volume of 0.1M Iris, pH 8. Half of the
quenched mix is incubated on clear streptavidin coated 384 well polystyrene
plates for 1 hour. An ELISA is then performed using an in-house antibody
that specifically recognizes the new C-  20 terminus created after cleavage
by BACE. Two in-house antibodies are available: each is cleavage specific,
but one is raised against the wildtype sequence (APP 591- 596) while the
other is raised against the swedish mutation (APP 590-596). (These
polyclonal antibodies were raised in rabbits by immunizing with antigen
comprised of six amino acid residues present at the carboxy terminus of the
wild-type soluble 25 APPbeta sequence (NH2-ISEVKM-COOH) or seven amino acid
residues present at the carboxy terminus of the Swedish mutation at the
beta cleavage site (NH2- EISEVNL-COOH) conjugated to keyhole limpet
hemacyanin by methods known to those skilled in the art.) A secondary
anti-species Horseradish Peroxidase (HRP) conjugated antibody is then
utilized, The readout, following assay development with 30TMB substrate and
quenching with 0.09M sulfuric acid, is absorbance at 450 nm.  - 97 - CLAIMS
We claim: 1.A compound of formula Rib  (CH2), 5 wherein the stereochemis ry
shown in formula I at the carbon bonded to R2 and at the spirocyclic carbon
is the absolute stereochemistry; B is alkyl, aryl, heteroaryl, cycloalkyl,
or heteracycloalkyl, wherein B is optionally substituted with zero to three
R3 groups: 10A is independently aryl, cycloalkyl, heterocycloalkyl or
heteroaryl wherein said aryl, cycloalkyl, heterocycloalkyl or heteroaryl is
optionally substituted with one to three R4; when -------is a single bond,
R1 and R1 are each independently hydrogen, alkenyl, -(CH2)rcycloalkyl,
-(CHA-heterocycloalkyl, -(CHA-aryl, -(CHAt- 1 5 heteroaryl, -(CH2)-OR5,
-(CH2)N(R7)2, -NH-(CH2)t-cycloalkyl, -NH-(CH2)theterocycloalkyl,
-NH-(CH2)Faryl, -NH-(CH2),-heteroaryl, -(CH2),-COR5, -(CH2)S02R5, or
-(CH2)t-CO2R5; wherein said alkyl, alkenyl, -(CH2X-cycloalkyl,
-(CHAheterocycloalkyl, -(CH2)raryl, or -(CH2)t-heteroaryl R1' or Rib
substituent is optionally substituted with one to three hydroxyl, aryl,
heteroaryl, halogen, alkyl, cycloalkyl, 20  -SO2R7, -NR7C0R7, -CON(R7),I,
-COOR7, -C(0)R7, -CN, or -N(R7)2 wherein said aryl, alkyl, cycloalkyl and
heteroaryl substituent is optionally substituted with one to three halogen,
alkyl, hydroxyl, or -0-alkyl, or R'" and Rib together with the carbon they
are  - 98 - bonded to form a cycloalkylene moiety or a heterocycloalkylene
moiety, wherein said cycloalkylene or heterocycloalkylene moiety is
optionally substituted with one to three hydroxyl, aryl, heteroaryl,
halogen, alkyl, cycloalkyl, -S02R7 -NR7COR7, -CON(R7)2,    COORI, -C(0)R7,
-CN, or -N(R7)2, wherein said aryl, alkyl, cycloalkyl and heteroaryl
5substituent is optionally substituted with one to three halogen, alkyl,
hydroxyl, or -0- alkyl; when ---is a double bond, Rib is absent and RI is
hydrogen, alkyl, alkenyl, -(CH2)t-cycloalkyl, -(CHOrheterocycloalkyl,
-(CH2)t-aryl, -(CH2)t-heteroaryl, -(CH2),-OR5, -(CH2),N(R7)2,
-NH-(CH2),-cycloalkyl, -NH-(CH2),-heterocycloalkyl, -NH- 10(CHA-aryl,
-NH-(CH2)s-heteroaryl, -(CH2),-00R5, -(CH2),-S02W, or -(CH2),-0O2R5,
wherein said alkyl, alkenyl, -(0-12)1-cycloalkyl, -(CF12)rheterocycloalkyl,
-(CF12),-aryl, or  (CH2).E-heteroaryl Rla substituent is optionally
substituted with one to three hydroxyl, aryl, heteroaryl, halogen, alkyl,
cycloalkyl, -S02R7, -NR7C0R7, -00N(R7)2, -COOR7, - C(0)R7, -CN, or -N(R7)2,
wherein said aryl, alkyl, cycloalkyl and heteroaryl substituent 



15is optionally substituted with one to three halogen, alkyl, hydroxyl, or
-0-alkyl:        R2 is alkyl, cycloalkyl, or alkenyl wherein said alkyl,
cycloalkyl, or alkenyl is optionally substituted with one to three halogen,
hydroxyl, or cyano;        each R-1 is independently halogen, alkyl, cyano,
hydroxyl, -0-a kyl, -0- cycloalkyl, -S02R7, -N(R7)2, -00R7, -CON(R7)2,
-(CHArcycloalkyl, -(CH2)t-  20 heterocycloalkYl, -(CH2)t-aryl, or
-(CH2)t-heteroaryl wherein said R3 alkyl, -(CH2)tcycloalkyl,
-(CHA-heterocycloalkyl, -(CH2)t-aryl, or -(CHA-heteroaryl is optionally
substituted with one to three R4; each R4 is independently alkyl, halogen,
cyano, -SO2NHR7, -00N(R7)a,  N(R7)2, -N(R7)COR7, -N(R7)CO2R7, -SO2N(R7)2,
-N(R7)S02R7, -COR7, -S02R7,  25 -(CHA-cycloalkyl, -(CHA-heterocycloalkyl,
-(CHA-aryl, -(CHA-heteroaryl, -(CH2)tN(R7),, or -(CH2)t-0R5 wherein each R1
alkyl, -(CH2)t-cycloalkyl, -(CHAheterocycloalkyl, -(CH)-aryl, or
-(CH2)s-heteroaryl is optionally independently substituted by one to three
cyan, alkyl, halogen, -CF3 or -0R5; each R5 is independently hydrogen,
alkyl. -(CH2)t-cycloalkyl, -(CH2)t-  30 heteracycloalkyl, -(CF12)raryl, or
-(CH2)t-heteroaryl: wherein said -(CHA-cycloalkyl,
-(C1-12)rheterocycloalkyl, -(CHA-aryl, or -(CH2)t-heteroaryl is optionally
substituted with one to three Re;  - 99 -        each R6 is independently
alkyl, hydroxyl, alkoxy, halogen, cyano, -(CH2)N(R7)2, -(CH2),-,cycloalkyl,
-(CH4-heterocycloalkyl, -(CH2)raryl, or -(CH2)iheteroaryl; each R7 is
independently hydrogen, alkyl, -(CHA-cycloalkyl, -(CH2)i-  5
heterocycloalkyl, -(CH2)-aryl, or -(CH2)rheteroaryl, or when two R7
substituents are attached to the same nitrogen atom they may be taken
together with the nitrogen to which they are attached to form a
heterocycloalkylene moiety; and wherein said alkyl, -(CH2)t-cycloalkyl,
-(CH2)t-heterocycloalkyl, -(CH2)raryl, or -(CH2)rheteroaryl are optionally
substituted with one to three alkyl, halogen, cyan, hydroxyl, or -OR4; 10n
is an integer selected from 1, 2 and 3; and each t is an integer
independently selected from 0, 1, 2 andor pharmaceutically acceptable salts
thereof. 2.A compound of claim 1 wherein A is aryl, heteroaryl, cycloalkyl
or heterocycloalkyl, and A is optionally substituted with one IR"
substituent. 153.A compound of claim 2 wherein A is aryl or heteroaryl, and
R4 is independently alkyl, halogen, cyano, -SO2NHR7, -CON(R7)2, -N(R7)2,
-N(R)COR7, -SO2N(R7):2,-N(R7)S02R7,-COR7,-SO2R7,-(CH)-cycloalkyl,
heterocycloalkyl, -(CH2);-aryl, -(CH2),-heteroaryl, -(CH2)-N(R7)2, or
-(CH2);-OR5 wherein each R4 alkyl, -(CH2),-cycloalkyl,
-(CH2)t-heterocycloalkyl, -(CH2),-aryl, or 20-(CH2)t-heteroaryl is
optionally independently substituted by one to three cyano, alkyl, halogen,
-CF, or -0R5,        4. A compound of claim 1 wherein A is aryl,
heteroaryl, cycloalkyl or heterocycloalkyl, and A is optionally substituted
with two R4 substituents.        5. A compound of claim 4 where in A is
aryl or heteroaryl and each R4 is 25independently alkyl, halogen, cyano,
-SO2NHR7, -CON(R7)2, N(R7)2 -N(R7)COR7, -SO2N(R7)2, -N(R7)S02R7, -COR7,
-SO2R7, -(CH2)t-cycloalkyl, -(CHAheterocycloalkyl, -(CH2)raryl,
-(CH2)t-heteroaryl, -(CHA-N(R7)2, or -(CH2),-OR5 wherein each R4 alkyl,
-(CH2)t-cycloalkyl, -(CH2)rheterocycloalkyl, -(CF12)4,-aryl, or
-(CH2)1-heteroaryl is optionally independently substituted by one to three
cyano, alkyl, 30halogen,or -OR.  - 100        6. A compound of claim 5
wherein at least one R4 is -(CH-aryl wherein t is zero and the aryl is
optionally substituted by one to three cyano, alkyl, halogen, or -0R5. 



7. A compound of claim 5 wherein each R4 is -0R5. 58.A compound of claim 1
wherein A is aryl, heteroaryl, cycloalkyl or heterocycloalkyl, and A is
optionally substituted with three R4 substituents,         9. A compound of
claim 8 wherein A is aryl or heteroaryl and each R4 is independently alkyl,
halogen, cyano, -SO2NHR7, -CON(R7)2, -N(R7)2, -N(R7)CORT,
-502N(R7)2,-1\1(R7)502R7,-COR7,-(CH-2)t-cycloalkyl,-(CK-jt-
heterocycloalkyl, -(CH2)raryl, -(CH2)t-heteroaryl, -(CHA-N(R7)2, or
-(CF12),-0R5 wherein each R4 alkyl, -(CH2)t-cycloalkyl,
-(CH2)t-heterocycloalkyl, -(CH2).,-aryl, or -(CH2).E-heteroaryl is
optionally independently substituted by one to three cyano, alkyl, halogen,
-C F3, or -0R5,         10. A compound of claim 1 wherein B is aryl and is
substituted with only 15one to three R3 substituents,         11. A
compound of claim 10 wherein B is aryl and is substituted with only one R5
substituent wherein R5 is halogen.         12. A compound of claim 1
wherein -------is a single bond, and RI' and Rth are each independently
hydrogen or alkyl. 2013,A compound of claim 12 wherein R and Rib together
with the carbon they are bonded to form a cycloalkylene moiety or a
heteracycloalkylene moiety. 14,A compound of claim 12 wherein FR1 and Rib
are each hydrogen. 15.A compound of claim 1 wherein ----- is a double bond,
and Rib is absent. 2516.A compound of claim 1 wherein said compound of
Formula (I) is a compound having Formula (II)  A wherein A, R1, an', and R3
are as defined in Claim 1; or a pharmaceutically acceptable salt thereof,
17. A compound of claim 1 wherein said compound of Formula (I) is a
5compound haying Formula (III) A wherein A, R1a, and R3 are as defined in
Claim 1; or a pharmaceutically acceptable salt thereof. 18. A method for
the treatment of a disease or condition selected from the 10group
consisting of neurological and psychiatric disorders comprising
administering to the mammal an effective amount of compound of claim 1 or
pharmaceutically acceptable salt thereof.  - 102 19,A pharmaceutical
composition comprising a compound of claim I or a pharmaceutically
acceptable salt thereof and a pharmaceutically acceptable carrier. 20.The
composition of claim 17 further comprising an atypicai an lpsychotic, a
cholinesterase inhibitor, dimebon or NMDA receptor antagonist, 






