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IMINOTHIADIAZINE DIOXIDE COMPOUNDS AS BACE INHIBITORS,
COMPOSITIONS, AND THEIR USE

Abstract
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In its many embodiments, the present invention provides certain iminothiadiazine dioxide compounds,
including compounds Formula (I): (I) and include stereo isomers thereof, and pharmaceutically acceptable salts
of said compounds stereo isomers, wherein each of R', R%, R*, R*, R>, R’ ring A, ring B, m, n, p, -L,-,L,-, and L;-
is selected independently and as defined herein. The novel iminothiadiazine dioxide compounds of the
invention have surprisingly been found to exhibit properties which are expected to render them advantageous as
BACE inhibitors and/or for the treatment and prevention of various pathologies related to B-amyloid (AB)
production. Pharmaceutical compositions comprising one or more such compounds (alone and in combination
with one or more other active agents), and methods for their preparation and use in treating pathologies

associated with amyloid beta (AB) protein, including Alzheimers disease, are also disclosed.
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IMINOTHIADIAZINE DIOXIDE COMPOUNDS AS BACE INHIBITORS,
COMPOSITIONS, AND THEIR USE

RELATED APPLICATIONS

This application claims priority to provisional application U.S. Serial No. 61/249,685,
filed October 08, 2009, incorporated herein by reference.
FIELD OF THE INVENTION

This invention provides certain iminothiadiazine dioxide compounds and compositions
comprising these compounds. The novel iminothiadiazine dioxide compounds of the invention
have surprisingly been found to exhibit properties which are expected to render them
advantageous as BACE inhibitors and/or for the treatment and prevention of various pathologies
related to B-amyloid (“AB”) production.

BACKGROUND
Amyloid beta peptide (“Af”) is a primary componenf of B amyloid fibrils and plaques,

which are regarded as having a role in an increasing number of pathologies. Examples of such

pathologies include, but are not limited to, Alzheimer’s disease, Down’s syndrome, Parkinson’s

" disease, memory loss (including memory loss associated with Alzheimer’s disease and

Parkinson’s disease), attention deficit symptoms (including attention deficit symptoms
associated with Alzheimer’s disease (“AD”), Parkinson’s disease, and Down’s syndrome),
dementia (including pre-senile dementia, senile dementia, dementia associated with Alzheimer’s
disease, Parkinson’s disease, and Down’s syndrome), progressive supranuclear palsy, cortical
basal degeneration, neurodegeneration, olfactory impairment (including olfactory impairment
associated with Alzheimer’s disease, Parkinson’s disease, and Down’s syndrome), B-amyloid
angiopathy (including cerebral amyloid angiopathy), hereditary cerebral hemorrhage, mild
cognitive impairment (“MCI”), glaucoma, amyloidosis, type II diabetes, hemodialysis (2
microglobulins and complications arising therefrom), neurodegenerative diseases such as
scrapie, bovine spongiform encephalitis, Creutzfeld-Jakob disease, traumatic brain injury and the
like.
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AB peptides are short peptides which are made from the proteolytic break-down of the
transmembrane protein called amyloid precursor protein (“APP”). AP peptides are made from
the cleavage of APP by B-secretase activity near the position near the N-terminus of AP, and by
gamma-secretase activity at a position near the C-terminus of AB. (APP is also cleaved by o-
secretase activity, resulting in the secreted, non-amyloidogenic fragment known as soluble
APPo.) Beta site APP Cleaving Enzyme (“BACE-1") is regarded as the primary aspartyl
protease responsible for the production of AP by B-secretase activity. The inhibition of BACE-1
has been shown to inhibit the production of AB.

AD is estimated to afflict more than 20 million people worldwide and is believed to be
the most common cause of dementia. AD is a disease characterized by degeneration and loss of
neurons and also by the formation of senile plaques and neurofibrillary tangles. Presently,
treatment of Alzheimer's disease is limited to the treatment of its symptoms rather than the
underlying causes. Symptom-improving agents approved for this purpose include, for example,
N-methyl-D-aspartate receptor antagonists such as memantine (Namenda®, Forrest
Pharmaceuticals, Inc.), cholinesterase inhibitors such as donepezil (Aricept®, Pfizer),
rivastigmine (Exelon®, Novartis), galantamine (Razadyne Reminyl®), and tacrine (Cognex®).

In AD, AP peptides, formed through p-secretase and gamma-secretase activity, can form
tertiary structures that aggregate to form amyloid fibrils. AP peptides have also been shown to
form AP oligomers (sometimes referred to as “Ap aggregates” or “Abeta oligomers™). AP
oligomers are small multimeric structures composed of 2 to 12 A peptides that are structurally
distinct from A fibrils. Amyloid fibrils can deposit outside neurons in dense formations known
as senile plaques, neuritic plaques, or diffuse plaques in regions of the brain important to
memory and cognition. AP oligomers are cytotoxic when injected in the brains of rats or in cell
culture. This AP plaque formation and deposition and/or AP oligomer formation, and the
resultant neuronal death and cognitive impairment, are among the hallmarks of AD
pathophysiology. Other hallmarks of AD pathophysiology include intracellular neurofibrillary
tangles comprised of abnormally phosphorylated tau protein, and neuroinflammation.

Evidence suggests that AB, AP fibrils, aggregates, oligomers, and/or plaque play a causal
role in AD pathophysiology. (Ohno et al., Neurobiology of Disease, No. 26 (2007), 134-145).
Mutations in the genes for APP and presenilins 1/2 (PS1/2) are known to cause familial AD and
an increase in the production of the 42-amino acid form of AP is regarded as causative. AP has

been shown to be neurotoxic in culture and in vivo. For example, when injected into the brains
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of aged primates, fibrillar AP causes neuronal cell death around the injection site. Other direct
and circumstantial evidence of the role of AP in Alzheimer etiology has also been published.

BACE-1 has become an accepted therapeutic target for the treatment of Alzheimer’s
disease. For example, McConlogue et al., J. Bio. Chem., Vol. 282, No. 36 (Sept. 2007), have
shown that partial reductions of BACE-1 enzyme activity and concomitant reductions of AP
levels lead to a dramatic inhibition of AB-driven AD-like pathology, making B-secretase a target
for therapeutic intervention in AD. Ohno et al. Neurobiology of Disease, No. 26 (2007), 134-
145, report that genetic deletion of BACE-1 in 5XFAD mice abrogates Ap generation, blocks
amyloid deposition, prevents neuron loss found in the cerebral cortex and subiculum (brain
regions manifesting the most severe amyloidosis in SXFAD mice), and rescues memory deficits
in 5XFAD mice. The group also reports that A is ultimately responsible for neuron death in
AD and concludes that BACE-1 inhibition has been validated as an approach for the treatment of
AD. Roberds et al., Human Mol. Genetics, 2001, Vol. 10, No. 12, 1317-1324, established that
inhibition or loss of B-secretase activity produces no profound phenotypic defects while inducing
a concomitant reduction in AB. Luo et al., Nature Neuroscience, Vol. 4, No. 3, March 2001,
report that mice deficient in BACE-1 have normal phenotype and abolished f-amyloid
generation.

BACE-1 has also been identified or implicated as a therapeutic target for a number of
other diverse pathologies in which AP or AP fragments have been identified to play a causative
role. One such example is in the treatment of AD-type symptoms of patients with Down’s
syndrome. The gene encoding APP is found on chromosome 21, which is also the chromosome
found as an extra copy in Down’s syndrome. Down’s syndrome patients tend to acquire AD at
an early age, with almost all those over 40 years of age showing Alzheimer’s-type pathology.
This is thought to be due to the extra copy of the APP gene found in these patients, which leads
to overexpression of APP and therefore to increased levels of AP causing the prevalence of AD
seen in this population. Furthermore, Down’s patients who have a duplication of a small region
of chromosome 21 that does not include the APP gene do not develop AD pathology. Thus, it is
thought that inhibitors of BACE-1 could be useful in reducing Alzheimer’s type pathology in
Down’s syndrome patients.

Another example is in the treatment of glaucoma (Guo et al.,, PNAS, Vol. 104, No. 33,
August 14, 2007). Glaucoma is a retinal disease of the eye and a major cause of irreversible

blindness worldwide. Guo et al. report that AP colocalizes with apoptotic retinal ganglion cells
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(RGCs) in experimental glaucoma and induces significant RGC cell loss in vivo in a dose- and
time-dependent manner. The group report having demonstrated that targeting different
components of the AP formation and aggregation pathway, including inhibition of B-secretase
alone and together with other approaches, can effectively reduce glaucomatous RGC apoptosis
in vivo. Thus, the reduction of A production by the inhibition of BACE-1 could be useful,
alone or in combination with other approaches, for the treatment of glaucoma.

Another example is in the treatment of olfactory impairment. Getchell et al.,
Neurobiology of Aging, 24 (2003), 663-673, have observed that the olfactory epithelium, a
neuroepithelium that lines the posterior-dorsal region of the nasal cavity, exhibits many of the
same pathological changes found in the brains of AD patients, including deposits of Ap, the
presence of hyperphosphorylated tau protein, and dystrophic neurites among others. Other
evidence in this connection has been reported by Bacon AW, et al., Ann NY Acad Sci 2002;
855:723-31; Crino PB, Martin JA, Hill WD, et al., Ann Otol Rhinol Laryngol, 1995;104:655—
61; Davies DC, et al., Neurobiol Aging, 1993;14:353-7; Devanand DP, et al., Am J Psychiatr,
2000;157:1399-405; and Doty RL, et al., Brain Res Bull, 1987;18:597—-600. It is reasonable to
suggest that addressing such changes by reduction of Af} by inhibition of BACE-1 could help to
restore olfactory sensitivity in patients with AD.

For compounds which are inhibitors of BACE-2, another example is in the treatment of
type-1I diabetes, including diabetes associated with amyloidogenesis. BACE-2 is expressed in
the pancreas. BACE-2 immunoreactivity has been reported in secretory granules of beta cells,
co-stored with insulin and IAPP, but lacking in the other endocrine and exocrine cell types.
Stoffel et al., W02010/063718, disclose the use of BACE-2 inhibitors in the treatment of
metabolic diseases such as Type-1II diabetes. The presence of BACE-2 in secretory granules of
beta cells suggests that it may play a role in diabetes-associated amyloidogenesis. (Finzi, G.
Franzi, et al., Ultrastruct Pathol. 2008 Nov-Dec;32(6):246-51.)

Other diverse pathologies characterized by the formation and deposition of A or
fragments thereof, and/or by the presence of amyloid fibrils, oligomers, and/or plaques, include
neurodegenerative diseases such as scrapie, bovine spongiform encephalitis, traumatic brain

injury (“TBI”), Creutzfeld-Jakob disease and the like, type I diabetes (which is characterized by

~ the localized accumulation of cytotoxic amyloid fibrils in the insulin producing cells of the

pancreas), and amyloid angiopathy. In this regard reference can be made to the patent literature.

For example, Kong et al., US2008/0015180, disclose methods and compositions for treating
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anwylaidosis with agents that inhibt AP peptide formation. As apother exsmple, Loane, ot al.
report the targeting of amytoid precurser protein secretases g8 therapeutic targsts for truumatic
brain inury. (’Loaﬁe ¢t al,, “Amyloid precursor protein seqretrses as therapeutic targets for
travmatic brain injury™, Nanwe Medicine, Advance Online Publication, published online March
15, 2009.) Stilt other diverse pathedogies characterized by the inappropriate formation and
deposition of AB or fragments thereaf, andfor by the presence of amylowd fibrils, andfor for
which inhibitor(s) of BACE-1 is sxpected to be of therapeutic valke are dscussed further
hereinbelow,

The therapeutic potentisl of inhibiting the deposition of AP has motivated many groups
to characterize RACE- and to identify tnhibitoas of BACE-! and of other secretase enzyme
inhibitors, Exanaples from the patent literature are growing and inchide WOZH06MH633,
WOZOOT005404, WOG07065366, WG2007038271, WO2007016012, US2005/0282826,
US2007072925, WO200T149033, WOG7145568, WOZ007148564,

WOH0T 45570, WQ2007 14535871, WQIG07 114771, LIS20070298087, WG2005/016876,
WO2005/014540, WO2005/A5831 1, WOB06/065277, WO06/014762, WO0086/01 4944,
WO20S/ 138193, W06 138264, WORH06/1 38192, WORIDG/ 138217, WO HA50721,
WO2007/053306, WO007/146225, WOZ006/1 38230, WOR006/ 1 38268, WO2006/138206,
WO007/053508, WO07/146225, WORO0R/GTIIES, WOZ008073370, WOZ008 1033581,
US2008/841201, UB2009/041202, and WORGLHQ473T2.

SUMMARY OF THE INVENTION

A first aspect of the invention provides for a compound, or a tautomer thereof, or

a pharmaceutically acceptable salt of said compound or said tautomer, said compound

having a structure:

NH NH
N HNJLN'CHS

\ 4 | s=0
§‘ CHy O

A second aspect of the invention provides for a pharmaceutically acceptable salt

of a compound, or a tautomer thereof, said compound having a structure:

Q " NH
N HNJLN'CHS

\ ./ | s=0
§\ cHy O

(7848826_1):KZA
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A third aspect of the invention provides for a compound, or a tautomer thereof,
or a pharmaceutically acceptable salt of said compound or said tautomer, said compound

having a structure:

O

NH NH
N\ HNJLN/CHS
é\\ / R é;O
Me CHy B
5 A fourth aspect of the invention provides for a pharmaceutically acceptable salt

of a compound, or a tautomer thereof, said compound having a structure:

Q " NH
H
N HNJLN’C 3

=

\ 7 | &0
Me} CHy &

A fifth aspect of the invention provides for a compound, or a tautomer thereof, or
a pharmaceutically acceptable salt of said compound or said tautomer, said compound

10 having a structure:

0 " NH
N\ HNJLN/CHS
\ / {_%=°
cHy B

A sixth aspect of the invention provides for a pharmaceutically acceptable salt of

a compound, or a tautomer thereof, said compound having a structure:

O " NH
N\ HNJLN/CHS
\ | _s=0
cHy B

(7848826_1):KZA
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A seventh aspect of the invention provides for a compound, or a tautomer
thereof, or a pharmaceutically acceptable salt of said compound or said tautomer, said

compound having a structure:

Q " NH
N= HN’U\N'CHS
c§\\ N N 5°
Me CHy, B
5 An eighth aspect of the invention provides for a pharmaceutically acceptable salt

of a compound, or a tautomer thereof, said compound having a structure:

Q " NH
N HN/lLN/CHS

\ 7 | __s=0
ved CHy, B

A ninth aspect of the invention provides for a compound, or a tautomer thereof,
or a pharmaceutically acceptable salt of said compound or said tautomer, said compound

10 having a structure:

CHay=

A tenth aspect of the invention provides for a pharmaceutically acceptable salt of

a compound, or a tautomer thereof, said compound having a structure:

o

NH
NH )k
CH,
N=— HN N
l%o

CHy~

(7848826_1):KZA
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An eleventh aspect of the invention provides for a pharmaceutically acceptable
salt of the compound of the first to tenth aspects of the invention, or a tautomer thereof,
wherein said salt is selected from the group consisting of acetate, ascorbate, benzoate,
benzenesulfonate, bisulfate, borate, butyrate, citrate, camphorate, camphorsulfonate,
fumarate, hydrochloride, hydrobromide, hydroiodide, lactate, maleate, methanesulfonate,
naphthalenesulfonate, nitrate, oxalate, phosphate, propionate, salicylate, succinate,

sulfate, tartarate, thiocyanate, and tosylate.

A twelfth aspect of the invention provides for a pharmaceutically acceptable salt
of the compound of the first to tenth aspects of the invention, or a tautomer thereof,

wherein said salt is a hydrochloride salt.

A thirteenth aspect of the invention provides for a pharmaceutically acceptable
salt of the compound of the first to tenth aspects of the invention, or a tautomer thereof,

wherein said salt is a tosylate salt.

A fourteenth aspect of the invention provides for a pharmaceutical composition
comprising a pharmaceutically acceptable carrier or diluent and a compound of the first,
third, fifth, seventh or ninth aspects of the invention, or a tautomer thereof, or a

pharmaceutically acceptable salt of said compound or said tautomer.

A fifteenth aspect of the invention provides for a use of a compound of the first,
third, fifth, seventh or ninth aspects of the invention, or a tautomer thereof, or a
pharmaceutically acceptable salt of said compound or said tautomer, for the manufacture

of a medicament the treatment of an amyloid  pathology.

A sixteenth aspect of the invention provides for a method of treating an amyloid
B pathology comprising administering a compound of the first, third, fifth, seventh or
ninth aspects of the invention, or a tautomer thereof, or a pharmaceutically acceptable salt
of said compound or said tautomer, or a pharmaceutical composition of the fourteenth
aspect of the invention, to a patient in need thereof in an amount effective to treat said

pathology.

(7848826_1):KZA
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The present invention provides certawn iminothiadiazing dioxide compounds which are
cotlectively or individualty referved to herein ax “comypround(s) of the invention”, as deseribed
hevein. The novel iminothiadiaring diexide compounds of the invention have surprisingly besn
foand to exhibit properties which are expectad o render them sdvantageous ay BACE mbibitors
ancior for the trestment and prevention of the various pathalogies described herein.

Tn cach of the various embodiments of the compounds of the invention desenbed hervin,
each variable including thass of Formwulag (1), (TA), (FA-1), (TA-2), {II), (F1A), (HA-1), and (JIA-
2), and the various embodiments thereof, cach variable is selected ndependently of the others
unfess otherwise indsoated,

Tis cach of the various embudiments of the compounds of the invention deseribed herein,
including those of Fornudas (1), Q&) GA-D, GA-), I3, (AL GIA-D), and (T1A-2}, and the

various embodiments thereof sud the camponngds of the exaniples, such fornmlas and exsmples

(7848826_1):KZA



30 Sep 2013

2013234424

-6-

are intended to encompass all forms of the compounds such as, for example, any solvates,
hydrates, stereoisomers, and tautomers of said compounds and of any pharmaceutically
acceptable salts thereof.

In one embodiment, the compounds of the invention have the structural Formula (I):

ey

and include tautomers, solvates, prodrugs, and esters thereof, and pharmaceutically
acceptable salts of said compounds, tautomers, solvates, prodrugs, and esters,

wherein:

-L;- represents a bond or a divalent moiety selected from the group consisting of -alkyl-,
-haloalkyl-, -heteroalkyl-, -alkenyl-, and -alkynyl-;

-L,- represents a bond or a divalent moiety selected from the group consisting of -alkyl-,
-haloalkyl-, -heteroalkyl-, -alkenyl-, and -alkynyl-;

each -L;3- independently represents a bond or a divalent moiety independently selected
from the group consisting of -alkyl-, -haloalkyl-, -heteroalkyl-, -alkenyl-, -alkynyl-, NR)-, -
NHC(O)-, -C(O)NH-, -NHS(O),-, -S(0),NH-, -O-alkyl-, -alkyl-O-, -N(R")-alkyl-, -alkyl-N(R")-,
-haloalkyl-NH-, and -NH-haloalkyl-;

m, n, and p are each independently selected integers, wherein:

m is 0 or more;

n is 0 or more; and

p is 0 or more,

wherein the maximum value of the sum of m and n is the maximum number of available
substitutable hydrogen atoms on ring A, and wherein the maximum value of p is the maximum

number of available substitutable hydrogen atoms on ring B;
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R! is selected from the group consisting of: H, alkyl, haloalkyl, heteroalky]l,
heterohaloalkyl, cycloalkyl, cycloalkylalkyl-, heterocycloalkyl, heterocycloalkylalkyl-, aryl,
arylalkyl-, beteroaryl, and heteroarylalkyl-,

wherein each of said alkyl, haloalkyl, heteroalkyl, heterohaloalkyl, cycloalkyl,

cycloalkylalkyl-, heterocycloalkyl, heterocycloalkylalkyl-, aryl, arylalkyl-, heteroaryl,

and heteroarylalkyl- of R is unsubstituted or substituted with one or more independently
selected R'® groups;

R? is selected from the group consisting of H, halo, alkyl, haloalkyl, and heteroalkyl,
wherein each of said alkyl and said haloalkyl of R is unsubstituted or substituted
with one or more independently selected R'® groups;

R? is selected from the group consisting of H, halo, alkyl, haloalkyl, and heteroalkyl,
wherein each of said alkyl and said haloalkyl of R? is unsubstituted or substituted
with one or more independently selected R'° groups;

R? is selected from the group consisting of alkyl, aryl, heteroaryl, cycloalkyl,

cycloalkenyl, heterocycloalkyl, and heterocycloalkenyl,

wherein each of said alkyl, aryl, heteroaryl, cycloalkyl, cycloalkenyl, heterocycloalkyl,

and heterocycloalkenyl of R* is unsubstituted or substituted with one or more

independently selected R groups;

ring A is selected from the group consisting of monocyclic aryl, monocyclic heteroaryl,
monocyclic cycloalkyl, monocyclic cycloalkenyl, monocyclic heterocycloalkyl, monocyclic
heterocycloalkenyl, and a multicyclic group;

each ring B (when present) is independently selected from the group consisting of
monocyclic aryl, monocyclic heteroaryl, monocyclic cycloalkyl, monocyclic cycloalkenyl,
monocyclic heterocycloalkyl, monocyclic heterocycloalkenyl, and a multicyclic group;

each R’ (when present) is independently selected from the group consisting of halo, -CN,
-SFs, -OSFs, -NO,, -Si(R%)s, -P(O)OR),, -P(O)OR")(R), -N(R®),, -NREC(O)R”, -NR3S(O),R’,
~NR¥*C(O)N(R®),, -NR]C(O)OR’, -C(O)R’, -C(O),R”, -C(ON(R®),, -S(O)R’, -S(O),,R’,
-S(O)N(R®),, -OR’, -SR’, alkyl, haloalkyl, haloalkoxy, heteroalkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl,

wherein each said alkyl, haloalkyl, haloalkoxy, heteroalkyl, alkenyl, alkynyl, cycloalkyl,

heterocycloalkyl, aryl, and heteroaryl of R® (when present) is optionally independently

unsubstituted or further substituted with one or more independently selected groups
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selected from the group consisting of lower alkyl, lower alkenyl, lower alkynyl, lower

heteroalkyl, halo, -CN, -SFs, -OSFs, -NO,, -N(R®),, -OR”, -C(O)N(R®),, and cycloalkyl;

each R® (when present) is independently selected from the group consisting of alkyl, aryl,
arylalkyl-, haloalkyl, cycloalkyl, cycloalkylalkyl-, heteroaryl, and heteroarylalkyl-;

each R” (when present) is independently selected from the group consisting of H, alkyl,
alkenyl, heteroalkyl, haloalkyl, aryl, arylalkyl-, heteroaryl, heteroarylalkyl-, cycloalkyl,
cycloalkylalkyl-, heterocycloalkyl, and heterocycloalkylalkyl-;

each R® (when present) is independently selected from the group consisting of H, alkyl,
alkenyl, heteroalkyl, haloalkyl, haloalkenyl, aryl, arylalkyl-, heteroaryl, heteroarylalkyl-,
cycloalkyl, cycloalkylalkyl-, heterocycloalkyl, and heterocycloalkylalkyl-;

cach R® (when present) is independently selected from the group consisting of: halogen, -
CN, -SFs, -OSFs, -NO;, -Si(R®%)3, -P(O)OR'),, -P(O)OR)(R), -N(R®),, -NR*C(O)R’, -
NR®S(0),R7, -NR¥*C(O)N(R?),, -NREC(O)YOR’, -C(O)R’, -C(0):R7, -C(O)N(R®),, -S(O)R’, -
S(O)R, -S(0)N(R®),, -OR’, -SR’, alkyl, haloalkyl, heteroalkyl, alkenyl, alkynyl, aryl,
arylalkyl-, cycloalkyl, heteroaryl, heteroarylalkyl-, and heterocycloalkyl;

each R'® (when present) is independently selected from the group consisting of halo, -
CN, -NO,, -Si(R%)3, -P(O)OR"),, -P(O)}OR™)(R"), -N(R®),, -NR}*C(O)R’, -NR*S(O),R7, ~
NREC(O)N(R?),, -NREC(O)OR’, -C(O)R’, -C(O)R’, -C(O)N(R®),, -S(O)R’, -S(O).R’,
-S(O)zN(Rg)z, -OR’, -SR’, alkyl, haloalkyl, haloalkoxy, heteroalkyl, alkenyl, alkynyl, and
cycloalkyl,

wherein each said alkyl, haloalkyl, haloalkoxy, heteroalkyl, alkenyl, alkynyl, and

cycloalkyl of R'® (when present) is optionally independently unsubstituted or further

substituted with one or more independently selected groups selected from the group

consisting of lower alkyl, lower alkenyl, lower alkynyl, lower heteroalkyl, halo, -CN,

-NO,, -N(R®),, -OR’, and -C(O)N(R®),.

In other embodiments, the invention provides compositions, including pharmaceutical
compositions, comprising one or more compounds of the invention (e.g., one compound of the
invention), or a tautomer thereof, or a pharmaceutically acceptable salt or solvate of said
compound(s) and/or said tautomer(s), optionally together with one or more additional
therapeutic agents, optionally in an acceptable (e.g., pharmaceutically acceptable) carrier or

diluent.
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In other embodiments, the invention provides various methods of treating, preventing,
ameliorating, and/or delaying the onset of an amyloid  pathology (A pathology) and/or a
symptom or symptoms thereof, comprising administering a composition comprising an effective
amount of one or more compounds of the invention, or a tautomer thereof, or pharmaceutically
acceptable salt or solvate of said compound(s) and/or said tautomer(s), to a patient in need
thereof. Such methods optionally additionally comprise administering an effective amount of
one or more additional therapeutic agents suitable for treating the patient being treated.

These and other embodiments of the invention, which are described in detail below or
will become readily apparent to those of ordinary skill in the art, are included within the scope of

the invention.

DETAILED DESCRIPTION:

In one embodiment, the compounds of the invention have the structural Formula (I) as
described above.

In one embodiment, the compounds of the invention have the structural Formula (IA):

() §

(=%

&
; B
—0
/\
w—z
&\
=,

(A)
and include tautomers, and prodrugs thereof, and pharmaceutically acceptable salts, and
solvates of said compounds, tautomers, and prodrugs, wherein RY, Ly, Ly, Ls, R?, R3, R4, R, R9,
ring A, ring B, m, n, and p are each as defined in Formula (I).

In one embodiment, the compounds of the invention have the structural Formula (JA-1):



30 Sep 2013

2013234424

(IA-1)
and include tautomers, and prodrugs thereof, and pharmaceutically acceptable salts, and
solvates of said compounds, tautomers, and prodrugs, wherein Rl, L, Ly, Ls, R%L R, RYR® , R9,
ring A, ring B, m, n, and p are each as defined in Formula (I).
In one embodiment, the compounds of the invention have the structural Formula (IA-2):

NH
( =)
m /R1
m HN N
( R9> B Ls L I
p\__/ e N
n £ C
par __'-':\R2
R4 R3

(1A-2)

and include tautomers, and prodrugs thereof, and pharmaceutically acceptable salts, and
solvates of said compounds, tautomers, and prodrugs, wherein R', Ly, Ly, Ls, R% R RA R®, R9,
ring A, ring B, m, n, and p are each as defined in Formula (I).

In one embodiment, in each of Formulas (1), (IA), (IA-1), and (IA-2), R! is selected from
the group consisting of H, lower alkyl, and cyclopropyl.

In one embodiment, in each of Formulas (1), (IA), (IA-1), and (IA-2), R' is selected from
the group consisting of H and methyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), and (IA-2), R!is H.

In one embodiment, in each of Formulas (I), (IA), (IA-1), and (IA-2), R is methyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), and (IA-2), R? is H.

In one embodiment, in each of Formulas (I), (IA), (IA-1), and (IA-2):

R' is selected from the group consisting of H, lower alkyl, and cyclopropyl; and
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R?is H.
In one embodiment, in each of Formulas (1), (IA), (IA-1), and (IA-2), R® is H and R? is

=

In one embodiment, in each of Formulas (I), (IA), (IA-1), and (IA-2), R? is selected from
the group consisting H, alkyl, haloalkyl, and heteroalkyl.

In one embodiment, in each of Formulas (1), (IA), (IA-1), and (IA-2), R? is selected from
the group consisting H, lower alkyl, halo lower alkyl, and lower alkyl ether.

In one embodiment, in each of Formulas (I), (IA), (IA-1), and (IA-2), R? is selected from
the group consisting H, alkyl, haloalkyl, and heteroalkyl; and R? is H.

In one embodiment, in each of Formulas (I), (IA), (IA-1), and (IA-2), R? is selected from
the group consisting H, lower alkyl, halo lower alkyl, and lower alkyl ether; and R?is H.

In one embodiment, in each of Formulas (I), (IA), (IA-1), and (IA-2), -L,~ is a bond and
R* is lower alkyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), and (IA-2), -L;- is a bond and
R* is methyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), and (IA-2), R' is lower alkyl,
R?is H, -Ly- is a bond, and R* is alkyl.

In one embodiment, the compounds of the invention have the structural Formula (IT):

( RS) )NjH\
m /
HN N
( Rg)p @ L3>@\L1%\ /lOZ
n T\H
R3

(1)
and include tautomers, and prodrugs thereof, and pharmaceutically acceptable salts, and
solvates of said compounds, tautomers, and prodrugs, wherein R Ly, Lo, ring A, ring B, R®, Rg,
m, n, and p are each as defined in Formula (I).

In one embodiment, the compounds of the invention have the structural Formula (I1A):



NH
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(IIA)

and include tautomers, and prodrugs thereof, and pharmaceutically acceptable salts, and
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solvates of said compounds, tautomers, and prodrugs, wherein R3, Ly, Ls, ring A, ring B, RS, R9,
m, n, and p are each as defined in Formula (I).

In one embodiment, the compounds of the invention have the structural Formula (IIA-1):

(=%

(=)
&
=
=
-
”Ilh,,, %
\ :
f,gmz\

(I1A-1)
and include tautomers, and prodrugs thereof, and pharmaceutically acceptable salts, and
solvates of said compounds, tautomers, and prodrugs, wherein R L), Ls, ring A, ring B, R’ R9,

m, n, and p are each as defined in Formula (I).
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In one embodiment, the compounds of the invention have the structural Formula (11A-2):

H
( =)
m
HN N
p Ly 5_, C/802
n = 7
S ::_\H
RS

(I1A-2)

and include tautomers, and prodrugs thereof, and pharmaceutically acceptable salts, and
solvates of said compounds, tautomers, and prodrugs, wherein R3 L, L, ring A, ring B, R’ R®,
m, n, and p are each as defined in Formula (I).

In one embodiment, in each of Formulas (II), (IIA), (IIA-1), and (II-A2), R? is selected
from the group consisting H, alkyl, haloalkyl, and heteroalkyl.

In one embodiment, in each of Formulas (IT), (IIA), (IIA-1), and (IIA-2), R? is selected
from the group consisting H, lower alkyl, halo lower alkyl, and lower alkyl ether.

In one embodiment, in each of Formulas (II), (I1A), (I1A-1), and (1I-A2), R® is H.

In one embodiment, in each of Formulas (II), (IIA), (IIA-1), and (II-A2):

-L;- represents a bond or a divalent moiety selected from the group consisting of -alkyl-,
-haloalkyl-, -heteroalkyl-, and -alkenyl-.

In one embodiment, in each of Formulas (II), (IIA), (ITA-1), and (II-A2):

-L;- represents a divalent moiety selected from the group consisting of -alkyl-,
-haloalkyl-, -heteroalkyl-, and -alkenyl-.

-L,- represents a divalent moiety selected from the group consisting of -alkyl-, and
-haloalkyl-.

In one embodiment, in each of Formulas (II), (ITA), (IIA-1), and (II-A2):

-L;- represents a bond or a divalent lower alkyl moiety.

In one embodiment, in each of Formulas (II), (IIA), (IIA-1), and (1I-A2):

-L;- represents a bond, —CH;-, or -CH,CHo-.

In one embodiment, in each of Formulas (II), (IIA), (IIA-1), and (II-A2):

-L;- represents a bond.

In one embodiment, in each of Formulas (II), (IIA), (IIA-1), and (I1I-A2):
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-L,- represents a divalent lower alkyl moiety.

In one embodiment, in each of Formulas (II), (IIA), (IIA-1), and (II-A2):

-L;- represents —CHp-.

In one embodiment, in each of Formulas (I1), (IIA), (IIA-1), and (1I-A2):

-L;- represents —-CH,CHp-.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (1A-2), (II), (IIA), (IIA-1), and
(IT1A-2), n is 0 and m is 1 or more.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (1A-2), (II), (ITA), (IIA-1), and
(ITA-2), n is 1 or more, p is 0 or more, and m is 0.

In one embodiment, in each of Formulas (I), (IA), (1A-1), (IA-2), (II), (IIA), (ITA-1), and
(ITA-2),n is 1, p is 0 or more, and m is 0 or more.

In one embodiment, in each of Formulas (1), (14), (IA-1), (IA-2), (I), (IIA), (IIA-1), and
(IIA-2),nis 1, p is 0 or more, and mis 0, 1, 2, or 3.

In one embodiment, in each of Formulas (I), (1A), (IA-1), IA-2), (I), (I1A), (IIA-1), and
(ITIA-2),nis 1, p is 0 or more, and mis 0, 1, or 2.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (I), (IIA), (IIA-1), and
(IIA-2),nis 1, p is 0 or more, and m is 0 or 1.

In one embodiment, in each of Formulas (I), (1A), (1A-1), (IA-2), (I), (IIA), (ITA-1), and
(ITA-2),nis I, p is 0 or more, and m is 1.

In one embodiment, in each of Formulas (I), (IA), (IA-1), 1A-2), (II), (IIA), (IIA-1), and
(IIA-2),nis 1, p is 0 or more, and m is 2.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (II), (IIA), (ITA-1), and
(ITA-2), nis 1, p is O or more, and m is 3.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (1IA-2), (II), (IIA), (IIA-1), and
(ITA-2): -L;- represents a bond or —CH,-.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (I), (IIA), (IIA-1), and
(ITA-2):

ring A is selected from the group consisting of phenyl, pyridyl, pyrazinyl, furanyl,
thienyl, pyrimidinyl, pyridazinyl, thiazolyl, oxazolyl, imidazolyl, pyrazolyl, quinazolinyl,
benzofuranyl, benzimidazolyl, benzoxazolyl, benzothiazolyl, benzothienyl, naphthyl, quinolyl,

isoquinolyl, indazolyl, indolyl, and thienopyrazolyl.
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In one embodiment, in each of Formulas (1), (IA), (IA-1), (IA-2), (II), (IIA), (ITA-1), and
(IIA-2):

ring A is selected from the group consisting of phenyl, pyridyl, thienyl, thiazolyl,
naphthyl, isoquinolinyl, benzothienyl, benzimidazolyl, indazolyl, indolyl, and thienopyrazolyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (I), (IIA), (IIA-1), and
(IIA-2):

each -L3- independently represents a bond or a divalent moiety selected from the group
consisting of -NHC(O), ~C(O)NH-, -NHS(O),-, -S(O);NH-, -O-CH;-, -CH,-O-, -NHCH,-,
-CH,NH-, and -CH(CF;)NH-.

In one embodiment, in each of Formulas (I), (IA), (1A-1), (IA-2), (II), (ITA), (ITA-1), and
(1A-2):

each -Ls- independently represents a bond or a divalent moiety selected from the group
consisting of -NHC(O)- and ~C(O)NH-.

In one embodiment, in each of Formulas (I), (IA), IA-1), IA-2), (II), (IIA), (IIA-1), and
(11A-2):

n is 1 and -Ls- is represents a bond or a divalent moiety selected from the group
consisting of -NHC(O)- and —-C(O)NH-.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (I), (I1A), (IIA-1), and
(I1A-2):

n is 1 and -L3- represents a bond.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (ID), (IIA), (IIA-1), and
(I1A-2):

nis 1 and -Ls- is a divalent moiety selected from the group consisting of -NHC(O)- and
-C(O)NH-.

In one embodiment, in each of Formulas (1), (1A), (IA-1), (IA-2), (IT), (I1A), (IIA-1), and
(ITA-2):

nis 1 and -Ls- is <C(O)NH-.

In one embodiment, in each of Formulas (I), (I1A), (IA-1), (IA-2), (II), (IIA), (IIA-1), and
(IIA-2):

nis 1 and -Ls- is -NHC(O)-.

In one embodiment, in each of Formulas (1), (1A), (IA-1), (JA-2), (II), (IIA), (IIA-1), and
(IIA-2):
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nis 1 or more;

p is 0 or more; and

each ring B is independently selected from the group consisting of phenyl, pyridyl,
pyrimidiny!, oxazolyl, isoxazolyl, pyrazinyl, thienyl, pyrazolyl, furanyl, thiazplyl, pyridazinyl,
isothiazolyl, isoxazolyl, isothiazolyl, indolyl, pyrrolopyridinyl, and pyrrolopyrimidinyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (IT), (IIA), (IIA-1), and
(11A-2):

nis 1 or more;

p is O or more; and

each ring B is independently selected from the group consisting of phenyl, pyridyl,
pyrimidinyl, oxazolyl, thiazolyl, isoxazolyl, isothiazolyl, indolyl, pyrrolopyridyi, and
pyrrolopyrimidinyl. \

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (II), (IIA), (I1A-1), and
(T1A-2):

m is 1 or more and each R® group is independently selected from the group consisting of
halogen, -CN, -SFs, -OSFs, -N(R®);, -NR*C(O)R", -NR®S(0),R”, -NR*C(O)N(R®),,
-NR3C(O)OR’, -C(O)R, -C(O):R’, -C(O)N(R®),, -S(O)R’, -S(O),R’, -S(0):N(R®),, -OR’, -SR’,
lower alkyl, lower haloalkyl, lower heteroalkyl, lower alkynyl, cycloalkyl, heteroaryl, and
heterocycloalkyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (1A-2), (I1), (I1A), (JIA-1), and
(I1A-2):

m is 1 or more and each R® group is independently selected from the group consisting of
halogen, -CN, -SFs, —N(Rg)z, -OR’, -SR’, lower alkyl, lower haloalkyl, lower heteroalkyl, lower
alkynyl, and cycloalkyl.

In one embodiment, in each of Formulas (I), (1IA), (IA-1), (IA-2), (II), (TA), (IIA-1), and
(I1A-2):

m is 1 or more and each R’ group is independently selected from the group consisting of
halogen, -CN, -SFs, -N(RS)Z, -OR’, -SR’, lower alkyl, lower haloalkyl, lower heteroalkyl, lower
alkynyl, and cyclopropyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (II), (I1A), (IIA-1), and
(ITA-2):
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m is 0 or more, n is 1 or more, p is 1 or more, and each R’ group is independently
selected from the group consisting of halogen, -CN, -SFs, -OSFs, -N(Rg)z, —NRsC(O)R7, -
NR®S(0O),R’, -NREC(O)N(R®),, -NREC(O)OR’, -C(O)R’, -C(O)%,R’, -C(OIN(R®),, -S(O)R,
-S(O),R’, -S(O)N(R®),, -OR’, -SR’, lower alkyl, lower haloalkyl, lower heteroalkyl, lower
alkynyl, aryl, arylalkyl-, cycloalkyl, heteroaryl, heteroarylalkyl-, and heterocycloalkyl.

In one embodiment, in each of Formulas (I), (1A), (IA-1), (IA-2), (I), (ITA), (IIA-1), and
(IIA-2):

m is 0 or more, n is 1 or more, p is 1 or more, and each R® group is independently
selected from the group consisting of halogen, -CN, -SFs, -N(Rs)z, -OR’, -SR’, lower alkyl,
lower haloalkyl, lower heteroalkyl, lower alkynyl, phenyl, benzyl, and cycloalkyl.

In one embodiment, in each of Formulas (1), (IA), (IA-1), (IA-2), (I), (IIA), (IIA-1), and
(I1IA-2):

m is 0 or more, n is 1 or more, p is 1 or more, and each R°® group is independently
selected from the group consisting of halogen, -CN, -SFs, -N(Rs)z, -OR’, -SR’, lower alkyl,
lower haloalkyl, lower heteroalkyl, lower alkynyl, phenyl, benzyl, and cyclopropyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (II), (IIA), (IIA-1), and
(ITA-2), n is 0 and the moiety:

(=)
» (=)
m
R? L3
( 1.1\5'7S
L1\$
n , has the form .

In one embodiment, in each of Formulas (I), (IA), (IA-1), 1A-2), (II), (I1A), (IT1A-1), and
(J1A-2):

nis0;

m is 1 or more;

the moiety:
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( =)
m (=)
m
R® Ls
| o~
L1”"";
n , has the form ;

-L,- represents a bond, —CH,~, or -CH,CH,-;

ring A is selected from the group consisting of phenyl, pyridyl, pyrazinyl, furanyl,
thienyl, pyrimidinyl, pyridazinyl, thiazolyl, oxazolyl, benzothienyl, benzimidazolyl, indazolyl,
indolyl, and thienopyrazolyl; and

each R group is independently selected from the group consisting of halogen, -CN, -SFs,
-N(Rs)z, -OR’, -SR’, lower alkyl, lower haloalkyl, lower heteroalkyl, lower alkynyl, and
cycloalkyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (1IA-2), (II), (IIA), (IIA-1), and
(I1A-2):

nis0;

the moiety:

( =)
" ( =)
m
( R® L3
p ‘-1\5
L1\£
n , has the form ;

-L;- represents a bond, ~CH,-, or -CH,CHb>-;

ring A is selected from the group consisting of phenyl, pyridyl, pyrazinyl, furanyl,
thienyl, pyrimidinyl, pyridazinyl, thiazolyl, oxazolyl, benzothienyl, benzimidazolyl, indazolyl,
indolyl, and thienopyrazolyl;

m is 0 or more; and

each R’ group (when present) is independently selected from the group consisting of
halogen, -CN, -SFs, -N(Rs)z, -OR’, -SR7, lower alkyl, lower haloalkyl, lower heteroalkyl, lower
alkynyl, and cyclopropy!.

In one embodiment, in each of Formulas (1), (1A), (IA-1), (IA-2), (I), (I1A), (ITA-1), and
(I1A-2):
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ring A is selected from the group consisting of phenyl, pyridyl, pyrazinyl, furanyl,
thienyl, pyrimidinyl, pyridazinyl, thiazolyl, oxazolyl, benzothienyl, benzimidazolyl, indazolyl,
indolyl, and thienopyrazolyl;

m is 0 or more;

each R’ group (when present) is independently selected from the group consisting of
halogen, -CN, -SFs, -N(Rs)z, -OR’, -SR’, lower alkyl, lower haloalkyl, lower heteroalkyl, lower
alkynyl, and cycloalkyl;

nisl;

-L3- represents a bond or a divalent moiety selected from the group consisting of —
NHC(O)- and —-C(O)NH-;

ring B is selected from the group consisting of phenyl, pyridyl, pyrazinyl, furanyl,
thienyl, pyrimidinyl, pyridazinyl, thiazolyl, oxazolyl, isoxazolyl, isothiazolyl, indolyl,
pyrrolopyridyl, and pyrrolopyrimidinyl;

p is 0 or more; and

each R group (when present) is independently selected from the group consisting of
halogen, -CN, -SFs, -N(Rg)z, -OR’, -SR’, lower alkyl, lower haloalkyl, lower heteroalkyl, lower
alkynyl, phenyl, benzyl, and cycloalkyl.

In one embodiment, in each of Formulas (I), (IA), (IA-1), (IA-2), (II), (IIA), (IIA-1), and
(I1A-2):

-L;- represents a bond;

ring A is selected from the group consisting of phenyl, pyridyl, pyrazinyl, furanyl,
thienyl, pyrimidinyl, pyridazinyl, thiazolyl, oxazolyl, imidazolyl, pyrazolyl, quinazolinyl,
benzofuranyl, benzimidazolyl, benzoxazolyl, benzothiazolyl, benzothienyl, naphthyl, quinolyl,
isoquinolyl, indazolyl, indolyl, and thienopyrazolyl.

m is 0 or more;

each R® group (when present) is independently selected from the group consisting of
halogen, -CN, -SFs, -N(Rg)z, -OR’, -SR’, lower alkyl, lower haloalkyl, lower heteroalkyl, lower
alkynyl, and cyclopropyl;

nis 1;

-Ls- represents a bond or a divalent moiety selected from the group consisting of
-NHC(O), ~C(O)NH-, -NHS(0);-, -S(0);NH-, -O-CH;-, -CH,-O-, -NHCH;-, -CH,;NH-, and
-CH(CF3)NH-;
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ring B is selected from the group consisting of phenyl, pyridyl, pyrimidinyl, oxazolyl,
isoxazolyl, pyrazinyl, thienyl, pyrazolyl, furanyl, thiazolyl, pyridazinyl, isothiazolyl, isoxazolyl,
isothiazolyl, indolyl, pyrrolopyridinyl, and pyrrolopyrimidinyl;

p is 0 or more; and

each R® group (when present) is independently selected from the group consisting of
halogen, -CN, -SFs, -OSFs, -N(R®), -NRC(O)R’, -NR*S(O),R’, -NR]*C(O)N(R®),,
-NR]C(0)OR’, -C(O)R’, -C(O),R’, -C(O)N(R®),, -S(O)R’, -S(0),R, -S(0):N(R®),, -OR’, -SR,
lower alkyl, lower haloalkyl, lower heteroalkyl, lower alkynyl, aryl, arylalkyl-, cycloalkyl,
heteroaryl, heteroarylalkyl-, and heterocycloalkyl. In one such embodiment, m and p are each
independently 0, 1, 2, or 3 up to the maximum number of substitutable hydrogen atoms.

In one such embodiment, each R’ (when present) is independently selected from the
group consisting of halo.

In one such embodiment, each R® (when present) is independently selected from the
group consisting of alkyl, alkenyl, alkynyl, haloalkyl, heteroalkyl, halo-substituted heteroalkyl,
halo, -O-alkyl, -O-alkyl-OH, -O-deuteroalkyl, -O-heteroalkyl, -O-heteroalkyl-aryl, -O-haloalkyl,
heteroaryl, alkyl-substituted heteroaryl, cycloalkyl, -O-alkyl-cycloalkyl, -O-cycloalkyl, OH,
heterocycloalkyl, halo-substituted heteroaryl, CN, -S(F)s, -S-alkyl, and -S(O),alkyl.

In another embodiment, the present invention encompasses deuterates of the compounds
of the invention, or tautomers thereof, or a pharmaceutically acceptable salt of said deuterated
compound or tautomer of the invention. Specific, non-limiting examples of deuterated
compounds of the invention are as described and exemplified herein and include, deuterated
compounds of Formulas (1%), (II), and (III%). Those of ordinary skill in the art will readily
appreciate that, in addition to the non-limiting examples shown, other available hydrogen atoms
may be deuterated in a similar manner as described hereinbelow. Such deuterated compounds
are also to be considered as being among the compounds of the invention. The resulting
compound is refered to herein as a “deuterated” compound of the invention or, alternatively, as
“deuterate(s)” of compounds of the invention. The compounds of the invention may be

deuterated in a manner known to those of ordinary skill in the art, e.g., as described herein.



30 Sep 2013

2013234424

21-

Thus, in one non-limiting embodiment, deuterated compounds of the invention have the

structural Formula (I%:

NH

)

wherein:

one or more hydrogen atoms present in R!, R%, R, R?, R® (when present) and/or R’ (when
present), or one or more of any available hydrogen atom(s) present on ring A or ring B (when
present) is replaced by deuterium; and

each of the remaining variables is as defined in Formula (I), or as described in any of the
embodiments described herein, e.g., those of Formulas (IA), (IA-1), IA-2), (IT), (IIA), (ITA-1),
and (ITA-2) and the various embodiments thereof, are also within the scope of the compounds of
Formula (I%).

For example, in one non-limiting embodiment, in Formula (Id), R! is -CDs and each of
R, R’ R“, R’ R’ -L;-, -L,-, -Ls-, ring A, ring B, m, n, and p are as defined in Formula (I) or as
in any one of (IA), (IA-1), (JA-2), (I), (II-A), (II-A1), or (II-A2), or the various embodiments
described herein.

As another example, in another non-limiting embodiment, in Formula (I%), R? is D and
each of R', R*, R*, R®, R®, -L}-, -Ly-, -Ls-, ring A, ring B, m, n, and p are as defined in
Formula (I) or as in any one of (IA), (IA-1), (IA-2), (II), (1I-A), (II-A1), or (1I-A2), or the
various embodiments described herein.

As another example, in another non-limiting embodiment, in Formula (Id), R*is D and
each of R}, R?, R R°,R®, -L-, -Lo-, -Li-, ring A, ring B, m, n, and p are as defined in
Formula (I) or as in any one of (IA), (IA-1), (IA-2), (II), (II-A), (II-Al), or (1I-A2), or the
various embodiments described herein.

As another example, in another non-limiting embodiment, in Formula (I%), R* is partially
or fully deuterated lower alkyl and each of R!, R%, R*, R>, R, -L;-, -L,-, -Ls-, ring A, ring B, m,
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n, and p are as defined in Formula (I) or as in any one of (IA), (IA-1), JA-2), (II), (II-A), (II-
Al), or (II-A2), or the various embodiments described herein.

As another example, in another non-limiting embodiment, in Formula (1), R® is D and
each of R}, R4, R?, R“, R’ -L;-, -L,-, -L3-, ring A, ring B, m, n, and p are as defined in
Formula (I) or as in any one of (IA), (IA-1), (1A-2), (II), (1I-A), (II-A1), or (II-A2), or the
various embodiments described herein.

As another example, in another non-limiting embodiment, in Formula (1%, R’ is D and
each of R, R%, R, R* R®, -L,-, -Lo-, -Ls-, ring A, ring B, m, n, and p are as defined in
Formula (I) or as in any one of (IA), (IA-1), JA-2), (II), (1I-A), (II-A1), or (1I-A2), or the
various embodiments described herein.

By way of further illustration, in another non-limiting embodiment, deuterated

compounds of the invention have the structural Formula (11%:

NH
. ( R5)
m CD
~ 3
HN N
(Rg) Q La I
P u L1 /302
C
? /L2 '\RZ
R a

()
wherein:

the moiety —~CD; represents a deuterated form of the moiety —CHj; and

each of the remaining variables is as defined in Formula (I), or as described in any of the
embodiments described herein, e.g., those of formulas (I14), (IA-1), (IA-2), (II), (1I-A), (1I-A1),

and (II-A2), and the various embodiments thereof, are also within the scope of the compounds of

Formula (IId).
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By way of further illustration, in another non-limiting embodiment, deuterated
compounds of the invention have the structural Formula (III%):
NH

/R1
o)
( R /p #\ /302

R

)

wherein:

the moiety ~D represents a deuterated form of hydrogen; and

each of the remaining variables is as defined in Formula (I), or as described in any of the
embodiments described herein, e.g., those of formulas (IA), (JA-1), I1A-2), (ID), (II-A), (II-Al),
and (II-A2), and the various embodiments thereof, are also within the scope of the compounds of
Formula (III%). In one embodiment, in Formula (IIId), R*is D.

By way of further illustration, in another non-limiting embodiment, deuterated

compounds of the invention have the structural Formula av:
NH

D) }@\ 7p

R

(Iv
wherein:
the moiety —D represents a deuterated form of hydrogen; and
each of the remaining variables is as defined in Formula (I), or as described in any of the
embodiments described herein, e.g., those of formulas (I4), (IA-1), (IA-2), (II), (1I-A), (II-A1),
and (JI-A2), and the various embodiments thereof, are also within the scope of the compounds of
Formula (IVd).
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In another embodiment, the present invention encompasses a stereoisomer or racemic
mixture of a compound of the invention, or a tautomer thereof, or a pharmaceutically acceptable
salt of said compound or said tautomer. It shall be appreciated that, while the present invention
encompasses all stereoisomers and racemic mixtures of the compounds of the invention, the
stereoconfiguration shown in the structural formulas and in the examples are also contemplated
as being within the scope of the invention.

In another embodiment, 1 to 3 carbon atoms of the compounds of the invention may be
replaced with 1 to 3 silicon atoms so long as all valency requirements are satisfied.

In another embodiment, the compounds of the invention are each of the compounds of
the tables below and have a structure shown for the corresponding example in the preparative
examples below.

The present invention includes tautomers and stereoisomers of each of the example
compounds of the invention, and pharmaceutically acceptable salts and solvates of said
compounds, said stereoisomers, and/or said tautomers. Such tautomers and stereosiomers of
each of the example compounds, and pharmaceutically and solvates of said compounds, said
stereoisomers, and/or said tautomers, each represent additional embodiments of the invention.

In another embodiment, the invention provides a composition comprising at least one
compound of the invention, or a tautomer or stereoisomer thereof, or salt or solvate of said
compound, said stereoisomer, or said tautomer, and a suitable carrier or diluent.

In another embodiment, the invention provides a pharmaceutical composition comprising
at least one compound of the invention, or a tautomer or stereoisomer thereof, or
pharmaceutically acceptable salt or solvate of said compound, said stereoisomer, or said
tautomer, and a pharmaceutically acceptable carrier or diluent.

In another embodiment, the invention provides a pharmaceutical composition comprising
at least one solvate of a compound of the invention, or a tautomer or isomer thereof, or
pharmaceutically acceptable salt or solvate of said compound or said tautomer, and a
pharmaceutically acceptable carrier or diluent.

In another embodiment, the invention provides a pharmaceutical composition comprising
at least one pharmaceutically acceptable salt of a compound of the invention, or a tautomer or
stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said compound, said

stereoisomer, or said tautomer, and a pharmaceutically acceptable carrier or diluent.
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In another embodiment, the invention provides a pharmaceutical composition comprising
at least one tautomer of a compound of the invention, or a tautomer or stereoisomer thereof, or
pharmaceutically acceptable salt or solvate of said compound, said stereoisomer, or said
tautomer, and a pharmaceutically acceptable carrier or diluent.

In another embodiment, the invention provides a pharmaceutical composition comprising
at least one compound of the invention, or a tautomer or sterecoisomer thereof, or
pharmaceutically acceptable salt or solvate of said compound, said stereoisomer, or said
tautomer, together with at least one additional therapeutic agent, and a pharmaceutically
acceptable carrier or diluent.

Non-limiting examples of additional therapeutic agents for use in combination with the
compounds of the invention include drugs selected from the group consisting of: (a) drugs useful
for the treatment of Alzheimer’s disease and/or drugs useful for treating one or more symptoms
of Alzheimer’s disease, (b) drugs useful for inhibiting the synthesis AB, and (c) drugs useful for
treating neurodegenerative diseases.

Additional non-limiting examples of additional therapeutic agents for use in combination
with the cbmpounds of the invention include drugs useful for the treatment, prevention, delay of
onset, amelioration of any pathology associated with Ap and/or a symptom thereof. Non-
limiting examples of pathologies associated with AP include: Alzheimer’s disease, Down’s
syndrome, Parkinson’s disease, memory loss, memory loss associated with Alzheimer’s disease,
memory loss associated with Parkinson’s disease, attention deficit symptoms, attention deficit
symptoms associated with Alzheimer’s disease, Parkinson’s disease, and/or Down’s syndrome,
dementia, stroke, microgliosis and brain inflammation, pre-senile dementia, senile dementia,
dementia associated with Alzheimer’s disease, Parkinson’s disease, and/or Down’s syndrome,
progressive supranuclear palsy, cortical basal degeneration, neurodegeneration, olfactory
impairment, olfactory impairment associated with Alzheimer’s disease, Parkinson’s disease,
and/or Down'’s syndrome, B-amyloid angiopathy, cerebral amyloid angiopathy, hereditary
cerebral hemorrhage, mild cognitive impairment (“MCI”), glaucoma, amyloidosis, type II
diabetes, hemodialysis complications (from B, microglobulins and complications arising
therefrom in hemodialysis patients), scrapie, bovine spongiform encephalitis, traumatic brain
injury (“TBI”), and Creutzfeld-Jakob disease, comprising administering to said patient at least

one compound of the invention, or a tautomer or isomer thereof, or pharmaceutically acceptable
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salt or solvate of said compound or said tautomer, in an amount effective to inhibit said
pathology or pathologies.

In embodiments of the invention comprising at least one additional therapeutic agent,
additional non-limiting examples of additional therapeutic agents for use in combination with
compounds of the invention include: muscarinic antagonists (e.g., m; agonists (such as
acetylcholine, oxotremorine, carbachol, or McNa343), or m;, antagonists (such as atropine,
dicycloverine, tolterodine, oxybutynin, ipratropium, methoctramine, tripitamine, or gallamine));
cholinesterase inhibitors (e.g., acetyl- and/or butyrylchlolinesterase inhibitors such as donepezil
(Aricept®), galantamine (Razadyne®), and rivastigimine (Exelon®); N-methyl-D-aspartate
receptor antagonists (e.g., Namenda® (memantine HCl, available from Forrest Pharmaceuticals,
Inc.); combinations of cholinesterase inhibitors and N-methyl-D-aspartate receptor antagonists;
gamma secretase modulators; gamma secretase inhibitors; non-steroidal anti-inflammatory
agents; anti-inflammatory agents that can reduce neuroinflammation; anti-amyloid antibodies
(such as bapineuzemab, Wyeth/Elan); vitamin E; nicotinic acetylcholine receptor agonists; CB1
receptor inverse agonists or CB1 receptor antagonists; antibiotics; growth hormone
secretagogues; histamine H3 antagonists; AMPA agonists; PDE4 inhibitors; GABA, inverse
agonists; inhibitors of amyloid aggregation; glycogen synthase kinase beta inhibitors; promoters
of alpha secretase activity; PDE-10 inhibitors; Tau kinase inhibitors (e.g., GSK3beta inhibitors,
cdkS inhibitors, or ERK inhibitors); Tau aggregation inhibitors (e.g., Rember®); RAGE
inhibitors (e.g., TTP 488 (PF-4494700)); anti-Abeta vaccine; APP ligands; agents that upregulate
insulin, cholesterol lowering agents such as HMG-CoA reductase inhibitors (for example, statins
such as Atorvastatin, Fluvastatin, Lovastatin, Mevastatin, Pitavastatin, Pravastatin, Rosuvastatin,
Simvastatin) and/or cholesterol absorption inhibitors (such as Ezetimibe), or combinations of
HMG-CoA reductase inhibitors and cholesterol absorption inhibitors (such as, for example,
Vytorin®); fibrates (such as, for example, clofibrate, Clofibride, Etofibrate, and Aluminium
Clofibrate); combinations of fibrates and cholesterol lowering agents and/or cholesterol
absorption inhibitors; nicotinic receptor agonists; niacin; combinations of niacin and cholesterol
absorption inhibitors and/or cholesterol lowering agents (e.g., Simcor® (niacin/simvastatin,
available from Abbott Laboratories, Inc.); LXR agonists; LRP mimics; H3 receptor antagonists;
histone deacetylase inhibitors; hsp90 inhibitors; 5-HT4 agonists (e.g., PRX-03140 (Epix
Pharmaceuticals)); 5-HT6 receptor antagonists; mGluR1 receptor modulators or antagonists;

mGIuRS receptor modulators or antagonists; mGluR2/3 antagonists; Prostaglandin EP2 receptor
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antagonists; PAI-1 inhibitors; agents that can induce Abeta efflux such as gelsolin; Metal-
protein attenuating compound (e.g, PBT2); and GPR3 modulators; and antihistamines such as
Dimebolin (e.g., Dimebon®, Pfizer).

In another embodiment, the invention provides a pharmaceutical composition comprising
an effective amount of one or more (e.g., one) compounds of the invention, and effective amount
of one or more cholinesterase inhibitors (e.g., acetyl- and/or butyrylchlolinesterase inhibitors),
and a pharmaceutically acceptable carrier.

In another embodiment, the invention provides a pharmaceutical composition comprising
an effective amount of one or more (e.g., one) compounds of the invention, and effective amount
of one or more muscarinic agonists or antagonists (e.g., m; agonists or m; antagonists), and a
pharmaceutically acceptable carrier.

In one embodiment, the invention provides combinations comprising an effective (i.e.,
therapeutically effective) amount of one or more compounds of the invention, in combination
with an effective (i.e., therapeutically effective) amount of one or more compounds selected
from the group consisting of cholinesterase inhibitors (such as, for example, (£)-2,3-dihydro-5,6-
dimethoxy-2-[[ 1-(phenylmethyl)-4-piperidinyljmethyl]-1 H -inden-1-one hydrochloride, i.e,
donepezil hydrochloride, available as the Aricept ® brand of donepezil hydrochloride), N-
methyl-D-aspartate receptor inhibitors (such as, for example, Namenda® (memantine HCL));
anti-amyloid antibodies (such as bapinenzumab, Wyeth/Elan), gamma secretase inhibitors,
gamma secretase modulators, and beta secretase inhibitors other than the compounds of the
invention.

In one embodiment, the invention provides combinations comprising an effective (i.e.,
therapeutically effective) amount of one or more compounds of the invention, in combination
with an effective (i.e., therapeutically effective) amount of one or more compounds selected
from the group consisting of cholinesterase inhibitors (such as, for example, (+)-2,3-dihydro-5,6-
dimethoxy-2-[{ 1-(phenylmethyl)-4-piperidinyljmethyl]-1 H -inden-1-one hydrochloride, i.e,
donepezil hydrochloride, available as the Aricept ® brand of donepezil hydrochloride), N-
methyl-D-aspartate receptor inhibitors (such as, for example, Namenda® (memantine HCI)).

In one embodiment, the invention provides combinations comprising an effective (i.e.,
therapeutically effective) amount of one or more compounds of the invention, in combination
with an effective (i.e., therapeutically effective) amount of one or more gamma secretase

inhibitors.
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In one embodiment, the invention provides combinations comprising an effective (i.e.,
therapeutically effective) amount of one or more compounds of the invention, in combination
with an effective (i.e., therapeutically effective) amount of one or more gamma secretase
modulators.

In one embodiment, the invention provides combinations comprising an effective (i.e.,
therapeutically effective) amount of one or more compounds of the invention, or a tautomer or
stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said compound, said
stereoisomer, or said tautomer, in combination with an effective (i.c., therapeutically effective)
amount of one or more gamma secretase inhibitors and in further combination with one or more
gamma secretase modulators.

In another embodiment, the invention provides a compound of the invention, or a
tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said
compound, said stereoisomer, or said tautomer, in pure form, in isolated form, and/or in isolated
and pure form.

Prodrugs of the compounds of the invention, or tautomers or stereoisomers thereof, or
pharmaceutically acceptable salts or solvates of said compounds, said stereoisomers, and/or said
tautomers, are also contemplated as being included within the scope of the invention, and are
described more fully below.

Deuterates of the compounds of the invention, or tautomers or stereoisomers of said
deuterates, or pharmaceutically acceptable salts or solvates of said deuterates, said
stereoisomers, and/or said tautomers, are also contemplated as being included within the scope
of the invention, and are described more fully above.

In another embodiment, the invention provides a method of preparing a pharmaceutical
composition comprising the step of admixing at least one compound of the invention, or a
tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said
compound, said stereoisomer, or said tautomer, and a pharmaceutically acceptable carrier or
diluent.

In another embodiment, the invention provides a method of inhibiting B-secretase
comprising exposing a population of cells expressing B-secretase to at least one compound of the
invention, or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate
of said compound, said stereoisomer, or said tautomer, in an amount effective to inhibit -

secretase.
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In another embodiment, the invention provides a method of inhibiting f-secretase in a
patient in need thereof comprising administering at least one compound of the invention, or a
tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said
compound, said stereoisomer, or said tautomer, in a therapeutically effective amount to inhibit B-
secretase in said patient.

In another embodiment, the invention provides a method of inhibiting BACE-1
comprising exposing a population of cells expressing BACE-] to at least one compound of the
invention, or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate
of said compound or said tautomer, in an amount effective to inhibit BACE-1 in said cells. In
one such embodiment, said population of cells is in vivo. In another such embodiment, said
population of cells is ex vivo. In another such embodiment, said population of cells is in vitro.

In another embodiment, the invention provides a method of inhibiting BACE-2
comprising exposing a population of cells expressing BACE-2 to at least one compound of the
invention, or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate
of said compound or said tautomer, in an amount effective to inhibit BACE-2 in said cells. In
one such embodiment, said population of cells is in vivo. In another such embodiment, said
population of cells is ex vivo. In another such embodiment, said population of cells is in vitro.

In another embodiment, the invention provides a method of inhibiting BACE-1 in a
patient in need thereof comprising administering to said patient at least one compound of the
invention, or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate
of said compound, said stereoisomer, or said tautomer, in a therapeutically effective amount to
inhibit BACE-1 in said patient.

In another embodiment, the invention provides a method of inhibiting BACE-2 in a
patient in need thereof comprising administering to said patient at least one compound of the
invention, or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate
of said compound, said stereoisomer, or said tautomer, in a therapeutically effective amount to
inhibit BACE-2 in said patient.

In another embodiment, the invention provides a method of inhibiting the formation of
AP from APP in a patient in need thereof, comprising administering to said patient at least one
compound of the invention, or a tautomer or stereoisomer thereof, or pharmaceutically
acceptable salt or solvate of said compound, said stereoisomer, or said tautomer, in an amount

effective to inhibit said AB formation.
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In another embodiment, the invention provides a method of inhibiting the formation of
AP plaque in a patient in need thereof, comprising administering to said patient at least one
compound of the invention, or a tautomer or stereoisomer thereof, or pharmaceutically
acceptable salt or solvate of said compound, said stereoisomer, or said tautomer, in an amount
effective to inhibit said AP plaque formation.

In another embodiment, the invention provides a method of inhibiting the formation of
AP fibrils in a patient in need thereof, comprising administering to said patient at least one
compound of the invention, or a tautomer or stereoisomer thereof, or pharmaceutically
acceptable salt or solvate of said compound, said stereoisomer, or said tautomer, in an amount
effective to inhibit said AP fibril formation.

In another embodiment, the invention provides a method of inhibiting the formation of
AP oligomers in a patient in need thereof, comprising administering to said patient at least one
compound of the invention, or a tautomer or stereoisomer thereof, or pharmaceutically
acceptable salt or solvate of said compound, said stereoisomer, or said tautomer, in an amount
effective to inhibit said AP fibril formation.

In another embodiment, the invention provides a method of inhibiting the formation of
AP fibrils and AP oligomers in a patient in need thereof, comprising administering to said patient
at least one compound of the invention, or a tautomer or stereoisomer thereof, or
pharmaceutically acceptable salt or solvate of said compound, said stereoisomer, or said
tautomer, in an amount effective to inhibit said AP fibril formation.

In another embodiment, the invention provides a method of inhibiting the formation of
senile plaques and/or neurofibrillary tangles in a patient in need thereof, comprising
administering to said patient at least one compound of the invention, or a tautomer or
stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said compound, said
stereoisomer, or said tautomer, in an amount effective to inhibit said AP fibril formation.

In another embodiment, the invention provides a method of treating, preventing, and/or
delaying the onset of an amyloid B pathology (“Ap pathology”) and/or one or more symptoms of
said pathology comprising administering at least one compound of the invention, or a tautomer
or stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said compound, said
stereoisomer, or said tautomer, to a patient in need thereof in an amount effective to treat said

pathology.
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In another embodiment, the invention provides a method of treating, preventing, and/or
delaying the onset of one or more pathologies associated with AP and/or one or more symptoms
of one or more pathologies associated with Ap. Non-limiting examples of pathologies associated
with A include: Alzheimer’s disease, Down’s syndrome, Parkinson’s disease, memory loss,
memory loss associated with Alzheimer’s disease, memory loss associated with Parkinson’s
disease, attention deficit symptoms, attention deficit symptoms associated with Alzheimer’s
disease, Parkinson’s disease, and/or Down’s syndrome, dementia, stroke, microgliosis and brain
inflammation, pre-senile dementia, senile dementia, dementia associated with Alzheimer’s
disease, Parkinson’s disease, and/or Down’s syndrome, progressive supranuclear palsy, cortical
basal degeneration, neurodegeneration, olfactory impairment, olfactory impairment associated
with Alzheimer’s disease, Parkinson’s disease, and/or Down’s syndrome, -amyloid angiopathy,
cerebral amyloid angiopathy, hereditary cerebral hemorrhage, mild cognitive impairment
(“MCI”), glaucoma, amyloidosis, type II diabetes, diabetes-associated amyloidogenesis,
hemodialysis complications (from B, microglobulins and complications arising therefrom in
hemodialysis patients), scrapie, bovine spongiform encephalitis, traumatic brain injury (“TBI”)
and Creutzfeld-Jakob disease, comprising administering to said patient at least one compound of
the invention, or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or
solvate of said compound, said stereoisomer, or said tautomer, in an amount effective to inhibit
said pathology or pathologies.

In one embodiment, the invention provides a method of treating one or more
neurodegenerative diseases, comprising administering an effective (i.e., therapeutically effective)
amount of one or more compounds of the invention (or a tautomer or stereoisomer thereof, or
pharmaceutically acceptable salt or solvate of said compound, said stereoisomer, or said
tautomer), alone or optionally in combination with one or more additional therapeutic agents
useful in treating one or more neurodegenerative diseases, to a patient in need of such treatment.

In one embodiment, the invention provides a method of inhibiting the deposition of
amyloid protein (e.g., amyloid beta protein) in, on or around neurological tissue (e.g., the brain),
comprising administering an effective (i.e., therapeutically effective) amount of one or more
compounds of the invention (or a tautomer or stereoisomer thereof, or pharmaceutically
acceptable salt or solvate of said compound, said stereoisomer, or said tautomer), alone or
optionally in combination with one or more additional therapeutic agents useful in treating one

or more neurodegenerative diseases, to a patient in need of such treatment.
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In one embodiment, the invention provides a method of treating Alzheimer’s disease,
comprising administering an effective (i.e., therapeutically effective) amount of one or more
compounds of the invention (or a tautomer or stereoisomer thereof, or pharmaceutically
acceptable salt or solvate of said compound, said stereoisomer, or said tautomer), alone or
optionally in combination with one or more additional therapeutic agents useful in treating
Alzheimer's disease, to a patient in need of such treatment.

In one embodiment, the invention provides a method of treating Down’s syndrome,
comprising administering an effective (i.e., therapeutically effective) amount of one or more
compounds of the invention (or a tautomer or stereoisomer thereof, or pharmaceutically
acceptable salt or solvate of said compound, said stereoisomer, or said tautomer), alone or
optionally in combination with an effective (e.g., therapetucially effective) amount of one or
more additional active agents useful in treating Down's syndrome, to a patient in need of such
treatment.

In one embodiment, the invention provides a method of treating mild cognitive
impairment, comprising administering an effective amount of one or more (e.g., one) compounds
of the invention (or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or
solvate of said compound, said stereoisomer, or said tautomer), alone or optionally in
combination with one or more additional active agents useful in treating mild cognitive
impairement, to a patient in need of such treatment.

In one embodiment, the invention provides a method of treating glaucoma, comprising
administering an effective amount of one or more (e.g., one) compounds of the invention (or a
tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said
compound, said stereoisomer, or said tautomer), alone or optionally in combination with one or
more additional active agents useful in treating glaucoma, to a patient in need of such treatment.

In one embodiment, the invention provides a method of treating cerebral amyloid
angiopathy, comprising administering an effective amount of one or more (e.g., one) compounds
of the invention (or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or
solvate of said compound, said stereoisomer, or said tautomer), alone or optionally in
combination with one or more additional active agents useful in treatingcerebral amyloid
angiopathy, to a patient in need of such treatment. to a patient in need of treatment.

In one embodiment, the invention provides a method of treating stroke, comprising

administering an effective amount of one or more (e.g., one) compounds of the invention (or a
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tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said
compound, said stereoisomer, or said tautomer) , alone or optionally in combination with one or
more additional active agents useful in treating stroke, to a patient in need of such treatment.

In one embodiment, the invention provides a method of treating dementia, comprising
administering an effective amount of one or more (e.g., one) compounds of the invention (or a
tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said
compound, said stereoisomer, or said tautomer), alone or optionally in combination with one or
more additional active agents useful in treating dementia, to a patient in need of such treatment.
to a patient in need of treatment.

In one embodiment, the invention provides a method of treating microgliosis, comprising
administering an effective amount of one or more (e.g., one) compounds of the invention (or a
tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate of said
compound, said stereoisomer, or said tautomer), alone or optionally in combination with one or
more additional active agents useful in treating microgliosis, to a patient in need of such
treatment.

In one embodiment, the invention provides a method of treating brain inflammation,
comprising administering an effective amount of one or more (e.g., one) compounds of the
invention (or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate
of said compound, said stereoisomer, or said tautomer), alone or optionally in combination with
one or more additional active agents useful in treating brain inflammation, to a patient in need of
such treatment.

In one embodiment, the invention provides a method of treating traumatic brain injury,
comprising administering an effective amount of one or more (e.g., one) compounds of the
invention (or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate
of said compound, said stereoisomer, or said tautomer), alone or optionally in combination with
one or more additional active agents useful in treating traumatic brain injury, to a patient in need
of such treatment.

In one embodiment, the invention provides a method of treating olfactory function loss,
comprising administering an effective amount of one or more (e.g., one) compounds of the
invention (or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate

of said compound, said stereoisomer, or said tautomer), alone or optionally in combination with
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one or more additional active agents useful in treating olfactory function loss, to a patient in need
of such treatment.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more cholinesterase inhibitors (such as, for
example, (+)-2,3-dihydro-5,6-dimethoxy-2-[[ 1-(phenylmethyl)-4-piperidinyljmethyl}-1 H -
inden-1-one hydrochloride, i.e, donepezil hydrochloride, available as the Aricept® brand of
donepezil hydrochloride).

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from the group consisting of A antibody inhibitors,
gamma secretase inhibitors, gamma secretase modulators, and beta secretase inhibitors other
than a compound of the invention.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is Exelon (rivastigmine).

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from Cognex (tacrine).

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from Tau kinase inhibitor (e.g., GSK3beta inhibitor, cdk5
inhibitor, ERK inhibitor).

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from an anti-Af vaccine.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from an APP ligand.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more agents that upregulate insulin
degrading enzyme and/or neprilysin.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more cholesterol lowering agents. Non-
limiting examples of said cholesterol lowerin agents include: statins such as Atorvastatin,
Fluvastatin, Lovastatin, Mevastatin, Pitavastatin, Pravastatin, Rosuvastatin, Simvastatin, and

cholesterol absorption inhibitors such as Ezetimibe and phytonutrients.
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In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more fibrates. Non-limiting examples of said
fibtrates include clofibrate, Clofibride, Etofibrate, and Aluminium Clofibrate.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more LXR agonists.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more LRP mimics.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more 5-HT6 receptor antagonists.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more nicotinic receptor agonists.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more H3 receptor antagonists.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more histone deacetylase inhibitors.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more hsp90 inhibitors.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more ml muscarinic receptor agonists.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more 5-HT6 receptor antagonists, mGIluR1,
and mGluR5 positive allosteric modulators or agonists.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more mGluR2/3 antagonists.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more anti-inflammatory agents that can
reduce neuroinflammation.

In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more prostaglandin EP2 receptor antagonists.

In one embodiment, in each of the above recited methods of treatment, said one or more

additional therapeutic agent is selected from one or more PAI-1 inhibitors.
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In one embodiment, in each of the above recited methods of treatment, said one or more
additional therapeutic agent is selected from one or more agents that can induce AB efflux. One
non-limiting example of an agent that can induce AB influx is gelsolin.

In one embodiment, the invention provides a kit comprising, in separate containers, in a
single package, pharmaceutical compositions for use in combination, wherein one container
comprises an effective amount of a compound of the invention (or a tautomer or stereoisomer
thereof, or pharmaceutically acceptable salt or solvate of said compound, said stereoisomer, or
said tautomer) in a pharmaceutically acceptable carrier, and, optionally, another container (i.e., a
second container) comprises an effective amount of another pharmaceutically active ingredient
(as described below), the combined quantities of the compound of the invention and the other
pharmaceutically active ingredient being effective to: (a) treat Alzheimer’s disease, or (b) inhibit
the deposition of amyloid protein (e.g., amyloid beta protein) in, on or around neurological tissue
(e.g., the brain), or (c) treat neurodegenerative diseases, or (d) inhibit BACE.

In its various embodiments, the invention provides any one of the methods disclosed
above and below wherein the compound(s) of the invention is a compound or compounds
selected from the group consisting of the exemplary compounds of the invention described
below.

In its various embodiments, the invention provides any one of the pharmaceutical
compositions disclosed above and below wherein the compound(s) of the invention is a
compound or compounds selected from the group consisting of the exemplary compounds of the
invention described below.

Other embodiments of this invention are directed to any one of the embodiments above
or below that are directed to compounds of the invention, or the use of compounds of the
invention (e.g. the embodiments directed to methods of treatment, pharmaceutical compositions
and kits).

In another embodiment, the invention provides for the use of a compound of the
invention, or a tautomer or stereoisomer thereof, or pharmaceutically acceptable salt or solvate
of said compound, said stereoisomer, or said tautomer, in the manufacture of a medicament for
use in the treatment, the delay of onset, and/or the prevention of one or more AP pathologies
and/or in the treatment, the delay of onset, and/or the prevention of one or more symptoms of

one or more A pathologies.
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DEFINITIONS

The terms used herein have their ordinary meaning and the meaning of such terms is
independent at each occurrence thereof. That notwithstanding and except where stated
otherwise, the following definitions apply throughout the specification and claims. Chemical
names, common names and chemical structures may be used interchangeably to describe that
same structure. These definitions apply regardless of whether a term is used by itself or in
combination with other terms, unless otherwise indicated. Hence the definition of “alkyl”
applies to “alkyl” as well as the “alkyl” portion of “hydroxyalkyl”, “haloalkyl”, arylalkyl-,
alkylaryl-, “alkoxy” etc.

It shall be understood that, in the various embodiments of the invention described herein,
any variable not specifically defined in the context of the embodiment is as defined in
Formula (I). Any carbon as well as heteroatom with unsatisfied valences in the text, schemes,
examples and Tables herein is assumed to have the sufficient number of hydrogen atom(s) to
satisfy the valences.

As described herein, the “example compounds of the invention” (or “example
compounds” or “examples”) include, collectively and individually, each of the compounds set
forth with example numbers in the preparative examples.

As described herein, variables such as Rl, Rz, R3, and R* may be unsubstituted or
substituted with one or more R’ groups. It shall be understood that the upper limit of the number
of substituents (referred to in the phrase “one or more substituents™) is the number of available
hydrogen atoms on the relevant moiety (R', R?, R?, or R?) that are available for replacement by a
substituent which will result in a chemically stable moiety.

As described herein, one or more of the variables -L;-, -L,-, and —L;3- of the general
formulae optionally independently represent a bond. It shall be understood that where such a
variable represents a bond, the moieties which are shown connected by that variable are directly
attached by covalent bond. Thus, by way of non-limiting illustration, a compound of Formula (I)

wherein -L-, -L,- and ~L;- each represent a bond can be shown as:
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The moiety : , which may be optionally substituted as described herein,

represents a ring referred to herein as “ring A.”

The moiety . , which may be optionally substituted as described herein

represents a ring referred to herein as “ring B.”

el

“At least one” means one or more than one, for example, 1, 2, or 3, or in another
example, 1 or 2, or in another example 1.

In the various Formulas of the compounds of the invention, €.g., in Formula (I), m, n, and
p are each independently selected integers, wherein:

m is 0 or more;

n is 0 or more; and

p is 0 or more,

wherein the maximum value of the sum of m and n is the maximum number of available
substitutable hydrogen atoms on ring A, and wherein the maximum value of p is the maximum
number of available substitutable hydrogen atoms on ring B. Except for salt forms, the
“maximum number of available substitutable hydrogen atoms” refers to the maximum number

that will result in a neutral molecule.
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By way of non-limiting illustration, when ring A is a OO group, the maximum

T,
value of the sum of mand n 17. Whenring A is a or s group, the maximum

value of the sum of m and n is 3.

In the compounds of the invention, e.g., in Formula (I), each of ring A and ring B (when
present) is selected from the group consisting of a monocyclic aryl, a monocyclic heteroaryl, a
monocyclic cycloalkyl, a monocyclic cycloalkenyl, a monocyclic heterocycloalkyl, a monocyclic
heterocycloalkenyl, and a multicyclic group, each of which groups may be unsubstituted or
optionally further substituted as shown in Formula (I).

As used herein, the term “monocyclic aryl” refers to phenyl.

As used herein, the term “monocyclic heteroaryl” refers to a 4- to 7-membered
monocyclic heteroaryl group comprising from 1 to 4 ring heteroatoms, said ring heteroatoms
being independently selected from the group consisting of N, O, and S, and oxides thereof. The
point of attachment to the parent moiety is to any available ring carbon or ring heteroatom. Non-
limiting examples of monocyclic heteroaryl moities include pyridyl, pyrazinyl, furanyl, thienyl,
pyrimidinyl, pyridazinyl, pyridone, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, pyrazolyl,
furazanyl, pyrrolyl, pyrazolyl, triazolyl, thiadiazolyl (e.g., 1,2,4-thiadiazolyl), pyrazinyl,
pyridazinyl, imidazolyl, and triazinyl (e.g., 1,2,4-triazinyl), and oxides thereof.

As used herein, the term “monocyclic cycloalkyl” refers to a 3- to 7-membered
monocyclic cycloalkyl group. Non-limiting examples of monocyclic cycloalkyl groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cycloheptyl.

As used herein, the term “monocyclic cycloalkenyl” refers to a non-aromatic 3- to 7-
membered cycloalkyl group which contains one or more carbon-carbon double bonds. Non-
limiting examples include cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, and
cycloheptenyl.

As used herein, the term “monocyclic heterocycloalkyl” refers to a 4- to 7-membered
monocyclic heterocycloalkyl group comprising from 1 to 4 ring heteroatoms, said ring
heteroatoms being independently selected from the group consisting of N, N-oxide, O, S, S-
oxide, S(O), and S(O),. The point of attachment to the parent moiety is to any available ring

carbon or ring heteroatom. Non-limiting examples of monocyclic heterocycloalkyl groups



p 2013

30 Se

2013234424

-40-

include piperidyl, oxetanyl, pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl,
thiazolidinyl, 1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, beta lactam, gamma lactam,
delta \actam, beta lactone, gamma lactone, delta lactone, and pyrrolidinone, and oxides thereof.

Non-limiting examples of lower alkyl-substituted oxetanyl include the moiety:

BN

— 0.

As used herein, the term “monocyclic heterocycloalkenyl” refers to a 4- to 7-membered
monocyclic heterocycloalkenyl group comprising from 1 to 4 ring heteroatoms, said ring
heteroatoms being independently selected from the group consisting of N, N-oxide, O, S, S-
oxide, S(0), and S(O),. The point of attachment to the parent moiety is to any available ring
carbon or ring heteroatom. Non-limiting examples of monocyclic heterocycloalkenyl groups
include 1,2,3,4- tetrahydropyridinyl, 1,2-dihydropyridinyl, 1,4-dihydropyridinyl, 1,2,3,6-
tetrahydropyridinyl, 1,4,5,6-tetrahydropyrimidinyl, 2-pyrrolinyl, 3-pyrrolinyl, 2-imidazolinyl, 2-
pyrazolinyl, dihydroimidazolyl, dihydrooxazolyl, dihydrooxadiazolyl, dihydrothiazolyl, 3,4-
dihydro-2H-pyranyl, dihydrofuranyl, fluorodihydrofuranyl, dihydrothiophenyl, and
dihydrothiopyranyl, and oxides thereof.

As used herein, the term “multicyclic group” refers to a fused ring system comprising
two (bicyclic), three (tricyclic), or more fused rings, wherein each ring of the fused ring system
is independently selected from the group consisting of phenyl, monocyclic heteroaryl,
monocyclic cycloalkyl, monocyclic cycloalkenyl, monocyclic heterocycloalkyl, and monocyclic
heterocycloalkenyl. The point of attachment to the parent moiety is to any available ring carbon
or (if present) ring heteroatom on any of the fused rings.

It shall be understood that each of the following multicyclic groups pictured may be
unsubstituted or substituted, as described herein. Only the point of attachment to the parent
moiety is shown by the wavy line.

The term multicyclic groups includes bicyclic aromatic groups. Non-limiting examples

\ §
of multicyclic groups which are bicyclic aromatic groups include: .
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The term multicyclic groups includes bicyclic heteroaromatic groups comprising from 1
to 3 or more ring h<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>