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(57) Abstract: This disclosure relates to a method of treating a proteinopathy in a subject, the method comprising administering to
the subject an effective amount of a quinuclidine compound. The disclosure also relates to a method of reducing, reversing or pre -
venting the accumulation of protein aggregates in tissue of a subject diagnosed as having a proteinopathy, or being at risk of devel -
oping a proteinopathy, the method comprising administering to the subject an effective amount of a quinuclidine compound. Also
disclosed is a pharmaceutical composition comprising a quinuclidine compound for use in said methods. The proteinopathy may be a
synucleinopathy or a tauopathy, such as Parkinson's disease, Alzheimer's disease or dementia with Lewy bodies.
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METHODS FOR TREATING PRUOTEINOPATHIES

This application claims the benefit of priority to U.S. Provisional Application No.
62/131,071 filed March 10, 2013, the disclosure of which is incorporated hergin in ifs

entivety.

This disclosure relates to methods for treating proteinopathies and to guinuclidine
compounds for use in said methods. The disclosure relates particularly to the oral
administration of quinuclidine compounds for treating {auopathies and/or

synucleinopathies, e.g. Parkinson’s disease,
SUMBMARY OF THE INVENTION

In medicine, proteinopathy refers to a class of diseases in which certain proteins become
structurally abnormal, and thereby disrupt the fimction of cells, tissues and organs of the
body. Often the proteins fail to fold into their normal configuration. In this nusfolded
state, the proteins can become toxic in some way {a gaimn of {oxic function) or they can
lose their normal function. The proteinopathies include diseases such as Alzheimer’s

disease, Parkinson’s disease, amyloidosis, and a wide range of other disorders.

Proteinopathies are widespread throughout the population. For example, nearly one
million people in the US are living with Parkinson’s disease and as many as 5.1 mullion
Americans have Alzheimer’s disease. There are curvently no cures for these diseases, and
many of the molecular mechanisms underlving the disease and progression of the disease

are unknown.

Tauopathies form one particular class of proteinopathies. These are a collection of
neurodegenerative disorders characterised pathologically by the presence of aggregates of
phosphorviated tau protein, typically in the form of neurofibrillary tangles or Pick’s
bodies. These disorders are age-related and are often, to a greater or lesser exient,
inherited. For example, mutations in MAPT {encoding the microtubule-associated protein
tau 10 humans, located on chromosome 17g21) account for around 30% of mherited cases
of frontotemporal dementia. Several human tau isoforms are known {0 be generated by
alternative splicing of MAPT and mutations in this gene can result in altered levels of

these isoforms which may lead to protein aggregation and disease progression.
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Another class of proteinopathies is characterised by structurally abnormal a-svnuclein
proteins. These diseases are known collectively as svnucleinopathies. a-synuclein is a
protein encoded by the SNCUA gene in humans. In particular, a-synuclein can aggregate (o
form insoluble fibrils i pathological disorders characterized by Lewy bodies. These

disorders include, for example, Parkinson’s disease and Lewv body dementia.

Tau- and a-synuclein-associaied pathologies are frequently found in tandem in patienis
with Parkinson’s disease and in patients with Lewy body dementia. In these cases, the

diseases may be characterized both as tauopathies and as synucleinopathies.

Although there are no cures for these devastating diseases, there are a number of small
molecule drugs available to help alleviate the symptoms of some proteinopathies.
However, there 13 a real need in the art to develop therapeutics effective in alleviating or
managing the symptoms associated with proteinopathies, especially proteinopathies such
as Parkinson’s disease and Lewy body dementia There is a particular need to develop

therapeutics effective in treating the underlying pathophysiology of proteinopathies.

The present inventors have determined that certain quinuchiding compounds can reduce,
reverse or prevent protein aggregation in tissues of subjects with proteinopathies. The
mventors have also determined that these quinuclhidine compounds can ameliorate
memory deficits in anmimal models of proteinopathies. These results indicate that
treatments with quinuclidine compounds as described herein will be effective to treat the

underlying pathophysiology of proteinopathies.

Accordingly, in a first aspect the present invention provides a method of treating a
proteinopathy in a subject, the method comprising administering to the subject an

effective amount of a compound of formula (F),
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or a pharmaceutically acceptable salt or prodrug thereof, wherein:
R’ is hvdrogen;

a halogen, or a cyano, nitro, hydroxy, thio or amino group; or

a Cyg-alkyl, Crg-alkenyl, Coe-alkynyl, Cg-alkyloxy, Ch-alkenvloxy or
Coe-alkyvnyloxy group, optionally substitited by one or more (e.g 1, 2 or 3) groups
mdependently selected from a halogen; and a cyano, nitro, hydroxy, thio, or amino group;
R’ and R’ are each independently selected from a C;.5-alkyl group, optionally
substituted by one or more halogens; or R” and R” together form a cyclopropy! or
cyclobutyl group, optionally substitiied by one or more halogens;
RY, R and R® are each independently selected from hydrogen; a halogen; a nitro,
hvdroxy, thio or amino group: and a Cre-alkyl or Ci¢~alkyloxy group, optionally
substituted by one or more groups selected from a halogen; a hydroxy or ¢yano group,
and a C¢-alkyloxy group; and

A is a 5~ or 6~-membered aryi or heteroaryl group.

In one embodiment, R' is hydrogen; fluorine; or a methy! or ethyvl group optionally

substituted by a halogen. or a hydroxy. thio or amino group.

In one embodiment, R” and R’ are each independently sefected from methyl and ethyl

groups, optionally substituted with one or more fluorine atoms.

In one embodiment, R* is selected from a halogen; and a Cy.s-alkyvl or Cs-alkyloxy
group, optionally substituted by one or more groups selected from a halogen and a €.
s-alkyloxy group. In one embodiment, R and R® are both hydrogen. In one embodiment,
R* is fluorine or a 2-methoxyethoxy group, and R” and R® are hydrogen. In one

embodiment, R” is in a posiiion on the benzene ring para 1o the group A,

In an embodiment, A 1s benzyl, optionally substituted with 1, 2 or 3 groups independently
selected from a halogen; and a hydroxy, thio, amino, miro, oxo or methyl group. fnone
embodiment, the groups SC{RRY)- and -(CH-R'R'R®) are atiached to group Aina i,3-

or a 1,4~ relationship.

{n another ernbodiment, A is a S-membered heteroaryl group which contains 1 or 2
i - N 1 : Ty 24y 3
heteroatomns selected from N and S. In one embodiment, the groups -C(R"R’)- and

{CHLRRRY) are attached to group A in a 1,3~ relationship.

-3
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In one embodiment, the compound is a compound of formula (11}, (1) or (IV),

5 (11

o//JL\N
&

(v}

or a pharmaceutically acceptable salt or prodrug thersof
in one embodiment, the compound s a compound of formula (V),

10 H
V)

or a pharmaceutically acceptable salt or prodrug thereof.
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In one embodiment, the compound is a compound of formula (VI), (VI or (Vi)

(VID)
N
O RZ R:i
R‘:
N
0 N | AN
s
(VI

or a pharmaceutically acceptabie salt or prodrug thereof

in one embodiment, the compound is a compound of formula (X} or (X1),
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1x)

rz
po i

(X1}

5 or a pharmaceutically acceptable salt or prodrug thereof. In one embodiment, R is

fluorine.

In particular embodiments, the compound is selected from: guinuchidin-3-y1 (2-{4"-flucro-
{1, U-biphenyt}-3-yDpropan-2-vi)carbamate; (S)-quinuclidin-3-y1 (2-(2-(4-
Huorophenyhthiazol-4-vUpropan-2-yhcarbamate; (S)-quinuclidin-3-v1 (2-(4°~(2~

10 methoxyethoxy)-{ 1,1 -biphenyl!|-4-vypropan-2-yicarbamate; and the pharmaceutically

acceptable salts and prodrugs thereof.

in an embodiment, the proteinopathy is a tauopathy. In one embodiment, said tauopathy is
selected from Parkinson’s disease, Alzheimer's disease, Lewy Body Dementia, Pick's
disease, progressive supranuclear palsy, dementia pugilistica, parkinsonisim linked to

15 chromosome 17, Lytico-Bodig disease, tangle predominant dementia, Argvrophilic grain
disease, ganghoglioma, gangliocyioma, menmgioangiomatosis, subacute sclerosing
panencephalitis, lead encephalopathy, tuberous sclerosis, Hallervorden-Spatz disease,
lipofuscinosis, corticobasal degeneration, frontotermporal dementia, frontotemporal [obar

degeneration and Huntington’s disease.
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In one embodiment, said subject does not have protein aggregates comprising ¢-synuchein
in their CNS {e.g. in neurons of the substantia nigra, cerebral cortex, hippocampus, {rontal

tobes and/or temporal lobes).

In one embodiment, said tauopathy is Parkinson’s disease charactenised by the presence
of protein tau, but not a~synuclein, within protein aggregates in the CNS of said subject
{e.g inneurons of the substantia nigra, cerebral cortex, hippocampus, frontal fobes and/or

iemporal lobes).

In another embodiment, the proteinopathy 1s a synucleinopathy. In one embodiment, said
syanucleinopathy is selected from Lewy Bodv Dementia, Parkinson’s disease and multiple

system atrophy.

in one embodiment, said method prevents, reduces or reverses the progression of

dementia in the subject.
In one embodiment, said subject is a mammal, e.g a human.

In one embodiment, said subject has been diagnosed as being at risk of developing said
proteinopathy, and the method prevents or delavs the onset and/or development of the

proteinopathy in the subject.

In one embodiment, said compound, or pharmaceutically acceptable salt or prodrug
thereof, 1s admunistered by systemic adminisiration, e g via a non-parenteral route. In one
embodiment, said compound, or pharmaceulically acceptable salt or prodrug thereof, is

adrinistered orally.

In a related aspect, the invention provides a compound, or a pharmaceutically acceptable
salt or prodrug thereot, as defined herein for use in a method of treating a proteinopathy
in a subject. In another related aspect, the invention provides the use of a compound, or a
pharmaceutically acceptable salt or prodrug thereof, as defined herein in the manufacture
of a medicament for use in a method of treating a proteinopathy in a subject. In certain

embodiments, the method of treating a proteinopathy 1s as defined herein,

In another aspect, the invention provides a method of reducing, reversing or preveniing

the accumulation of protein aggregates in tissue of a subject diagnosed as having a

-



10

20

[Nl
tn

WO 2016/145046 PCT/US2016/021512

proteinopathy, or diagnosed as being at risk of developing a protemopathy, wherein said
protein aggregates comprise protein tau and/or u~synuclein, the method comprising

administering to said subject an effective amount of a compound, or a pharmaceutically

acceptable salt or prodrug thereof, as defined herein.

in an erobodirvent, the protein aggregates are aggregates of protemn tau and said
proteinopathy is a tavopathy. In one embodiment, said tauopathy is selected from
Parkinson’s disease, Alzheimer's disease, Lewy Body Dementia, Pick's disease,
progressive supranuclear palsy, dementia pugihistica, parkinsonism linked to chromosome
17, Lytico-Bodig disease, tangle predonunant dementia, Argyrophilic grain disease,
ganglioglioma, gangliocytoma, meningicangiomatosis, subacute sclerosing
panencephalitis, lead encephalopathy, tuberous sclerosis, Hallervorden-Spatz disease,
lipofuscinosis, corticobasal degeneration, frontotemporal dementia, frontotemporal lobar

degeneration and Huntingion’s disease.

In one embodiment, said subject does not have protein aggregates comprising a-synuclein

in said tissue. In one embodiment, said tavopathy is Parkinson’s disease.

In another embodiment, the protein aggregates are aggregates of u~synuclem and said
proteinopathy is a synucleinopathy . In one embodiment, said synucleinopathy is selected

from Lewy Body Dementia, Parkinson’s disease and multiple system atrophy.

In one embodiment, said method prevents, reduces or reverses the progression of

dementia in the subject.

In one embodiment, said tissue is a neuron of the substantia nigra, cercbral cortex,
) el

hippocampus, frontal lobes and/or teraporal lobes of said subject.
in one embodiment, said subject is a manmwmal, e.g a human.

In one embodiment, said compound, or pharmaceutically acceptable salt or prodrug
thereof, is administered by systemic administration, e. £ via a non-parenteral route. In one
embodiment, said compound, or pharmaceulically acceptable salt or prodrug thereof, is

adrinistered orally.
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In a vet further aspect, the invention provides a method of preventing, reducing or
reversing loss of newral function in a subject diagnosed as having, or at risk of
developing, a proteimopathy, the method comprising administering to said subject an
effective amount of a compound, or a pharmaceutically acceptable salt or prodrug thereof,

as defined herein.

In an embodiment, the proteinopathy is a tauopathy. In one embodiment, said tauopathy is
selected from Parkinson’s disease, Alzheimer's disease, Lewy Body Dementia, Pick's
disease, progressive supranuclear palsy, dementia pugilistica, parkinsonism linked to
chromosome 17, Lytico-Bodig disease, tangle predonunant dementia, Argyrophilic grain
disease, ganghioglioma, ganghocytoma, meningicangiomatosis, subacute sclerosing
panencephalitis, lead encephalopathy, tuberous sclerosis, Hallervorden-Spatz disease,
lipofuscinosis, corticobasal degeneration, frontotemporal dementia, frontotemporal lobar

degeneration and Huntingion’s disease,

In one embodiment, said subject does not have protein aggregates comprising a-synuclein
in their CNS {e.g. in neurons of the substantia nigra, cerebral cortex, hippocampus, frontal

lobes and/or temporal lobes).

in one embodiment, said tauopathy 1s Parkinson’s disease characterised by the presence
of protein tau, but not a-synuclein, within protein aggregates in the CNS of said subject
{e.g in neurons of the substantia nigra, cerebral cortex, hippocampus, frontal lobes and/or

temporal lobes).

in another erobodiment, the proteinopathy 1s a synucleinopathy . In one embodiment, said
synucleinopathy is selected from Lewy Body Dementia, Parkinson’s disease and multiple

svstem atrophy.

In one embodiment, said method prevents, reduces or reverses the progression of

dementia in the subject.
in one embodiment, said subject is a mammal, e.g. a human.

In one embodiment, said compound, or pharmaceutically acceptable salt or prodrug

thereof, is administered by systemic adnunistration, e.g. via a non-parenteral route. In one
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embodiment, said compound, or pharmaceutically acceptable salt or prodrug thereof, is

administered orally.

in one embodiment, the loss of neural function comprises loss of cognitive function,

avtonomic function and/or motor function.

In one embodiment, the loss of neural function comprises loss of cognitive function. In
one embodiment, the method prevents, reduces or reverses deterioration in cognitive
domains in the subject. In one embodiment, the method prevents, reduces or reverses
deterioration in attention and concentration, executive functions, memory (e.g working
memory ), language, visuo-constructional skills, conceptual thinking, calculations,

ortentation, decision making and/or problem solving.

In one embodiment, the loss of neural function comprises loss of avtonomic function and
the method prevents, reduces or reverses orthostatic hypotension, constipation, dysphagia,

nausea, hypersalivation, hyperhydrosis and/or uninary and sexual dysfunction.

fn one embodirent, the loss of neural function corprises loss of motor function and the
method prevents, reduces or reverses Parkinsonism. In one embodiment, the method
prevents, reduces or reverses motor dysfunction (e.g. iremor}, bradykinesia, rigidity,

postural instability and/or impaired balance.

In arelated aspect, the invention provides a compound, or a pharmaceutically acceptable
salt or prodrug thereof, as defined herein for use in a method of preventing, reducing or
reversing loss of neural function in a subject as defined herein. In another related aspact,
the invention provides the use of a compound, or a pharmaceuiically acceptable salt or
prodrug thereof, as defined herein in the manufacture of a medicament foruse in a
method of preventing, reducing or reversing loss of neural function in a subject as defined

herein.

In a still further aspect, the invention provides a method of preventing, reducing or
reversing the progression of dementia in a subject diagnosed as having. or at nisk of
developing. a proteinopathy, the method comprising administering to the subject an
effective amount of compound, or a pharmaceutically acceptable sali or prodrug thereof,

as defined herein.

- 10 -
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In one embodiment, the method prevents, reduces or reverses early symptoms of
dementia {e.g difficulty remembering recent conversations, names or events, and/or
apathy and depression). In one embodiment, the method prevents, reduces or reverses
later symptoms of dementia (e g impaired comnwunication, poor judgment, disorientation,

confusion, behavior changes and/or difficulty in speaking, swallowing and/or walking}.

In & related aspect, the invention provides a compound, or a pharmaceutically acceptable
salt or prodrug thereof, as defined herein for use in a method of preventing, reducing or
reversing the progression of dementia in a subject as defined herein. In another related
aspect, the invention provides the use of a compound, or a pharmaceutically acceptable
salt or prodrug thereof, as defined herein in the manufacture of a medicament for usein a
method of preventing, reducing or reversing the progression of dementia in a subject as

defined herein.

In a vet further aspect, the invention provides a method of preventing, reducing or
reversing mild cognitive impairment in a subject diagnosed as having, or at risk of
developing, a protemnopathy, the method comprising administering (o the subject an
effective amount of compound, or a pharmaceutically acceptable salt or prodrug thereof,

as defined herein.

In a related aspect, the invention provides a compound, or a pharmaceutically acceptable

salt or prodrug thereof, as defined herein for use in a method of preventing

gl

reducing or
reversing muld cogrutive impatrment in a subject as defined herein. In another related
aspect, the invention provides the use of a compound, or a pharmaceutically acceptable
salt or prodrug thereof, as defined herein in the manufacture of a medicament for usein a
method of preventing, reducing or reversing mild cognitive impairment in a subject as

defined herein.

in another aspect, the invention provides a pharmaceutical dosage form comprising a
compound, or a pharmaceutically accepiable salt or prodrug thereof, as defined herein;
and a pharmaceutically acceplable excipient, wherein the dosage form is formulated to
provide, when administered orally, an amount of said compound, salt or prodrug
sufficient to prevent, reduce or reverse the accumulation of protein aggregates in tissue of
a human subject diagnosed as having, or being at risk of developing, a proteinopathy.

w3

Z11-
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In an embodiment, said dosage form is formulated to provide, when adnuinistered orally,
an amount of said compound, salt or prodrug sufficient to prevent, reduce or reverse the
accumulation of protein tau-containing aggregates in tissue of a human subject diagnosed

as having, or being at risk of developing, Parkinson’s disease.

In another ernbodiment, said dosage form is formulated to provide, when administered
orally, an amount of said compound, salt or prodrug sufficient to prevent, reduce or
reverse the accumulation of a~synuclein-contaiming aggregates in tissue of a human

subject diagnosed as having, or being at risk of developing, Lewy Body Dementia.

In one embodiment, said tissue 1s a neuron of the substantia nigra, cerebral cortex,

hippocampus, frontal lobes and/or temporal lobes.

In one embodiment, said dosage form comprises a finther agent which is capable of

freating or preventing said proteinopathy.

In a vet further aspect, the invention provides a pharmaceutical composition comprising:
(1) a compound, or a pharmaceutically acceptable salt or prodrug thereof, as defined in
herein; (i1) a further agent which is capable of treating or preventing a proteinopathy; and

{ni} a pharmaceutically acceptable excipient.

In an embodiment, said further agent is selected {from a dopamine precursor {e.g.
L-DOPA), a dopamine agonist (e.g. bromocnptine, cabergoline, pergolide, pramipexole
or apomorphine), a MAO-B inhibitor (e. g rasagiline or selegiline), an anticholinergic
{e.g. orphenadrine, procychidine or trihexyphenidyl), an enhancer of B-glucocerebrosidase

activity {(e.g. ambroxol or afegostat) and amantadine.

In another embodiment, said further agent is an acetylcholinesierase inhibitor {e.g.

tacrine, rivastignune, galantamune, donepezil, or memantine).

in an erobodirsent, the proteinopathy 15 a tauopathy selected from Parkinson’s disease,
Alzheimer's disease, Lewy Body Dementia, Pick's disease, progressive supranuclear
palsy, dementia pugilistica, parkinsonism linked to chromosome 17, Lvtico-Bodig
disease, tangle predominant dementia, Argyrophilic gramn disease, ganglioghoma,

ganghiocytoma, meningioangiomatosis, subacute sclerosing panencephalitis, lead
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encephalopathy, tuberous sclerosis, Hallervorden-Spatz disease, lipofuscinosis,
corticobasal degeneration, frontotemporal dementia, frontotemporal lobar degeneration

and Huntington’s disease. In one embodiment, said tavopathy 1s Parkinson’s disease.

In another embodiment, the proteinopathy is a synucleinopathy selected from Lewy Body

Dementia, Parkinson’s disease and multiple system atrophy.

In one embodiment, said composition is formulated for systemic administration, e.g. viaa
non-parenteral route. In one embodiment, said composition 15 formulated for oral

adrinistration.

In a related aspect, the invention provides a pharmaceutical dosage form, or a
pharmaceutical composition, of the invention for use in therapy. fo one embodiment, the
pharmaceutical dosage form, or the pharmaceutical composition, is for use in a method as

defined herein.

Additional features and advantages of compounds, compositions and methods disclosed

herein will be apparent from the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the results of a novel object recognition test carried out on mace, both wild-
| } . . Sl ot JDHOTIDAOITN 1

type {WT) and also in a proteinopathy model (Gha”**"P*®"y Solid bars show target

investigations during {raining and hatched bars show target investigations during tesiing.

White bars (left of the figure) show results m W1 mice, dark grev bars {(muddle of the

FAO9VID409Y

figure) show results in untreated Gbhal’ mice, and light grev bars {(right of the

. ~ S DALY . : ~ )
figure) show results in Ghal™™" ™" mice treated with Compound 1.

F1G. 2 shows the results of fear conditioning tests carried out on mice, both wild-type

N

: . . <1 DEOSTIDAOIV 1 ,
WT) and also in a proteinopathy model (Gha/P*%7P4%Yy Fioure 2A shows resulls
)
relating to contextual memory. Figurs 2B shows the results relating to cued memory.
faad & J

White bars {left of the figures) show results in WT mice, hatched bars {middie of the

. . v 1 DEOOVIDA0OV . .

figures) show results in untreated Gbal™" " mice, and black bars (vight of the
. —~ LD4G9V409Y - .

figures) show results in Ghai™"""*"" mice treated with Compound 1.
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FiG. 3 shows the results of target investigations during festing in a novel object
recognition test carried out on mice, both wild-type (WT) and also in a proteinopathy
model overexpressing A53T w~synuclem {training resulls not shown), White bars (Jeft of
the figure) show results in WT nuce, hatched bars (middle of the figure) show results in
untreated AS3T mice, and black bars (right of the figure) show results in AS3T mice

reated with Compound 1.

FIG. 4 shows the results of fear conditioning tesis carried out on mice, both wild-type
(WT) and also in a proteinopathy model {overexpressing A53T a-synuclein). Figure 4A
shows results relating to contextual memory. Figure 4B shows the results relating to cued
memory. White bars (left of the figures) show results in WT mice, hatched bars (middle
of the figures) show results in untreated AS3T mice, and black bars (right of the figures)

show results in AS3T mice treated with Compound 1.

FiG. 8 shows hippocampal quantification of ubiquitin aggregates in both wild-tvpe and

N DAOIVIDS0T : : z :
GhalP*TPY mice. Figure SA shows results at 16 weeks and Figure 5B shows results at

40 weeks. White bars (far left of the figures) show results in WT mice, solid bars {(second

D4Osr/DLY .
! mice at 4 weeks,

7 D49 DIY

left of the figures) show baseline levels in untreated Gbal

hatched bars (second right of the figuras) show results in untreated Gha nuce,
and black bars (far right of the figures) show results in Gha /""" mice treated with

Compound 1.

FIG. 6 shows ubiquitin immunoreactivity (green) in the hippocampi of 40 week-old

Gha iV P wice, either control (Fig. 6A) or treated with Compound 1 (Fig. 6B),

DAPI nuclear staining is shown in blue.

FiG. 7 shows hippocampal quantification of proteinase K-resistant a-svnuclein

. . g DOGVILE00V . - ;
aggregates in both wild-type and Gha ™" ""**" mice. Figure 7A shows results at 16
weeks and Figure 7B shows resulis at 40 weeks. Striped bars (far left of the figures) show

resulis in WT mice, white bars (second left of the figures) show baseline levels in

vy DAQIV/DAV - y ; .
untreated Gha ™" ice at 4 weeks, hatched bars (second right of the figures) show
D409V D409V

results m untreated Gbal mice, and black bars (far right of the figures) show

Daagl/iD4a9yr

resulis in Gbal mice treated with Compound 1.
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Fi1G. 8 shows proteinase K-resistant a-synuclein immunoreactivity (red} in the

Daasl/Daa9y

hippocampt of 40 week-old Gba/ mice, either control (Fig. 8A) or treated with

Compound 1 (Fig. 8B). DAPI nuclear stamning is shown n blue.

FIG. 9 shows hippocampal quantification of protein tau aggregates in both wild-type and

—~ DAV . . o P
5 Ghal”*™"P mice. Figure 9A shows results at 16 weeks and Figure 98 shows results at

40 weeks. White bars (far left of the figures) show results in WT mice, solid bars (second

D40V D409y .
piAti mice at 4 weeks,

. | . , ~q 4 DAGSTIDAOIT .
hatched bars (second right of the figures) show results in untreated Gha/”""" mice,
Ll

left of the figures) show baseline levels in unireated Gba/
and black bars (far right of the figures) show results in Ghal”*”"P** mice treated with
g g

16 Compound 1.

FIG. 16 shows protein tau immunoreactivity (green} in the hippocampi of 40 week-old
Gha i7" mice, etther control (Fig. 10A) or treated with Compeound 1 (Fig. 10B).

DAPI nuclear staining is shown in blue.

FiG., 11 shows the subceliular localisation of g-synuclein in cortical tissue homogenates
15 from AS53T mice, at 8 months of age. The levels of cvtosslic soluble (Fig. 11A),
membrane-~-associated (Fig. 11B), and cytosolic insoluble a-synuclein (Fig. 11C) are

shown in unireated (left-hand black bar) and treated (right-hand grey bar) mice.

Fi1G. 12 shows hippocampal quantification of ubiquitin aggregates in both wild-type and
AS53T mice, at 8 months of age. The white bar (far left of the figure) shows results in WT
20 mice, the solid bar (second left of the figure) shows baseline levels in untreated AS3T
mice at 6 weeks of age, the black bar (second right of the figure) shows results in
untreated AS3T nuce, and the grey bar (far right of the figure) shows results in A537T

mice treated with Compeound 1.

FIG. 13 shows ubtquutin immunoreactivity {green) in the hippocampi of 8 month old
25 AS3T mice, either conirol (Fig. 13A) or treated with Compeound 1 (Fig.13B). DAPI

nuclear staining is shown in blue.

FiG. 14 shows hippocampal quantification of protein tau aggregates in both wild-type
and AS3T mice, at 8 months of age. The white bar (far left of the figure) shows resulis in

WT mice, the solid bar {second lefi of the figure) shows baseline tevels in unireated AS3T
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mice at 6 weeks of age, the black bar {second right of the figure) shows results in
untreated A33T mice, and the grev bar {far right of the figure) shows results m A53T

mice treated with Compound 1.

FIG. 15 shows protein tau unmnunoreactivity (green) in the hippocampi of 8 month old
AS3T nuce, erther control (Fig. 15A) or treated with Compound 1 (Fig 15B). DAPI

nuclear staining s shown in blue.

Fits. 16 shows the resulis of target investigations during testing in a novel object
recognition test carried out on mice, both wild-type (WT) also i the proteinopathy mouse
model Gha 7" (raining results not shown). The black bar (left of the figure)
shows results in WT mice, the white bar (middie of the figure) shows results in untreated

- 4091/ T405Y . . _ L. i X .
Gha 1P mice, and the grey bar (right of the figure) shows results in sympiomatic

—~ L D409V409Y - .
Ghal " mice treated with Compeound 1.

DBETAILED DESCRIPTION

Although specific erobodirents of the present disclosure will now be described with
reference to the preparations and schemes, it should be understood that such embodiments
are by way of example only and merely illustrative of but a small nember of the many
possible specific embodiments which can represent applications of the principles of the
present disclosure. Various changes and modifications will be obvious to those of skill in
the art given the benefit of the present disclosure and are deemed to be within the spirit

and scope of the present disclosure as further defined in the appended claims.
Definitions

Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. Although any methods and materials sinmular or equivalent to those
described herein can be used in the praciice or testing of the present invention, exemplary
methods, devices, and materials are now described. All technical and patent publications
cited herein are incorporated herein by reference in their entirety. Nothing herein is to be
construed as an admission that the invention 18 not entitled to antedate such disclosure by

virtue of prior invention.

=16 -
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The practice of the present disclosure will employ, unless otherwise indicated,
conventional techniques of tissue culture, immumnology, molecular biology, microbiology,
cell biology and recombinant DNA, which are withan the skill of the art. See, e.g.,
Michael R. Green and Joseph Sambrook, Molecular Cloning (4™ ed.. Cold Spring Harbor
Laboratory Press 2012); the series Ausubel ef a/. eds. {2007} Cuwrrent Protocols in
Molecular Biology: the series Methods in Enzvmology {Academic Press, nc, N.Y.),
MacPherson ef gl (1991 PCR 11 A Practical Approach (IRL Press at Oxford University
Press); MacPherson ef af. (1995) PCR 2: A Practical Approach; Harlow and Lane eds.
(1999} Antibodies, A Laboratory Manual; Freshney (2005} Culture of Animal Cells: A
Manual of Basic Technique, st edition; Gait ed. (1934 Oligonucleotide Synthesis; U8,
Patent No. 4,683,195, Hames and Higgims eds. (1984) Nucleic Acid Hybndization;
Anderson {1999) Nucleic Acid Hybridization; Hames and Higgins eds. (1984)
Transcription and Translation; Immobilized Cells and Enzymes (IRL Press {1986}
Perbal (1984) A Practical Guide to Molecular Cloning; Miller and Calos eds. (1987) Gene
Transfer Vectors for Mammalian Cells {Cold Spring Harbor Laboratory); Makrides ed.
(2003} Gene Transfer and Expression in Mammalian Cells; Mayer and Walker eds.
(1987} Immunochemical Methods in Cell and Molecular Biology (Academic Press,
London); Herzenberg et o/ eds (1996) Weir's Handbook of Experimental Inmmumnology;
Manipulating the Mouse Embryo: A Laboratory Manual, 3% edition (Cold Spring Harbor
Laboratory Press (2002)); Sohail {ed.} (2004) Gene Silencing by RNA Inierference:
Technology and Application (CRC Press).

Al numerical designations, e.g pH, temperature, time, concentration, molecular weight,
efc., including ranges, are approximations which are vanied { + } or { - ) by increments of
0.1 or 1.0, where appropriate. It is to be understood, although not alwavs explicitly siated
that all numerical designations are preceded by the term “about”. It also s to be
understood, although not always explicitly stated, that the reagents described herein are

merely exemplary and that equivalents of such are known in the art.

As used in the specification and claims, the singular form “a”, “an™ and “the” include
plural references unless the context clearly dictates otherwise. For example, the term “a
cell” includes a plurality of cells, including nuxtures thereof. Unless specifically stated or

obvious from context, as used herein, the term “or” is understood to be inclusive. The
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term “including” 1s used herein to mean, and is used interchangeably with, the phrase

“including but not limited 0™

As used herein, the term “comprising” or “comprises” is intended to mean that the
compositions and methods include the rectied elements, but not excluding others.
“Consisting essentially of” when used to define compositions and methods, shall mean
excluding other elements of any essential significance to the combination for the stated
purpose. Thus, a composition consisting essentially of the elements as defined herein
would not exclude trace contarinants from the 1solation and purification method and
pharmaceutically acceptable carriers, such as phosphate buffered saline, preservatives and
the like. “Consisting of " shall mean excluding more than trace elements of other
ingredients and substantial method steps for admunistering the compositions of this
mvention or process steps to produce a composition or achieve an intended result.
Embodiments defined by each of these transition terms are within the scope of this
mvention. Use of the term “comprising” herein is intended to encompass “consisiing

essentially of” and “consisting of”.

The term “proteinopathy” refers to a disease in which certain proteins become structurally
abnormal and/or accumulate in a toxic manner, and thereby disrupt the function of cells,
tissues and organs of the body. Gften the proteins fail {o fold into their normal
configuration. In this misfolded state, the proteins can become toxic or can lose their
normal function. Non-lirniting examples of proteinopathies include Alzheimner’s disease,
frontotemporal dementia, progressive supranuciear palsy, dementia pugilistica,
Parkinsonism, Parkinson’s disease, dementia with Lewy bodies {also known as Lewy
body dementia), Pick’s disease, corticobasal degeneration, Argyvrophilic gram disease,
ganglioglioma and gangliocytoma, meningioangiomatosis, subacute sclerosing
panencephalitis, lead encephalopathy, tuberous sclerosis, Hallervorden-Spatz disease, and
lipofuscinosis, cerebral B-amyloid angiopathy, retinal ganglion cell degeneration in
glaucoma, prion diseases, tvpe 2 diabetes, amyotrophic lateral sclerosis (ALS),
Huntington’s disease and other triplet repeat disorders, Alexander disease, seipinopathies,
amyloidotic neuropathy, senile svstemic amyloidosis, serpinopathies, amyloidosis,
melusion body myositis/myopathy, Mallory bodies, pulmonary alveolar proteinosis, and

critical illness myopathy (CIM),

- 18-



I

N

0

W

WO 2016/145046

PCT/US2016/021512

As used herein, the term “chaperone” refers to a molecule. such as a small molecule,
polypeptide, nucleic acid, and the like that specifically binds to a protein (which is
aberrant in a proteinopathy}. The chaperone may restore or enhance at least partial wild-
type function and/or activity of the protein (see e.g Patnaik ef ol (2012} J. Med. Chem.

55:5734-5748).

A “subject,” “individual” or “patient” is used interchangeably herein, and refers to a
vertebrate, such as a mammal. Mammals include, but are not limited o, murines, rats,
rabbit, simians, bovines, ovine, porcine, camines, felines, farm animals, sport animals,
pets, equines, primates, and humans. In one embodiment, the mammals include horses,

dogs, and cats. In one embodiment, the mammal is a human.

“Admimstering” is defined herein as a means of providing an agent or a composiiion
coniaining the agent 1o a subject in g manner that results in the agent being inside the
subject’s body. Such an administration can be by any route including, without limitation,
oral, transdermal {e.g. vagina, recium, oral mucosa), by injection (e.g subcutaneous,
intravenous, parenterally, intraperitoneally, nto the CNS), or by 1nhalation (e.g oral or
nasal). Pharmaceutical preparations are, of course, given by forms suitable for each

administration route.

“Treating” or “treatment” of a disease includes: (1) preventing the disease. i.¢. causing the
clinical symptoms of the disease not to develop in a patient that may be predisposed to the
disease but does not vet experience or display symptoms of the disease; (2) inhibiting the
disease, i.e. arresting or reducing the development of the disease or its clinical symptoms;
and/or (3) relieving the disease, /.e. causing regrassion of the disease or iis clinical

Symptoms.

The term “suffering” as it relates to the term “treatment” refers to a patient or individual
who has been diagnosed with or is predisposed to the disease. A patient may also be
referred to being “at risk of suffering” from a disease because of a history of disease in
their family Tineage or because of the presence of genetic mutations associated with the
disease. A patient at nisk of a disease has not yvet developed all or some of the

characteristic pathologies of the disease.

-19 -
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An “effective amount” or “therapeutically effective amount”™ is an amount sufficient to
effect beneficial or desired results. An effective amount can be administered in one or
more adnunisirations, applications or dosages. Such delivery is dependent on a mumber of
variables including the time period for which the individual dosage unit 1s to be used, the
bioavailability of the therapeutic agent, the route of administration, erc.. 1t 15 understood,
however, that specific dose levels of the therapeulic agents of the present invention for
any particular subject depends upon a variety of factors including, for example, the
activity of the specific compound employed, the age. body weight, general health, sex,
and diet of the subject, the time of adminisiration, the rate of excretion, the drug
combination, and the severity of the particular disorder being treated and form of
adnunistration. Treatment dosages generally roay be titrated to optirnize safety and
efficacy. Typically, dosage-effect relationships from in vifro and/or in vivo tests initially
can provide useful guidance on the proper doses for patient administration. In general,
one will desire to administer an amount of the compound that is effective to achieve a
serum level commensurate with the concentrations found to be effective in vitro.
Determination of these parameters is well within the skill of the art. These considerations,
as well as effective formulations and admunistration procedures are well known in the art
and are described in standard textbooks. Consistent with this definition, as used herein,
the term “therapeutically effective amount™ 15 an amount sufficient to treat {e.g. improve}

one or more symptoms associated with a proteinopathy or with aberrant/increased levels

As used herein, the term “pharmaceutically acceptable excipient” encompasses any of the
standard pharmaceutical excipients, including carriers such as a phosphate buffered saline
solution, water, and emulsions, such as an oil/water or water/oil emulsion, and various
types of wetting agenis. Pharmaceutical compositions also can include stabilizers and
preservatives. For examples of carriers, stabilizers and adjuvants, see Renungton’s

Pharmaceutical Sciences {20th ed., Mack Publishing Co. 2060).

As used herein, the term “prodrug” means a pharmacological derivative of a parent drug
molecule that requires biotransformation, either spontaneous or enzymatic, within the
organism to release the active drug. For example, prodrugs are variations or derivatives of

the guinuclidine compounds described herein that have groups cleavable under certain



10

it
W

WO 2016/145046 PCT/US2016/021512

metabolic conditions, which when cleaved, become the quinuclidine compounds
described herein, e g. a compound of Formula I Such prodrugs then are pharmaceutically
active in vivo when they undergo solvolysis under physiclogical conditions or undergo
enzymatic degradation. Prodrug compounds herein may be called single, double, triple,
efc., depending on the number of biotransformation steps required to release the active
drug within the organism, and the number of functionalities present in a precursor-type
form. Prodrug forms often offer advantages of solubility, tissue compatibility, or delayed
release in the mammalian organism (Bundgard, Design of Prodrugs, pp. 7-9, 21-24,
Elsevier, Amsterdam 1985 and Silverman, “The Organic Chemistry of Drug Design and

Drug Action” pp. 352-401, Academic Press, San Diego, Calif, 1992}

Prodrugs commonly known in the art include well-known acid derivatives, such as, for
example, esters prepared by reaction of acid compounds with a suitable alcohol, anmides
prepared by reaction of acid compounds with an amine, basic groups reacted o form an
acylated base derivative, efc.. Gther prodrug derivatives may be combined with other
features disclosed herein to enhance bioavailability. As such, those of skill in the art will
appreciate that certain of the presently disclosed compounds having, for example, free
amino or hydroxy groups can be converted into prodrugs. Prodrugs include compounds
having an amino acid residue, or a polvpeptide chain of two or more {e.g. two, three or
four) amino acid residues which are covalently joined through peptide bonds to free
amino, hydroxy or carboxylic acid groups of the presently disclosed compounds. The
amino actd restdues include the 20 naturally cccurring amine acids commonly designated
by three letter sviabols and also include 4-hydrosyproline, hydroxylvsine, demosine,
1sodemosine, 3-methyihistidine, norvalin, beta-alanine, gamma-aminobutyric acid,
citrulline, homocysteine, homoserine, omithine and methionine sulfone. Prodrugs also
inchude compounds having a carbonate, carbamate, anide or alkyl ester moiety covalently

bonded to any of the above substituents disclosed herem.

As used herein, the term “pharmaceutically acceptable salt” means a pharmaceutically
acceptable acid addition salt or a pharmaceutically acceptable base addition sali of a
currently disclosed compound that may be admunistiered without any resultant substantial
undesirable biological effect(s) or any resultant deleterious interaction(s) with any other

component of a pharmaceutical composition in which i may be contained.



10

15

N
(]

30

WO 2016/145046 PCT/US2016/021512

As used herein, the term “Cy¢-alkyl” means a saturated linear or branched free radical
consisting essentially of 1 {0 6 carbon atoms and a corresponding number of hydrogen
atoms. Exemplary C;¢-alkvl groups inchude methyl, ethyl, n-propyl, 1sopropyl, n-butyl,
isobutyl, ete. Other Cig-alkyl groups will be readily apparent to those of skill in the art
given the benefit of the present disclosure. The terms “Cs-alkyl”, “Cu-alkyvl”, etc., have
equivalent meanings, i.e. saturated linear or branched free radical consisting essentially of

1 10 3 {or 4} carbon atoms and a corresponding number of hydrogen atoms.

As used herein, the term “Cye-alkenyl” means an unsaturated linear or branched free
radical consisting essentially of 2 to 6 carbon atoms and a corresponding number of
hvdrogen atoms, which free radical comprises at least one carbon-carbon double bond.
Exemplary Cog-alkeny] groups include ethenyl, prop-1-envl, prop-2-envl, isopropenyl.
but-1-enyl, 2-methyl-prop-1-enyl, 2-methyl-prop-2-enyl, erc.. Other Cre-altkenyl groups
will be readily apparent to those of skill in the art given the benefit of the present

disclosure.

As used herein, the term “Coe-alkynyvl” means an unsaturated linear or branched free
radical consisting essentially of 2 1o 6 carbon atoms and a corresponding nurnber of

hvdrogen atoms, which free radical comprises at least one carbon-carbon triple bond.
Exemplary Crs-alkynyl groups include ethvavl, prop-1-vavl, prop-2-vavl, but-1-vnvi,

3-methyl-but-1-vnyl, efc.. Gther Chre-alkyny! groups will be readily apparent to those of

skill in the art given the benefit of the present disclosure.

As used herein, the term “Cis-alkyloxy™ means a saturated hinear or branched free radical
consisting essentially of 1 to 6 carbon atoms {and a corresponding number of hydrogen
atoms) and an oxygen atom. A Ce-alkyloxy group is attached via the oxygen atom.
Exemplary Crg-alkyloxy groups include methvioxy, ethvioxy, n-propyloxy,
1sopropyloxy. n-butyvloxy, isohuivloxy, efc.. Other () 4-alkyloxy groups will be readily
apparent to those of skill in the art given the benefit of the present disclosure. The terms
“Cra-alkyvioxy”, “Cg~alkyloxy”, and the hike, have an equivalent meaning, i.e. a
saturated linear or branched free radical consisting essentially of 1 to 3 {or 4) carbon
atoms {and a corresponding number of hydrogen atoms) and an oxvgen atom, wherein the

group 1s attached via the oxygen atom.
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As used herein, the term “C,¢-alkenyloxy ™ means an unsaturated linear or branched free
radical consisting essentially of 2 to 6 carbon atoms {and a corresponding number of
hydrogen atoms) and an oxygen atom, which free radical comprises at least one carbon-
carbon double bond. A Cshg-alkenyloxy group is attached via the oxvgen atom. An

5 exemplary Cos-alkenvioxy group is ethenyloxy; others will be readily apparent to those

of skill in the art given the benefit of the present disclosure.

As used herein, the term “Che-alkynyloxy” means an unsaturated linear or branched free
radical consisting essentially of 2 to 6 carbon atoms {(and a corresponding number of
hvdrogen atoms) and an oxvgen atom, which free radical comprises at least one carbon-
16 carbon iriple bond. A Cos-alkenyloxy group is attached via the oxygen atom. An
exemplary Cog-alkenvioxy group 18 ethvoyloxy; others will be readily apparent to those

of skill in the art given the benefit of the present disclosure.

As used herein, the term “hetercaryl” means an aromatic free radical having 5 or 6 atoms

{i.e. ning atoms} that form a ring, wherein 1 to S of the ring atoms are carbon and the

15 remaiming 1 to 5 ring atom({s) (7.e. hetero ring atom(s)) is selected mdependently from the
group consisting of nitrogen, sulfur, and oxygen. Exemplary S-membered heteroarvl
groups include furvl, thienyl, thiazolyvl (e g. thiazol-2-v1), pyrazolyl, isothiazolyl,
oxazolvl, isoxazolyvl, pyrrolvl, triazolyl, imidazolyl, oxadiazolyl and thiadiazolvl.
Exemplary 6-membered heteroarvl groups mclude pynidyl, pyvrioudyl, pyrazinyl,

20 pyvndazinyl, 1.2,4~tnazinvl, benzoxazolyl, benzothiazolyl, benzisothiazolyl,
benzisoxazolyl, benzimidazolyl, erc.. Other heteroaryl groups will be readily apparent to
those of skill in the arl given the benefit of the present disclosure. In general, the
heteroaryvl group typically 1s attached to the main structure via a carbon atom. However,
those of skill in the art will realize that certain other atoms, e.g hetero ring atoms, can be

25 attached to the main structure.

As used herein, the term “arvi” means an aromatic free radical having 5 or 6 atoms {i.e.
ring atoms) that form a ting, wherein all of the ring atorns are carbon. An exemplary arvl

group is benzyl.

As used herein, the term “aliphatic” means a non-aromatic compound containing carbon

30 and hydrogen atoms, e.g. containing 1 to 9 carbon atoms. Aliphatic compounds may be

1
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straight-chained or branched, may contain one or more ring structures, and may contain
one or more carbon-carbon double bonds {provided that the compound does not contain
an unsaturated ring structure having aromatic character). Examples of aliphatic

compounds mnclude ethane, propylene, cyvclobutane, cyclohexadiene, efc..

As used herein, the terms “halo” and “halogen” mean fluorine, chlonne, bromine, or
iodine. These terms are used interchangeably and may refer to a halogen free radical
group or to a halogen atom as such. Those of skill in the art will readily be able to
ascertain the identification of which in view of the context in which this ferm is used in

the present disclosure.

As used herein, the term “cyano” means a free radical having a carbon atom linked to a

nitrogen atom via a triple bond. The cvano radical 1s attached via its carbon atom.

As used herein, the term “nitro” means an NG; radical which is attached via its nitrogen

atom.

As used herein, the terms “hydroxy” and “hvdroxyl” mean an OH radical which is
attached via its oxvgen atom. The term “thio” means an SH radical which is attachad via

its sulphur atom.

As used herein, the term “amino” means a free radical having a nitrogen atom and 1 or 2
hydrogen atoms. As such, the ferm “amino” generally refers to privnary and secondary
amines. fn that regard, as used herein and in the appended claims, a tertiary anune 1s
represenied by the general formmila RR™N-, wherein R and R’ are carbon radicals that may
or may not be identical. Nevertheless, the term “amino” generally may be used herein to
describe a primary, secondary, or tertiary amine, and those of skill in the art will readily
be able to ascertain the identification of which in view of the context in which this term is

used in the present disclosure.

As used herein, the term and “oxo” means an oxygen radical which is attached viaa
double bond. Where an atom bonded to this oxvgen 15 a carbon atom, the bond is a
carbon-oxygen double bond which mav be denoted as -(C=0}- and which may be referred

1o as a ketone.

-4 .
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The recitation of a listing of chemical groups in any definition of a variable herein
includes definitions of that variable as any single group or combination of listed groups.
The recitation of an embodiment {or a variable or aspect herein includes that embodiment

as anv single embodiment or in combination with any other embodiments or portions

5 thereof
Any compositions or methods provided herein can be combined with one or more of any
of the other compositions and methods provided herein.
The following abbreviations are used herein:
AS3T Transgenic mice expressing miman alpha-synuclein with AS3T nustation
16 ALS Aroyotrophic lateral sclerosis
AMTS Abbreviated mental test score
AMNOVA Analysis of variance
br Broad signal
DI Carbonyldiimidazole
15 CIM Critical lliness Myopathy
CNS Central Nervous Sysiem
CS Conditioned stimulus
d Doublet
DAPI 4 6-diamidino-2-phenylindole
20 dd Doublet of doublets
DME Dimethoxyethane
DMS0O-d6 Dimethyl sulfoxide-do
DMF Dimethylormamide
DNA Deoxvribonucleic acid
25 DTBZ Carbon-11 dihvdrotetrabenazine
EDTA Ethylenediaminetetraacetic acid
ELISA Fuzyme-linked Immunosorbent Assay
Et,O Diethy! ether
EtMgBr Ethyimagnesiom bromide
3¢ EiDAc Ethvl acetate
FC Fear conditioning (test)
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Glucocerebrosidase | gene

High pressure/performance liquid chromatography
Human serum alburmin

Informant questionnaire on cognitive dechine in the elderly
Isopropy! alcohol

Inter-trial interval

Coupling constant

Liguid chromatography mass spectrometry
Multiplet

Microtubule~-associated protein tau gene
Monocamine oxidase B

Mini mental state examination

Novel object recognition {(test)

Positron enussion tomography

Carbon-11 Pittsburgh Compound B

Parts per million

Phosphorvlated Tau protein

Recombinant human albumin

Singlet

a-svnuclein gene

Single-photon emission computed tomography
Standard error of mean

Tert-Butyl Methvi Ether

Tetrahydrofuran

Tristhydroxy methyDaminomethane

Polysorbate 20

Polysorbate 80

Wild type

Ultra performance hquid chromatography mass spectrometry
Unconditioned stimmifus

Unconditioned stimulus — Conditioned stimulus



WO 2016/145046 PCT/US2016/021512

Compounds

The present invention relates to quinuclidine compounds and their use in therapeutic
methods relating to proteinopathies. In one aspect, the quinuclidine compound is a

compound of formula (I},

R4

) Q RZ RS N/ Th
. y
H

ey

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

R' s hydrogen:
a halogen, or a cvano, mitro, hvdroxy, thio, or amino group; or
10 a Cy¢-alkyl, Cyg-alkenvyl, Cs-alkyvnyl, € g-alkyloxy. Che-alkenvioxy or
Ch¢-alkyvnyloxy group, optionally substituted by one or more (e.g. 1, 2 or 3} groups
mdependently selected from a halogen, and a cvano, nitro, hydroxy, thio, or amino

Sroup:

R and R’ are each independently selected from a € ;-alky! group, optionally
15 substituted by one or more {e.g. 1, 2 or 3} halogens; or
R* and R together form a evclopropyl or cyclobutyl group, optionally substituted

by one or more (e.g. 1 or 2) halogens;

5 e . ) .
RY, R and R® are each independently selected from hydrogen: a halogen: a nitro,
hydroxy, thio, or amino group; and a Cy.¢-alkyl or Cire-alkyioxy group, optionally
26 substituted by one or more {e.g. 1, 2 or 3} groups selected {from a halogen; a

hydroxy or cyvano group; and a C¢-alkviosy group; and
A isaS-or 6-membered aryl or heteroary! group.

, . 1 -
In one embodiment, R is hydrogen; a halogen; or a Cy4-alkyvl or € y-alkyloxy group,

optionally substituted by one or two groups selected independently from a halogen; and a

1
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cyano, nitro, hydroxy, thic or amino group. In another embodiment, R’ is hydrogen;
fluorine; or a methvl or ethyl group optionally substituted by a halogen, or a hydroxy, thio
or amino group. In a further embodiment, R’ is hydrogen; or a methy! group optionally
substituted by one or more {e.g. 1, 2 or 3) halegens. In a vet further embodiment, R is
hydrogen. In one embodiment, R' is not attached to the nitrogen atom of the quinuclidine

moiety.

In one embodiment, R* and R’ are each independently selected from Cos-alkyl groups,
optionally substituted with one or more halogens. In another embodiment, R” and &’ are
each independently selected from methyl! and ethyl groups, optionally substituted with
one or more fluorine atoms. In a further embodiment, R* and R’ are each methyi,
optionally substituled with one to three fluorine atoms. In a vel further embodiment,
either R” and R’ are both methy! groups, or R” and R together form a cyclopropyl group.

In a still further embodiment, R” and R are both methyi groups.

In one embodiment, R® is hvdrogen. In another embodiment, R’ and R are both
hydrogen. In another embodiment at least one of R', R” and R® is not hydrogen. In a
further embodiment, R is selected from a halogen; and a C.5-alkyl or Cy-alkyloxy
group, optionally substituted by one or more groups selected from a halogen; and a cvano
or Cs-alkyloxy group. In another embodiment, R® is selected from a halogen: and a
Cys-atkyl or Cys-alkvioxy group, optionally substituted by one or more groups selected
from a halogen; and a Cy.s-alkyloxy group. In a vet further embodiment, R* is selected
from fluorine; and a Ci5-alkyloxy group, optionally substituied by one or more groups
selected from ahalogen; and a cyano or Crs-alkyloxy group. In a still further
embodiment, R* is selected from fluorine; and a C,.s-alkyloxy group, optionally
substituted by one or more groups selected from a halogen; and a cvano or ) z-atkyloxy
group; and R® and R® are both hvdrogen. For example, where R® and R® are both

hvdrogen, R® may be fluorine or a 2-methoxyethoxy group, e.g. fluorine,

Where all of R*, R and R® are other than hydrogen, these three groups may be attached to
the benzene ring, for example, at positions 2, 4 and 6 (relative to the group A being
attached to position 1). Where only one of R*, R” and R® is hydrogen, the other two
groups may be attached to the benzene ring, for example, at positions 2 and 3, positions 3

and 4, or positions 3 and 5, e.g. at positions 3 and 5 (relative to the group A being
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attached to position 1). Where two of R*, R’ and R® are hydrogen, the other group may be
attached to the benzene ring at position 2, 3 or 4, e.g. at posttion 4 (Z.e. at the position
para to the group A). Tn one embodiment, R* is in a position on the benzene ring para to

the group A.

fn one embodiment, A is a 6-membered arvl group or a S-membered heteroarvl group.
Non-limiting examples of 6-membered aryl groups and S-membered hetercaryl groups
include benzyl, furvl, thienyl, thiazolvl, pyrazolyl, isothiazolyl, oxazolyl, isoxazolyl,
pyrrolvl, triazolyl, imudazolvl, oxadiazolyl and thiadiazolyl In one embodiment, the
6-membered ary! group or 3-membered heteroary! group is selected from benzyl, thienyl,
thiazolyl, pyrrolyl and imidazolyl. In another embodiment, the 6-membered aryl group or

S-membered heteroaryl group s selected from benzyl and thiazolvl.

in one embodiment, A is benzyl, optionally substituted with |, 2 or 3 groups
mdependenily selected from a halogen; and a hvdroxy, thio, aming, nitro, oxy or methvi
group. In another embodiment, A is benzyl, optionally substituted with 1 or 2 halogens. In
a further embodiment, A is benzyl, optionally substituted with a halogen, e.g. fluorine. In

a vet further embodiment, A is an unsubstituted benzy! group.

Where A is 6-membered aryl or heteroaryl, the attached groups -C(R'R)- and
{CoHLR*R'R®) may be in a 1.2- or 13- or 1.4~ relationship, i.e. ortho, meta or para to
each other. In one embodiment, the attached groups ~-C(R*R*)- and -(CsHLR'R'R®) are in

a 1,3~ relationship. In another embodiment, the attached groups are in a 1,4~ relationship.

i one embodiment, A is a 5-membered heteroary! group which contamms 1, 2 or 3
hetercatoms selected from N, O and 5. In another embodiment, A is a S-membered
heteroarvi group which contains 1 or 2 heteroatoms selected from N and 8. In a further
embodiment, A is a S-membered heteroary} group which contains 2 heteroatorns selected
from N and 8. In avet further embodiment, A is a 5-membered heteroarvl group which
contains 2 heteroatoms wherein one hetercatom is N and the other hetercatom is S. Ina

stil further embodiment, A s a thiazolyl group.

Where A is a 5-membered heteroarvl group, at least one of the attached groups -C(R'R’)-
and -(CeHLR'RR®) muay be bonded directly to a carbon atom of the heteroary! group. To

one embodiment, both of the attached groups -CR'R’) and -(C.H,R'RR®) are bonded
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directly o a carbon atom of the heteroaryl group. In one embodiment, the attached groups
C(R'RY)- and «(CsHLR*R'R®) are in a 1,3- rel ationship to each other, e.g they are bonded
directly o carbon atoms of the heteroaryl group which are separaied by a single
miervening atom, €.g heteroatom. In the embodiment where A s a thiazolyl group, the

attached groups -C(R’R’)- and «(CsH,R'R’R®) may be bonded directly at the 4- and 2~

¥

posiiions, respectively.
Thus, in one embodiment the quinuclidine compound s a compound of formula (I1)

R4

an

10 or a pharmaceutically acceptable salt or prodrug thereof, wherein RY, R”, R® and A are as

defined herein.

In another embodiment, the quinuclidine compound is a compound of formuda (JI}

iy

15 or a pharmaceutically acceptable salt or prodrug thereof, wherein R’ to R®, and A are as

defined herein.

In another embodiment, the quinuclidine compound 1s a compound of formula (IV)

=30 -
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xrZ

av)

. : 4
or a pharmaceutically acceptable salt or prodrug thereof, wherein R and A are as defined

herein.

5  In one embodiment, R” is a halogen, ¢. g fluorine. Accordingly, the quinuchidine

compound may be a compound of formula (V)

(V)

or a pharmaceutically acceptable salt or prodrug thereof, wherein A is as defined herein,

16 In another embodiment, the quinuchdine compound 1s a compound of formula (VD

(Vi)

e SRS B
or a pharmaceutically acceptable salt or prodrug thereof, wherein R to R” are as defined

herein.
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In another embodiment, the quinuchidine compound is a compound of formula (VIH}

(VI

or a pharmaceutically acceptable salt or prodrug thereof, wherein R’ to R® are as defined

5  herein.

in another erobodiment, the quinuchdine compound is a compound of fornwla (VI

(Vi)

or a pharmaceutically acceptable salt or prodrug thereof, wherein R’ to R® are as defined

16 herein

In another embodiment, the quinuchidine compound 18 a compound of formuda (130
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{UX)
or a pharmaceutically acceptable salt or prodrug thereof, wherein R' is as defined herein.

In one embodiment, R is a halogen, e g fluorine. Accordingly, the guinuclidine

5 compound may be a compound of formula {(X)

N

X

or a pharmaceutically acceptable salt or prodrug thereof.

in another embodiment, the guinuchidine compound is a compound of formula (X1}

|

(XD

10

or a pharmaceutically acceptable salt or prodrug thereof, wherein R* is as defined herein.
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In one embodiment, R is a halogen, e.g fluorine. Accordingly. the quinuclidine

compound may be a compound of formula (Xi1)

(Xih
or a pharmaceutically acceptable salt or prodrug thereof

in one embodiment, the quinuchdine compound 15 selected from the group consisting of

Compound 1 to Compound 23

Cun;p;und Compound
1 Quinuchdin-3-yl 2-(4'-fluoro-{1,1-biphenyl]-3-yDpropan-2-
vi)carbamate
2 (&)-quinuclidin-3-vi (2-2-(4-fluorophenyljthiazol-4-
yvhipropan-2-ylcarbamate
3 {(S)-qumnuclidin-3-vi (2-(4"-(2-methoxvethoxy)-{1,1 -
biphenyl]-4-yDpropan-2-vi)carbamate
4 1-azabicyelo[2.2 2foct-3-vi {2-(biphenvi-3-vhpropan-2-
yljcarbamate
3 (Sy-quinuchidin-3-vl 2-{biphenyl-4-yDpropan-2-vicarbamate
6 Quinuchdin-3-y1 1-(hiphenyl-4-vhicyclopropylcarbamate
- (&)-quinuclidin-3-vi 1-(4'-fluorobiphenyl-4-
yheyclopropylcarbamate
8 {8)-1-azabicyclof2.2. 2}oct-3-y1 { 1-(2' 4'-difiuorobiphenyl-4-
vhevelopropylticarbamate
9 1-azabicyclo[2.2 Zjoct-3-vi [1-{4'-methoxybiphenyi-4-
vhevelopropylicarbamate
16 Quinuchdin-3-v1 2-(5-(4-flucrophenyithiophen-3-vhpropan-
2-ylcarbamate

=34 -
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me;?:mxd Compound
11 (S)-quinuchidin-3-vi 2-(3-(4-fluorophenyihsothiazol-5-
vhpropan-2-ylcarbamate
12 (Sy-quinuchidin-3-v1 2-{4-{4-fluorophenvi)thiazol-2-
vhpropan-2-ylcarbamate
13 Quinuclidin-3-y1 (2-(4'-(2-methoxvethoxy }-[ 1. 1'-biphenyi]-4-
vhpropan-2-vi}carbamate
14 (8)-quinuchidin-3-vi (2-(3'-(Z-methoxvethoxy)-| | 1'-
biphenyl]-4-vi}propan-2-yiicarbamate
18 Quinuclidin-3-y1 (2-(4'-(2-methoxvethoxy }-[ 1. 1'-biphenyi]-3-
vhpropan-2-vi}carbamate
16 Cuimuchdin-3-y1 2-(4'-(3~-methoxypropoxy }-{ 1, U'-biphenvl}-
4-yhpropan-2-yijcarbamate
T Quinuchdin-3-vl (2-(d'-(hydroxymethy)-[1,1"-biphenvl]-4-
vhpropan-2-yi}carbamate
18 Cuinuchdim-3-yl 2-(4-(2-hydroxyethy}-{ 1,1 -biphenylj-4-
vhpropan-2-y1carbamate
15 Quinuclidin-3-y1 2-(2-(4-(3-
methoxypropoxy jphenylthiazol-4-vhpropan-2-ylycarbamate
30 Quinuclidin-3-y1 (2-(2-(4-(2-methoxyethoxy jphenylthiazol-
4-vhpropan-2-ylcarbamate
1 Cuinuchidin-3-vi 2-(5-{4-(2-methoxyethoxy jphenyDpyridin-
2-yDpropan-2-vicarbamate
) Quinuchdin-3-yl (2-(4'-(3-cyanopropoxy j-{ 1, 1'-biphenyi]-4-
yhipropan-2-yljcarbamate
23 Quinuchdin-3-v1 (2-(4'-(cvanomethoxy }-j 1, 1'-biphenvli]-4-
yhipropan-2-yljcarbamate

and the pharmaceutically acceptable salts and prodrugs thereof,

In one embodiment, the quinuchdine compound is selected from Compound |,
Compound 2 and Cempound 3, and the pharmaceutically acceptable salts and prodrugs
thereof. In another embodiment, the guinuchdine compound 1s selected from Compound
1 and Compound 3, and the pharmaceutically acceptable salts and prodrugs thereof. In

another embodiment, the quinuchidine compound i1s Compeund 1, or a pharmaceutically
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acceptable salt or prodrug thereof In another embodiment, the guinuchdine compound is
Ceompound 2, or a pharmaceutically acceptable salt or prodrug thereof. In another
embodiment, the guinuchidine compound 1s Cempound 3, or a pharmaceutically

acceptable salt or prodrug thereof,

in another embodiment, the quinuchidine compound s selected from Compound i,
Compound 2 and Compound 3. In one embodiment, the quinuclidine compound is
Compound 1. In another embodiment, the quinuchidine compound is Compeund 2. In

another embodiment, the quinuchidine corapound i1s Compound 3.

Presently disclosed compounds that are basic in nature are generally capable of forming a
wide variety of different salts with various morganic and/or organic acids. Although such
salts are generally pharmaceutically acceptable for administration to animals and humans,
it 1s often desirable in practice to imutially isolate a compound from the reaction nmuixture as
a pharmaceutically unacceptable salt and then simply convert the latter back to the free
base compound by treatment with an alkaline reagent, and subsequenily convert the free
base (o g pharmaceutically acceptable acid addition sali. The acid addition salts of the
base corpounds can be readily prepared using conventional technigues, e.g. by treating
the base compound with a substantially equivalent amount of the chosen nineral or
organic acid in an aqueous solvent medium or in a suitable organic solvent such as, for
example, methanol or ethanol. Upon careful evaporation of the solvent, the desired solid
salt is obtained. Presently disclosed compounds that are positively charged, e.g.
containing a quaternary ammonium, may also form salts with the anionic component of

various fnorganic and/or organic acids.

Acids which can be used to prepare pharmaceutically acceptable salts of quinuchidine
corapounds are those which can form non-toxic acid addition salts, e g. salts containing
pharmacologically acceptable anions, such as chloride, bromide, 1odide, mitrate, suifate or
bisul{ate, phosphate or acid phosphate, acetate, lactate, citrate or acid ciirate, tartrate or
bitartrate, succinate, malate, maleate, fumarate, gluconate, saccharate, benzoate,

methanesulfonate and pamoate {7 ¢ 1,1-methylene-bis-(2-hydroxy-3-naphthoate}] salts.
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Presently disclosed compounds that are acidic in nature, e.g. compounds containing a
tetrazole moiely, are generally capable of forming a wide variety of different salis with
various inorganic and/or organic bases. Although such salls are generally
pharmaceutically acceptable for adminisiration to animals and humans, 1t 1s often
desirable in practice to initfially isolate a compound from the reaction mixture as a
pharmaceutically unacceptable salt and then simply convert the latter back to the free acid
corpound by {reatment with an acidic reagent, and subsequently convert the {ree acid to
a pharmaceutically acceptable base addition salt. These base addition salts can be readily
prepared using conventional techmiques, e.g. by treating the corresponding acidic
compounds with an aqueous solution containing the desired pharmacologically acceptable
cations, and then evaporating the resulting solution to dryness, 2.g. under reduced
pressure. Alternatively, they also can be prepared by mixing lower alkanolic solutions of
the acidic compounds and the desired alkalh metal alkoxide together, and then evaporating
the resulting solution to drvness in the same manner as before. In either case,
stoichiometric quantities of reagents may be emploved in order to ensure completeness of

reaction and maximum product vields of the desired solid sakt.

Bases which can be used to prepare the pharmaceutically acceptable base addition saits of
quinuchiding compounds are those which can form non-toxic base addition salis, e.g. salts
containing pharmacologically acceptable cations, such as, alkal metal cations {(e.g.
potassium and sodium}, alkaline earth metal cations {¢.g. calcium and magnesium},
ammonium or other water-soluble amine addition salts such as N-methyviglucamine

{meglumine), lower alkanolammonium, and other such bases of organic amines.

In one embodiment, the pharmaceutically acceptable salt is a succinate salt. In another
embodiment, the pharmaceutically acceptable salf is a 2-hydroxysuccinate salt, e.g. an
{S3-2-hydroxysuccinate salt. In another embodiment, the pharmaceutically accepiable salt
is a hydrochloride salt (7.e. a salt with HC1). In another embodiment, the pharmaceutically

acceptable salt is @ malate salt.
Prodruges

The pharmaceutically acceptable prodrugs disclosed herein are derivatives of

quinuchidine compounds which can be converted in vive into the quinuclidine compounds
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described herein. The prodrugs, which may themselves have some activity, become
pharmaceutically active in vivo when they undergo, for example, solvolysis under
phvsiological conditions or enzymatic degradation. Methods for preparing prodrugs of
compounds as described herein would be apparent fo one of skill in the art based on the

present disclosure.

In one embodiment, the carbamate motety of the quinuchdine compound is modified. For
example, the carbamate moiety of the quinuclidine compound may be modified by the
addition of water and/or one or two aliphatic alcohols. In this case, the carbon-oxygen
double bond of the carbamate motety adopts what could be considered a hemiacetal or
acetal functionality. In one embodiment, the carbamate moiety of the quinuchdine

compound may be modified by the addition of an aliphatic diol such as 1.2-ethanediol

in one embodiment, one or more of the hvdroxy, thio or amino groups on the quinuclidine
compound are modified. For exarmple, one or more of the hvdroxy, thio and/or amino
groups on the quinuciidine compound may be modified io form acid derivatives, e.g.
esters, thioesters (or thiolesters) and/or amides. The acid derivatives can be formed, for
example, by reacting a quinuchdine compound which comprises one or more hydroxy,
thio or amino groups with an acetviating agent. Examples of acetviating agents include
anhydrides such as acetic anhydiide, acid chlorides such as benzyl chloride, and

dicarbonates such as di~fert-butyl dicarbonate.

Stereochermstiy

Stereoisomers {e.g. cis and trans isomers) and all optical isomers of a presently disclosed
compound {e.g. K- and 8- enantiomers), as well as racemic, diastereomeric and other

mixtures of such isomers are within the scope of the present disclosure.

in one embodiment, the gquinuchidin-3-y1 group of a quinuclidine compound as defined
herein has the R~ configuration. Accordingly, the quinuchdine compound may be selected

from the group consisting of compounds of formmilag (1a) to (Xla):
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(da) R®

{ila)

(1ifa)

{IVa)

(Va)

R']

{Via)
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(Xla)

S 46
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G

Xl "ty //Jl\
( a’) ’i/,jQ

N
H

and the pharmaceutically acceptable salts and prodrugs thereof.

n another erobodiment, the quinuchdin-3-y1 group of the quinuchdine compound as
defined herein has the 8- configuration. Accordingly, the quinuclidine compound may be

selected from the group consisting of compounds of formulas (Ib) to (X1ib):

(Ib)

{Itb}

{Itib}

(IVhb)

-41 -
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(Vb)

{(Vib}

(Viib)

(V1iib)

{(IXb}
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(Xb)

(Xib)

.
(Xiib) /Jj\\ . N
O {g \ ,.
J

and the pharmaceutically acceptable salis and prodrugs thereof.

In one embodiment the quinuclidine compound 1s a compound of formuda (Xbyora
pharmaceutically acceptable salt or prodrug thereof. Tn another erabodiment the
quinuclidine compound is a compound of formula (Xiib} or a pharmaceutically

acceptable salt or prodrug thereof.

In one embodiment, the quinuctidin-3~y1 group of the quinuclidine compound as defined
herein exists in a nuxture of isomers having the 8- and 5- configurations. For example,
the guinuclidine compound may be a mixture of compounds selected from the group
consisting of compounds of formulae (Ta) and (Ib), (I1a) and (Iib), (Ifia) and {1iib}, (IVa)
and (IVD3, (Va) and (Vb), (VIa) and (VIb), (Vi) and (Viib), (VIHa} and (VIb), (IXa)
and (IXb)}, (Xa) and (Xb), (XIa) and (XIb), and (Xila) and (XI1b), and the
pharmaceutically acceptable salts and prodrugs thereof. In one embodiment the
quinuclidine compound is present as a racemic mixhure, e.g. the B~ and S- isomers of the

quinuchidin-3-y] group are present in about equal amounts. In another embodiment the
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quinuchidine compound is present as a mixture of isomers having the £- and 5-
configurations, wherein the 8- and S- isomers are present in different amounts. In one
embodiment the 5~ isomer 15 present in an enantiomeric excess of at least about 5%, 10%,
25%, 40%, 70%, 80%, 90%, 95%, 97%, 98% or 99%, e.g. about 100%. In another
embodiment, the X~ isomer 1s present in an enantiomeric excess of at least about 5%,

10%, 25%, 40%, 70%, 80%, 90%, 95%, 97%, 98% or 99%, e.g. about 100%.

Methods {or preparing enantioenriched and/or enantiopure quinuclidine compounds

would be apparent o the person of skill 1o the art based on the present disclosure.

The compounds presently disclosed can exist in several tautomeric forms, including the
enol and imine form, and the keto and enamine form and geometric isomers and mixtures
thereof. Tautomers exist as mixtures of a tautomeric set in solution. In solid form, usually
one tautomer predominates. Even though one tautomer may be described, all tautomers

are within the scope of the present disclosure.

Atropisomers are also within the scope of the present disclosure. Atropisomers refer (o

compounds that can be separated into rotationally restricted isomers.
{Orther forms

Pharmaceutically acceptable hydrates, solvaies, polymorphs, efc., of the quinuclidine
compounds described herein are within the scope of the present disclosure. Quinuclidine
compounds as described herein may be in an amorphous form and/or in one or more

crystalline forms.

Isotopicaliy-labeled compounds are also within the scope of the present disclosure. As
used herein, an “isotopically-labeled compound™ refers to a presently disclosed
compound including pharmaceutical salts and prodrugs thereof, each as described herein,
i which one or more atoms are replaced by an atom having an atomic mass or mass
number different from the atomic mass or mass number usually found in nature.
Examples of 1sotopes that can be incorporated into compounds presently disclosed
include isotopes of hydrogen, carbon, nitrogen, oxvgen, phosphorous, fluoring and

chlorine, such as *H, 'H, PC. ¢, PN, 0,70, Ve, e, P8, PF, and P01, respectively.

- 44 -
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Medical indications

The quinuclidine compounds, and pharmaceutical compositions containing them,
described herein are useful in therapy, in particular in the therapeutic {reatment of
proteinopathies in a subject. Subjects to be treated according to the methods described
herein include vertebrates, such as mamunals. In particular erabodiments the manwuoal is a

human patient.

The present invention provides a method for treating a proteinopathy in a subject, the
method comprising administering to the subject an effective amount of a quinuclidine
compound as described herein. Also provided is a qumuchdine compound as described
herein for use in a method of treating a proteinopathy 1n a subject. Further provided is the
use of a quinuclidine compound as described herein in the manufacture of a medicament
for use in a method of treating a proteinopathy n a subject. In one embodiment, the

subject is a human subject.

in one embodiment, the protemopathy recited in the methods disclosed herein is a disease
selected from the group consisting of Alzheimer’s disease, frontotemporal dementia,
progressive supranuclear palsy, Parkinsonism, Parkinson’s disease, Lyvtico-Bodig disease,
dernentia with Lewy bodies, tangle- predominant dementia, dementia pugilistica, Pick’s
disease, corticobasal degeneration, Argyrophilic grain disease, ganglioglioma and
gangliocytoma, meningicangiomatosis, subacuie sclerosing panencephalitis, lead
encephalopathy, tuberous sclerosts, Hallervorden-Spatz disease, and lipofuscinosis. In
one embodiment the proteinopathy is Alzheimer's disease. In another embodiment the
proteinopathy is dementia with Lewy bodies. In another embodiment the proteinopathy is

Parkinson’s disease.

In oneg embodiment, the proteinopathy 18 a tauopathy. Tauopathies are neurodegenerative
disorders characterized by accunmulation of tau. Exemplary tauopathies include, for
example, Alzheimer’s disease, progressive supranuciear palsy, dementia pugilistica,
Parkinson’s disease, parkinsonism linked to chromosome 17, Lytico-Bodig disease,
tangle~-predominant dernentia, Argyrophilic grain disease, ganglioglioma, gangliocytoma,
meningicangiomatosis, subacute sclerosing panencephalitis, tead encephalopathy,

{uberous sclerosis, Hallervorden-Spatz disease, lipofuscinosis, dementia with Lewy
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bodies, Pick’s disease, corticobasal degeneration, fronfotemporal dementia,
frontotemporal lobar degeneration and Huntingion’s disease. In one embodiment, the
proteinopathy 1s a synucleinopathy. Examples of synucleinopathies include, for example,
Parkinson’s disease, multiple system atrophy, and Lewy Bodv dementia. Some diseases
classified as synucleinopathies may also have accumulation on the tau protein, and some
diseases classified as tavopathies may have also have accumulation of the u~-synuclein
protein. Accordingly, m one embodirment the proteiopathy 1s characterized by the

accumulation of g-synuclein and tau.

The methods disclosed herein are useful for treating subjects {¢.g. mammals such as
humans} with a proteinopathy. In certain embodiments, the proteinopathy involves
protein aggregates. Protein “aggregation” refers to the biological phenomenon in which
misfolded proteins aggregate etther intra- or extra-cellularly. These protein aggregates
may be toxic. In certain embodiments, the protein aggregates comprise a protein selected

from the group consisting of ubiquitin, tay, and g-synuclein.

Ubiquitin is a small protein that 1s found in almost all tissues of eukaryotic orgamsms. It
15 a 76 amino acid protein that can be attached to a substrate protein. Addition of
ubiquitin can result in protein degradation; modulation of {ranscription, translation, and
protein localization; or modulation of protein activity/interactions. Tau proteins function
to stabilize microtubules and tau protein can be found n different parts of the cell, such as
0 the membrane, soluble n the cytosol, and insoluble in the cytosol. They are abundant
in neurons of the central nervous system and i astrocyies and oligodendrocvies.
Hyperphosphorylation of the tau protein (tau inclusions, “pTau”) can result in the self-
assembly of tangles of paired helical filaments and straight filaments, which are involved
in the pathogenesis of Alzheimer’s disease and other tauopathies. All of the six tau
isoforms are present in an often hyperphosphorylated state in paired helical filaments
from Alzheimer’s disease brain. In other neurodegenerative diseases, the deposition of
aggregates enriched in certain tau 1soforms has been reported. When musfolded, this
otherwise very soluble protein can form extremely insoluble ageregates that contribute to
a number of newrodegenerative diseases. g~synuclein is a protein that, m hwmans, is
encoded by the SNC4 gene. u~-synuclein can be found in different parts of the cell such as

in the membrane, soluble in the cvtosol, and insoluble in the cyiosol. The protein is found

-4 -
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primarily in neural tissue and is predominantly expressed in the neocortex, hippocampus,
substantia migra, thalamus, and cerebellum. Besides neurons, the protein can aiso be
found in neuroglial cells and melanocyiic cells. a-synuclein can aggregate to form
msoluble fibrils in pathological conditions that are, in some instances, characterized by

Lewy bodigs.

The present invention also provides a method of reducing, reversing or preventing the
accunilation of protein aggregates in tissue of a subject diagnosed as having a
proteinopathy, or diagnosed as being at risk of developing a proteinopathy. The method
comprises adnunistering 1o the subject an effective amount of a guinuclidine compound
as described herein. In related aspects, the invention provides a quinuchidine compound as

described herein for use in a method of reducing, reversing or preventing the

proteinopathy, or diagnosed as being at risk of developing a proteinopathy. In other
related aspects, the invention provides the use of a quinuchdine compound as described
herein in the manufacture of a medicament for use in a method of reducing, reversing or
preventing the accumulation of protein aggregates in tissue of a subject diagnosed as

having a proteinopathy, or diagnosed as being at risk of developing a proteinopathy.

in one embodiment the protein aggregates comprise ubiguitin, protein tau and/or
a~synuclein, e.g. protein tau and/or a-synuclein. In another embodiment, the protlein
aggregates comprise protein tau or g-synuciein. In one embodiment, the protein
aggregates comprise protein tau aggregates and o-synuclein aggregates. In one
embodiment, the subject does not have protein aggregates comprising a~synuclein in said
tissue. In one embodiment, the protein aggregates are aggregates of protein tau and the
subject does not have protein aggregates comprising a-synuclein in said tissue. In a
particular embodiment, the protein aggregates are aggregates of o-synuciein and the
proteinopathy is a synucleinopathy. In ancther embodiment, the protein aggregates are

aggregates of protein tau and the proteinopathy is a tauopathy, e. g Parkinson’s disease.

In one embodiment, the tissue is a neuron in the central nervous svstem of the subject,
e.g. aneuron in the substantia migra, cerebral cortex, hippocampus, frontal lobes and/or
temporal lobes of the subject. In another embodiment, the subject does not have protein

aggregates comprising a-synuclein in their central nervous system (CNS), e. g in newrons
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of the substantia nigra, cerebral cortex, hippocampus, frontal lobes and/or temporal lobes.
in a further embodiment, the proteinopathy 1s Parkinson’s disease characierised by the
presence of protein {au, bul not a~synuclein, within proiein aggregates i the central
nervous system of the subject, 2.g in neurons of the substantia nigra, cerebral cortex,

hippocampus, frontal fobes and/or temporal lobes of the subject.

In certain embodiments, the methods described herein are effective in reducing a specific
fraction of a~symuclein. In one embodiment, cytosolic msoluble a~synuclein is reduced. In
another embodiment, membrane-associated a-synuclein is reduced. In a further
embodiment, exira-cellular ¢-synuclein is reduced. In embodiments, aggregated
g~synuclein 1s reduced by at least about 5%, at least about 10%, at least about 15%, at
least about 20%, at least about 25%, at least about 30%, at least about 35%, at least abowt
40%, at least about 45%, at least about 50%, at least about 559, at least about 60%. at
least about 65%, at least about 70%, at least about 75%, at least about 80%, at least about
85%, at least about 90%, at feast about 95%, or aboui 100%. In one embodiment,
aggregated g-synuclein 1s reduced to a level not significantly different to that of a subject
{z.g. a mammal such as a human} without a proteinopathy characterized by an increase in

g~synuciein.

Administration of quinuclidine compounds as described herein o a subject can alter the
processing and localization of a-synuclein within the CNS of the subject, e g within
cortical tissue in the brain. In one embodiment of the methods described herein, levels of
membrane-associated a-synuclein and/or insohible cyvtoplasmic e-synuciein are reduced.
In certain embodiments, the levels of membrane-associated w-synuclein and/or inscluble
cytoplasmic a~synuclein are reduced, but levels of soluble cytosolic a~synuclein are not
reduced {e.g. are not significantly altered). In particular embodiments, the subjectis a
human subject diagnosed as having a synucleinopathy, or is diagnosed as being at nsk of

developing a synucleinopathy, especially Parkinson’s Disease or Lewy Body Dementia.

in certain embodiments, the roethods described herein are effective in reducing a specific
fraction of tau. In one embodiment, cytosolic insoluble tau is reduced. In another
embodiment, the membrans-associated tau is reduced. In a {urther embodiment, extra-
cellular tau is reduced. In embodiments, aggregated tau s reduced by at least about 5%, at

least about 10%, at least about 15%, at least about 20%, ai least about 25%., at least about
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309%,. at least about 35%. at least about 40%., at least about 45%, at least about 50%, at
least about 55%, at Ieast about 60%, at least about 65%, at least about 70%, at least about
75%, at least about 80%, at least about 83%, at feast about 90%, at ieast about 95%, or
about 100%. In one embodiment, aggregated tau is reduced to a level not significantly
different to that of a subject {(e.g a mammal such as a human} without a protemnopathy

characterized by an increase in tauw

Proteinopathies, especially when present in the central nervous sysiem, can result in an
umnpairment of neural function, e g cognitive function, autonoric function and/or motor
function. Administration of quinuchidine compounds as described herein can result in the
improvement of neural function in subjects, e.g. in subjects exhibiting cognitive
impatrment due {0 a proteinopathy. Accordingly, in certain embodiments of the present
methods, a quinuclidine compound as described herein 1s administered to a subject having
impaired neural (e.g neurologic) function. In particular embodiments, administration of
the quinuchidine compound is initiated after the subject has been diagnosed with impaired
neural {e.g. neurologic) function. Diagnosis of a cognitive imapairment 1s within the
routine skill of a medical practitioner. Cognitive tests are known in the art and can include
tests such as the abbreviated mental test score (AMTS), the nunt mental state examination
(MMSE), informant questionnaire on cogniiive decling in the eldedy (IQCODE), and the
General Practiioner Assessment of Cognition that test for cognitive impairment. These
tests can assess impairments in, for example, memory, reasoning skills, problem solving
skills, decision making skills, attention span, and language skills. Imaging methods are
also available to diagnose cogrutive decline. For example, the functional neuroimaging
modalities of single-photon emission computed tomography (SPECT) and positron
emission tomography (PET) are useful in assessing cognitive dysfunction. In some
aspects, the improvement of neural fimction i1s measured by evaluating the cognitive
function of the patient. Cognitive deterioration, e.g associated with mild cognitive
impairment, may also be assessed by monitoring different cognitive domains. Cognitive
domains nclude, for example, attention and concentration, executive functions, memory,
language, visuo-constructional skills, conceptual thinking, calculations and orientation.
Diagnosis of other impairments associated with proteinopathies is also within the routine
skifl of a medical practitioner. For example, clinical criteria for a diagnosis of Parkinson’s

disease involve assessing impairments in motor and/or avtonomic fumctions, .2 slowness
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of movement (bradykinesia), plus either rigidity, resting tremor, or postural instability.
Responsiveness to dopamine {(symptomatic treatment) and reduced dopaminergic activity

in the basal ganglia can also aid in diagnosing Parkinson’s disease.

In relation to methods for preventing cognitive decling, such as memory logs, PET
imaging using carbon-11 Pittsburgh Compound B as a radiotracer (PIB-PET) has been
useful in predictive diagnosis of various kinds of proteinopathies. For example, studies
have found PIB-PET to be 86% accurate in predicting which patients with mild cognitive
impairment would develop Alzheioer’s disease within two years. In another study, using
either PIB or another radiotracer, carbon-11 dihvdrotetrabenazine (DTBZ)}, led to more
accurate diagnosis for more than one-fourth of patients with mild cognitive impatrment or

mild dementia.

The methods described herein can prevent, reduce or reverse loss of neural functionina
subject diagnosed as having, or at risk of developing, a proteinopathy. Accordingly, the

mvention provides a method of preventing, reducing or reversing loss of newral function

in a subject diagnosed as having, or at risk of developing, a protemopathy. The method
comprises administering {o the subject an effective amount of a quinuclidine compound

as described herein. In a related aspect, the invention provides a gquinuclidine compound
as described herein for use in a method of preventing, reducing or reversing loss of neural
funciion in a subject diagnosed as having, or at risk of developing, a proteinopathy. In
another related aspect, the invention provides the use of a quinuclidine compound as
described herein in the manufacture of a medicament for use in a method of preventing,
reducing or reversing loss of neural {unction in a subject diagnosed as having, or at risk of
developing, a protemnopathy. The loss of neural function may comprise loss of cognitive

function, autonomic function and/or motor function.

The methods described herein can prevent, reduce or reverse the progression of dementia.
Accordingly, the invention provides a method of preventing, reducing or reversing the
progression of dementia in a subject diagnosed as having, or at risk of developing, a
proteinopathy. The method comprises administering to the subject an effective amount of
a quinuclidine compound as described herein. In related aspects, the invention provides a
quinuchidine compound as described herein for use in a method of preventing, reducing or

reversing the progression of dementia in a subject diagnosed as having. or at nisk of
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developing, a proteinopathy. In other related aspects, the invention provides the use of a
quinuclidine compound as described herein in the manufacture of a medicament for use in
a method of preventing, reducing or reversing the progression of dementia in a subject
diagnosed as having, or at risk of developing, a protemopathy. Symptoms of dementia
which may be prevented, reduced or reversed mclude early symptoms of dementia, such
as difficulty remembering recent conversations, names or events, and apathy and
depression, as well as later symptoms, such as impaired communication, poor judgment,
disorientation, confusion, behavior changes and difficulty in speaking, swallowing and/or

walking.

The methods described herein may also be used to prevent or ireat cognitive impairment,
e.g. wild cognitive impairment. Mild cogmitive impairment is an intermediate stage
between the expected cognitive decline of normal aging and the more serious decline of
dementia. Accordingly, the invention provides a method of preventing, reducing or
reversing cognitive impairment {e.g mild cognitive impairment) in a subject diagnosed as
having, or at nisk of developing, a proteinopathy. The method comprises administering to
the subject an effective amount of a quinuchidine compound as describad herein. In
related aspects, the invention provides a quinuciidine compound as described herein for
use in a method of preventing, reducing or reversing cognitive impatrment (e g mild
cognitive irnpairment) in a subject diagnosed as having, or at risk of developing, a
proteinopathy. In other related aspects, the invention provides the use of a quinuclidine
compound as described herein in the manufacture of a medicament for use in a method of
preventing, reducing or reversing cognitive impatrmoent {e. g muld cognitive impairment)

in a subject diagnosed as having, or at risk of developing, a proteinopathy,

The methods of the invention can prevent, reduce or reverse foss of cognitive function,
autonomic function and/or motor function. In one embodiment, the loss of neural function
comprises loss of cognitive function. In certain embodiments, the method prevents,
reduces or reverses deterioration in cognitive domains in a subject, 2.g. the method
prevents, reduces or reverses deterioration in attention and concentration, executive
functions, memory {e.g. working memorv), language, visuo-constructional skills,
conceptual thinking, calculations, orientation, decision making, problem solving, and the

like. In one embodiment, the loss of neural function comprises loss of autonomic
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function. In certain embodiments, the method prevents, reduces or reverses orthostatic
hvpotension, consiipation, dysphagia, nausea, hypersalivation, hyperhidrosis, urinary
dvsfunction, sexual dysfunction, and the like. In one embodiment, the loss of neural
function comprises loss of motor function. In certain embodiments, the method prevents,
reduces or reverses Parkinsonism. Parkinsonism is a clinical definition of a variety of
underlving pathologies that can result in Parkinson’s-hike symptoms; these pathologies
are caused by a number of disorders, including Parkinson’s disease. Symptoms of
Parkinsonism which may be prevented, reduced or reversed by the methods discloged
herein include, for example, motor dysfunctions such as tremor, bradykinesia, rigidity,

postural instability, impaired balance, and the like,

In one embodiment, the subject does not have protein aggregates comprising a-synuclein
in their central nervous system, e.g. in neurons of the substantia nigra, cerebral cortex,
hippocampus, frontal fobes and/or temporal lobes. In one embodiment, the proteinopathy
is Parkinson’s disease characterised by the presence of protein tau, but notl a~synuclein,
within protein aggregates in the central nervous system of the subject, e.g. in neurons of
the substantia nigra, cerebral cortex, hippocampus, frontal lobes and/or temporal lobes of

the subject.

The methods of the invention may be beneficial for subjects who have been diagnosed
with a proteinopathy but are not vet experiencing the typical symptoms associated with
the disease state, e.g signs of cognitive impairment. Methods of the invention may also
be beneficial for subjecis who are at risk of developing a proteinopathy due to, for
example, a mutation in the subject or the subject’s family lineage known to cause a
proteinopathy. In one erobodiment of the methods described herein, the subject has been
diagnosed as being at risk of developing said proteinopathy, and the method prevents or

delays the onset and/or development of the proteinopathy in the subject.

For example, mutations in the glucocerebrosidase 1 gene (GBA7), which can cause a
lvsosomal storage disease — Gaucher, are known (o be associated with an creased risk of
developing certain proteinopathies. Mutations in GRAT are known in the art and include,
for example, the mutations L444P, B40SH, D409V, E235A, and E340A. Accordingly, in
one embodiment the subject to be treated by a method of the mvention has one or more

mutations in GB4 7. In one embodiment the subject suffers from a lvsosomal storage
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disease such as, for example, Gaucher, Fabry, Gy-gangliosidosis, Gy Activator
deficiency, Tay-Sachs or Sandhoff. In one embodiment, the subject suffers from Gaucher.
{n an alternative embodiment the subject to be treated by a method of the imvention does
not suffer from a lvsosomal storage disease such as, for exarople, Gaucher, Fabry, G-
ganghiosidosis, Gavi Activator deficiency, Tay-Sachs or Sandhoff. In one embodiment, the
subject does not suffer from Gaucher. In a related embodiment, the subject has one (or
more than one) mutation in (GRA ! but does not suffer from a lysosomal storage disease
{2.g. Gaucher). For example, the subject may be a heterozygous carrier for a GBA]
mutation. In another embodiment, the subject does not have a deleterious B4/ mutation,
e.g. the gene functions substantially normally in that it encodes a protein with essentially
the same structure, activity and/or tissue levels and distribution as the protein encoded by
the wild-type gene. Wild-type GBA/ sequences are known in the art and inchade
GenBank accession number NM_000157.3 (mRNA). In one embodument, the subject

does not have a D409V mutation in GRA4 /.

Pharmaceutical compositions

The present disclosure also provides pharmaceutical compositions comprising at least one
quinucliding compound as described herein and at least one pharmaceutically acceptable
excipient, e.g. for use according to the methods disclosed herein. The pharmaceutically
acceptable excipient can be any such excipient known in the art including those described
m, for exarmnple, Remungton's Pharmaceutical Sciences, Mack Publishing Co. (A R
Gennaro edit. 1985). Pharmacewtical compositions of the compounds presently disclosed
may be prepared by conventional means known in the art including, for example, mixing

at least one presently disclosed compound with a pharmaceutically acceptable excipient.

Thus, in one aspect the invention provides a pharmaceutical dosage form comprising a
quinuciidine compound as described herein and a pharmaceutically acceptable excipient,
wherein the dosage form is formulated to provide, when administered {e.g when
admunistered orally), an amount of said compound sufficient to prevent, reduce ot reverse
the accumulation of profein aggregates in tissue of a subject (2.g. a human subject}
diagnosed as having, or being at risk of developing, a proteinopathy. The tissue of the
subject may be a newron of the substantia rigra, cerebral cortex, hippocampus, frontal

lobes and/or temporal lobes.
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In one embodiment, the dosage form is formulated to provide an amount of said
quinuchidine compound sufficient to prevent, reduce or reverse the accumulation of
protein fau~containing aggregates in tissue of a subject diagnosed as having, or being at
risk of developing, Parkinson’s disease. In another embodiment, the dosage form is
formulated to provide an amount of said quinuclidine compound sufficient 1o prevent,
reduce or reverse the accurmulation of a~synuclein-containing aggregates in fissue of a
subject diagnosed as having, or being at risk of developing, Parkinson’s disease, Lewy

Body Dementia or Alzheimer’s disease, e.g Lewy Body Dementia.

A pharmaceutical composition or dosage form of the invention can include an agent and
another carrier, e.g. compound or composition, inert or active, such as a detectable agent,
label, adjuvant, diluent, binder, stabilizer, buffers, salts, lipophilic solvents, preservaiive,
adiuvant or the like. Carriers also include pharmaceutical excipients and additives, for
example, proteins, peptides, amino acids, Hpids, and carbohvdrates {¢.g sugars, including
monosaccharides, di-, tri-, {etra-, and oligosaccharides; devivatized sugars such as alditols,
aldonic acids, esterified sugars and the like; and polysaccharides or sugar polymers),
which can be present singly or in combination, comprising alone or in combination 1 to
99.99% by weight or volume. Exemplary protein excipients include serum albumin such
as human serum albumin (HS A}, recombinant human albumin (rFHA), gelatin, casein, and
the like. Representative anuno acid/antibody components, which can also function in a
buffering capacity, include alanine, glvcine, arginine, betaine, histidine, glutamic acid,
aspartic acid, cyvsteine, lvsine, leucine, isoleucine, valine, methionine, phenylalanine,
aspartamme, and the like. Carbohvdrate excipients are also mtended within the scope of this
invention, examples of which include but are not linuted to monosaccharides such as
fruciose, maliose, galaciose, glucose, D-mannose, sorbose, and the like; disaccharides,
such as laciose, sucrose, trehalose, cellobiose, and the like; polyvsaccharides, such as
raflinose, melezitose, maltodextrins, dextrans, starches, and the like; and alditols, such as

mannitol, xylitol, maltitol, lactitol, xvlitol sorbitol {glucitol) and myocinositol.

Carriers which may be used include a buffer or a pH adjusting agent; tvpically, the buffer
is a salt prepared from an organic acid or base. Representative buffers imnclude organic
acid salts such as salts of citric acid, ascorbic acid, gluconic acid, carbonic acid, tartaric

acid, succinic acid, acetic acid, or phthalic acid; Tris, tromethamine hydrochloride, or
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phosphate buffers. Additional carriers include polymeric excipients/additives such as
polyvinvipyrrolidones, ficolls {a polymeric sugar), dextrates (e.g. cyclodextrins, such as
2-hydroxypropyl-p-cy clodextring, polvethylene glycols, flavonng agents, antimicrobial
agents, sweeteners, anfioxidants, antisiatic agents, surfactants (e.g polysorbates such as
“TWEEN 207 and “TWEEN 807}, lipids (e. g phospholipids, fatty acids), steroids {e.g
cholesterol), and chelating agents (e.g. EDTA).

The present disclosure also provides pharmaceutical compositions, and kits comprnising
said corapositions, which contain at least one quinuchdine compound as described herein
and at least one further pharmaceutically-active agent. These pharmaceutical
compositions and kits may be adapted to allow simultaneous, subsequent and/or separate
adminisiration of the quinuchidine compound and the further active agent. For example,
the quinuclidine compound and the further active agent may be formulated in separate
dosage forms, e.g in separate tablets, capsules, lyophilisates or hquids, or they may be
formulated in the same dosage form, e.g. in the same tablet, capsule, lvophilisate or
hquid. Where the guinuchidine compound and the further active agent are formulated in
the same dosage form, the quinucliding compound and the further active agent may be
present substantially in admixtare, e g within the core of a tablet, or they may be present
substantially in discrete regions of the dosage form, e.g 1n separate lavers of the same
tablet. In one ernbodimvent, the pharmaceutical dosage form coraprises a further agent
which is capable of ireating or preventing a proteinopathy, e.g. a proteinopathy as

described herem.

In a further aspect the present invention provides a pharmaceutical composition
coraprising: (1) a quinuchdine compound as described herein; (11} a further active agent;
and (111} a pharmaceutically acceptable excipient. In one embodiment, the further active
agent is an agent which is capable of treating or preventing a proteinopathy, e.g a
proteinopathy as described herein. In one embodiment, the further active agent s capable

of treating or preventing a proteinopathy when adnunistered orally to a subject.

Examples of further agents capable of treating proteinopathies such as Parkinson’s
disease include, for example, dopamine precursors {(e.g. L-DOPA), dopamine agonists
(e.g. bromocriptine, cabergohine, pergolide, pramipexole and apomorphine), MAG-B

mhabitors {e.g. rasagiline and selegiline), anticholinergics {e.g. orphenadrine, procyclidine
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and trihexyphenidyl}, enhancers of B-glucocerebrosidase activity (2.g. ambroxol and
afegostat) and amantadine. Examples of agents capable of treating Alzheimer’s include,
for example, acetylcholinesterase inhibitors such as tacrine, rivastigmine, galantamine,

doneperil, and memantine.

in one embodiment, the further active agent is a chaperone. In one eraobodirment, the
chaperone is capable of’ restoring or enhancing at least partial wild-type function and/or
activily of the protein (which is aberrant in the proteinopathy ), enhancing the formation
of a stable molecular conformation of the protein; inducing trafficking of the protein from
the ER to another cellular location, e 2. anative cellular location, thereby preventing ER-
associated degradation of the protein; and/or preventing aggregation of misfolded proten.
In a related embodiment, the chaperone restores or enhances at least partial wild-type
function and/or activity of the protein. In other embodiments, the chaperone increases the
residual activity of a cell (e.g a cell from a mammal suffering from a proteinopathy,

synuclemopathy, tasopathy, or the like).

The further active agent may, for example, contain a detectable moiety. Detectable
moteties are well known in the art and can be detected by spectroscopic, photochemical,
biochemical, immunochemical, physical, or chemical means. Exemplary moieties
include, but are not limited to, enzymes, fluorescent molecules, particle labels, electron-
dense reagenis, radiolabels, biotin, digoxigenin, or a hapten or a protein that has been
made detectable. The further active agent may, for example, contain an additional
chemical and/or biological moiety not normally part of the agent. Those derivatized
moieties can improve delivery, solubility, biologieal half-life, absorption of the agent, and
the hike. The moieties can also reduce or elimimate anv desirable side effects of the agent
and the like. An overview for those moigties can be found in Remington's Pharmaceutical
Sciences (20th ed., Mack Publishing Co. 2000) {see also Pathan ef al (2009) Recent
Patents on Drug Delivery & Formulation 3:71-89). The agent can be covalently or non-
covalently linked to a motety. In embodiments, the agent is covalently linked to the
moiety. in related embodiments, the covalent hinkage of the moiety is N-terminal o a
polvnucleotide/polypeptide. In related embodiments, the covalent linkage of the molety 1s

C-ternunal o a polynucleotide/polypeptide.
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Further therapies for proteinopathies which may be combined with the methods described
herein inchude psychosocial interventions, behavioural interventions, reminiscence
therapy, validation therapy, supportive psychotherapy, sensory imtegration, cognitive
retraining, rehabilitation, speech therapy, and the like. Other interventions include

surgery, rehabilitation, and diet management.

The presently disclosed quinuclidine compounds and pharmaceutical compositions can be
used in an animal or human. Thus, a presently disclosed compound can be formulated as
a pharmaceutical composition for oral, buccal, parenteral {e. g intravenous, intramuscular
or subcutanecus), topical, rectal or intranasal administration or i a form suitable for
administration by inhalation or insuffiation. In particular embodiments, the quinuclidine
compound or pharmaceutical composition is formulated for systemic admunistration, e.g
via a non-parenteral route. In one embodiment, the quinuclidine compound or
pharmaceutical composition is formulated for oral administration, e g. in solid form. Such
modes of administration and the methods for preparing appropriate pharmaceuldical
corapositions are described, for example, in Gibaldt's Drug Delivery Systens m

Pharmaceutical Care (Ist ed, American Society of Health-System Pharmacists 2007).

The pharmaceutical compositions can be formulated so as to provide slow, extended, or
conirolled release of the active ingredient therein using, for example,
hydroxypropylmethyl cellulose in varying proportions to provide the desired release
profile, other polymer matrices, liposomes and/or microspheres. The pharmaceutical
compositions can also optionally contain opacifying agents and may be of a composition
that releases the active ingredient(s} only, or preferentially, in a certain portion of the
gastrointestinal tract, optionally, m a delayed manner, e.g. by using an enteric coating.
Examples of embedding compositions include polymeric substances and waxes. The
active ingredient can also be m micro-encapsuiated form, if appropriate, with one or more
pharmaceutically acceptable carriers, excipients, or diluents well known in the ast (see,
e.g., Remington’s). The compounds presently disclosed may be formulated for sustained
delivery according to methods well known to those of ordinary skill in the art. Examples
of such formulations can be found in Umited States Patents 3,119,742; 3, 492 397,

3.338.214; 4,060,598; and 4,173,626,
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In solid dosage forms for oral administration {e.g capsules, tablets, pills, dragees,
powders, granules and the like), the active ingredient is mixed with one or more
pharmaceutically acceptable carriers, excipients, or diluents, such as sodium citrate or
dicalcium phosphate, and/or any of the following: (1) fillers or extenders, such as
starches, lactose, sucrose, glucose, mannitol, microcrystalline cellulose, calcium
phosphate and/or silicic acid; (2) binders, such as, for example, carboxymethylcellulose,
alginates, gelatin, pregelatimized maize starch, polyvinyl pyrrohidone, hvdroxypropyl
methylcellulose, sucrose and/or acacia; (3) humectants, such as glycerol; (4)
disintegrating agents, such as agar-agar, calcium carbonate, sodium starch glycolate,
potato or {apioca starch, alginic acid, certain stlicates, and sodium carbonate; (5) solution
retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary
ammonivwm compounds; (7) wetting agents, such as, for example, sodium lawryi sulphate,
acetyvl alcohol and glycerol monostearate;, (8) absorbents, such as kaolin and benionite
clay; (9) lubricants, such as talc, silica, calcium stearate, magnesium stearate, solid
polyethylene glvcols, sodium lawry! sulfate, and mixtures thereof: and (10} coloring
agents. In the case of capsules, tablets, and pills, the pharmacewtical compositions can
also comprise buffering agents. Sohid compositions of a similar type can also be prepared
using fillers in soft and hard-filled gelatin capsules, and excipients such as lactose or nulk

sugars, as well as high molecular weight polyethylene glycols and the like.

A tablet can be made by compression or molding, optionally with one or more accessory
mgredients. Compressed tablels can be prepared using binders (for example, gelatin or
hy droxypropyvimethyl cellulose), lubricants, inert diluents, preservatives, disintegrants
(for exarple, sodium starch glvcolate or cross-linked sodium carboxymethyl cellulose),
surface-actives, and/ or dispersing agents. Moided tablets can be made by moldingin a
suitable machine a maxture of the powdered active ingredient moistened with an nert
liquid diluent. The tablets and other solid dosage forrs, such as dragees, capsules, pills,
and granules, can optionally be scored or prepared with coatings and shells, such as

enteri¢ coatings and other coatings well known in the art.

In embodiments, the pharmaceutical compositions are adminisiered ovally 1n a hiquid
form. Liquid dosage forms for oral adnunistration of an active ingredient include

pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups
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and elixirs. Ligquid preparations for oral administration may be presented as a drv product
for constitution with water or other suitable vehicle before use. In addition to the active
ingredient, the hiquid dosage forms can contain inert diluents commonly used in the art,
such as, for example, water or other solvents, solubilizing agents and emulsifiers, such as
ethy! alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyi
benzoate, propylene glveol, 1,3-butvlene glveol, oils (e g cottonseed, groundnut, com,
germ, ohive, castor and sesame oils), glycerol, tetralrydrofuryl alcohol, polvethylene
glveols and fatty acid esters of sorbitan, and mixtures thereof. In addition to inert diluents,
the liquid pharmaceutical compositions can include adiuvants such as wetting agents,
emulsifyving and suspending agents, sweetening, flavoning, coloring, perfuming and
preservative agents, and the like. Suspensions, in addition to the active ingredient(s) can
contain suspending agents such as, but not limited to, ethoxviated isostearyl aicohols,
polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, aluminum
metahvdroxide, bentonite, agar-agar and fragacanth, and muxtures thereof. Suitable liquid
preparations may be prepared by conventional means with a pharmaceutically acceptable
additive(s) such as a suspending agent {e.g sorbitol syrup, methyl celluiose or
hvdrogenated edible fats), emulsifying agent {e.g lecithin or acacia); non-aqueous vehicle
{e.g almond oil, aily esters or ethyl alcohol); and/or preservative (e.g. methyl or propyl p-
hydroxybenzoates or sorbic acid). The active ingredient{s} can also be administered as a

bolus, electuary, or paste.

For buceal adminisiration, the composition may take the form of tablets or lozenges

formulated i a conventional manner.

in embodiments, the pharmaceutical compositions are admunistered by non-oral means
such as by topical application, iransdermal application, injection, and the like. In related
embodiments, the pharmaceutical compositions are administered parenterally by
injection, infusion, or implantation {(2.g. intravenous, intramusciudar, mira-arterial,

subcutaneous, and the like).

Presently disclosed compounds may be formulated for parenteral administration by
miection, including using conventional catheterization techniques or infusion.
Formulations for injection may be presented in unit dosage form, e.g. in ampules or in

multi-dose containers, with an added preservative. The compositions may take such forms

9.
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as suspensions, solutions or enwlsions int 0ily or agueous vehicles, and may contain a

formulating agent such as a suspending

o0

stabilizing and/or dispersing agent recognized by
those of skill in the art. Allernatively, the active ingredient may be in powder form for

reconstifution with a suitable vehicle, e g sterile pyrogen-{ree water, before use.

The pharmaceutical compositions may be adronistered directly to the central nervous
svstem. Accordingly, in certain embodiments the compositions are administered directly
{0 the ceniral nervous system so as to avoid the blood bram barrier. Tn some
embodiments, the composition can be adnunistered via direct spinal cord injection. In
embodiments, the composition is administered by intrathecal injection. In some
embodiments, the composition ts administered via intracerebroventricular injection. In
embodiments, the composition is admimistered into a cerebral lateral ventricle. In
embodiments, the composition is administered 1nto both cerebral lateral ventricles. In
additional embodiments, the composition is administered via intrahippocampal injection.
The compositions may be administered in one injection or in multiple injections. In other
embodiments, the composition is admunistered to more than one location (e g to two sites

in the central nervous system),

The pharmaceutical compositions can be in the form of sterile injections. The
pharmaceutical compositions can be stertlized by, for example, filtration through a
bacteria~retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved in sterile water, or some other sterile inyectable
medium immediately before use. To prepare such a composition, the active ingredient is
dissolved or suspended in a parenterally acceptable iquud vehicle. Exemplary vehicles
and solvents include, but are not limited to, water, water adjusted to a suitable pH by
addition of an appropriate amount of hydrochioric acid, sodium hydroxide or a suitable
buffer, 1,3-butanediol, Ringer’s solution and isotonic sodium chioride solution. The
pharmaceutical composition can also contain one or more preservatives, for example,
methyl, ethyl or n-propyl p-hydroxybenzoate. To improve solubility, a dissolution
enhancing or solubilising agent can be added or the solvent can contain 10-60% w/w of

propylene glyvcol or the like.

The pharmaceutical compositions can coniain one or more pharmaceutically acceptable

stertle isotonic aqueous or nonaqueous solutions, dispersions, suspensions or enulsions,

- G0 -
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or sterile powders, which can be reconstituted into sterile injectable solutions or
dispersions just prior to use. Such pharmacewtical compositions can contain antioxidants;
buffers; bacteriostats; solutes, which render the formulation isotoruc with the blood of the

miended recipient; suspending agents; thickening agents; preservatives; and the like.

Examples of suitable aqueous and nonaqueous carriers, which can be emploved m the
pharmaceutical compositions of the invention imclude water, ethanol, polvols (such as
glvcerol, propylene glycol, polvethviene glveol, and the like), and suitable mixtures
thereof, vegetable oils, such as olive oil, and ijectable organic esters, such as ethyl
oleate. Proper fluidity can be maintained, for example, by the use of coating materials,
such as lecithin, by the maintenance of the required particle size in the case of
dispersions, and by the use of surfactants. In some embodiments, in order to prolong the
effect of an active ingredient, 1t is desirable to slow the absorption of the compound from
subcutaneous or intramuscular injection. This can be accomplished by the use of a liquid
suspension of crystalline or amorphous material having poor water solubility. The rate of
absorption of the active ingredient then depends upon its rate of dissolution which, in
turn, can depend upon crystal size and crystalline form. Alternatively, delayed absorption
of a parenterally-administered active ingredient is accomplished by dissolving or
suspending the compound tn an oil vehicle. In addition, prolonged absorption of the
mjeciable pharmaceutical form can be brought about by the inclusion of agents that delay

absorption such as aluminum monostearate and gelatin,

Controlled release parenteral compositions ¢an be in form of aqueous suspensions,
microspheres, microcapsules, magnetic microspheres, oil solutions, o1l suspensions,
emulsions, or the active ingredient can be incorporated 1n biocompatible carrier(s),
liposomes, nanoparticles, implants or infusion devices. Materials for use in the
preparation of microspheres and/or microcapsules include, but are not limited to,
biodegradable/bioerodible polymers such as polyglactin, poly-Gsobutyl cyvanocacrylate),
poly(2-hydroxyethyl-L-glutamine} and poly(lactic acid}. Biocompatible carriers which
can be used when formulating a controlled release parenteral formulation include
carbohydrates such as dexirans, proteins such as albumin, lipoproteins or antibodies.

Materials for use in implants can be non-biodegradable, e g. polvdimethvisiioxane, or

-61 -
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biodegradable such as, e g., poly{caprolacione), polv{lactic acid}, polv{glvcolic acid) or

poly{ortho esters).

For topical administration, a presenily disclosed compound may be formulated as an
omntment or cream. Presently disclosed compounds may also be formulated in rectal
compositions such as suppositories or retenfion enemas, e.2. contaning conventional

suppository bases such as cocoa butter or other ghvcerides.

For intranasal administration or admimistration by inhalation, presently disclosed
compounds may be conveniently delivered in the form of a sohution or suspension from a
punmp spray container that is squeezed or pumped by the patient or as an aerosol spray
presentation from a pressurized container or a nebulizer, with the use of a switable
propellant, e.g. dichlorodifluoromethane, trichloroflucromethane,
dichlorotetrafluorcethane, carbon dioxide or other suitable gas. In the case of a
pressurized aerosol, the dosage unit may be determined by providing a valve to deliver a
metered amount. The pressurized container or nebulizer may contain a solution or
suspension of the presently disclosed compound. Capsules and cartridges (made, for
example, from gelatin} for use in an inhaler or insufflator may be formulated containing a
powder nix of a presently disclosed compound and a suitable powder base such as

iactose or starch.

Generally, the agents and compositions described herein are administered in an effective
amount or quantity sufficient to treat or prevent a proteinopathy in a subject. Typically,
the dose can be adjusted within this range based on, ¢ g., age, physical condition, body
weight, sex, digt, time of administration, and other chinical factors. Determination of an

effective amount 1s well within the capability of those skilled in the art.

A proposed dose of a quinuclidine compound as described herein for oral, parenteral or
buccal admimstration to the average adult human for the treatment or prevention of a
proteinopathy is about 0.1 mg to about 2000 mg. In certain embodiments, the proposed
dose is from about 0.2 mg to about 1000 mg of the active ingredient per unit dose.
frrespective of the amount of the proposed dose, adoimstration of the compound can
occur, for example,  to 4 times per day. In one embodiment the dose for oral

admunistration ts about 0.5 to about 2000 mg, e.g about 1 to about 750 mg. In one
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embodiment the dose for direct administration into the central nervous system is about 1
ug to about T mg, e.g. about 5 ug to about 0.5 mg, or about 10 ug to about .1 mg.
Aerosol formulations {or the {reatment or prevention of the conditions referred to above
in the average adult human may be arranged so that each metered dose or “puff” of
aerosol containg about 1 mg to about 10 g, e.g. about 2 mg to about 1 g of a presently
disclosed compound. Administration may be several times daily, for example 2, 3,4 or §

times, giving for example, 1, 2 or 3 doses each time.

in other aspects, the invention provides a dosage form or pharmaceutical composition as

described herein for use in therapy, ¢.g for use in a method as defined herein.

Having been generally described herein, the follow non-limiting examples are provided to

further illustrate this invention.
EXAMPLES

General procedures for chemical svnthesis

General Procedure A: Carbamate formation with (riphosgene

To a suspension of amine hydrochloride (1 equivalent) and triethylamine (3-4

equivalents) 1o a THF (concentration ~ 0.2M) at room temperature was added triphosgene
{0.35 eguivalents}). The reaction muixture was stirred for 10 min and small amount of ether
{1-2 mL) was added. The triethviammonium salt was filtered off to afford a clear solution

of 1socyanate in THF/ether.

To a solution of alcohol (1.5 equivalents) in THF {concentration ~ 0.2M} at room
temperature was added NaH [60%, oil] {1.5 equivalents}. The reaction mixture was
stirred for 15 min and the above solution {isocyanate in THF/ether} was added dropwise.
In a standard workup, the reaction was gquenched with brine. The solution was extracted
with EtOAc and the organic laver was dried over NapSOy, filtered and concentrated. The
crude material was purified on combifiash (Si03; cartridge, CHCl; and 2N NH; in MeOH)

o afford the corresponding carbamate.

General Procedure B: Allylation with organocerium
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A suspension of CeCl; (4 equivalents) in THF (concentration ~ 0.2M} was stirred at room
temperature for 1 h. The suspension was cooled to -78°C and MeLi/Ether [1.6M] (4
equivalents) was added dropwise. The organccerium complex was allowed to form for a
period of 1 h and a solution of nitrile (1 equivalent) in THF {concentration 2.0M) was
added dropwise. The reaction mixture was warmed up to room temperature and stirred for
18 h. The solution was cooled to 0 °C and quenched with water {(~ 1 mL) followed by
addition of 50% agueous solution of aromonium hydroxide (~3 mb.) until precipitatec
formed and settled to the bottom of the flask. The mixture was filtered through a pad of
celite and concentrated. The crude material was treated with a sohution of HCl/dioxane
{4.0M}. The mtermediate arvlpropan-2-amine hydrochlornide was triturated in ether and
used ag is for the next step. Alternatively, the crude free base anune was purified on
combiflash (510, cartridge, CHCl; and 2N NH; in MeQH) to afford the cormresponding

arvipropylamine.
General Procedure C: Suzuki coupling

To a solution of arvi halide (1 equivalent) in a muxture of DME/water [4:1] (concentration
~ 0.2M)} was added boronic acid (2 equvalents), palladium catalyst (0.1-0.25 equivalent)
and sodium carbonate (2 equivalents). The reaction nuxture was microwaved 25 min at
150°C. After filtering through a celite plug and concentrating, the crude product was
purtfied on combifiash (510, cartridge, CHCL; and 2N NH; in MeOH) to afford the

corresponding coupling adduct.

Alternatively: To a solution of arvl halide (1 equivalent} in a mixture of toluene/water
{20:1] {concentration ~ 0.2 M) was added boronic acid (1.3-2.5 equivalents), pailadium
catalyst (0.05-0.15 equivalent), tricyclohexyiphosphine (0.15-0.45 equivalent) and
potassium phosphate {5 equivalents). The reaction muxture was microwaved 25 nun at
1530 °C. After filtering through a celite plug and concentrating, the crude product was
purtfied on combifiash (510, cartridge, CHCl; and 2N NH; in MeQOH) to afford the

corresponding coupling adduct.
General Procedure D: Cyclopropanation

To a maxture of arvl niinde (1 equivalent) and Ti(OG1-Pr)y (1.7 equivalents) stirring at

-70°C, was added dropwise EtMgBr {3.0 M in ether] (1 1 equivalents). The reaction
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mixture was allowed to warm to 25°C and stirred for 1 h. To the above mixture was
added BFs Et;0 (3 equivalenis) dropwise at 25°C. After the addition, the mixture was
stirred for another 2 h, and then quenched with aguecus HCTE [2M]. The resulting solution
was then basified by adding aqueous NaOH {2M]. The organic material was extracted
with ethyi ether. The organic layers were combined, dried over NayS50,, filtered and
concentrated. The crude material was purified by silica gel column chromatography
(eluting with petroleum ether/EtOAc: 10/1 to 1/1) to give the corresponding 1-aryl-

cyeclopropanamine,

General Procedure B Biaryl coupling using Suzuki conditions

To a stirred solution of the ary] halide component {1 equivalent} in 5:1 {v/v}
dioxane/water (~0.15 M) or 3:1 {(v/v} N N-dimethyformamide (~0.15 M), was added the
arviboronate or arylboronic acid coraponent (1-1.5 equivalents), sodiwm carbonate (2-3
equivalents) and {1, 1'-bis{(diphenyiphosphinojferroceneldichloropaliadium(il} (0.05
equivalenis). The mixture was heated (90 °C) overnight and then filtered through a plug
of Celite. The Celite was rinsed with ethyl acetate and the combined filtrate was washed
with brine, dried (Na;SOy) and concentrated. The residue was purified by flash

chromatography over silica

General Procedure I Carbamate formation using an isocyanate generated via a mixed

anhydride/Curtivs Rearrangement route

To a stirred solution of the carboxyiic acid component (1 equivalent) in tetrahydrofuran
{~0.1 M) was added triethylamine (2 equivalents). The reaction was cooled {0 °C} and
treated with isobutyl chioroformate (1.5 equivalents). After 1 howr at 0 °C, a solution of
sodium azide (2 equivalents) in water {~1 M) was added and the reaction was allowed to
warm to room temperature. Afler overnight stirring, the reaction was diluted with water
and extracted with ethyl acetate. The combined extracts were washed with agueous
sodivim bicarbonate solution and brine, dried (Na;S04) and concentrated. The crude acyl
azide was further dried via coevaporation with toluene and then taken up n toluene (~0.1
M). The stirred solution was refluxed for 2-2.5 hours, cooled and treated with an alcohol

component (1.25-2 equivalents). The reaction was heated at reflux overnight and then
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concentrated. The residue was taken up in either ethy! acetate or chloroform and washed
with aqueous sodium carbonate, {Na,80,) and concentrated. The crude product was
purtfied by {lash chromatography over sihica using chloroformy/methanol (less polar

carbamates) or chloroform/methanol/ammonia {(more polar carbamates) solvent gradients.

5 Example 1. l-azabicvelol2.2 2loct-3-v] [2-(4'-fluorohiphenv]-3~vipronan-~-2-

viicarbamate (Compound 1)

Using General Procedure ', 1-azabicyclof2.2 2joct-3-v1 | 2-(3-bromophenyiipropan-2-
vicarbamate (600 mg, 1.63 mmol), 4-fluoropheny] boronic acid (457 mg, 3.27 mmol)
and palladium (1) acetate gave the title compound as a white solid (373 mg; 60%). 'H
10 NMR (400 MHz, CDCl) 8 7.56 (s, 1H), 7.52(dd. J = 5.4, 8.4 Hz, 2H). 7.42-7.3% (m,
3H), 7.12 (m, 2H), 5.18 (5, 1H), 4.62 (s, 1H), 2.66 (m, 6H), 1.72 (s, 6H), 2.01-0.83 {m,
SH) ppm. BCNMR {100 MHz, CDCl53 6 125.0, 124.0, 123 .8, 116.0, 116.0, 71.3, 55.9,
555,476,467, 296,256, 24.8, 19.8 ppm. Purity: 94.0% UPLCMS (210 nm}; retention
fime 0.95 mun; (M+13382.9. Anal. Caled. for CpsHaFN2G 0. 37(CHCLY: C, 65.86; H,
15 647N, 6.57 Found: C, 65.85: H, 6.69: N, 6.49.

Example 2. (Squinuchidin-3-vi 2-(2-{(4-fluorophenyDithiazol-4-v Dpropan-2-

vicarbamate (Compound 2)

To a stirred solution of 4-fluorothichenzamide (8.94 g, 57.6 mmol) in ethanol (70 mlL)
was added ethyl 4-chloroacetoacetate (7.8 mL, 38 mmol). The reaction was heated at

20 reflux for 4 hours, treated with an addition aliquot of ethyl 4-chloroacetoacetate (1.0 mL,
7.4 ramol} and refluxed for an additional 3.5 hours. The reaction was then concentrated
and the residue was partitioned between ethyl acetate (200 mL) and aqueous NaHC(;
{200 mL). The organic layer was combined with a backextract of the aqueous layer (ethyl

acetate, 1 x 75 mbL), dried (Na;S0Oy) and concentrated. The resulting amber oil was

N
W

purified by flash chromatography using a hexane/ethyl acetate gradient to afford ethyl
2-(2-(4-fluorophenyithiazol-4-vijacetaie as a low melting, nearly colourless solid (13.58

g, 89%;).

To a stirred solution of ethyl 2-(2-{4-flucrophenybthiazol-4-yDacetate (6.28 g, 23.7
mmol) in DMF (50 mlL) was added sodium hydride [60% dispersion in nuneral oil] (2.84

36 g, 71.0 mmol). The frothy mixture was stirred for 15 minutes before cooling in an ice
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bath and adding iodomethane (4.4 mL, 71 mmol}. The reaction was stirred overnight,
allowing the cooling bath to slowly warm to room temperature. The mixture was then
concentrated and the residue partitioned between ethyl acetate (80 ml) and water (200
ml.). The orgaric layer was washed with a second portion of water (1 x 200 rol.), driex
{Na;804) and concentrated. The resulting amber o1l was purified by flash
chromatography using a hexane/ethyl acetaie gradient to afford

ethyl 2-(2-{4-fluorophenyithiazol-4-vi}-2~-methvipropanoate as a colouriess oil (4.57

66%%).

o
pab]

To a stirred solution of ethyi 2-(2-{4-fluorophenyijthiazol-4-v1}-2-methyipropanocate (4.56
g, 15.5 mmol) in 1:1:1 THF /ethanol/water (43 mL} was added lithram hydroxide
monohydrate (2.93 g, 69.8 mmol). The reaction was stirred overmight, concentrated and
redissolved in water {175 mL). The solution was washed with ether {1 x 100 mL),
acidified by the addition of 1.0 N HCI (80 mL} and extracted with ethyi acetate {2 x 70
mL). The combined exiracts were dried (NaxSQy) and concentrated to afford
2-{2-{(4-fluorophenvijthiazol-4-y1)-2-methvipropanoic acid as a white solid (4.04 g, 98%).

This material was used in the next step without purification.

To a stirred and cooled (0 ¢} solution of 2-(2-(4-fluorophenyiythiazol-4-yi}-2-
methylpropanoic acid (4.02 g, 15.2 mmol} in THF (100 mL} was added trimethylamine
(4.2 mL, 30 mmol) followed by isobutyl chloroformate (3.0 mL, 23 mmol}. The reaction
was stirred cold for another | howr before adding a solution of sodium azide (198 g, 305
mmol} in water (20 mL). The reaction was stirred overmnight, allowing the cooling bath fo
stowly warm {o room temperaiure. The mixtire was then diluted with water (100 mL) and
extracted with ethyl acetate (2 x 60 mL). The combined exiracts were washed with
aqueous NaHCO; (1 x 150 mbL} and brine (1 x 100 mL), dried (Na,50.) and
concentrated. After coevaporating with toluene {2 x 50 mL}), the resulting white solid was
taken up in toluene (100 mL) and refluxed for 4 hours. (8)-3-qunuclhidino! (3.87 g, 30.4
mmol} was then added and reflux was continued overnight. The reaction was
concentraied and the residue partitioned between ethyl acetate (100 mL) and aqueous
NaHC0O; (150 mL). The organic layer was washed with water {1 x 130 mL), dried
{(Na,804) and concentrated. The resulting off-white solid was purified by flash

chromatography using a chiolofornvmethanol/ammonia gradient to afford the title
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compound as a white solid (4.34 g, 73%). 'H NMR (400 MHz, CDCL) § 7.96-7.88 (m,
ZH), 7.16-7.04 (m, 3H), 5.55 {(brs, 1H}, 4.69-4.62 (m, 1H), 3.24-3.11 (m, 1H), 3.00-2.50
(m, 5H), 2.01-1.26 (m, 1IFD ppm. PC NMR (400 MHz, CDCL) 8 166.4, 165.1, 163.8 (d.
J=25303Hz), 1629, 1550, 1301 (d, /=33 Hx), 1284 (d, /=835Hz), 1159(d. /=223
Hzy, 112.5,71.2, 557,542, 475,465, 28.0,25.5, 247, 19.6 ppm. Purity: 100 %
UPLCMS (210 nm & 254 nmy); retention time 0.83 wmin, (M+1) 390,
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Example 3. (Sy-gumuchidin-3-v1 (2-{4'-{Z-methoxvethoxvi-[ 1. 1'-biphenvil-4-

vipropan-2-vDcarbamate (Compound 3)

Using General Procedure E and the reaction inputs ethyl 2-(4-bromophenyl}-2-
methyipropanoate and 4-(2-methoxy ethoxy yphenvlboronic acid, ethyl 2-(4'-(2-
5  methoxyethoxy}-{1,1"-biphenyl}-4-yD-2-methvipropancate was prepared as an off-white

solid. To a stirred solution of this compound (3.01 g, 8.78 mmeoiy in 11111 (v/v/v)
{etrahy drofuran/ethanol/water (45 mL)} was added hithium hydroxide monohydrate (1.47
g, 61.4 mmol). The nuxture was heated at reflux overrught and then concentrated. The
residue was dissolved in water, treated with 1N hydrochloric acid (65 mb) and extracted

16 with ethyl acetate. The combined organic layers were washed with brine, dried (Na:SO4)
and concentrated to afford 2-{(4'-(Z-methoxyethoxy)-{ 1, 1'-biphenyi{-4-y1}-2-
methylpropanoic acid as a white solid (2.75 g, 100%). This intermediate and
{(S$)-quinuclidin-3-of were reacted according to General Procedure F to generate the title
compound as a colourless, glassy solid. 'H NMR (400 MHz, DMSO-ds) § 7.62-7.29 (m,

15 7H). 7.01(d, =89 Hz. 2H), 447-4.37 (m, 1H), 4.17-4.08 (m. 2H), 3.72-3.62 (m, 2H),
3.32 (5. 3H), 3.09-2.25 (m, 6H), 2.05-1.18 (m, 11H) ppm. "*C NMR (100 MHz, DMSO-
dey 61579, 1545, 1467, 137.4, 1325, 1275, 1257, 1252, 1148, 70,4, 70.0, 66.9, 58 2,
554, 54.2,46.9, 459,294, 253, 24.2. 19.2 ppm. Purity: 100%, 100% (210 & 254 nm)
UPLCMS; retention fime: 0.87 nun; { M+H+) 4395,

20 Example 4. l-azabicvelol2.2 2loct-3-vi [2-{(bivhenvi-3-vDoropan-2-vilcarbamate

{Compound 4}

Using General Procedure ', 1-azabicyclof2.2 2joct-3-v1 | 2-(3-bromophenyiipropan-2-
vicarbamate (600 mg, 1.63 mimol), phenylboronic acid (398 mg, 3.27 romol) and
palladium (11} acetate gave the title compound as a white solid (379 mg, 64%). 'H NMR
(400 MHz, CDCls) § 7.61 (s, 1H), 7.56 (d. J= 7.4 Hz, 2H), 7.50-7.38 (m, 4H), 7.34 (m.
2H), 5.16 (s, 1H), 4.63 (s, 1H), 3.39-2.09 {m, 6H). 1.72 (s, 6H). 2.02-0.73 {m, SH) ppm.
BOONMR (100 MHz, CDCL3) 8 154 8, 147.8, 141.6, 129.0, 129.0, 1286, 127.5, 125.8,
125.0,124.0,71.6.71.3, 55.9, 55.5, 47.6. 46.8, 31.5,30.2, 30.0. 20.5. 25.6, 24.8, 19.8

N
(]

ppm. Purity: 99% UPLCMS (210 nm); retention time $.84 min, (M+1) 365.0. Anal.
30 Caled. for CazsHazgNoOp 0 29CHCL): €, 70,02, H, 7.14: N, 7.01. Found: C, 70.02; H,
7.37: N, 6.84.
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Example 5. (Sy-guinuchidin-3-vi 2-{bhivhenvi-4-vDnropan-2-vicarbamate (Compound

3]

Using General Procedure B, bromobenzonitrite (2.00 g, 11.¢ mmol} was converted 1o the

corresponding 2-(4-bromophenvpropan-2-amine (1.20 g, 51%) as a brown oil.

Using General Procedure A, 2-(4-bromophenylpropan-2-amine (1.0 g, 4.7 mmol} and
{S)y-quinuctidin-3-ol gave (S¥-quinuclidin-3-y! 2-(4-bromopheny Dpropan-2-vicarbamate

{1.0 g, 58%) as a brown oil.

Using General Procedure C, the above bromide {200 mg, 0.540 mmol), phenviboronic
acid (133 mg, 1.10 mwnol) and [PACLpddHCH,CL gave the title compound as a white
solid (70 mg, 35%). 'H NMR (500 MHz, CDCL:} § 7.60-7.53 (mo, 4H), 7.47 (d, J=8.5
Hz, 2H), 7.42 (4, J= 7.5 Hz, 2H), 7.33 (. J= 7.5 Hz, 1H), 5.26 (brs, 1H), 4.64 (m, 1H),
3.33-3.15 (m, 1H), 3.10-2.45 (m, SH), 2.40-1.80 {(m, 2H), 1 78-1.58 (m, 7H), 1.55-1.33
(ro, 2H) ppro. PC NMR (125 MHz, CDCl) 8 154.5, 146.1, 140.8, 1395, 128.7, 127.2,
127.1, 127.1, 125.2, 70.9, 55.5, 55.1, 47.4. 46.4, 31.1, 29.5, 25.3, 24.5. 19.5 ppm. Purity:
100 % LCMS (214 nm & 254 nm); retention time 1.56 min; (M+1) 365,

Wh

Example 6. Qunuclidin-3-vl 1-(biphenvi-4-vDcvclopropvicarbamate {(Compound 6)

Using General Procedure D, bromobenzomitrile (3.00 g, 16.5 mmol) was converted to the

corresponding 1-{4-bromophenyDoyclopropanamine {1.80 g, 51%) as a vellow solid,

Using General Procedure A, 1~{(4-bromophenyicyclopropananune (1.0 g, 4.7 romol) and
quinuchidin-3-ol gave quinuchidin-3-vl 1-{(4-bromophenyijcyclopropyl-carbamate (1.3 g,

75%) as a white semi-sofid.

Using General Procedure C, the above carbamate (400 mg, 1.12 mumol}, phenviboronic
acid {267 mg, 2.22 mmol) and [PACL{(pddH|CHCL, the title compound as a viscous oil
(100 mg, 25%). "H NMR (500 MHz, CDCL;) 3 747 (d, J=7.5 Hz, 2H), 7.43 (d, J= 8.0
Hz, 2H), 7.33 (1, J= 7.5 Hz, 2H). 7.26-7.15 (m, 3H), 5.93 (brs, 0.6H), 5.89 (br s, 0.4H),
4.67 {nm 1HD), 3.20-3.06 (m, 1H), 2.88-2.42 (m, 3H), 1.98-1.08 (m, 9H) ppro. °C NMR
{125 MHz, CDCI3) 5 155.0, 141.0, 139.7, 138.2, 127.7, 126.1, 126.0, 1248, 124.1, 70.0,
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54.5,463,45.4,34.1, 24.3, 232, 18.3, 17.0 ppm. Purity: 100 % LOMC (214 nm & 254

nmy; retention time 1.52 min; (M+1) 363.

Example 7. (S}-quinuclidin-3-vi 1-(4'-fluorobiphenvi-4-vlicyelopropyvicarbamate

{Compound 7)

5 Using General Procedure C, (8)-quinuchidin-3-vl I-{(4-bromophenylcyclopropyl
carbamate, 4-F-phenviboronic acid and [PdCL(pddD | CH,Cl gave the title compound as
a white solid (45%). "H NMR (500 MHz, DMSO-de) 6 8.06-7.83 (d, 1H), 7.69-7.66 (m,
2H), 7.59-7.55 (m, ZH), 7.29-7.22 {m, 4H), 4.56-4.54 (m, 1H), 3.13-2.32 (m, 6H), 1.91-
119 (m, 9H) ppm. PC NMR (125 MHz, DMSO-d) 8 163.2, 161.2, 156.4, 143.7, 136.9,
10 1289, 1288, 1268, 125.6,116.2, 116.0. 70.7, 558,47 4, 464 34,8, 257,246, 19.6,

18.7, 18.6 ppm. Purity: > 97 % LCMS (214 nm & 254 nmy); retention time 1.96 mun;
(M-+1) 381.2.

Fxample & (Si-1-azabicvelol2 2 2loct-3-vi T 12 4'-difluorobiphenyi-4-

vicyclopropvlicarbamate (Compound 8)

15 Using General Procedure C, (8)-quinuclidin-3-vi 1-(4-
bromophenylicyclopropylcarbamate (0.446 g, 1.22 mmol), 2,4-difluoropheny! boronie
acid (0.386 g, 2.44 mmol) and PAOAc): (0.015 g, 0.067 mimol) gave the title compound
as a tan solid (0. 111 g, 23%). 'H NMR (CDCl3) 8 7.43 (dd, /= 8.4, 1.6 Hz, 2H), 7.40-
7.33 (m, 1H), 7.31 (4. ="7.7 Hz, 2H), 6.99-6.81 (m. 2H). 5.54 (d, ./ = 48.0 Hz, 1H),

20 4.82-4.65 (m, 1H), 3.30-3.07 (m, 1H), 2.98-2.44 (m, 5H), 1.97{d, /=327 Hz, 1H), 183

(d,J=103Hz 1H), 1.64 (5, 1H), 1.52 (s, 1H), 1.39 (s, 1H), 1.31 (d, J = 6.8 Hz, 4H)

ppm. *C NMR major rotomer (CDCl) § 162.2 (dd. J = 12.8, 249.1 Hz), 159.8 (dd. J =

11.8, 251.0 Hz), 156.9, 156.0, 142.6. 133.1, 131.3 (m), 128.9, 125.6, 1249, 111.5 (dd, J =

3.9, 21.2 Hz) 104.4 (dd, J = 25.2, 29.4 Hy), 72.1, 71.6, 55.7, 47.4, 46.5, 35.7, 35.3. 25.5,

24.6,24 .4, 195, 18.1 ppm. Purity: LCMS > 99.3 % (214 nm & 254 nm); retention time

0.90 min; (M+1) 399.0.

N
W
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Example @ l-azabicvelo[2.2.21oct-3-v1 [1-{d'-methoxybinhenvi-4-

vievclopropviicarbamaie (Compound 9)

Using General Procedure C, quinuclidin-3-y1 1-{4-bromophenyljeyclopropyvicarbamate
{0.485 g, 1.33 mmol}, 4-methoxyphenyl boronic acid (0.404 g, 2.66 romol) and PA{OAc)h
5 {0.016 g 0.071 mmol) gave the title compound as a grey solid (0.337 mg, 65%). 'H NMR

{CDCI;) 0 748(dd, J=8.6, 5.5 Hz, 4H), 7.29(d, /= 7.6 Hz, 2H), 6.96 (d, /= 8.8 Hz,
2H), 5.58{d, J=48.7 Hz, 1H), 483-4.63 (m, 1H), 3.84 (5, 3H), 3.20(dd, J=24.0, 155
Hz, 1H), 2.97-2.42 (m, SH), 1.97 (d, J=30.9 Hz, 1H), 1.81 (s, 1H), 1.75-1.33 (m. 3H).
1.28 (d, /= 6.8 Hz. 4H) ppm. 7€ NMR major rotomer (CDCL;) § 159.1. 156.0, 141 .4,

10 1390, 1334, 1280, 1267, 1259, 1142 715, 557,553,474, 465,353,255, 24.6,
19.6, 17.8 ppm. Purity: LOMS >97.1 % (214 nmo & 254 nmy); retention time 0.88 min;
(M+1) 393 4.

Example 10

vicarbamate (Compound 18)

15 To astirred and cooled (0 °C) solution of ethyl 5-bromothiophene-3-carboxylate {(13.30 g,
36.57 mmol) in THF (100 mL) was added a solution of methyimagnesium bromide in
diethyl ether {3.0 M} (55.0 mL, 165 momol), dropwise over 20 minutes. After 2 hours, the
reaction solution was concentrated. The residue was taken up in aqueous NH,Cl (200 mb)
and extracted with ethyi acetate (2 x 100 mL}. The combined extracts were dried

20 (Nax$S0O4) and concentrated. The resulting amber o1l was purified by flash
chromatography using a hexane/ethyl acetate gradient to afford 2-(5-bromothiophen-3-

viypropan-2-ol as a pale amber oil (8.05 g, 64%).

To a stirred solution of 2-(5-bromothiophen-3-ylpropan-2-of (8.03 g, 36.3 mmol} in

methylene chloride (80 mL) was added sodium azide (7.08 g, 109 mmol) foHowed by

N
W

tnflucroacetic acid (8.0 ml; dropwise over 3-6 munutes). The thickening suspension was
stirred for 1.5 hour before diluting with water (350 mL) and extracting with ethyl acetaie
{1 x 200 ml). The organic layer was washed with agueous NaHCO; (1 x 250 mL), dried
{(Na;804) and concentrated to afford the crude azide product. To a stirred solution of this
material in THF (160 mb) was added water {11 mL} followed by triphenylphosphine

30 {23.8 g, 90.7 mmol). The reaction was stirred for 2 days before concentrating. The

~J
3]
[
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resulting residue was dissolved in ethyl acetate (250 mbL) and extracted with 1 N aqueous
HCH {4 x 75 mL). The combined extracts were basified with concentrated NH,OH and
extracted with ethyl acetate (2 < 100 mL). These extracts were, in tum, dried (NazSO4)
and concentrated. The resulting amber oil was purified by flash chromatography using a
5  methylene chionide/methanol/ammonia gradient to afford a muxture of 2-(5-
bromothiophen-3-yDpropan-2-amine and triphenylphosphine oxide (~70/30 ratio) as a

viscous amber ol {1.32 g, 17%).

To a stirred solution of 3-quinuchidinol (3.00 g, 23.6 ramol) in THF (100 mL) was added
4-mitrophenvl chloroformate (5.94 g, 29.5}. After stirring for 4 hours, the precipitate was
16 filtered off rinsed with THF and air dried on the frit under house vacuum. The filtercake
was dissolved in ethyl acetate (150 mL) and washed with aqueous NaHCG; (1 x 150 ml)
and water (2 x 150 mi} The organic laver was dried (Na,S8O,) and concentrated to afford
crude 4-mitrophenyl quinuclidin-3-y1 carbonate product, which was used in the next step

without purification.

15 To astirred sohution of 2-(5-bromothiophen-3-ylipropan-2-amine (0.366 g, 1.66 mmol) in
THF (10 mL) was added 4-mtrophenyl quinuchidin-3-v1 carbonate (0.571 g, 1.95 nuvol}
and a tew granules of 4-(dimethylamino)pyridine. The mixture was refluxed overnight,
concentrated and partitioned between ethvl acetate (50 mL} and agqueous NaHCG; (5¢
mi.). The organic laver was washed agamn with aqueous NaHCO5 (1 x S0 mL), dried

20 {(NaySOy) and concentrated. The resulting dirty yvellow gum was purified by flash
chromatography using a chicloform/methancl/ammonia gradient to afford quinuclidin-3-

vl (1-{5-bromothiophen-3-vheyclopropycarbamate as an off-white sohid (0.3035 g, 49%).

Using General Procedure C, quinuchdin-3-vl (1-(8-bromothiophen-3-~

vhevclopropylycarbamate (0.227 g, 0.742 numnol), 4-fluoropheny! boronic acid (0.208 g,

N
(]

1.49 mmol), tricyclohexylphosphine (0.021 g, 0.075 mmol), potassium phosphate {0.866,
4.08 mmol) and palladivm acetate (8.0 mg, 36 umol) gave the title compound as a grey
solid (0.142 g, 49%). 'H NMR (400 MHz, CDClL:) § 7.60-7.45 {m, 2H), 7.24-7.19 (m,
1H), 7.10-6.97 (m, 3H), 5.23 (br s, 1H), 4.72-4.61 {m, 1H), 3.30-3.04 (m, 1H), 3.03-2.25
(m, SH), 2.09-1.02 (m, 11H) ppm. BC NMR (400 MHz, CDCl) 6 162.3 (4, J = 247.1

36 Hzy, 1545, 1498, 1436, 1307, 1274(d, /=8 1 Hz), 121 8, 1189, 115.8(d, /=216

1

~J
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Hr), 70.8, 555,534,473, 46,4, 29.0, 25 4, 24 4, 19.4 ppm. Punty: 958 % UPLCMS
(210 nm & 254 nm}; retention time 0.90 min; {M+1} 389

Example 11:  {(S}-quinuclidin-3-vi 2-(3-(4-fluorophenviyisothiazol-3-vlipropan-2-

vicarbamaie (Compound 11)

5 To stirred solution of 2-(3-{(4-fluorophenylisothiazol-S-vhpropan-2-amane (1.21 g, 5.12
mmol} in toluene was added a solution of phosgene in toluene [~1 .9 M} (10.8 mL, 20.5
mmol}. The reaction was heated at reflux for two hours and then concentrated. The
residue was coevaporated with toluene (2 x 15 mL) to afford the crude isocyanate
mtermediate as golden oi1l. This material was taken up m toluene (10 mL) and treated with

10 (8)3-quinuclidinol (0.749 g, 5.89 mmol). The reaction was heated at reflux overnight and
concentrated. The residue was purified by flash chromatography using a
chloloformy/methanol/ammonia gradient to afford the title compound as a white solid
(0.971 g, 49%). "H NMR (400 MHz, DMSO-dg) & 8.09-8.00 (m, 2H), 7.87 (br s, 1H),
7.75 (s, 1H), 7.35-7.25 {(m, 2H}, 4.54-4.45 (m, 1H), 3.14-2.92 {m, 1H), 2.87-2.17 (m, 5H),

15 198-0.98 (m, 11H) ppm. BCNMR (400 MHz, DMSO-d) & 1801, 1656, 162.6(d, .=
246.4 Hz), 154.7,131.2(d. J=3.0 Hz), 128.7(d. /= 8.4 Hz), 118.2, 115.7 (4, /=21 8
Hz), 70,6, 553,52 8,46.9,459,299 252,242, 19.2 ppm. Purity: 100 % UPLCMS
{210 nm & 254 nm}; retention time 0.82 mun; {M+1) 390,

Example 12:  {S}-quinuclidin-3-vi 2-(4-(4-fluorophenviythiazol-2-vipropan-2-

20 ylcarbamate (Compound 12)

To a stirred solution of ethyl 3~amine-3-thioxopropanoate (20.00g, 135.9 nuool) in
ethanol (120 mL} was added 2-bromo-4 " -fluoroacetophenone (29.49 g 135.9 mmol). The
mixture was refluxed for 1 hour, concentrated and partitioned between ethvl acetate (300

mb) and aqueous NaHCO; (400 mL). The organic layer was combined with a backextract

N
W

of the aqueous laver (ethyl acetate, 1 x 100 mL), dried (Na;S0Oy) and concentrated. The
resulting light brown solid was purnfied by flash chromatography using a hexane/ethyl
acetate gradient {o afford ethvl 2-{4-(4-fluorophenyDithiazol-2-yacetate as an off-white

solid (29.92 g. 83%).

To a stirred and cooled (-78 °C) solution of ethyl 2-(4-(4-fluorophenythiazol-2-

30 yhacetate (10.00 ¢, 37 .69 mmol) in THF (250 mL) was added a solution of potassium

74 .
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-butoxide in THF [ 1.0 M| (136 mi., 136 mmol}. dropwise over 15 minutes, followed by
18-crown-6 (1.6 mbL, 7.5 mmol}. After an additional 30 minutes at -78 °C, iodomethane
(3.5 mL) was added, dropwise over S minuies. The reaction was stirred cold for another 2
hours before pouring into water (450 ml.) and extracting with ethyl acetate (2 x 150 mL).
The combined extracts were washed with brine (1 x 200 mbL), dried (Na;SOy) and
concentraied. The resulting brown oil was purified by {lash chromatography using a
hexane/ethvl acetate gradient to afford ethyl 2-(4-(4-Huorophenyithiazol-2-v1)-2-

methyipropanoate as a pale amber il {(8.64 g, 78%).

To a stirred solution of ethyi 2-{(4-{4-fluorophenyi)thiazol-2-y1}-2-methylpropanoate
(0.900 g, 3.07 mmol}y in 1:1:1 THF/ethanol/water {15 mL) was added hthium hvdroxide
monohydrate {0.451 g, 10.7 mmol). Afler overnight stirring, the reaction was
concentrated and redissolved in water (80 mb). The solution was washed with ether (1 x
30 mL}, acidified with the addition of 1N HCI (15 mL) and extracted with ethvi acetate (2
x 50 ml). The combined extracts were dried (Na;SO4) and concentrated to afford 2-(4-(4-

fluorophenythiazol-2-v1)-2-moethylpropanoic acid as a pale golden solid (0.808 g, 99%).

To stirred and cooled (0 °C) solution of 2-(4-(4-fluorophenyhHthiazol-2-v1}-2-
methylpropanoic acid { 0.784 g, 2.96 mmol} in THF (25 mL) was added triethylamine
(0.82 mL, 5.9 mmol) followed by isobutyl chloroformate (.58 mi, 4.4 mmol}. The
reaction was stirred cold for ancther 1 hour before adding a solution of sodium azide
{0.385 g, 5,92 mumol) in water (7 mL). The reaction was stirred overnight, allowing the
cooling bath to stowly warm {0 room temperature. The mixture was then diluted with
water {100 mL) and extracted with ethyvl acetate (2 < 60 mL}. The combined extracts were
washed with agueous NaHCO; (1 x 150 mb) and brine (1 x 100 mlL), dried (Na,804) and
concentrated. After coevaporating with toluene (2 x 30 mL), the resulting off-white solid
was {aken up in toluene (25 mL) and refluxed for 4 hours. (S3-3-gquinuclidinol {(0.753 g,
5.92 mmol) was then added and reflux was continued for 3 hours. The reaction was
concentrated and the residue was purified by flash chromatography using a
chioloformy/methanol/ammonia gradient to afford the title compound as a white solid
(0.793 g, 69%). TH NMR (400 MHz, CDCL) § 7.90-7.81 (m, 2H), 7.32 (s, 1H), 7.14-7.05
(m, 2H), 5.76 (br s, TH). 4.72-4.65 (m, 1H), 3.26-3.10 (m. 1H). 3.03-2.37 (m, SH), 2.05-
1.23 (m, 11H) ppm. “C NMR (400 MHz, CDCL) § 177.6, 162.6 (d, J=248.4 Hz), 154.8,

1

~J
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153.6, 1308 (d, /=32 Hz), 128.1(d,.J=81Hz), 115.9(d,.7=21.7Hz). 1122, 716,
§5.7,47.4,46.5,29.1, 254, 24.7, 19.6 ppm. Purity: 100 % UPLCMS (210 nm & 254 nm):

retention ime 0.82 min; {(M+1) 390,

Example 13 Quinuchidin-3-vi (2-(4'-CZ-methoxvethoxy)-[ 1.1 -biphenvii-4-vDpropan-2-

viicarbamate (Compound 13)

Using General Procedure F and the reaction inputs 2-(4'-(2-methoxyethoxy)-{1.1'-
biphenyij-4-vi)-2-methyipropanoic acid (prepared as described in Example 3) and
quinuchidin-3-0l, the title compound was generated as a colourless, glassy solid {23%;).
NMR data matched that of Example 3. Purity: 100%, 99.1% (210 & 254 nm) UPLCMS;
retention time: 0.87 min: (M+H") 439.0.

Example 14 ~guinuelidin-3-vi (2

yvDpropan-2-vhicarbamate (Compeound 14)

Exchanging 4-(2~-methoxvethoxy)phenylboronic acid for 3-(2-

methoxvethoxy yphenviboronic acid. the reaction sequence outhned in Example 3 was
used to prepare 2-(3'-{2-methoxyethoxy}-{ 1, 1"-biphenvi}-4-y1)-2-methvipropanoic acid.
This mtermediate and quinuchidin-3-ol were reacted according to General Procedure F to
generate the title compound as a glassy, colourless solid. 'H NMR (400 MHz, DMSO-d)
8 7.63-7.31 (m, 6H), 7.24-7.10 (m. 2H), 6.92 (dd, J=8.2. 1.9 Hz, 1H), 4.51-4.34 (m. 1H),
4.21-4.0% (m, 2H), 3.72-3.64 (m, 2H), 3.32 (s. 3H). 3.09-2.26 (m, 5H), 2.04-1.22 (m, 9H)
ppm. B NMR (100 MHz, DMSO-dy) 5 158.9, 154.6, 147.6, 1415, 137.6, 1299, 126.3,
125.2, 1189, 113.2, 112.5. 70.4, 70.0, 66.9, 58 2. 554, 54.2, 46.9, 459, 29.4. 253, 24.2,
19.2 ppm. Purity: 100%, 100% (210 & 254 nm}y UPLCMS; retention time: 0.91 mun; 15
(M+H") 439.4.

Example 15 Qunuclidin-3-vl (2-(4'-{2-methoxvethoxvi-i 1.1'-biphenvli-3-vDpropan-2-

vicarbamate (Compound 15)

Exchanging ethyl 2~(4-bromophenyl})-2-methyipropanoate for ethyl 2-(3-bromopheny1)-2-
methylpropanoate, the reaction sequence outlined in Example 3 was used to prepare 2-
(4'-(Z-methoxyethoxy)-|1,1"-biphenyl}-3-vi}-2-methyipropanoic acid. This intermediate

and guinuclidin-3-ol were reacted according to General Procedure F o generate the title
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compound as a yellow solid. "H NMR (400 MHz, DMSO-dy) § 7.62-7.20 (m, 7H), 7.03
(d../=8.7 Hz, 2H), 4. 48-4 35 {m, 2H}, 4.18-4.08 (m, 2H), 3.72-3.62 {m, 2H}, 3.32 (5.
3H), 3.10-2.19 (o, 6H), 2.10-1.10 (m, HHH) ppm. PC NMR {100 MHz, DMSO-dy) §
138.0, 154.6, 148.8, 139.5, 1331, 128.5, 127.7,123.8, 123.2, 122.7. 114.8, 70.4, 69.9,
67.0,58.2, 553,545, 470,459,294, 253,242, 19.2 ppm. Purity: 97.4%, 94.6% (210
& 254 nm) UPLCMS; retention time: 0.88 min; (M+H') 439.3.

Example 160 Qunuchidin-3-v1 (2-(4'-3-methoxvopropoxy)-i 1. U-biphenyvii-4-vyDpropan-

2-vDicarbamate (Compound 16)

To a stirred solution of 4-1odophenol (10.05 g, 45.68 romol) in acetonitrile (100 mL) was
added potassium carbonate (6.95 g. 50.2 mmol) and 1-chloro-3-methoxvpropane (6.4 mL,
57.1 mmol). The mixture was heated at reflux overnight and then concentrated. The
residue was taken up in water and extracted with ethyl acetate. The corabined extracts
were washed with aqueous sodium bicarbonate solution, dried (Na,80,) and
concentrated. The crude material was purified by flash chromatography over silica using
a hexane/ethy] acetate eluent to afford 1-i0do-4-(3-methoxypropoxy)benzene as a
colourless oil (4.39 g, 33%). This intermediate and ethyl 2-methyi-2-(4-(4,4,5 5-
tetramethyl-1,3.2-dioxaborolan-2-yliphenylipropanoate were reacted according to
General Procedure E to generate ethyi 2-(4'-(3-methoxypropoxy )-{ 1,1 -biphenyl]-4-y1}-2-
methyipropanoate. To a stirred solution of this compound (0.693 g, 1.94 mmolyin 1:1:1
{v/v/v} tetraby drofuran/ethanol/water (10 mL) was added hithium hvdroxide monohydrate
{0.326 g, 7.77 mumol). The mixture was heated at reflux overnight and then concentrated.
The residue was dissolved in water, treated with 1N hvdrochloric acid (10 ml) and
extracted with ethyl acetate. The combined organic layvers were washed with brine, dried
(Na;804) and concentrated to afford 2-(4'-(3-methoxypropoxy )-{ 1, 1'-biphenyl]-4-y1}-2-
methyipropanoic acid as a waxy, off-white solid (0.630 g, 99%;). This intermediate and
quinuchdin-3~ol were reacied according to General Procedure F to generate the title
compound as a glassy, colourless sohid (62%). "H NMR (400 MHz, DMSO-ds) & 7.61-
7.29 (m, 7H), 7.00 (d, J= 8.8 Hz, 2H), 4.47-4.36 (m, 1H), 4.05 (¢, /= 6.4 Hz, 2H), 3.48 (1,
J=6.3 Hz, 2H), 3.26 (5, 3H), 3.10-2.25 (m, 6H), 2.04-1.74 (m, 4H), 1.65-1.23 (m, 9H)
pp. PC NMR (100 MHz, DMSO-d6) § 158.0, 154.5, 146.7, 1374, 132.4, 127.5, 1257,
1252, 114.8, 699,685, 64.6.57.9. 554, 542, 46.9. 46.0, 294, 29.0, 25.2. 24.1. 192

~3
~J
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ppnt Purity: 97.7%. 98.2% (210 & 254 nm) UPLCMS; retention time: 0.96 min; (M+H ")
4535,

Example 17 Quinuclidin-3-vl 2-(4'-(bvdroxyvmethyly-f 1. 1'-biphenvli-4-ylipropan-2-

vicarbamaie (Compeound 17)

Using General Procedure E and the reaction mputs ethyl 2-(4-bromophenyl}-2-
methylpropanocate and 4-formylphenylboronic acid, ethyl 2-(4'-formyvi-{ 1,1-biphenyl}-4-
vi}-2-methyipropanoate was prepared as a pale amber solid. This intermediate and
quinuchidin-3-ol were reacted according to General Procedure F to generate quinuochidin-
3-y1 Q-4 -formyl-{1,1'-biphenvH-4-vDpropan-2-vycarbamate as foamy, yellow solid. To
a stirred solution of this material (0.755 g, 1.92 mmol} in 2:1 (v/v}

tetrahy drofuran/ethanol (15 mL) was added sodium borohydride (0.073 g, 1.93 mmol).
After 43 munutes, the reaction was diluted with water and exiracted with chioroform. The
combined exiracts were dried {(Na,S0,) and concenirated onto silica. Flash
chromatography over silica using a chloroform/methanol/ammonia eluent provided the
title compound as a white solid {0.323 g, 43%). 'H NMR (400 MHz, DMSO-d;} § 7.66-
7.29 (m. OH), 518 (4, J= 5.7 Hz, 1H), 453 (d, /= 5.7 Hz, 2H), 4.46-4.37 (m, 1H). 3.11-
2.19 {m, 6H), 2.11-1.10 (m, 11H) ppm. C NMR (100 MHz, DMSO-dy) § 154.7, 147.3,
141.5, 1384, 1377 127.0, 1262, 1261, 125.3,78.0,62.6,35.4, 542, 469,459,284,
253,242,192 ppm. Purtty: 97.5%, 99.1 % (210 & 254 nm) UPLCMS; retention time:
0.73 min; (M+H") 395.

Example 18 Cuinuclidin-3-v1 {2-{4'-{2-hvdroxvethvl}-{1 1'-biphenvil-4-vDipropan-2-

viicarbamate (Compound 18}

Using General Procedure E and the reaction inputs 1-(2-(benzvioxy jethyi)-4-
bromobenzene and ethyl 2-methyl-2-(4-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
vhphenyhpropanoate, ethyl 2-(4'-(2-(benzyloxyjethyi}-[1,1'-biphenvi}-4-v1}-2-
methyipropanoate was prepared as a colouriess gum. To a stirred solution of this
compound {1.34 g, 3.33 mmol) in 11:1 (v/v/v) tetrahy drofuran/ethanol/water {18 mL)
was added hithium hydroxide monohydrate (0.698 g, 16.6 mmol). After heating at reflux
overnight, the reaction was concentrated and partitioned between water and diethyl ether.

The resulting emulsion was extracted repeatedly with 0.2 N agueous sodium hydroxide
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solution {5 x 50 mL}. The clear portion of the aqueous layer was removed each time. The
combined aqueous lavers were then treated with 1.0 N hydrochloric acid {80 mL) and the
resulting suspension of white solid was extracted with ethyl acetate. The combined
organic layers were dried (Na;SOy) and concentrated to afford 2-(4'-(2-(benzyloxy Jethyl)-
{1,1-biphenyl}-4-y1}-2-methylpropanoic acid as a white solid (1.20 g, 96%). Ths
compound and guinuclidin-3-ol were reacted according to General Procedwre F (o
generate quinuchidin-3~vl 2~(4'-(2-benzyloxyethyvl)-[1,1-biphenyl]-4-yDpropan-2-
vicarbamate. To a stirred solution of this material (0.435 g, 0.806 mmol) in methanol
was added 1.0 N hydrochloric acid {1 mL) and 10% palladium on carbon {(50% water:
0.087 g). The maxiure was cycled between vacuum and a nitrogen purge several times,
refilling with hydrogen after the last evacuation. After 1.25 hours the reaction was filtered
through Celite and concenirated. The residue was taken up 1n aqueous sodium carbonate
solution and exiracted with 4; 1 {v/v) chlorofornvisopropancl. The combined extracts
were dried (Na,SO4) and concentrated onto silica. Flash chromatography over silica using
a chloroformymethanol/ammonia gradient provided the purified title compound as a
colourless solid. 'H NMR (400 MHz, DMSO-ds) & 7.85-7.63 (m, 1H), 7.63-7.19 (m, 8H)
4.78-4.62 (m, 2H), 3.71-2.78 (m, 8H), 2.76 (1, J= 6.8 He, 2H), 2.26-1.96 (m, 2H), 1.96-
1.40 (m, 9H) ppm. B NMR {100 MHz, DMSO-ds) 6 153.8, 1468, 138.7, 137.9, 137.6,
129.4,126.3, 126.1. 125.3,66.2, 62.1, 54.4, 52.8. 454, 44.5,38.6, 29.5. 2.2, 24.0, 19.9,
16.6 ppm. Purity: 100%, 100% (210 & 254 nm) UPLCMS; retention time: 0.75 min;
(M+H") 409

Examnle 19 utnuclidin-3-vl (2-(2-(4-{3~-methoxvpropoxy iphenyvithiazol-4-vDinropan-

2-vhicarbamate (Compound 19)

To a stirred suspension of 4-methoxythicbenzamide (9.99 g, 59.7 mimol) in ethanol
(75mL} was added ethyl 4-chloroaceioacetate (8.1 mL, 60 mmeol). The mixture was
heated at reflux for 4 hours before cooling, adding additional ethyt 4-chloroacetoacetaie
{0.81 mL, 6.0 mimol} and returning to reflux. Afiter 4 more hours of heating the reaction
was concenirated and partitioned between ethyl aceiate and aqueous sodium bicarbonate
solution. The organic layer was combined with additional ethyl acetate extracts, dried
{(Na,504) and concentrated. The crude product was purified by flash chromatography

over silica using a hexane/ethyl acetate gradient to afford ethyl 2-(2-(4-
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methoxy phenvijthiazol-4-viacetate as a pale amber o1l (1451 g, 87%). To a stirred
solution of this compound (14.48 g, 32.2 mmol} in N, N-dimethy Hormamide (125 mL)
was added sodium hydride {(60% dispersion m muneral oil; 6.27 g, 157 mmol), portion
wise over 15 munutes. The resulting red suspension was cooled (0 °C) and treated,
dropwise over 10 minutes, with iodomethane (9.80 mL, 157 mmol). The cooling bath was
removed and the reaction was allowed 1o stir 4 howrs before concentraling and
partiioning the residue between ethyl acetate and water. The organic laver was waghed
twice more with water, dried (Na,S80;) and concenirated. The residue was purified by
flash chromatography over silica using a hexane/ethyi acetate gradient to afford ethyl 2-
(2-(4-methoxy phenyl)thiazol-4-v1)-2-methylpropanoate as a pale amber il (14.12 g,
89%). To a stirred solution of this intermediate (14.12 g, 46.24 mmol) in methylene
chioride {250 mL} was added boron inbromide (11.0 mL, 116 mimol), dropwise over 5
minutes. After stirring overnight, the reaction was quenched by the slow addition of
methanol (~20 mL) and then concentrated. The residue was taken up in methanol (250
mb} and concentrated sulfuric acid (7.0 mL}. The stirred solution was heated at reflux for
2 hours, concentrated and partitioned between ethyl acetate and aqueous sodium
bicarbonate solution. The organic layer was combined with a second ethyl acetate extract
of the aqueous layer, dried (Na,S04) and concentrated to afford methyl 2-(2-(4-
hydroxyphenylithiazol-4-vi)-2-methylpropanoate as a white solid (12.56 g, 98%). Toa

stirred solution of I-bromo-3-methoxypropane (1.66 g, 10.8 mmol} in acetone (30 mL)

was added the phenol intermediate (2.00 g, 7.21 mmol) and potassium carbonate (1.25 g,
9.04 mmol). The nixture was heated overnight at reflux, filtered and concentrated. The
residue was purified by flash chromatography over silica using a hexane/ethyl acetate
gradient to afford methyl 2-(2-(4-(3-methoxypropoxy yphenyiythiazol-4-v1}-2-
methylpropanoate as a famt amber gum (2.47 g, 98%). To a stirred solution of this
compound (2.45 ¢, 7.01 mmol} in 1:1:1 (v/v/v} tetrahy drofuran/ethanol/water (45 mlL)
was added lithium hydroxide monohvdrate (1.47 g, 35.0 mmol). After overnight stirring,
the reaction was concentrated and partitioned between water and dithvl ether. The
aqueous laver was treated with 1.0 N hvdrochloric acid (40 mL) and extracted with ethyl
acetate. The combined extracts were dried (Na:SO4} and concentrated to afford 2-(2-(4-
(3-methoxy propoxy yphenyiithiazol-4-vi-2-methvipropanotc acid as a white solid (2.19 g,

40 93%;}. This compound and quinuchdin-3-ol were reacted according to Geuneral

- 80 -
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Procedure F to generate the title compound as a soft, faint amber solid. '"H NMR (400
MHz, DMSO-ds) 5 7.82 (d, J = 8.9 Hz, 2H), 7.36 (br s, 1H), 7.24 (br s, 1H), 7.03 (d, J =
8.9 Hz, 2H), 4.49-4 41 (m, TH), 4.07 (t, J= 6.4 Hz, 2H), 3.48 (¢, I = 6.4 Hz, 2H). 3.26 (s,
3H), 3.09-2.26 (ro, 6H), 2.02-1.91 (o, 2H), 1.91-1.03 (m. 11H) ppm. PC NMR (100
Mz DMSO-d6) 6 1658, 1624, 160.0, 154.6, 127.5, 1261, 1149, 1121, 70.1, 684,
64.8,37.9,554,53.5,469,459,28.9, 283,252,242, 19.2 ppm. Purity: 100%, 100%
(210 & 254 num) UPLCMS; retention time: 0.87 min; (M+H") 460,

Example 20:  Cumnuchdin-3-v1 (2-(2-(4~{2-methoxvethoxyphenyDthiazol-4~v Dinronan-~

2-vhicarbamate (Compound 28)

To a stirred solution of 2-bromoethy! methy! ether (1.88 g, 13.5 mmol} in acetone was
added methyl 2-(2-(4-hyvdroxyphenyithiazol-4-y1)-2-methylpropanoate (prepared as
described 1 Example 19, 2.00 g, 7.21 mimol) and potassium carbonate (1.56 g, 11.3
mmol). After heating at retlux overnight, the mixture was treated with additional 2-bromo
ethyl methyl ether (1.88 g, 13.5 mmol) and potassium carbonate (1.56 g, 11.3 mmol}. The
reaction was heated at reflux for a second night, filtered and concentrated. The residue
was purtfied by flash chromatography over silica using a hesane/ethvl acetate gradient to
afford methyi 2-(2-{4-(2-methoxyethoxy yphenyithiazol-4-vi-2-methyipropanoate as a
white solid {2.71 g, 90%;). To astirred solution of this compound (2.71 g, 8.08 mmol) in
11 {vie/v) tetrahy drofuran/ethanol/water (50 ml) was added lithiom hydroxide
monohydrate (1.70 g, 40.5 momol). After overnight stirring, the reaction was concentrated
and partitioned between water and diethyl] ether. The aqueous laver was treated with 1.0
N hydrochloric acid (41 mL) and exiracted with ethyvl acetate. The combined extracts
were dried (NapS0y4) and concenirated {o afford 2-(2-(4-(2-

methoxyethoxy )phenviythiazol-4-y13-2-methylpropanoic acid as a white solid (2.37 g,
99%;). This compound and quinuchidin-3-ol were reacted according to General Procedure
F to generate the title corapound as a pale arober solid. 'H NMR (400 MHz, DMSO-ds) 8
7.82(d, J=3.8 Hz, 2H), 7.36 (br s, 1H), 7.24 (br s, 1H), 7.04 (d, J = 8.8 Hz, 2H), 4.49-
4.47 (m, T, 4.19-4.12 (m, 2H), 3.71-3.65 (m, 2H), 3.32 (s, 3H), 3.11-2.87 (m, 1H),
2.86-2.19 {m, SH}, 1.92-1.16 (m, 11H) ppm. BCNMR (100 MHz, DMSO-dy) 8 165.7,
162.9. 1599, 154 .6, 127.5,126.2. 1149, 112.2. 70.3, 70.1, 67.1, 58 2. 554, 53.5, 46.9,

-81 -
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459,283,252, 24.3. 19.2 ppm. Purity: 100%, 100% (210 & 254 nm) UPLCMS;
retention time: 0.85 min; (M+H') 446,

Example 21:  Quinuclidin-3-v1 2-(5-(4-2-methoxvethoxy)phenvipyridin-2-yDpropan-2-

vicarbamaie (Compound 21)

Using General Procedure E and the reaction inputs 3-bromopicolinonitrile and 2-(4~(2~
methoxvethoxyiphenvi}-4.4.5 S-tetramethyl-1,3,2-dioxaborolane, 5-(4-(2-

methoxyethoxy jphenylpicolinonitrile was prepared. Cercium trichloride (8.05 g, 21.6
mmol} was loaded info a flask and dried by heating (170 °C) under vacuum for 3 hours.
The solid was taken up in tetrahydrofuran (20 mL) and stirred vigorously for 30 minutes.
The suspension was cooled to -74 °C and treated, dropwise, with a 3.0 M solution of
methyllithium in diethyl ether (7.2 mL, 21.6 mmol}). Following addition, the reaction was
stirred at -78 °C for 1 hour before adding a solution of the above arviborate (1.83 g, 7.20
mmol} in tetrahydrofuran (20 mb). The mixture was maintained at -78 °C for 2 hours and
then allowed to warm to room temperature. At this time, the reaction was guenched by
the addition of aqueous ammonium hydroxide (10 ml) and filtered through a plug of
Celite. The filtrate was exiracted with ethyl acetate and the combined extracts were
washed with brine, dried (Na,S04) and concentrated. The residue was purified by flash
chromatography over silica using ethyl acetate eluent to afford 2-(5-(4-{2-
methoxvethoxy yphenvhpyridin-2-yDpropan-2Z-amine as a yellow solid (0.800 g, 39%]}. To
a stitred suspension of this intermediate (0.500 g, 1.75 nunol) in water (10 mL) and
concentrated hydrochloric acid (0.44 mL) was added toluene (10 mL). The mixture was
cooled (0 °C) and trealed with, stimulianecusly over 1 hour, solutions of triphosgene
(0.776 g, 2.62 mmol) in toluene (10 mbL) and sodium bicarbonate (2.2 g, 26 numol) in
water (20 mL}. Following the additions, the reaction was stirred for an additional 30
minutes before the upper toluene layer was removed and dried (N a;504). At the same
fime, a stirred solution of quinuchidin-3-0} {0.445 g, 3.64 mmol) in tetrahydrofuran (10
mbl} was treated with sodivm hydride {60% dispersion in nuneral oil; 0.154 g, 3.85
mmol}. This muxture was stirred for 5 minutes and then addad to the solution of crude
isocvanate in toluene. The reaction was stirred for 10 minutes, quenched with the addition
of brine (5 mbL) and extracted with ethyl acetate. The corabined extracts were dried

(Na;804) and concentrated. The residue was purified by flash chromatography over
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reversed phase silica to afford the title compound as a light vellow solid (0.100 g, 13%:.
"H NMR {500 MHz, CBCL) 6 8.70-8.70 (d, J= 2.0 He, 1H), 7.83-7 81 {m, 1H}, 7.49-
747, J=90Hz 2H), 7.45-743(d,.J=80Hz, 1H), 703-7.01 {d, /=85 Hzx, ZH}, 6.63
(brs, 1H). 4.68-4.66 (m, 1H), 4.16 (. J=5.0Hz, 2H), 3.77 (L J= 5.0 Hz, 2H), 3.45 (s,
3H), 3.19-2.70 (m, 6H), 2.15-1.89 (m, 2H), 1.76 (s, 6H). 1.73-1.36 (m, 3H) ppm. 1C
NMR (125 MHz, CDCL 8 1627, 1589, 1549, 1459, 134.8, 1343, 1301, 1281, 119.2,
1152, 71.0,708,67.4,592,559,557,47.4,46.5, 464,279,254, 246, 195 ppme.
Purity: >99% (214 & 254 nm) LCMS: retention time: 1.32 min; (M+H") 440.2.

Example 22.  Cunuchidin-3-v1 (2-(4'-3-cvanopropoxyi-{ 1.1 -biphenvil-4-vDpropan-2-

vicarbamate (Compound 22)

To a stirred solution of 4-bromophenol (17.1 g, 98.8 mmol} in acetoniirile (150 mL}) was
added {-bromobutylnuirile (12.3 mi., 124 mimol) and potassium carbonate (15.0 g, 109
mmol}. The mixture was heated to reflux overnight, cooled and concentrated. The residue
was taken up in waler and extracted with ethyl acetate. The combined exiracts were dried
{(Na,S0y) and concentrated and the crude material was purified by flash chromatography
over silica using a hexane/ethyl acetate eluent to afford 4-(4-bromophenoxy dbutanenitnle
as a white solid (20.8 g, 88%). To a stirred solution of this product in V. V-
dimethylformamide (100 mL), was added bis{pinacolato)diboron (4.60 ¢, 18.1 mmol),
potassiom acetate (7.41 g, 75.5 munol) and [1,1-bis(diphenviphosphino)ferrocene]-
dichloropalladium{if) corplex with dichloromethane (0.616 g, 1.04 mmol). The nuxture
was heated to reflux overnight and then concentrated. The residue was taken up in ethyl
acetate and washed with water and brine. The organic laver was dried (Na;SOy) and
concentrated and the crude product was purified by flash chromatography over silica
using a hexane/ethy! acetate eluent to afford 4-(4-(4.4,5 5-tetramethvl-1,3,2-
dioxaborolan-2-viphenoxy Youtanenitrile as a white solid (3.43 g, 79%;). This product and
quinuchidin-3-v1 (2-(4-bromophenyDpropan-2-vhcarbamate (prepared by reacting
quinuchidin-3-ol and 2-(4-bromopheny!}propan-2-amine using General Procedure F) were
reacted according to General Procedure E to generate the title compound as a white sohid.
'HNMR (400 MHz, DMSO-d} & 7.67-726 (m, TH), 7.02 (d, J=8 8 Hz, 2H), 4. 50-4 33
(m, 1H), 4.08 (t, J = 6.0 Hz, 2H), 3.14-2.18 (m, 8H). 2.04 {quin, J = 6.7 Hz, 2H), 1.94-
1.70 (m, 11H) ppm. C NMR (100 MHz, DMSO-ds) 5 1577, 154.5, 146.8, 137.4, 132.7.
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127.6,1257,1252, 1202, 114.9, 70.0, 658,554, 54.2, 469,459,294, 253, 247 242,
19.2, 13.4 ppm. Purity: 100%, 98.9% (210 & 254 nm) UPLCMS; retention time: .88
min; (M+H") 448 6.

Example 23 Quinuclidin-3-v] {2-(4'-{cvanomethoxy - 1. U-biphenvii-4-vDpropan-2-

viicarbamate (Compound 23}

Using General Procedure E and the reaction mputs quinuclidin-3-vi (2-(4-
bromophenylipropan-2-vi)carbamate (prepared by reacting quinuchidin-3-ol and 2-{4-
bromophenyDpropan-2Z-amine using General Procedure F) and 4-

{cyanomethoxy yphenylboronic acid, the title compound was prepared as a pale amber
solid. 'H NMR (400 MHz. DMSO-d,) § 7.65 (d, /= 8.2 Hz, 2H), 7.60-7.31 (m, 5H). 7.15
(d,J= 8.9 Hz, 2H), 5.21 (s, 2H), 4.53-4.30 (m, 1H), 3.18-2.19 (m, 6H), 2.05-1.18 (m,
HH) ppmu B NMR (100 MHz, DMSO-d;) 8 1558, 154.6, 1472, 137.2, 1344, 127.8,
126.0, 1253, 116.7. 115.3, 70.0, 55.4, 54.2, 53.5, 46.9, 45.9, 29.4, 25.2, 24.2, 19.2 ppm.
Purity: 100%, 100% (210 & 254 nm) UPLCMS; retention time: 0.85 min; (M+H ') 420.3.

Example 24:  Tissue distribuiion of Compound 1 in a mouse model of proteinopathies

A mouse model has been described (Gha 7777 that exhibits progressive
accumulation of proteinase K-resistant ai-synuclein, ubiguitin and tau aggregates in the
central nervous system. This is reminiscent of the protein deposits seen, for example, in
Lewv neurties in patients with Parkinson’s disease and Lewy body dementia. These mice
also display a demonstrable hippocampal memory deficit. The distribution of in brain and

liver tissue of these mice was investigated following oral administration of Compound 1.

Methods

o DAOSVIDAOST . . p : N o ,
Gha """ mice (harboring a point mutation at residue 409 in the murine Ghal gene)
were bred under a protocol approved by the Institutional Animal Care and Use
Comnuttee. Treatments were adnunistered as described and the animals were humanely

sacrificed at pre-determined time poinis or upon reaching a humane endpoint.

- D4eRVID409 . . .o . .
A subset of Gha """ mice received Compeund 1 administered in food using a

formulation calculated to provide 60 mg/kg/dav. Drug administration was initiated when

-84 .



10

15

20

WO 2016/145046 PCT/US2016/021512

pups were weaned at 4 weeks of age and continued until euthanasia at 4 or 10 months of
age. The concentraiion of Compound 1 in brain and liver tissues was determined by mass
speciromelry (see e.g. Ramanathan ef o/, “The emergence of high-resolution MS as the
premier analvtical tool mn the pharmaceutical bioanalysis arena” Rioanalysis. Mar

2012:4(5):467-469).
Results

Mice fed with a diet containing Compound 1 demonstrated tissue exposure of: 217+ 12
ng/ g tissue in the cortex; and 10512 + 603 ng / g tissue in the hiver, i.e. the concentration

of Compound 1 in the brain was approximately 2% of the concentration i the liver.

These results demonsirate that Compeund 1 crosses the blood-brain barrier,

Example 25.  Administration of Compound 1 improves memory deficitin

—~ 409174097 .
Ghal 7 mice

o g DAOOVIDIO - ~
The extent of memory deficit in Gha /™" mice was evaluated using novel object

recognition {(NOR) and fear conditioning (FC) tests.

Methods

g, (DAOTIDAONY , : <
Gha i7"V wice were bred and treated according to Exarople 24.

Mice were fed the control diet or the Compeund 1 diet as described 10 Example 24.

In the NOR test, four month-old wild type {W'F) and Gha PP mice were dosed
with Compound 1 starting at 4 weeks of age and were subjected o the NOR test at 3

months {2 months post-treatment).

Mice were individually habituated to explore an open-field box for 5 mimutes. During the
first training session (T1), two identical objects were synunetrically placed into the open
field 14 inches from each other. Animals were allowed to explore for 5 minutes. The
number of investigations was recorded by a blinded investigator. After a 24 hour retention
period, animals were tested (T2) for their recognition of a novel object. Mice were placed
back into the open-field box for 5 minutes, and the time spent investigating the fanliar

and novel objects was recorded.
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Statistical analvses were performed by Student’s -test or analysis of variance (ANOV A}
followed by Newman-Keuls' post-hoc test. Preference for novelty was defined as
investigating the novel object more than 50% of the time by a one-sample r~test. All
statistical analyses were performed with GraphPad Prism v4.0 (GraphPad Software, San

Diego, CA). Values of p<0.05 were considered significant.

: . XY T - D409V /DA09Y : . . ~
Ten month-old wild type (WT) and Gha 77" mice were subjected to FC memory

tests. For the FC tests, mice were trained in four of the Med Associates” Near Infrared
Fear Conditiorung System chambers (St. Albans, VT). Mice were placed in the contextual
fear chamber in “Context A,” which consists of lighting, a neutral background and a
stainless steel grid floor. The mice were tramed with a 3-trial delay-cued protocol as
defined below. The mice were first given 2 mimites to explore the chamber i Context A
before a conditioned stimulus (US) of a 2000 Hz cue was given. Thirty seconds later a
onte second unconditioned stimulus (US) of 0.6 mA foot shock was applied. With an
mter-trial interval (JT1) of 3¢ sec, this US-CS response was repeated three times. After a
24 hour retention pertod, nuce were brought back to the testing room and habttuated to
the room for 1 hour. The mice were again placed in Context A for 5 minutes and freezing
1o the context was recorded. Fraezing (defined as the lack of movement, except for
respiration} was recorded using a near-infrared carnera systemn, Mice were then removed
from the chamber and placed back into their respective cages. After | hour, the nuce were
placed back into the chamber in a novel context, Context B. The mice were allowed to
explore the cage for 3 munutes in the novel environment, followed by 3 munuies of the 3-
tone auditory cue with the same 1T as the training protocol. Again, freezing to the novel
environment and the cue were assessed with the near infrared camera system. Contextual
memory is defined as the freezing from the training context minus the freezing in the

novel context. Cued mermory ts defined as the freezing to the cue in the novel context.

Results

Resulis are of the NOR test are shown i Figure 1. Resulis are expressed as percentages

of target investigations during training (T1) or testing {T2).

In detail, trial 1 (training, solid bars} revealed no object preference when exposed to two

stimilar objects. After a 24 hour retention period, mice were presented with a novel object.

- 8E -
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In trial 2 (testing, hatched bars), W'T mice investigated the novel object significantly more
frequently (p<0.05). In contrast, untreated Gha ™"V mice (middie hatched bar)
showed no preference for the novel object, indicating a cognitive impairment.

Gha iV mice treated with Compound 1 (right-hand hatched bar) exhibited a trend
to reversal of their memory deficit when presented with the novel object during the
{esting trial. The results are represented as the means + the SEM. The horizontal ling

demarcates 50% target investigations, which represents no preference for etther object.

Results are of the FC tests are shown 1n Figure 2. Figure 2A shows the results relating to

contextual memory. Figure 2B shows the resulis relating to cued memory.

-y D4O9VD4Ga7
Control Gba ™"

mice {nuddle, hatched bars) showed decreased freezing responses
in contextual and cued FC testing, confirming the memory impairment. Treatment with
Compound 1 (nghi-hand, solid bars) improved the freezing responses in the contextual
paradigm (Fig. 2A). indicating an improved hippocampal memory. On the other hand,
admunistration of Cempound 1 had no effect on cued memories (Fig. 2B), suggesting the

amygdala fear responses are not affected by quinuchdine compounds as described herein.

Example 26:  Administration of Compound 1 imnproves memory deficit in mice

overexpressing AS3T a-svnuclemn

The extent of memory deficit was evaluated in mice overexpressing A537T a-synuciein
using novel object recognition (NOR) and fear conditioning (FC) tests. These mice
develop a-synuclein inclusions, similar to those observed in humans suffering from

a~-svrnucleinopathies, and present with neurodegeneration and severe motor impatrment.
Methods

Pri-A53T-SNCA transgenic mice (FAS3T” miuce) express human AS3T-o~synuclein (line
ME3) under the transcriptional control of the murine PrP promoter (Giasson ef al |
“Weuronal alpha-synucleinopathy with severe movement disorder in mice expressing
AS53T human alpha-synuclein”™ Newron (2002} 34(43:521-533). The A53T mice were bred

and treated substantially as described in Example 24,

Mice were fed the control diet or the Compeund 1 diet as described 10 Example 24.
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The NOR test was performed as described in Example 23, except that the mice were
dosed with Compeound 1 at 6 weeks of age and were subjected to the NOR {est at 4.5

raonihs.

The FC test was also performed as described in Example 25, except that the mice were

subjected to the test at eight months of age.
Results

Resulis are of the NOR test are shown i Figure 3. Results are expressed as percentages

g, animals revealed no object

o0

of target investigations during testing (T2). During trainin

preference when exposed to two stmilar objects (data not shown).

The WT mice investigated the novel object significantly more frequently (lefi-hand bar,
p<0.05). In contrast, A53T mice showed no preference for the novel object, indicating a
cognitive impairment {(middle, hatched bar). A53T mice treated with Compound 1
exhibited a trend to reversal of their memory deficit when presented with the novel object
during the testing trial (night-hand, solid bar). The results are represented as the roeans +
the SEM. The horizontal line demarcates 50% target investigations, which represents no

preference for either object.

Results are of the FC tests are shown in Figure 4. Figure 4 A shows the resuiis relating to

contextual memory. Figure 4B shows the resulis relating to cued memory.

Control AS3T mice (middle, hatched bars) showed decreased {reezing responses in
contextual and cued FC testing, confirnung the memory impairment. Treatment with
Compound 1 improved the freezing responses in the contextual paradigm (Fig. 4A, rnight-
hand, solid bar), indicating an improved hippocampal memory. Admunistration of
Compound 1 had only a marginal effect on cued memories (Fig. 4B, right-hand, solid
bar}, suggesting the amygdala fear responses are not affected by administration of
quinuclidine compounds as described herein. Without wishing to be bound by theory, the
mventors postulate that the effects on memory which are observed in these mouse models
may be due to a reduction in protein aggregates within neural tissue of the nuce

concomitant with a reduction in levels of toxic substrates within those cells {quinuchidine

- 88 -
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compounds as described herein are capable of. for example, reducing intra-cellular levels

of sphingolipids which may have an adverse impact on neural tissue).

Example 27.  Admunstration of Compound 1 reduces protein aggregation in the brain

The ability of quinuchidine compounds as described herein to reduce and/or reverse

}[34 09V/D409V

protein aggregation in the brains of Gba. mice was assessed.

Methods

Wild-type (WT) and Gha /7”77 mice were fed the control diet or the Compound 1
diet as described 10 Example 24. The accumulation of proteins (ubiquitin, a-synuclein
and protein tau) was determined by hippocampal quantification and protein
immoreactivity both with and without treatrent with Compeund 1. Protein levels at 4

D40V D409

weeks of age in Gbal mice were used as baseline levels; protein levels were

measured at 16 and at 40 weeks of age.

For histological analysis, mice were perfused with cold PBS. Brains were removed and
post-fixed in 10% (v/v) neutral buffered formalin for 48 hours. Tissues were then placed
in 30% sucrose, embedded and sectioned at 20 ym in a crvostat. Some tissues were
pretreated with proteinase K (1:4 dilution; DAKO, Carpinteria, CA) for 7 munutes at
room temperature to expose a~-synuclein and other aggregated proteins. Brain sections
were blocked with 10% (v/v) serum for | hour at room temperature and incubated with
the following antibodies: mouse anti-ubiquitin {1:500; Millipore, Billerica, MA), rabbit
anti-al pha-synuclein (1:300; Sigma, St. Lows, MO), and mouse anti-tau (1:500, Tau-5,
Millipore, Billerica, MA). Brain sections were then incubated for 1 hour at with either a
donkey anti-mouse AlexaFhior-488 or donkey anti-rabbit AlexaFluor-555 secondary
antibody (1:250 dilution; Invitrogen, Carlsbad, CA). For a-synuclein aggregate
quantification, a cvanine 3-tyramide signal amplification kit was used (PerkinElmer,
Waltham, MA). Nuclei were stained with DAPI (Sigma, St. Lows, MQ). Sections were

cover-shipped with aqua poly/mount (Polysciences, Warrington, PA).

For morphometric analysis, sections were imaged with a SPOT camera (Diagnostic
Instruments, Sterling Heights, MI} paired with a Nikon Eclipse E800 fluorescence

microscope equipped with a 20X objective lens. The siratum radiatum, external to the
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CATl huppocampal cell layer, was imaged for each animal. Two or three sections were
imaged per animal. All images were exposure-matched for Metamorph analysis
(Molecular Devices, Summyvale, CA). For ubiquitin and tau quantification, the same
threshold was used for all images such that the aggregates were positively counted and
the threshold area was recorded for each image in pixels. For a-synuclein guantification,
each image was analyzed individually using a range of threshold values to quantity the
area of the aggregates accurately and eliminate variable background signals. Thase
procedures were performed blind to genotype or treaiment. The percent threshold area

was calculated and expressed as mean + SEM.
Results

Hippocampal quantification of ubiquitin aggregates is shown in Figures SA (16 weeks of

age, n>5 per group) and 5B (40 weeks of age, n>8 per group}. The resuits are represented

as the means + the SEM. Bars with different letters are significantly different from each

other {(p<0.05}. The images in Figure 6 show ubiquitin immunoreactivity {green) in the
DAasy DAV

hippocampt of 40 week-old Gba/ mice control (Fig. 6A} or treated with

Compound 1 (Fig. 68). DAPI nuclear stamning is shown n blue.

Hippocampal quantification of proleinase K-resistant a~synuclein aggregates is shown in
Figures 7A (16 weeks of age, n=5 per group) and 7B (40 weeks of age, n>8 per group).
The resulis are represented as the means + the SEM. Bars with different letters are
significantly different from each other (p<0.05). The tmages in Figwre 8 show proteinase
K-resistant a-synuclein immunoreactivity (red) in the hippocampt of 40 week-old

Gha 17774 mice control (Fig. 8A) or treated with Compeund 1 (Fig. 8B). DAPI

nuclear staming is shown in blue.

Hippocampal quantification of protein tan aggregates is shown in Figures 9A (16 weeks
of age, n>3 per group) and 98 {40 weeks of age, n>8 per group). The resulis are
represented as the means =+ the SEM. Bars with dufferent letters are significantly different
from each other (p<0.05). The tmages in Figure 10 show tau immunoreactivity {green) in

7 D409V D409
{

the hippocampi of 40 week-old Gha mice control {Fig. 10A} or treated with

Compound 1 (Fig. 10B). DAPI nuclear staiming is shown in blue.

=90 -
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The Gba ™" mice accumulate ubiquitin, g-synuclein and protein tau aggregates
from 4 1o 40 weeks of age. Treatment with quinuchidine compounds as described herein,
(1) blocked the accumulation of ubiquitin aggregates at 40 weeks of age, reducing its
levels to wild type controls; (ii) reduced the accurnulation of a-svnuclein aggregates at 40
weeks of age: and (1i1} blocked the accumulation of tau aggregates at 40 weeks of age.

Trends 1o these results were also observed at 16 weeks of age.

The resulis presented herein show the effects of quinuclhidineg compounds as described
herein on neuronal o-synuclein and protein tau processing /7 vivo and demonstrate the
therapeutic potential of administering quinuclidine compounds as described herein for

treating proteinopathies.

Example 28:  Preparation of {(S3-Ouinuchdin-3-vl (2-(2-(4-fluorophenvlithiazol-4-

vpropan-2-vlcarbamate free base

Step 1: Dimethylation with methyl iodide

- ! /’::—’}—‘F ‘t i / @F
O N K- OBU/THF/CH,l 'e) N
S~ \g‘]}/\ﬁ ;?;’K / . N \ﬁ? \§ I/

0-10°C, Ny
Chemical Formula: Cy3H2FNG,S Chemical Formula: CygHgFNOLS
Exact Mass: 265.06 Exact Mass: 283.09
Molecular Weight: 265.30 Molecular Weight: 283.36

A 3N RB flask was equipped with a thermometer, an addition funnel and a mitrogen inlet.
The flask was flushed with nitrogen and potassium tert-butoxide (MW 11221, 754
mmol, 8.46 g, 4.0 equiv., while powder} was weighed out and added to the flask via a
powder funnel followed by the addition of THF (60 mL). Most of the potassium tert-
butoxide dissolved to give a cloudy solution. This mixture was cooled in an ice-water
bath to 0-2°C (internal temperature}. In a separate flask, the starting ester (MW 265.3,
18.85 mmol, 5.0 g, 1.0 equiv. )y was dissolved in THF (18 mL + 2 mL as rinse) and
transferred to the addition funnel. This solution was added dropwise to the cooled mixture
over a period of 25-30 min, keeping the internal temperature below 5°C during the
addition. The reaction mixture was cooled back to 0-2°C. In a separate flask, a sohution of
methyl wodide (MW 141.94, 47.13 ramol, 6.7 g, 2.5 equiv.} in THF (6 ml.} was prepared

and transferred to the addition funnel. The flask containing the methyl iodide solution was
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then rinsed with THF (1.5 mL} which was then transferred to the addition funnel already
containing the clear colorless solution of methyl iodide in THF. This solution was added
carefully dropwise to the dark brown reaction mixture over a period of 30-40 min,
keeping the internal temperature below 10°C at all times during the addition. After the
addition was complete, the slightly turbid mixture was stirred for an additional 1 h during
which time the mternal temperature dropped to 0-3°C. After stirring for an hour at 0-5°C,
the reaction muxture was quenched with the slow dropwise addition of 5.0M agueous HCI
(8 mL) over a pertod of 5-7 min. The internal temperatire was maintained below 20°C
during this addition. After the addition, water {14 mL)} was added and the mixture was
stirred for 2-3 min. The stirring was stopped and the two lavers were allowed fo separate.
The two layers were then transferred to a 250 ml 1IN RB flask and the THF was
evaporated in vacuo as much as possible to obtain a biphasic layer of THF /product and
water. The two layers were allowed to separate. A THF solation of the Step? product was

used in the next reaction.

Step Z: Hydroelysis of the ethyl ester with LiOH monchydraie

= F o LIOHHO (2.2 equiv.) , - F
\/ON\\?& / THF/HO (3:2), Ny Hoﬁ%& p
O g O -8

reflux, 16 h

Chemical Formuia: CqsHgFNO,S Cherical Formuia: Cy3HoFNO,S
Exact Mass: 293.09 Exact Mass: 265.06
Molecular Weight: 283.36 Molecular Weight: 265.30

The crude esier in THF was added to the reaction flask. Separately, LIOH H,0 (MW
4196, 75.0 mynol, 3.15 grams, 2.2 equiv.) was weighed out in a 100 mL beaker to which
a stir bar was added. Water (40 mL} was added and the mixture was stirred till all the
solid dissolved io give a clear colorless solution. This aqueous solution was then added to
the 250 ml. RB flask containing the solution of the ester in tetrahydrofuran (THF). A
condenser was attached to the neck of the flask and a nitrogen inlet was attached at the
{op of the condenser. The mixture was heated at reflux for 16 hours. After 16 hours, the
heating was stopped and the muxture was cooled to room temperature. The THF was
evaporated in vacuo to obtain a brown solution. An aliquot of the brown aqueous solution
was analyzed by HPLC and LC/MS for complete hvdrolysis of the ethyl ester. Water (15
mb} was added and this aqueous basic solution was exiracted with TBME (2 x 40 mL} {o
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remove the t-butyl ester. The aqueous basic laver was cooled in an ice-water bath to
0-10°C and acidified with dropwise addition of concentrated HCl to pH ~ 1 with stirring.
To this gummy solid in the aqueous acidic solution was added TBME (60 ml} and the
mixture was shaken and then stirred vigorously to dissolve all the acid into the TBME
layer. The two layers were transferred to a separatory funnel and the TBME layver was
separated out. The pale yvellow aqueous acidic solution was re-gxiracted with TBME (40
mbi) and the TBME layer was separated and combined with the previous TBME laver.
The aqueous acidic layer was discarded. The combined TBME layers are dried over
anhydrous Na;SQy, filtered and evaporated i vacuo to remove TBME and obtain the
crude acid as an orange/dark yellow il that sohidified under high vacuum to a dirty
vellow colored solid. The crude acid was weighed out and cryvstallized by heating it in

heptane/TBME (3.1, 5 mL/g of crude} to give the acid as a yellow solid.

Step 3: Formation of hydroxamic acid with NH,OH.H(CI

feea - e -
HO N F OMCDUTHF, 1h i, No HOHN N —F
] DA / - i 1 2 J/
O -5 (i} NH,OH HCIH,O, o/n O -5

Chemical Formula: Cy3H:FNO,S Chemical Formula: CyaH:FNG.S
Exact Mass: 285.06 Exact Mass: 280.07
Molecular Weight: 265.30 Molecular Weight: 280.32

The carboxylic acid (MW 265.3, 18.85 mmol, 5.0 g, 1.0 equiv.} was weighed and
transferred to a 25 mL IN RB flask under mitrogen. THF (5.0 miL) was added and the acid
readily dissolved to give a clear dark vellow to brown solution. The solution was cooled
{o 0-2°C (bath temperature} in an ice-bath and N, W' -carbonvidiimidazole (CD{; MW
162.15,20.74 mwmol, 3.36 g, 1.1 equuv.) was added stowly in small portions over a period
of 10-15 roinutes. The ice-bath was removed and the solution was stured at room
temperature for 1 h. After 1 h of stirring, the solution was again cooled in an ice-water
bath to (-2°C {bath temperature). Hvdroxylamine hydrochlonde (NH,OH HCI, MW
69.49, 37.7 vamol, 2.62 g, 2.0 equiv.) was added slowly i small portions as a solid overa
period of 3-5 minutes as this addition was exothermic. After the addition was complete,
water (1.0 mL) was added to the heterogeneous mixture dropwise over a period of 2
minules and the reaction mixture was stirred at 0-10°C in the ice~water bath {or 5

nunutes. The cooling bath was removed and the reaction mixture was stirred under
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nitrogen at room femperature overnught for 20-22 h. The solution became clear as all of
the WH,OH HCI dissolved. After 20-22 h, an aliquot of the reaction mixture was analvzed
by High Pressure Liquid Chromatography (HPLC). The THF was then evaporated in
vacuo and the residue was taken up in dichloromethane (120 mb.) and water (60 mL). The
mixture was transferred to a separatory funnel where it was shaken and the two layers
allowed {0 separate. The water layer was discarded and the dichloromethane layer was
washed with 1N hydrochlonde (HCI; 60 mL). The acid layer was discarded. The
dichloromethane layer was dried over anhydrous Na,S0, filtered and the solvent
evaporated in vacio to obtain the crude hydroxamic acid as a pale vellow solid that was

dried under high vacuum overnight.

Step 3 continued: Conversion of hydroxamic acid to eyclic intermediate (not

isolated)
- N N =N
i ! -
O \LS 2-25h, 1t, Ny O}’O 5
Chemical Formula: C13H1FN;O58 Chemical Formula: CygHy1FN,058
Exact Massf: 250.07 Exact Mass: 306.05
Molecular Weight: 280.32 Molecular Weight: 308.31

The crude hydroxanuc acid (MW 280.32, 5.1 g) was transferred to a 250 mL 1N RB flask
with a nitrogen inlet. A stir bar was added followed by the addition of acetonitrile (50
mb}. The solid was insoluble in acetonitrile. The vellow heterogeneous mixture was
stirred for 2-3 minutes under nitrogen and CBT (MW 162,15, 20.74 munol, 336 g, 1.1
equiv.) was added in a single portion at room temperature. No exotherm was observed.
The solid immediately dissolved and the clear yellow solution was stirred at room
temperature for 2-2.5 h. After 2-2.5 h, an aliquot was analyzed by HPLC and LC/MS

which showed conversion of the hydroxamic acid to the desired cyclic intermediate.

The acetonitrile was then evaporated i vacuo to give the crude cvclic intermediate as
reddish thick oil. The oil was taken up in toluene (60 mL) and the reddish mixture was
heated to reflux for 2 hours during which time, the cyclic intermediate released CO, and

rearranged {o the isocyanale {(see below),

.94 .
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=N , N F
O’NN;?@ toluene, refiux O{’C,/ N Xﬂt{,’/ '\/:}'/

>/"O _ 2h, Na

O
Chemical Formula: CqsH14FN2O;8 Chemical Formula: C,5H¢FNOS
Exact Mass: 306.05 Exact Mass: 262.06
Molecular Weight: 306.31 Molecular Weight: 262.30

Step 3 continued : Conversion of the isocyanate {o the free base

o”cal\éwgw Elﬁ_b@@iﬁ>%p4 ’”'/ F

A

. toluene, reflux ~8
Chernical Formula: CqaH FN,08 Moy 181 Chemical Formula: CagHyFNAO,S
Exact Mass: 262.06 Exact Mass: 388.16
Molecular Weight; 262.30 Molecular Weight: 389.49

The reaction mixture was cooled to 50-60°C and (S)-(+}-quinuchidine! (MW 12718,
28.28 mmwol, 3.6 g, 1.5 equiv.) was added to the mixture as a solid in a single portion. The
mixture was re-heated to reflux for 18 h. After 18 b, an aliquot was analyzed by HPLC
and LC/MS which showead complete conversion of the isocyanate to the desired product.
The reaction mixture was transferred to a separatory funnel and toluene (25 mL) was
added. The mixture was washed with water (2 x 40 mbL) and the water fayers were
separated. The combined water lavers were re-extracted with toluene (30 mL) and the
water layer was discarded. The combined toluene layers were extracted with IN HCI (2 x
60 mL) and the toluene layer (contaiming the O-acvl impurity) was discarded. The
combined HCl layers were transferred to a 500 mL Erlenmeyer flask equipped with a stir
bar. This stirring clear vellow/reddish orange solution was basified to pH 10-12 by the
dropwise addition of 50% w/w aqueous NaOH. The desired {ree base precipitated out of
solution as a dirty vellow gummy solid which could trap the stir bar. To this mixture was
added 1sopropyl acetate (100 mL) and the roixture was stirred vigorously for 5 nunutes
when the gummy solid went into isopropvl acetate. The stirring was stopped and the two
layers were allowed to separaie. The yellow isopropyl acetate layer was separated and the
basic aqueous layer was re~extracted with isopropy! acetate (30 mL). The basic aqueous
layer was discarded and the combined isopropyl acetate layers were dried over anhvdrous

Na, SOy, filtered into a pre-weighed RB flask and the solvent evaporated in vacuo to
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obtain the crude free base as beige to tan solid that was dried under high vacuum

overnight.
Step 3 continued: Recrystallization of the crude free base

The beige to tan colored crude free base was weighed and re-crystallized from
heptane/isopropy] acetate (3:1, 9.0 mL of solvent/g of crude {ree base). The appropriate
amount of heptane/isopropy! acetate was added to the crude free base along with a stir bar
and the mixture was heated to reflux for 10 min {free base was mitially partially soluble
but dissolved to give a clear reddish orange sohution when heated 10 reflux). The heat
source was removed and the mixture was allowed to cool to room termperature with
stirring when a white precipitate formed. After stirring at room temperature for 3-4 h, the
precipitate was filtered off under hose vacuum using a Buchner funnel, washed with
heptane (20 ml)} and dned under hose vacuum on the Buchner funnel overnight. The
precipitate was the transferred to a crystallizing dish and dried at 35°C overnightin a
vacuum oven. 'H NMR {400 Mtz CBCL) 6 8.04 - 7.83 (m, 2H}, 7.20 ~ 6.99 (m, 3H},
5583 ¢(s, 1H)Y, 473 -455¢{m, 1H}, 3.18(dd, /=145, 84 Hz, 1H), 3.05 - 2.19 {m, 5H),
2.0-1.76 {m, 11H) ppm. BCNMR {100 MHz, CDCl3) 6 166.38, 165.02, 162 54, 162.8-
155.0(d, C-F), 130.06, 128.43, 12834, 116.01, 115,79, 112.46, 71.18, 55.70, 5413,
47.42 4652, 2794 2541, 2467, 15.58 ppm.

Example 29. Preparation of crvstalline forms of (8}-{uinuclidin-3-yl (2-{2-{4-

fluorophenviihiarol-4-vDipropan-2-vhicarbamate salts

Crvstalline salts of (5)-Quinuclidin-3-y1 (2-(2~-(4-fluorophenviithiazol-4-ypropan-2-

vijcarbamate may be formed from the free base prepared as described in Example 28

For example, the free base of (8)-Quinuclidin-3-y1 {2-(2-(4-fluoropheny!ithiazol-4-
viypropan-2-ylcarbamate {about 50 mmol} 1s dissolved IPA {140 mi} at room
temperature and filtered. The fltrate 15 added into a 1 L v.b. flask which is equipped with
an overhead stirrer and nitrogen in/outlet. L-malic acid (about 50 mmol} is dissolved in
IPA (100 + 30 mi) at room temperature and filtered. The filtrate is added into the above 1
Liter flask. The resulting solution 15 stirred at room temperature {with or without seeding)

under nitrogen for 4 to 24 hours. During this period of time crystals form. The product is

-96 -



WO 2016/145046 PCT/US2016/021512

collected by filtration and washed with a small amount of IPA (30 mi). The crvstalline

,,,,,

Crystal forms of other salts, e.g. acid addition salts with succinic acid or HCL, may be

prepared in an analogous manner.

5 Example 30: Admunistration of Compound 1 affecis the subcellular tocalization of

g-svnuciein in the brain of A337T mice

The ability of quinuclidine compounds as described herein to affect the subcellular

localization of a-synuclein in the brains of AS3T mice was assessed.
Methods

16 PrP-AS3T-SNCA transgenic mice (“AS3T™ mice) were bred and treated as described in
Example 26, being dosed with Compeund 1 starting at 6 weeks of age until euthanasia at

8 months of age.
Mice were fed the conirol diet or the Compound 1 diet as described in Example 24,

Cortical tissue homogenates from control and treated A53T mice were subjected to serial
15 fractionation io separate soluble cytosolic {Tnis-soluble), membrane-associated (Triton-
soluble), and insoluble cytosolic (SDS-soluble) a-synuclein. The conceniration of
g-synuclein in each fraction was quantified using the human a-syvnuclein ELISA kit
{Biolegend, San Diego. CA). Protein concentrations were deternuined using the

microBCA assay (Thermo Scientific Pierce, Waltham, MA),
26 Results
Quantification of u~synuclein m the different fractions is shown in Figure 11

A small increase in the average level of cytosolic soluble a-synuclein was observed in
nice treated with Compound 1 (Fig 11A: left-hand bar shows untreated control mice,
right-hand bar shows treated mice having 114 + 8% of the control value; n=14, P =
25 0.17). The level of membrane-associated o~synuclein was sigmficantly decreased in
response to Compound 1 treatment (Fig. 11B: lett-hand bar shows untreated control

mice, right-hand bar shows treated mice having 75 = 8% of the control value, n= 14 P <
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0.05). The level of insoluble u-svnuclein was also significantly decreased in response to
Compound 1 treatment (Fig. 11 lefi-hand bar shows untreated control mice, nghi-hand

bar shows treated mice having 81 £ 3% of the control value, n= 14, P <0.01).

These results demonstrate that the administration of a quinuchdine compound as
described herein can affect neuronal a-svnuclein processing and localization in vivo and
ilfusirate the therapeutic potential of the quinuclidine compounds described herein for

{reating proteinopathies.

Example 31 Administration of Compound 1 reduces protein ageregsation in the brains of

@J

The effect of quinuchdine compounds as described herein on protein aggregation in the

brains of A33T mice was assessed.
Methods

AS53T mice were brad, treated and fed as described in Example 30. The accumulation of
proteins {ubiquitin and protein tau) was determined as described in Example 27, except

that protein levels were measured at 6 weeks of age and 8 months of age.
Results

Hippocampal quantification of ubiquitin aggregates is shown in Figure 12. The results are
represented as the means = the SEM. Bars with different letters are significantly different
from each other (p<<0.05). The far lefi-hand white bar shows the level of ubiguitin
aggregates in the brains of 8 month old wild-tvpe mice. The “Baseline” value shows the
protein level at 6 weeks of age in the A53T mice. The black bar, second from right, shows
the level of ubiquitin aggregates in the brains of 8 month old untreated A53T mice
{conirol). The right-hand grev bar shows the level of ubiquitin aggregates in the brains of

& month old AS53T mice treated with Compound 1.

The images in Figure 13 show ubiquitin immunoreactivity in the hippocampi of % month
old A53T mice, either untreated control mice {Fig. 13A) or mice treated with Cempound

1 (Fig. 13B).
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Hippocampal quantification of protein tau aggregates is shown in Figurel4. The resulis
are represented as the means + the 5EM. Bars with different letters are significanily
different from each other {p<0.05). The far left-hand white bar shows the Jevel of protein
tau aggregates in the brains of 8 month old wild~type mice. The “Baseline” value shows
the protein level at 6 weeks of age in the A53T mice. The black bar, second from right,
shows the level of protein tau aggregates in the brains of 8 mounth old untreated AS3T
nuce (control). The right-hand grey bar shows the level of protein tau aggregates in the

brains of 8§ month old A53T mice treated with Compound 1.

The images in Figure 15 show tau immmunoreactivity in the hippocampi of 8 month old
AS53T mice, either untreated control mice (Fig. 15A) or mice ireated with Compound 1

(Fig. 15B).

Thus, treatment with quinuchdine compounds as described herein can reduce the
accumulation of protein aggregates in the brains of AS37T muce. In particular, a significant
reduction in the level of protein tau aggregates is observed in mice treated with

Compound 1.

These resulis demonstrate the effects of a quinuchdine compound described herein on
neuronal protein processing /7 vivo and suggest that the quinuclidine corapounds
described herein can disrupt the pathogenic cycle of aberrant protein aggregation and
functional deficits associated with proteinopathies. These results illustrate the therapeutic

potential of guinuchidine compounds as described herein for treating proteinopathies.

Example 32 Adnunistration of Compound 1 reverses memory aberraions of post-

o DAOSTIDAY .
symptomatic Gbal™" " mice

The ability of quinuclidine compounds as described herein to correct the biochemical

1 D409V I0409Y
Fa

aberrations and memory deficits of symptomatic Gha mice was assessed.

Methods
~ DA40QVIDI - : : 0
Gha 17777 mice were bred and treated according to Example 24. Mice were fed the

control diet or the Compound § diet as described in Example 24, except that drug

-9 .
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administration was initiated when animals were approximately 6 months of age, and

continued until euthanasia at 13 months of age.

Hippocampal memory was evaluated with the NOR test according to Example 25, except
that the mice were tested at 6 months of age (before treatment) and again 6 months later,

at 12 months of age (after treatment).

Results

FLOGVI0409

Testing of the Gbal” mice before treatment confirmed that they exhubited

impairments in novel object recollection (not shown).

Results of the NOR test at 12 months (after treatment} are shown in Figure 16. The resulis
are represented as the means =+ the SEM. The horizontal line demarcates 50% target

investigations, which represents no preference for either object.

Age-matched wild-type mice (left-hand black bar) investigated the novel object
significantly more frequently (n=13, p<0.01). In contrast, untreated Gha ]P0 mice
(middie white bar) showed no preference for the novel object, indicating a cognitive

JRAITRAIY wice treated with Compound 1 (right-hand

impatrment. Symptomatic Gba
grey bar) recovered the ability to investigate the unfamiliar object during the testing trial

{n=13, p<0.05}.

These resulis demonstrate that administration of quinuclidine compounds as described
herein can reverse memory aberrations associated with proteinopathies, even when

administration is initiated after symptoms of the proteinopathy are observed.

Example 33: Adminustration of Compound 1 reduces protein aggregation in the brains of

. : ~ DAgevID4097 .
post-svmpiomatic Ghal : mice

The ability of quinuchidine compounds as described herein to reduce and/or reverse

D09y D409V

protein aggregation in the brains of symptomatic Gbal mice is assessed.
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Methods

Wild-type (WT) and Gba ™" VO mice are bred and treated substantially as described
in Example 27, except that drug administration 1s mittated when amimals are symptomatic

for cognitive impairment, e.g. at approximately 6 months of age.

The accumulation of profeins (ubtquitin, e-synuclein and protein tau) is determined by
hippocampal quantification and protein immunoreactivity substantially as described n

Example 27
Results

Administration of quinuchidine compounds as described herein, e.g. Compeound 1, is
expected to lead to a measurable reduction in the accumulation of protein aggregates

D40V 4097 -
al”77T7 mice, even

{ubiguitin, a-synuclein and/or protein tau) in the brains of Gh
when drug adromnistration 1s imtiated after svmptoms of coguitive impairmoent are

observed.

- PR . . . . . L D400V /DAY
Example 34 Administration of Compound 2 improves memory deficit in Ghg 2?0y

nuce

The ability of quinuchdine compounds as described herein to improve memory deficii in
D40V DAY . . . . .. :
Gha 7?7V P mice is evaluated using novel object recognition (NOR) and fear

conditioning (F(C) tests.
Methods

-~ 10OTTD405T . , - .
Gha 1PV mice are bred and treated substantially as described in Example 24. Mice
are fed a control diet or a diet containing a quinuchdime compound substantially as

described in Example 25, except that the compound administered is Compound 2.
The NOR test and the FC test are performed substantially as described in Example 25
Results

TN . . . DAL
Administration of Compeund 2 is expected to improve memory deficit in Gha /=" 7"

mice.
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Example 35 Admunustration of Compeund 2 reduces protein aggregation in the brain

The ability of quinuclidine compounds as described herein o reduce and/or reverse

. . o . R D405V /D4097
protein aggregation in the brains of Gha J7/®7 P

[t

mice is assessed.
Methods

Wild-type (WT) and GhaiP*7"P*" mice are fed the control diet or a diet confaining a
gquinuchidine compound substantially as described in Example 27, except that the

compound administered i1s Compound 2.

The accurmulation of proteins (ubiquitin, a-synuclein and proten tau) 15 determined by

hippocampal quantification and protein immoreactivity as described in Exarople 27,
Results

Admnistration of quinuchdine compounds as described herein, e. g Compound 2, is
expected to fead to a measurable reduction in the accumulation of protein aggregates

al D409V7D408Y

(ubiquitin, a~synuclein and/or protein tau) in the brains of Gha nice.

it 15 10 be understood that while the invention has been described in conjunction with the
above embodiments, that the foregoing description and examples are intended fo illustrate
and not limit the scope of the invention. Giher aspects, advantages and modifications
within the scope of the invention will be apparent to those skilled in the art to which the

mvention pertains.

in addition, where features or aspects of the invention are described in terms of Markush
groups, those skilled in the art will recognize that the mvention is also thereby described

in terms of any individual member or subgroup of members of the Markush group.

All publications, patent applications, patents, and other references mentioned herein are
expressly mncorporated by reference in their entirety, to the same extent as if each were
mcorporated by reference mdividually. In case of conflict, the present specification,

mcluding definitions, will control.
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CLAIMS

1. A method of treating a proteinopathy in a subject. the method comprising

administering to the subject an effective amount of a compound of formula (I},

O N

or a pharmaceutically acceptable salt or prodrug thereof, wherein:
R is hydrogen;
a halogen, or a cyano, nitro, hydroxy, thio or amino group; or
a Cig-alkyl, Cre-alkenvl, Cog-alkyvnyl, Cis-alkyloxy, Cos-alkenyioxy or

10 Crg-alkvoyloxy group, optionally substituted by one or more (e.g 1, 2 or 3) groups
mdependently selected from a halogen; and a cyano, nitro, hvdroxy, thio, or amino group;
R’ and R’ are each independently selected from a € ;-alky! group, optionally
substituted by one or more halogens; or R” and R’ together form a cyclopropyl or
cyvclobutyl group, optionally substituted by one or roore halogens:

15 RYUR and R® are each independently selected from hydrogen; a halogen; a nitro,
hydroxy, thio or amino group; and a Ce-alkyl or Cs-alkvioxy group, optionally
substituted by one or more groups selected from a halogen; a hydroxy or cyano group;
and a Cy.¢-alkyloxy group: and

A is a 5- or f-membered ary] or hetercaryl group.

260 2. The method of claim 1, wherein R' is hydrogen; fluorine; or a methyl or ethyl

group optionally substituted by a halogen, or a hvdroxy, thio or amino group.

3 The method of ¢laim 1 or 2, wherein R” and R” are each independently selecied

from methvl and ethyl groups, optionally substituted with one or more fluorine atoms.
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4. The method of any one of claims 1 to 3. wherein R® is selected from a halogen;
and a Cys-alkyl or C;s-alkvioxy group, optionally substituted by one or more groups

selected from a halogen and a Cs-alkyloxy group.

) . . . 5 4
S The method of any one of claims 1 to 4, wherein R and R” are both hydrogen.
. e . . A . .

6. The method of any one of claims 1 o 5, wherein R” is fluorine or a

2-methoxyethoxy group. and R° and R® are hydrogen.

7. The method of any one of claims 1 to 6, wherein R* is in a position on the benzene

ring para to the group A

g The method of any one of claims 1 to 7, wherein A is benzyl, optionally
substituted with 1, 2 or 3 groups independently selected from a halogen; and a hydroxy,

thio, amino, nitro, oxo or methyl group.

9. The method of claim 8, wherein the groups ~C(R'R’)- and (CgH,R*R'R®) are

attached to group A ina 1,3- or a 1,4- relationship.

10.  The method of any one of claims 1 to 7, wherein A s a S-membered heteroaryl

group which contains 1 or 2 heteroatoms selected from N and S.

1SN The method of claim 10, wherein the groups ~-C{R'R’})- and «(CLR'RRE) are

attached to group A in a 1,3~ relationship.

12. The method of any one of claims 1 to 11, wherein said compound is a compound

of formula (1), (HI) or (IV),

Iz

(1)
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N
o N el
H

(1)

{dv)

5  or a pharmacewtically acceptable salt or prodrg thereof
13. The method of claim 12, wherein said compound is a compound of formula (V),

(V)
or a pharmaceutically acceptable salt or prodrug thereof.

16 14 The method of any one of claims 1 to 11, wherein sard compound s a compound

of formula (VI), (V) or (VIiI),
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(VD

(Vi
N
O RZ R3
R1
N
0 N R AN
]
(VII)

or a pharmaceutically acceptabie salt or prodrug thereof

15, The method of claim 14, wherein said compound is a compound of formula (IX)

or {X1},
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15

1x)

(X1}

or a pharmaceutically acceptable salt or prodrug thersof

16. The method of claim 15, wherein R* is fluorine.
17.  The method of claim 1, wherein said compound is selected from: quinuclidin-3-yl

{2-{4'-fluoro-{1,1"-biphenvi|-3-yDpropan-2Z-vijcarbamate; (S)-quinuclidin-3-yl {2-(2-(4-
fuorophenyhithiazol-d-yUpropan-2-ylicarbamate; {S}-quinuchidin-3-y1 (2-(4°-{2-

methoxyethoxy)-{1,1 ~-biphenyl|-4-vlipropan-2-ylcarbamate; and the pharmaceutically

acceptable salts and prodrugs thereof.

18. The method of anv one of claims 1 to 17, wherein said protemopathy is a
tauopathy.
19 The method of claim 18, wherein said tauopathy is selected from Parkinson’s

disease, Alzheimer's disease, Lewy Body Dementia, Pick’s disease. progressive
supranuclear palsy, dementia pugilistica, parkinsonism linked to chromosome 17, Lytico-
Bodig disease, tangle predominant dementia, Argvrophilic grain disease, ganglioglioma,

ganghiocytoma, meningioangiomatosts, subacute sclerosing panencephalitis, lead
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encephalopathy, tuberous sclerosis, Hallervorden-Spatz disease, lipofuscinosis,
corticobasal degeneration, frontotemporal dementia, frontotemporal lobar degeneration

and Huntington’s disease.

20. The method of claim 18 or 19, wherein said subject does not have protein
aggregates comprising a~synuclein in their CNS {(e.g. in newrons of the substantia nigra,

cerebral cortex, hippocampus, frontal lobes and/or temporal lobes).

~

21 The method of claim 18, wherein said tavopathy is Parkinson’s disease
characterised by the presence of protein {au, bul not a~synuclein, within protein
aggregates in the CNS of said subject {e. g. 1n neurons of the substantia nigra, cerebral

cortex, hippocampus, frontal lobes and/or temporal lobes).

22, The method of any one of claims 1 t6 17, wherein said proteinopathy 15 a

synucleinopathy.

23, The method of claim 22, wherein said synuclemopathy is selected from Lewy

Body Dementia, Parkinson’s disease and multiple system atrophy.

24, The method of any one of claims 1 to 23, wherein said method prevents, reduces

or reverses the progression of dementia in the subject.

25. The method of any one of claims 1 to 24, wherein said subject is a mammal. e.g a
human,
26. The method of any one of claims 1 to 25, wherein said subject has been diagnosed

as being at risk of developing said proteimopathy, and wherein the roethod prevents or

delays the onset and/or development of the proteinopathy in the subject.

27. The method of any one of claims 1 to 26, wherein said compound, or
pharmaceutically acceptable salt or prodrug thereof, is administered by svstemic

administration, e.¢. via a non-parenieral route.

28, The method of claim 27, wherein said compound, or pharmaceutically acceptable

salt or prodrug thereof, is administered orally.
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29. A compound, or a pharmaceutically acceptable salt or prodrug thereof, as defined

in any one of claims ¥ to 17 for use in a method of treating a proteinopathy in a subject.

30. The compound for use according to claim 29, wherein said method of treating a

proteinopathy is as defined tn any one of claims 18 10 28,

31 Use of a compound, or a pharmaceutically acceptable salt or prodrug thereof, as
defined in any one of claims 1 to 17 in the manufacture of a medicament foruseina

method of treating a proteinopathy in a subject.

32 The use of claim 31, wherein said method of ireating a proteinopathy is as defined

in any one of claims 18 to 28

33. A method of reducing, reversing or preventing the accumulation of protein
aggregates in tissue of a subject diagnosed as having a protemopathy, or diagnosed as
being at risk of developing a proieinopathy, wherein said protein aggregates comprise
protein fau and/or a-synuclein, the method comprising administering to said subject an
effective amount of a compound, or a pharmaceutically acceptable salt or prodrug thereof,

as defined in any one of claims 1 10 17.

34. The method of claim 33, wherein said protein aggregates are aggregates of protein

{au and wherein said proteinopathy is a tauopathy.

35, The method of claim 34, wherein said tavopathy is sefected from Parkinson’s
disease, Alzheimer's disease, Lewy Body Dementia, Pick’s disease, progressive
supranuclear palsy. dementia pugilistica, parkinsonism linked to chromosome 17, Lyvtico-
Bodig disease, tangle predominant dementia, Argyrophilic grain disease, ganglioglioma,
ganghiocytoma, meningioangiomalosis, subacuie sclerosing panencephalitis, fead
encephalopathy, tuberous sclerosis, Hallervorden-Spatz disease, lipofuscinosis,
corticobasal degeneration, froniotemporal dementia, frontotemporal lobar degeneration

and Huntington’s disease.

36, The method of any one of claims 33 to 35, wherein said subject does not have

37 The method of claim 35 or 36, wherein said tauopathy is Parkinson’s disease.
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38, The method of claim 33, wherein said protein aggregates are aggregates of

a-synuclein and wherein said protemopathy 18 a synucleinopathy.

39, The method of claim 38, wherein said synucleinopathy is selected from Lewy

Body Dementia, Parkinson’s disease and multiple system atrophy.

40. The method of any one of claims 33 {0 39, wherein said method prevents, reduces

or reverses the progression of dementia in the subject.

41, The method of any one of claims 33 to 40, wherein said tissue is a neuwron of the

substantia nigra, cerebral coriex, hippocampus, frontal lobes and/or temporal lobes of said

subject.

42, The method of any one of claims 33 to 41, wherein said subject 1s a mammal, e.g.
a human.

43, The method of any one of claims 33 to 42, wherein said compound, or

pharmaceutically acceptable salt or prodrug thereof, is administered by svstemic

administration, e.¢. via a non-parenieral route.

44, The method of claim 43, wherein said compound, or pharmaceutically acceptable

salt or prodrug thereof, 15 adnunistered orally.

45, A method of preventing, reducing or reversing loss of neural function in a subject
diagnosed as having, or at risk of developing, a proteinopathy, the method comprising
administering to said subject an effective amount of a compound, or a pharmaceutically

acceptable salt or prodrug thereof, as defined m any one of claims 1 1o 17.

46, The method of claim 45, wherein said proteinopathy is a tauopathy.
47, The method of claim 46, wherem said tavopathy is selected from Parkinson’s

disease, Alzheimer's disease, Lewy Body Dementia, Pick's disease, progressive
supranuclear palsy, dementia pugilistica, parkinsonism linked to chromosome 17, Lvtico-
Bodig disease, tangle predorminant dementia, Argyvrophilic grain disease, ganglioglioma,
gangliocytoma, meningioangiomatosis, subacite sclerosing panencephalitis, lead

encephalopathy, tuberous sclerosis, Hallervorden-Spatz disease, lipofuscinosis,
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corticobasal degeneration, frontotemporal dementia, frontotemporal lobar degeneration

and Huntington’s disease.

48.  The method of any one of claims 45 10 47, wherein said subject does not have
protein aggregates comprising a-synuclein in their CNS (e g in neurons of the substantia

5 migra, cerebral cortex, hippocampus, frontal lobes and/or teraporal lobes).

49, The method of claim 47, wherein said tauopathy is Parkinson’s disease
characterised by the presence of protein tau, but not a~synuciein, within proiein
aggregates in the CNS of said subject {e.g. in neurons of the substantia nigra, cerebral

cortex, hippocampus, frontal lobes and/or temporal lobes).
16 50 The method claim 45, wherein said proteinopathy s a synucleinopathy.

51, The method of claim 50, wherein said synucleinopathy is selected from Lewy

Body Dementia, Parkinson’s disease and multiple svstem atrophy.

52. The method of any one of claims 45 10 51, wherein said method prevents, reduces

or reverses the progression of dementia in the subject.

15 53, The method of any one of claims 45 to 52, wherein said subject is a mammal, e.g.
a hurnan,
54. The method of any one of claims 45 to 53, wherein said compound, or

pharmaceutically acceptable salt or prodrug thereof, is administered by systemic

adnmunistration, e.g via a non-parenteral route.

26 55, The method of claim 54, wherein said compound, or pharmaceutically acceptable

salt or prodrug thereof, is administered orally.

56. The method of any one of clairos 45 to 55, wherein the loss of neural function

comprises loss of cognitive function, awtonomic function and/or motor function.

57 The method of claim 56, wherein the loss of neural function comprises loss of

25 cognifive fonction.
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38. The method of claim 57, wherein the method prevents, reduces or reverses

deterioration in cognitive domains in the subject.

59. The method of claim 58, wherein the method prevents, reduces or reverses
deterioration in attention and concentration, executive functions, memory {e.g. working
memory), language. visuo-constructional skills, conceptual thinking, calculations,

orientation, decision making and/or problem solving.

60.  The method of any one of claims 56 to 59, wherein the loss of neural function
comprises loss of autonomic funciion and the method prevents, reduces or reverses
orthostatic hypotension, constipation, dysphagia, nausea, hypersalivation, hyperhydrosis

and/or urinary and sexual dysfunction.

61.  The method of any one of claims 56 to 60, wherein the loss of neural function
comprises loss of motor function and the method prevents, reduces or reverses

Parkinsonism.

62, The method of claim 61, wherein the method prevents, reduces or reverses motor
dysfunction {e.g. tremor), bradykinesia, rigidity, postural instability and/or impaired

balance.

63, A compound, or a pharmaceutically acceptable salt or prodrug thereof, as defined
in any one of claims | to 17 for use in a method of preventing, reducing or reversing loss

of neural function in a subject as claimed in any one of claims 45 o 62,

64, Use of a compound, or a pharmaceutically acceptable salt or prodrug thereof, as
defined in any one of claims 1 to 17 in the manufacture of a medicament for use in a
method of preventing, reducing or reversing loss of neural {unction in a subject as

claimed 1n any one of claims 45 to 62

65 A method of preventing, reducing or reversing the progression of dementia in a
subject diagnosed as having, or at risk of developing, a proteinopathy, the method
comprising administering to the subject an effective amount of compound, or a
pharmaceutically acceptable salt or prodrug thereof, as defined in any ove of claims 1 1o

17.
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66. The method of claim 65, wherein the method prevents, reduces or reverses early
symptoms of dementia (e.g. difficulty remembering recent conversations, names or

events, and/or apathy and depression).

67. The method of claim 65 or 66, wherein the method prevents, reduces or reverses
later symptoms of dementia (e g impaired comnwunication, poor judgment, disorientation,

confusion, behavior changes and/or difficulty in speaking, swallowing and/or walking}.

68. A compound, or a pharmaceutically acceptable salt or prodrug thereof, as defined
in any one of claims T to 17 for use in a method of preventing, reducing or reversing the

progression of dementia n a subject as claimed i any one of claims 65 to 67.

69, Use of a compound, or a pharmaceutically acceptable salt or prodrug thereof, as
defined in any one of claims 1 to 17 in the manufacture of a medicament for use in a
method of preventing, reducing or reversing the progression of dementia in a subject as

claimed 1n any one of claims 65 to 67.

70. A method of preventing, reducing or reversing nuld cognitive impaitment m a
subject diagnosed as having, or at risk of developing, a proteinopathy, the method
comprising admunistering to the subject an effective amount of compound, or a
pharmaceutically acceptable salt or prodrug thereof, as defined n any one of claims 1 1o

17.

71 A compound, or a pharmaceutically acceptable salt or prodrug thereof, as defined
in any one of claims T to 17 for use in a method of preventing, reducing or reversing mild

cognitive impairment in a subject as claimed in claim 70.

72, Use of a compound, or a pharmaceutically acceptable salt or prodrug thereof, as
defined in any one of clairos 1 to 17 1o the manufacture of a medicament for use in a
method of preventing, reducing or reversing mild cognitive impairment in a subject as

claimed in claim 70.

73. A pharmaceutical dosage form comprising a compound, or a pharmaceutically
acceptable salt or prodrug thereof, as defined m any one of claims 1 {0 17 and a

pharmaceutically acceptable excipient,
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wherein the dosage form is formulated to provide. when adninistered orally, an
amount of said compound, salt or prodrug sufficient to prevent, reduce or reverse the
accumulation of protein aggregates in tissue of a human subject diagnosed as having, or

being at risk of developing, a proteinopathy.

74.  The pharmaceutical dosage form of claim 73, wherein said dosage form is
formulated to provide, when adminisiered orally, an amount of said compound, salt or
prodrug sufficient to prevent, reduce or reverse the accumulation of protein tau-
containing aggregates in tissue of a human subject diagnosed as having, or being at tisk of

developing, Parkinson’s disease.

75 The pharmaceutical dosage form of claim 73, wherein said dosage form is
formulated to provide, when administered orally, an amount of said compound, salt or
prodrug sufficient to prevent, reduce or reverse the accumulation of ¢~-synuclein-
containing aggregates in tissue of a human subject diagnosed as having. or being at risk of

developing, Lewv Body Dementia.

76.  The pharmaceutical dosage form of any one of claims 73 to 75, wherein said
tissue 13 aneuron of the substantia nigra, cevebral cortex, hippocampus, frontal lobes

and/or temporal lobes.

77. The pharmaceutical dosage form of any one of clairos 73 to 76, wherein said

dosage form comprises a further agent which is capable of treating or preventing said

proteinopathy.
78. A pharmaceutical composition comprising: (i) a compound, or a pharmaceutically

acceptable salt or prodrug thereof, as defined m any one of claums | to 17; (1) a further
agent which is capable of treating or preventing a proteinopathy; and (iii) a

pharmaceutically acceptable excipient.

79.  The pharmaceutical composition of claim 78, wherein said further agent is
selected from a dopanune precursor (e.g. L-DOPA), a dopamine agonist {e.g.
bromocriptine, cabergoline, pergolide, pramipexole or apomorphine}, a MAO-B inhibitor

(e.g rasagiline or selegiline}, an anticholinergic (e.g. orphenadrine, procyclidine or
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trihexyphenidyl), an enhancer of B-glucocerebrosidase activity (e g. ambroxol or

afegostat) and amantadine.

80.  The pharmaceutical composition of claim 78, wherein said further agent is an
acetylcholinesterase inhibitor {e.g tacrine, rivastigrine, galantamine, donepesil, or

memantine}.

g1 The pharmaceutical composition of any one of claims 78 to 80, wherein said
proteinopathy is a tavopathy selected from Parkinson’s disease, Alzhetmer's disease,
Lewy Body Dementia, Pick's disease, progressive supramuclear palsy, dementia
pugilistica, parkinsonisio linked to chromosome 17, Lytico-Bodig disease, tangle
predominant dementia, Argyrophilic grain disease, ganghioglioma, gangliocytoma,
meningicangiomatosis, subacute scierosing panencephalitis, fead encephalopathy,
tuberous sclerosis, Hallervorden-Spatz disease, lipofuscinosis, corticobasal degeneration,

frontotemporal dementia, frontotemporal lobar degeneration and Huntington’s disease.

82.  'The pharmaceutical composition of claim &1, wherein said tauopathy is

Parkinson’s disease.

&3. The pharmaceutical composition of any one of claims 78 to 80, wherein said
proteinopathy is a synucleinopathy selected from Lewv Body Dementia, Parkinson’s

disease and multiple system atrophy.

84. The pharmaceutical composition of any one of claims 78 to 83, wherein said

composition 1s formulated for systemic administration, e.g. via a non-parenteral route.

85,  The pharmaceutical composition of claim 84, wherein said composition is

formulated for oral admimstration.

86.  The pharmaceutical dosage form of any one of claims 73 to 77, or the

pharmaceutical composition of any one of clairms 78 to 83, for use in therapy.

87. The pharmaceutical dosage form of any one of claims 73 to 77, or the
pharmaceutical composition of any one of claims 78 to 85, for use in a method as defined

in any one of claims 1 10 72.



WO 2016/145046 PCT/US2016/021512

80
e 1
3 7
+ 60 /
2 sl ome- /
|_

40 A

WT
Gb a1D409V/D409V
FIG. 1

1/16



WO 2016/145046 PCT/US2016/021512

A)

60=

Freeze (PCT)

20+

0
Age(wk) 40 40 4
WT

Gbha1 D409VD40IV

B)

50=

40- a

30-

Freeze (PCT)

20-

U 2z W

Age (wk) 40 40 4

Gha1 D409VD40Y

FIG. 2

2/16



WO 2016/145046 PCT/US2016/021512

_ 10-

2

w -

S

S 60+

©

Ry

H -

(2]

2

£ 50

e

()

E’ -

©

" 4

Age(mo) 4.5 4.5 4.5

A53T-a-Synuclein

FIG. 3

3/16



WO 2016/145046

PCT/US2016/021512

A)
50-
] a
404 1
= 301
E; |
L 20-
u- -
10-
0
WT
A53T-SNCA
B)
40-
.
30+
g ab
§ 20' b
™

AS53T-SNCA

FIG. 4

4/16



WO 2016/145046 PCT/US2016/021512

A)
0.151
S b
3 0.104
(]
3
5 %
a 1 ab
S 0.051 //
2 ]
T
{ ab 22?2
0.0(:.I l ; %
Age (wk) 16 4 16 16
Baseline
Gbat D409V/D409V
B)
0.5
. b
2 04
3
S 03
[1]
g
8 0.2
o
o
o
T 01
a a a
0.0
Age (wk) 40 4 40 40
Baseline
Gbat D409V/D409V
FIG. 5

5/16



WO 2016/145046 PCT/US2016/021512

FIG. 6

6/16



WO 2016/145046 PCT/US2016/021512

Zz

0.08

0.06

0.04

Hippocampal area (%)

0.02
a

0.00
Age (wk) 16 4 16 15
WT Baseline

Gba1 D409V/D409V

>

e
'S

e
w

Hippocampal area (%)
(=]
N

N\ gy

a a
0.0
Age (wk) 40 4 40 10
WT Baseline
Gbha1 D409V/D409V
FIG. 7

7/16



WO 2016/145046 PCT/US2016/021512

A)

FIG. 8

8/16



WO 2016/145046

PCT/US2016/021512

A)
0.25
g 0.20 b
3
< 0.15
S
% 0.10 a
[0}
oy
T 0.05 a .
0.001——r——=
Age (wk) 16 4 16 16
Baseline
Gbat D409V/D409V
B)
1.5+
< b
§ 1.0- ;1-
T //
g 0.5-: % a
T 2222 Iiiil
1 a a
0.0 %
Age (wk) 40 4 _ 40 40
WT Baseline
Gbal D409V/D409V

FIG. 9

9/16



WO 2016/145046 PCT/US2016/021512

A)

FIG. 10

10/16



11/16



&-aﬂﬁﬂﬁiviﬂ‘iﬂiﬂlﬂ.iﬂ
T N e o
GGGGG

(%) eaie pjoyseyy

WT Baseline

A53T-SNCA

FIG. 12

12/16



PCT/US2016/021512

WO 2016/145046

A)

P

P
%
-

FIG. 13

13/16



WO 2016/145046 PCT/US2016/021512

a
l....:l::....l a
WT Baseline ‘
A53T-SNCA
FIG. 14

14/16



PCT/US2016/021512

WO 2016/145046

A)

P

%
ol

FIG. 15

15/16



FIG. 16

16/16



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/021512

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61K31/00 A61K31/439
ADD. AB1P25/16 A61P25/28

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

A61K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, BIOSIS

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

20 March 2014 (2014-03-20)

X WO 2014/043068 Al (GENZYME CORP [US])

Y claims 253, 254; claims 266, 293

1,3-9,
12,14,
15,
17'23 s
25-27,
29'39 s
41-54,
63-65,
73-77,87
1-87

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 May 2016

Date of mailing of the international search report

23/05/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Dahse, Thomas

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/021512

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

Y,P

Y,P

WO 2012/129084 A2 (GENZYME CORP [US];
BOURQUE ELYSE [US]; CELATKA CASSANDRA
[US]; HIRTH B)

27 September 2012 (2012-09-27)

claim 256+claim 257, 268, 269; claims 253,
254, 270; last sentence of p. 126; p. 127
below to 128 first ;

WEI SHEN ET AL: "Inhibition of
glucosylceramide synthase stimulates
autophagy flux in neurons",

JOURNAL OF NEUROCHEMISTRY,

vol. 129, no. 5, 3 March 2014 (2014-03-03)
, pages 884-894, XP055270020,

NEW YORK, NY, US

ISSN: 0022-3042, DOI: 10.1111/jnc.12672
title, abstract

WO 20127177997 Al (GEN HOSPITAL CORP [US];
KRAINC DMITRI [US]; MAZZULLI JOSEPH R
[US]) 27 December 2012 (2012-12-27)

claim 90; [0268]; [00133]; claim 2

PABLO SARDI S ET AL: "Glucosylceramide
synthase inhibition reduces
[alpha]-synuclein pathology and improves
cognition in murine models of
synucleinopathy",

MOLECULAR GENETICS AND METABOLISM,

vol. 117, no. 2, 2016, XP029416563,

ISSN: 1096-7192, DOI:
10.1016/J.YMGME.2015.12.427

abstract

NOELKER CARMEN ET AL: "Glucocerebrosidase
deficiency and mitochondrial impairment in
experimental Parkinson disease",

JOURNAL OF NEUROLOGICAL SCIENCES, ELSEVIER
SCIENTIFIC PUBLISHING CO, AMSTERDAM, NL,
vol. 356, no. 1, 17 June 2015 (2015-06-17)
, pages 129-136, XP029259820,

ISSN: 0022-510X, DOI:
10.1016/J.JNS.2015.06.030

abstract

1-23,
25-27,
29-39,
41'549
63-65,
73'789
81-87
1-87

1-87

1-87

1-87

1-87

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/021512
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2014043068 Al 20-03-2014 AU 2013315715 Al 09-04-2015
CA 2884144 Al 20-03-2014
CN 105073745 A 18-11-2015
CR 20150150 A 11-06-2015
DO P2015000039 A 15-04-2015
EA 201590554 Al 30-07-2015
EP 2895484 Al 22-07-2015
JP 2015527406 A 17-09-2015
KR 20150053972 A 19-05-2015
PE 07342015 Al 02-06-2015
PH 12015500431 Al 20-04-2015
SG 11201501538V A 30-03-2015
TW 201422614 A 16-06-2014
US 2015210681 Al 30-07-2015
uy 35024 A 30-04-2014
WO 2014043068 Al 20-03-2014

WO 2012129084 A2 27-09-2012 AR 085425 Al 02-10-2013
AU 2012231275 Al 17-10-2013
CA 2830540 Al 27-09-2012
CN 103917094 A 09-07-2014
co 6801749 A2 29-11-2013
DO P2013000209 A 15-04-2014
EC  SP13012978 A 30-04-2015
EP 2685986 A2 22-01-2014
GT 201300215 A 09-02-2015
JP 2014517808 A 24-07-2014
KR 20140092239 A 23-07-2014
MA 35023 Bl 03-04-2014
PE 04122014 Al 01-04-2014
RU 2013146550 A 27-04-2015
W 201300383 A 01-01-2013
US 2014255381 Al 11-09-2014
US 2014371460 Al 18-12-2014
uy 33958 A 31-10-2012
WO 2012129084 A2 27-09-2012

WO 2012177997 Al 27-12-2012 AU 2012272815 Al 16-01-2014
CA 2840224 Al 27-12-2012
CN 103764166 A 30-04-2014
EP 2723384 Al 30-04-2014
JP 2014523881 A 18-09-2014
US 2014288093 Al 25-09-2014
WO 2012177997 Al 27-12-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - claims
	Page 105 - claims
	Page 106 - claims
	Page 107 - claims
	Page 108 - claims
	Page 109 - claims
	Page 110 - claims
	Page 111 - claims
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - claims
	Page 116 - claims
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - wo-search-report
	Page 134 - wo-search-report
	Page 135 - wo-search-report

