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FIG. 1

[9,10-DIMETHOXY-3-(2-METHYLPROPYL)-1H,2H,3H,4H,6H,7H,1 1BH-PYRIDO-[2,1-AJISOQUINOLIN-2-
YLIMETHANOL AND COMPOUNDS, COMPOSITIONS AND METHODS RELATING THERETO

(57) Abstract: Compounds having a structure of formula (I), including stereoisomers and pharmaceutically acceptable salts and
solvates thereof: wherein R1 is as defined herein. Such compounds are inhibitors of the vesicular monoamine transporter 2

o (VMAT?2) and have utility for treating, for example, hyperkinetic disorders. Also disclosed are compositions containing these com-

W

pounds in combination with a pharmaceutically acceptable carrier, as well as methods relating to the use in a subject in need thereof.
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(9 10-DIMETHOXY-3-(2-METHYLPROPYL)-1H,2H 3H 4H 6H,7H, 1 | BH-PYRIDO-
{2, FAISOQUINGLIN-2-YLIMETHANOL AND COMPOUNDS, COMPOSITIONS
AND METHODS RELATING THERETO

BACKGROUND

Technical Field

This disclosnre relates generally to |9, 10-dimethoxv-3-(2-methyvlpropyl)-
1H.2H,3H 4H 6H,7H, 1 1bH-pyrido 2, 1 -a hisoquinolin-2-yl methanol and compounds,

compositions and methods related thereto.

Description of the Related Aat

Drvsregulation of dopaminergic systenys is mtegral to several central
nervous systen {UNS) disorders, meluding hyperkanetic movement disorders and
conditions such as schizophrenia and bipolar disease. The transporter protemn vesicular
monoanune fransporter-2 {VMAT?) plays an mmportant role m presynaptic dopamine
release and regulates monoamune uptake from the cvtoplasm to the sypaptic vesicle for
storage and release.

3-Isobutyl-9,10-dimethoxy-1,3,4.6,7 .11 b-hexahydro-2H-pyridof 2, 1-a}-
isoquinoitn-2-oune, also known as tetrabenazine {TBZ}, has been used as a drug for
decades. Tetrabenazine 1s a potent, reversible mhibitor of catecholamine uptake by
vesicular moncaming transporier-2 {(VMAT2) (ICso = 3.2 nM) {see, e.g., Scherman et
al., Proc. Nail. dead Sci. US4, {(1983) 80:384-8) and 15 currently used m the treatiment
of various hyperkinetic disorders. Side effects associated with TBZ mclude sedation,
depression, akathisia and parkmsomism. Inhibition of VMAT2 by TBZ results in
depletion of bramn monocamines i vive {see, e.g., Pettibone et al., Fur. J Pharmacol,
{1984} 102:431-6). TBZ also inlubits presynaptic and postsynapiic dopanune receptors
in rat brain (seg, e.g., Login et al., (1982} dnn. Newrology 12:257-62; Reches et al., J
FPharmavol. Exp. Ther. (1983) 225:515-5321}. This offtarget activity of TBZ may be

respousible for some of the observed side effects.
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TBZ, which contains two chiral centers and is a racemic mix of two
stereoisomers, is rapidly and extensively metabolized in vivo to its reduced form, 3-
isobutyl-9,10-dimethoxy-1,3,4,6,7,1 1b-hexahydro-2H-pyrido[ 2,1-a]isoquinolin-2-ol,
also known as dihydrotetrabenazine (HTBZ). HTBZ is thought to exist as four
individual isomers: namely, () alpha-HTBZ and () beta-HTBZ. The 2R, 3R, 11bR or
(+) alpha-HTBZ is believed to be the absolute configuration of the active metabolite
(see, e.g., Kilbourn et al., Chirality (1997), 9:59-62). Despite its success in treating
hyperkinetic disorders, tetrabenazine has a fairly low and variable bioavailability.
Tetrabenazine administration to humans is complicated by extensive first pass
metabolism and little or no tetrabenazine is observed in the urine.

Despite the advances that have been made in this field, a need remains in
the art for improved VMAT?2 inhibitors, including compounds, compositions, and

methods related thereto.

BRIEF SUMMARY

In one aspect, there is provided a compound having structure (I):

MeO

MeO

OR'
@D
or a pharmaceutically acceptable salt or solvate thereof,
wherein:
Rlis a) hydrogen;
b)  -P(=0)(OR’);
) -C(=0)alkyl, wherein alkyl is optionally substituted with
R!° and/or R?;
d) -C(=O)heterocyclyl, wherein heterocyclyl is optionally

substituted with R'? and/or R?%;
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e) -C(=0)carbocyclyl, wherein carbocyclyl is optionally
substituted with R'? and/or R?%;
) -C(=0O)N(R3)alkyl, wherein alkyl is optionally substituted
with R'? and/or R?;
g) -C(=0O)N(R3)carbocyclyl, wherein carbocyclyl is
optionally substituted with R'® and/or R’
h) -C(=0)Oalkyl, wherein alkyl is optionally substituted
with R'? and/or R?; or
1) alkyl, wherein alkyl is optionally substituted with R
and/or R?;
and wherein,
each R? is independently hydrogen or alkyl;
each R'? is independently halo, haloalkyl, cyano, nitro,
trimethylsilanyl, -OR*, —
SRY, -OC(0)-R*, -N(R*)2, -C(O)R*, -C(0O)OR, -C(O)N(R*)2, -N(R*)C(O)OR’", -
NR3NC(O)R?!, -NR*HC(=NR*HN(R*?)3, -N(R3*NS(0)R3! (where tis 1 to
2), -S(O)OR?® (where t is 1 to 2), -S(0),R*® (where p is 0 to 2) or -S(O)N(R*"), (where
tis 1 to 2), ~OP(=0)(OR*"),, or when a single atom bears two R'® groups such two R
groups may be taken together to form oxo;
each R% is independently alkyl, alkenyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclalkyl, heteroaryl or heteroarylalkyl, or when a
single atom bears two R? groups such two R?’ groups may be taken together to form
cycloalkyl, wherein each of said alkyl, alkenyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclalkyl, heteroaryl and heteroarylalkyl groups is
optionally substituted with R'® and/or R??;
each R?? is independently alkyl, alkenyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclalkyl, heteroaryl or heteroarylalkyl, wherein
each of said alkyl, alkenyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclalkyl, heteroaryl and heteroarylalkyl groups is optionally substituted with
R': and

2a



26 May 2020

2016215033

each R%, R3! and R*? is independently hydrogen or alkyl.

In another aspect, there is provided a pharmaceutical composition
comprising a compound as defined herein, or a pharmaceutically acceptable salt or
solvate thereof, in combination with a pharmaceutically acceptable excipient and/or
diluent.

In a further aspect, there is provided a method of treating a disease or
disorder associated with VMAT?2 activity, wherein the disease or disorder is selected
from hyperkinetic disorder, schizophrenia and bipolar disease, comprising
administering to a subject in need thereof a pharmaceutically effective amount of a
compound as defined herein, or a pharmaceutically acceptable salt or solvate thereof, or
a pharmaceutical composition as defined herein.

In a further aspect, there is provided a method of manufacturing a
pharmaceutical composition comprising a compound as defined herein, or a
pharmaceutically acceptable salt or solvate thereof, the method comprising mixing a
compound as defined herein, or a pharmaceutically acceptable salt or solvate thereof,
and a pharmaceutically acceptable excipient.

In a further aspect, there is provided a compound having the following

structure:

MeO

MeO

OH

for use in preparing a compound as defined herein, or a pharmaceutically

acceptable salt or solvate thereof, wherein R' of the compound as defined herein is

a) -P(=0)(OR%)z;

b) -C(=0)alkyl, wherein alkyl is optionally substituted with R'?
and/or R?%;

) -C(=O)heterocyclyl, wherein heterocyclyl is optionally

substituted with R'? and/or R?;

2b
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d) -C(=0)carbocyclyl, wherein carbocyclyl is optionally substituted
with R'? and/or R?;
e) -C(=0O)N(R3)alkyl, wherein alkyl is optionally substituted with
R!° and/or R?;
£)-C(=O)N(R3)carbocyclyl, wherein carbocyclyl is optionally substituted
with R'? and/or R?;
g) -C(=0)0alkyl, wherein alkyl is optionally substituted with R
and/or R?%; or
h) alkyl, wherein alkyl is optionally substituted with R'” and/or R*.
In another aspect, there is provided a use of a compound as defined
herein, or a pharmaceutically acceptable salt or solvate thereof, in the manufacture of a
medicament for treating a disease or disorder associated with VMAT?2 activity, wherein
the disease or disorder is selected from hyperkinetic disorder, schizophrenia and bipolar
disease.
In brief, provided herein is the compound [9,10-dimethoxy-3-(2-
methylpropyl)-1H,2H,3H,4H,6H,7H,1 1bH-pyrido[2,1-a]isoquinolin-2-ylJmethanol (R!

= H) and related analogs or prodrugs thereof, such compounds having structure (I):

MeO

MeO

OR!
D

as well as stereoisomers and pharmaceutically acceptable salts or solvates thereof,
wherein R! is as defined in more detail below.

In one embodiment, the compound is [(2R,3S,11bR)-9,10-dimethoxy-3-
(2-methylpropyl)-1H,2H,3H,4H,6H,7H, 1 1bH-pyrido[2,1-a]isoquinolin-2-ylmethanol,

or a pharmaceutically acceptable salt or solvate thereof. In a more specific

2c
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embodiment, the compound is the hydrochloride salt; namely, [(2R.38,11bR)-9.10-
dimethoxy-3-2-methvipropyl)-1H,.2H, 3H 4H 6H,7H, 1 1 bH-pynido| 2, I -alisoquinohin-2-
vilmethanol HCL

Inn one embodunent, a pharmacentical composition i1s provided that
comprises one or more compounds of structure (1) in combination with a
pharmaceutically acceptable excipient andfor diluent.

In one embodiment, methods are provided for trealing diseases,
disorders, or condifions that benefit from mbibiting vesicular monoamine transporter 2
{VMAT2), mchuding the family of hyvperkinetic movement disorders. Acccordingly, in
one embodunent, methods are provided for treating a hvperkinetic disorder comprising
admumstering {o a subject m need thereof a pharmaceutically effective amount of 2
compound of structure (I}, ot a pharmaceutical composition comprising the same. Ina
more spectfic embodiment, the hyperkinetic disorder 1s Hunfington's disease, tardive
dyskinesia, Tourette™s syndroine o fics.

These and other aspecis of the mvention will be apparent upon reference
to the following detailed description. To tlus end, vartous references are set forth herein
which describe m more detail certamn background information, procedures, compounds

and/or compositions, and are each herveby incorporaied by reference 1o thewr enfivety.

BRIEF DESCRIPTION OF THE FIGURES
Figure | tllusirates the effect of representative compound {Compound
i-1) on dopamine depletion as measured using the locomotor activity {LMA} assay.
Figure 2 ilinstrates the effect of a representative compound (Compound
I-1} m the conditioned avoidance response {CAR) assay of antipsychotic activity.
Figure 3 tllusirates the contribution of metabolic pathways to the overall

in vitro metabolism of Compound 1-1 and R, R R-DHTBZ using human hepatocytes.

DETAILED DESCRIPTION
Terms not spectfically defined heremn should be given the meanings that

would be given to them by one of skill in the art m light of the disclosure and the

)
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context. Asused in the specification, however, unless specified to the contrary, the
ferms bave the meaning mdicated.

In the following description, certain specific details are set forth m order
to provide a thorough understanding of various embodiments. However, one skilled m
the art will understand that the present compounds mayv be made and used without these
details. In other instances, well-known structures have not been shown or described m
detail to avoid unnecessanily obscuring descriptions of the embodiments. Unless the
cotext requares otherwise, throughout the specification and clams which follow, the

[

word “comprise” and variations thereof, such as, “comprises”™ and “comprising,” are {o

be constimed 1 an open, mclusive sense, that is, as “mcluding, but not hmitted 10,7 In

[

addition, the term “comprising” (and related ferms such as “comprise”™ or “comprises”
or “having” or “mchidimg™) 15 not mtended to exclude that in other certam
embodiments, for example, an embodiment of any composition of matter, composition,
method, or process, or the hike, described herem, may “consist of " or “consist
essentially of” the described features. Headings provided heremn are for conventence
only and do not mterpret the scope or meamng of the claimed embodiments.

Reterence throughout this specification to “one embodiment”™ or “an
embodiment” means that a parficular feature, structure or characteristic described m
connection with the embodiment 15 imcluded in at least one embodiment. Thus, the
appearances of the phirases “in one embodiment™ or “in an embodiment” in various
places throughont this spectfication are not necessarily all referring to the same
embodiment. Furthermeore, the particular features, structures, or characteristics may be
combined m any suitable manuer in one or nmore embodimentds.

Also, as used in this specification and the appended claums, the singular
forms “a,” “an,” and “the” mclude phural referents unless the content clearly dictates
otherwise. Thus, for example, reference to “a pon-human antmal™ may refer to one or
more non-human animals, or a plurality of such animals, and reference to “a cell” or
“the cell” meludes reference to one or more cells and equivalents thereof (e g., plurality
of cells} known to those skilled in the art, and so forth. When steps of a method are

described or claimed, and the steps are described as occwrring in a particular order, the
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deseription of a first step occuwring {or bemg performed) “prior to” {i. 2, before) a
secomnd step has the sarme meaning if rewritten to state that the second step ocours {or 18
performed) “subsequent” to the first step. The term “abowt™ when referring to a number
ot a nwmerical range means that the number or nwmerical range referred to 5 an
S approxunation within expernnental variability (or within statistical experimental error),

and thus the number or nwmerical range may vary between 1% and 15% of the stated
mumber or nwmertcal range. It should also be noted that the ferm “or” is generally
emploved i ifs sense incliding “and/or” unless the content clearly dictates otherwise.
The term, “at least one,” for example, when referring to at least one compound or to at

10 least one composiiion, has the same meaning and nnderstanding as the ienm, “one or
more.”

In one embodiment, provided herein 1s {9, 10-dimethoxy-3-(2-

methylpropvh-1H,2H,3H 4H,6H.7H, 1 1bH-pyrido]2, I -ahsogumolin-2-vljmethanol (R,

= H), as well as analogs or prodmgs thereof, such compounds having structure {I¥:

P
MeQ™ ‘\\-;fj \T’N\l J
s “OR!
(B
ot a stereoisomer or pharmaceutically acceptable salf or solvate thereof,
wherem:
R'is a hvdrogen;
20 b} -PEOYORD.
€} -C{=(alkyl, wherein alkyl 13 optionally substituted with
R¥ andior R™%:
d} -C{=Obheterocyclyl, wherein heterocyelyl is optionally
substituted with R™ andfor R™;
25 e} -C{=0O)carbocyelyl, wherein carbocvelyl 15 optionally

substituted with R™ and/or R™

[ 1]
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£ -C{=0N{Ra)alkyl, wherem alkyl is optionally substituted
with R' and/or R™;

SCEON{Rearboeyelvl,  whereln carboeyelyl  1s

s
s

optionally substituted with R™ and/or R™,
b} -C{=0)Qalkyl, wherein alkyl 15 oplionally subsiituted
with R andior R™: or
1} atkvl, wherein alkyl is optionally substituted with R
andior R*;
and wherein,
each R is independently hvdrogen or alkyl;
each R' is independently halo, haloalkyl, evano, nitro, trimethylsilanyl,
—OR™ —SR* -OC{0)}-R, -NR™),, -COWRY, -C{OYOR™, -CION{R™)..,
NERCOIOR™, -NRICIOR™, -NRCENRTINR),, -NRSOWR™ (where t
is 1 to 2), -S{OKOR™ (where tis 1 to 2, -S{0},R> (where p is ¢ to 2} or -S{O}N{R>);
(where t is 1 o 2), —OP(=0)}OR™),, or when a single atom bears two R'® groups such
two R'® groups may be taken together to form oxo;
each R™ is independently alkyl. alkenyl, arvl, aralkyl, cycloalkyl,
cveloalkylalkyl, beterocyelyl, heterocvelalkyl, hetercarvl or heteroaryialkyl, or whena
single atom bears two R™ groups such twe R* groups may be taken together to form
cycloalkyl, wherem each of said alkyl, alkenvl, arvl, aralkyl, cveloalkyd,
cycloalkvlalkyl, heterocyelyl, heterocyelalkyl, heteroaryl and heteroarvialkyl groups is
optionally substituted with R* and/or R*;
each R* is independently alkyl, alkenyl, arvl, aralkyl, cycloalkyl,
cvelpallovialkyl, heteroovelyl, beterocyelalkyl, heteroaryl or heterparvialkyvl, wherein
each of said alkvl, alkenvl, arvl, aralkyl, cveloalkyl, cycloalkvlalkyl, heterocyclyl,
beterocvelalkyl, heteroaryl and beteroarvialkyl groups is optionally substituted with
R and

each R*®, R* and R is independently hydrogen or alkyl.
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With regard to stereoisomers, the compounds of structure (I} have
multiple chual (or asymumetiic) centers which give rise to enantiomers, diastereomers,
and other stereoisomeric forms that may be defined, i terms of absolute
stereochenusiry, as {R})- ot {8)-. When the compounds described herein contamn olefinic

S double bonds ot other centers of georeinic asymmetry, and unless specified otherwise,
it 13 pended that the compounds include both E and 7 geometric 1somers {e.g., iz or
frans). Likewise, unless otherwise indicated, all possible isomers, as well as thewr
racentic and optically pure forms, and all tantomeric forms are also utended to be
mcluded. It 13 therefore contemnplated that vanious stereoisomers and mixtures thereof

10 mclude “enantiomers,” which refers {o fwo stetentsomers whose molecules ave
ponsuperimposeable miurror images of one another. Thus, the compounds may ocowr in
any womernc form, mclding racemates, racemic mixiures, and as mdividual
enantiomers or diastereomers.

Accordingly, and m a more specific embodiment, provided herem is the

1S compound [(2R 38,11bR}-9,10-dimethoxy-3-(2-methylpropyl}-
VH.2H, 3H 4H 6H.7H. 1 1bH-pyrido[2 . 1-alisoquinolin-2-vlmethanol (R’ = H}, as well as

analogs or prodrugs thereof, having the siereochenustry noted m structure (I}

{15
20 or pharmaceutically acceptable salt or selvate thereof, wherem Ry 15 as defined above.
As used m the specification and appended clams, unless specified to the
contrary, the followmg terms have the meanmng mdicated.
"Allovl™ refers to a straight or branched hvdrocarbon cham radical
consisting solely of carbon and hydrogen atoms, confaming no unsaturation, having
25 from one to twelve carbon afoms, one fo eighif carbon atoms, or one to six carbon

atoms, or one to four carbon atoms, and which s attached to the rest of the molecule by
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a smgle bond, e g, methvl, ethyl, »-propyl, I-methylethyl (so-propyl), s-butyl,
n-pentvl, 1,1-dunethyvlethyl (r-buivl), 3-methyibexyl, 2-methylhexyl, and the like

"Alkenvyl” refers to a straight or branched hydrocarbon chain radical
group counsisting solely of carbon and hydrogen atotns, confaining at least one double
bond, having from two to twelve carbon atoms, preferably two to eight carbon atonis
and which 15 attached to the rest of the molecnle by a single bond, « g.. ethenvl,
prop-1-envl, but-1-envl, pent-1-enyl, penta-1.4-dienyl, and the hike.

"Alkviene” or "alkylene chain® refers {o a straight or branched divalent
hvdrocarbon chain inking the rest of the molecude to a radical group, consisting solely
of carbon and hvdrogen, containing no unsaturation and having from one to twelve
carbon atoms or from one to four carbon atoms, e.g., methylene, ethylene, propvlene,
n-butylene, and the hike. The alkviene cham is aftached to the rest of the moelecnle
through a single bond and to the radical group through a single bond. The pomts of
attachinent of the alkvlene chain to the rest of the molecule and to the radical group can
be through one carbon or any two carbons within the cham.

“Carbocyelyl” refers to a stable 3- to IR-membered aromatic or
non-aromatic rimg radical which consists of 3 to 18 carbon atoms. Unless stated
otherwise specificallv in the specification, the carbocyelyl radical may be a monocylic,
bicyelie, tricyelic or tetracychie ring system, which may mclude fused or bridged ring
systems, and may be partially or fully satwrated. Non-aromatic carboceyelyl radicals
melude cyeloalkyl, while aromatic carboevelvl radicals melude arvl

"Cycloalkyl” refers to a stable non-aromatic monocychic or polyeyehe
hydrocarbon radical consisting solely of carbon and hydrogen atoms, which may
mclude fused or bridged ring systems, having from three to {ifteen carbon atoms,
preferably having from three fo fen carbon atorns, and which is saturated or unsaturated
and attached to the rest of the molecule by a single bond. Mowpocyclie radicals include,
for example, cyclopropvl, cyclobutyl, cyelopentyl, cyelohexvl, cvcloheptly, and
cyvclooctyl. Polveyclic radicals include, for exaniple, adamaniyvl, norborayl, decalinyl,

7.7-dunethyl-bicvelo-f2.2 1 jheptanyl, and the hike.
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"Aryl" refers to a hydrocarbon ring system radical comprising hydrogen,
f to 18 carbon atoms and at least one aromatic ting, The aryl radical may be a
monocyclic, biovehic, tricvelic or tefracyelic ring system, which mayv inchade fused or
bridged ring systems. Aryl radicals include, but are not himtted to, aryl radicals dertved
from aceanthrylene, acenaphthylene, acephenantlrvlene, anthracene, arulene, benzene,
chrysene, fluoranthene, fluorene, as-indacene, s-mmdacene, mdane, indene, naphthalene,
phenalene, phenanthrene, pleiadene, pyrene, and triphenviene. In one embodunent, aryl
is phenvi or naphthyl, and 1 another embodiment is phenyl.

"Aratkyl” refers to a radical of the formula -Ry R, where Ry 15 an alkylene
chain as defined heretn and R, 1s one or more aryl radicals as defined hevein, for
example, benzyl, diphenyimethyl and the like.

"Heterocvelyl” refers to a stable 3- to 18-membered aromatic or
non-aromatic rmg radical which consists of two to twelve carbon atoms and from one fo
six heterpatoms selected from the group consisting of nitrogen, oxygen and sulbr.
Unless stated otherwise specifically m the specification, the heterocyvelyl radical may be
a monocvehic, bievehe, tricyelic or tetracyehic ning system, wiuch may melude fused or
bridged ning systems; and the nifvrogen, carbon or sulfur atoms m the heterocvelyvl
radical may be optionally oxidized; the ntfrogen atom may be optionally quaternized;
and the heterocvelyl radical may be partially or fally satwated. Examples or aromatic
betercvelyl radicals are listed below m the definthion of heteroarvis {7 ¢, heteroaryl
bemng a subset of heterocyelyl). Examples of non-aromatic heterocyelyl radicals
melude, but are not linited to, dioxolanyl, thienyl{ 1 3{dithianyi, decahydroisoquinolyl,
unidazohinyl, imidazolidinyd, 1sothtazohdinyl, 1soxazolidimyl, morpholinyl,
octahyvdromdedyl, octahydroisoindolvl, 2-oxopiperazinyl, 2-oxopiperidiny,
2-oxopyrrohidinyl, oxazehdinyl, pipenidinyl, piperazinvi, 4-piperidonyl, pyrrolidinyl,
pyrazohdinvl, pyrazolopyrimidinyl, quinuchdmvl, thiazohidinyl, tetrabvdrofuryl,
trioxanyl, trithianyl, tiiazimanyl, tetrahydropyranyl, thiomorphelinyl, thiamorpholinyd,
1-oxo-thiomorpholinyl, and 1,1-dioxo-thiomorpholinyvl.

"Heterceyelvialkvl” refers o a radical of the fornmila -ReRy, where Ry is

an alkylene chain as defined herein and Ry, 15 2 heterocyelyvi radical as defined herein,
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and 1f the heterocyelyl 1s a nitrogen-contamning heterocyelvl, the heterocyelyl may be
attached fo the alkyl radical af the nitrogen atom.

"Heteroarvl” refers to a 5- to 14-membered ring systemn radical
comprising hydrogen atoms, one to thirfeen carbon atoms, one io six heteroatoms
selected from the group consisting of nitrogen, oxygen and sulfur, and af least one
aromatic ring. For parposes of this invention, the heteroaryl radical mav be a
monocyelic, bievelie, fricyelic or tetracyelic ring system, which mayv include fused or
bridged ring systems; and the nitrogen, carbon or sulfur atoms m the heteroaryl radical
iy be optionally oxidized; the nifrogen atom miay be optionally quaternized.
Examples mclude, but are not lunited to, azepinyl, acridinyl, benzimidazolvl,
benzthiazolyl, benzindolyl, benzodioxolyvl, benzofuranyl, benzooxazolyl,
benzothuazolyl, benrzothiadiazolyl, benzof A} 1 4]dioxepinvl, 1 4-benzodioxanyl,
benzonaphthofwranyl, benzoxazolyl, benzodioxolyl, benzodioxinyl, benzopyranyl,
benzopyranonyl, benzofuranyl, benzofuranonyvl, benzothienyl (benzothiophenyl},
benzotriazolyl, benzof4 6linudazof1 2-¢jpyridinyl, benzoxazolmonyl,
benzimudazolthuonyl, carbazolyl, cinnolinyl, dibenzofuranyl, dibenzotluophenyl,
furanyl, furanonyl, isothiazolyl, mudazolyl, indazolvl, indolyl, indazelyl, wseindolvl,
mdolmyl, isomdolinyl, isequmolyl, indolizinyl, 1soxazolyvl, naphthyridinyl, oxadiazolyl,
2-oxoazepinyvl, oxazeolvl, oxiranyl, -oxidopyridmyl, -oxidopyrinudind, 1-
oxidopyrazinyl, 1-oxidepynidazinyl, §-phenvi-1H-pvirolyl, phenazinyl, phenothiarinyl,
phenoxazinyl, phthalazinyl, pteridinyl, ptenidinonyl, purinyl, pvirelvl, pyrazolyl,
pyridinyl, pyridinonyl, pyrazinyl, pyrindinyl, pryrmudinonvl, pynidazinyl, pyrrolvl,
pyridof 2, 3-dlpviimidimnonyl, quinazolinyl, quinazolinonyl, gninoxalmyl,
qunoxalinonyl, qunolinyl, sequinolinyl, tetrahyvdroquinolinyl, thiazolyl, tluadiazolvl,
thienof3 2-dlpyrinudin-4-onvi, thieno|2 3-Jdipyrimudim-4-onyl, triazolyl, tetrazolyl,
triazinyl, and thiophenvi {1.e. thienvl).

"Heterparvialkyl" refers to a radical of the fornmila -RyR, where Ry 1s an
alkvlene cham as defined herein and R; s a heteroarvl radical as defined herein.

"Cyano” refers to the -ON radical.

"Halo” refers to brome, ehloro, flucro or iodo.

10
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"Haloalkyl” refers to an alkyl radical, as defined herem, that is
subsiituted by one or wore halo radicals, as defined herein, e g, trifluoromethyl,
diffuoronethyl, tnchioromethyl, 2.2 2-triflnoroethyl, 1-fluorontethvl-2-flnoroethyl,
3-brome-2-fuoropropyl, I-bromomethyi-2-bromoethyl, and the hke.

"Nitro" refers to the -NO, radical.

"Oxo" refers to the =0 substituent.

“Trimethylstlanyl” refers to the —Osy{CHas)s radical.

"Cycloalkvlalkyl” refers to a radical of the fornmla RyRg where Ry 1s
an alkylene cham as defined herem and R, 15 a cycloalkyl radical as defined herem.

"Fused" refers to any ring system described herein which ts fused fo an
existing ring structure i the compounds of the invention. When the fused ring svstem
1s a heterocyelyvl or a heteroaryl, anv carbon in the existing ring structure which
becores part of the fused ring systein may be replaced with a nitrogen.

“Prodrug” 1s meant to mndicate a compound that may be converted under
phvsiological condifions or by selvolysis o a biologically active compound, such as
compound 1-1 described herem. Thus, the term “prodrug”™ refers to a metabolic precursor
of a compound described heremn that 1s pharmaceutically acceptable. A prodrug may be
mactive when adnunistered to a subject 1n need thereof, but s converted i vivo to an
active compound as desertbed herein. Prodmgs are typically rapidly transformed i vavo
to yvield the parent compound described herein, for example, by bvdrolysis inblood. The
prodrug compound often offers advantages of solubiliy, tissue commpatibility or delayed
release in a mammalian organism {(see, e.g., Bundgard, H., Design of Prodmgs (1983). pp.
7-9, 21-24 (Elsevier, Amsterdam)}. A discussion of prodrugs 1s provided in Higuchn, T, et
al., “Pro-drmgs as Novel Delivery Systems,” A .C.S. Svinposiun Series, Vol 14, and
Bioreversible Carrters in Dimg Design, ed. Edward B. Roche, American Pharmacentical
Association and Pergamon Press, 1987, both of which are mcorporated mn full by reference
herem.

In one embodiment, the compounds described herem serve as a prodiug
to {9, 10-dimethoxy-3-2-methyipropvl-1H.2H,3H 4H,6H 7H, 1 1tH-pviido{2 1 -a}-

isoquinohin-2-viimethanol {compound 1-1); that i3, the compound may be converted

it



H

0

a5

o

WO 2016/127133 PCT/US2016/016892

nnder phyvsiological condifions to compound 1-1. In another embodiment, the compounds
described herein are themselves VMAT2 miubitors, and thus achive analogs to
compound 1-1.

The compounds deseribed herein may exist i a continuurn of sohid
states ranging from fully amorphous to fully crystalline. Furthermore, some of the
crystalline forms of the compounds having a stracture of formulda (1), formmula 1, and
substructures and specific compounds thereof, mav exist as polvmorphs. In addition,
some of the compounds may also form solvates with water or other organic solvents.
The term solvate 15 used herein o describe a molecular complex comprising a
compound described herein and one or more pharmaceutically acceptable solvent
molecules. Such solvates are simarly included within the scope of this disclosure.

As one of skill i the art would appreciate, any of the compounds
described herem may incorporate radioactive 1sotopes. Accordingly, also contemplated
is use of isotopically-labeled compounds identical to those described herein, wherein
one or motre atoms are replaced by an atom baving an atomic mass or mass number
different from the atomic mass or mass number usually found 1 nature. Examples of
isotopes that can be incorporated mto these compounds mchide tsotopes of hivdrogen,
carbon, nitrogen, oxygen, phosphorous, fluonne and chlorine, such as, but not limited
to. “H, “H, Y, ¥, PN, Bo, Yo, e, e ], YR and CL respectively. Certain
isotopicaliv-labeled compounds, for example those mto which radioactive isotopes such
as °H and "*C are tncorporated, are also useful in drug or substrate tissue distribution
assays. Tritiated hydrogen CH} and carbon-14 (**C) isotopes are particularly preferred
for their ease of preparation and defectability. Substitution with heavier isotopes such
as deuterium ("H) can provide certain therapeutic advantages resulting from greater
metabelic stability, for example moreased m wivo halt-life or reduced dose requirements
and, therefore, may be preferred m somie circumstances.  Isolopicallv-labeled
compounds can generally be prepared by performing procedures routinely practiced m
the art.

In one embodiment, R* of structures (1) and (ID) is hvdrogen, and the

compound has structare (1) or (IV):



WO 2016/127133

- o
. N
a%of‘xf’\T»\T
’\\\ P -~ \\\A,-“ e \\\"
[\A
OH

()

PCT/US2016/016892

Ry ~

\
g ,-v"/}J\\ - N‘\A
MeO I a7 ~

-

e
vy

I one embodiment, R of structure (I} and (I) is —C{=0)-R*, where R’

1s alkyl, heterocyelyl or carbocyelvl and each of said alkyl, heterocyelyl or carbocyelyl

. . . . 0 5 2 - _
is optionally substituted with R'® andior R® as defined above, and the compound has
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In an embodiment, R, of structure (I) and (IT) is —C(=)-O-R,, where R?

is atkyl and said alkyl is optionally substituted with R'® and/or R™ as defined above,

3
structure (VY or (VI
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and the compound has structwe (VI) or (VH):
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Int an embodiment, R' of structure (1) and {II) is -C{=O)N(RMR’ where

2. N .
R” 15 alkyl, heterocvelyl or carboeyelyvl and each of said alkyl, heterocvelvl or

5 carboevelyl is optionally substituted with R' andior R™ as defined above, and the

compound has structure (VHT) or (IX):

MeO.
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10 In an embodiment, R of structare {I) and (I1) is alkyl, wherein said alkyl

. . . . FE 5 2 e ~
is optionally substitated with R and/or R® as defined above, and the compound has

structure (X} or {XI}:
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In an embodiment, R? of structure () and (ID) is —P(=0¥OR"),, and the

compound has the structure of formula (X1} or (XII)
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In certam embodiments of compounds having structares {I) through

{XII), wheremn the alkyl, beterocvelyl or carbocyelyl of such structwres 15 optionally

10 substituted with R'® andior R™. Optional substitution in this regard means that the
alkyl, heterocyelyl or carboeyelvl group is either (i) not substituted with R*¥ or R, or
(i1} is substituted with one or both of R'® and R™. When substitated with one or both of
R and R*, such substituents may be present singularly (i.e., a single R or R™
substifuent), or in multiples (.2., more than one R'® substituent, more than one R™

15 substituent, or a combination of one or more R™® substituents, and one or more R®
substituents). The total number of R'® and/or R™ substituents may range from zero {7.e.,
when the alkvl, heterocyelyl or carboeyelyl s unsubstituted} up to 10 (ie, when the
alkyl, heterocyclvl or carbocyelyl 1s subsiituted). When substiiuted the tofal number of

R and R*® substituents generally range from 1 to 10, or from 1 to 8, or from 1 to 6, or

15
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from I to 4, or from 1 to 2. In those embodiments i which the alkyl, heterocyelyl or
carboeyelyl is substituted with R, such R™ substituent may be optionally substituted
with RY andior R™ as defined above in the context of R'Y andéor R™®. Further, in the
case of R™, such R™ substituent may be optionally substituted with R'®, again as
defined in the context of R'® ghove.

In one embodiment, R} is -C(=0)alkyl. wherein alkyl is optionally
substituted with R™ andior R®. Representative “OR"™ groups of this embodiment are
iabeled “A™” m Table 1.

In one embeodiment, R} is -C(=0jheterocyelyl. wherein heterocyelyl is
optionally substituted with R* and/or R™®. Representative “OR" groups of this
embodiment are labeled “B” m Table 1.

I one embodiment, R is -C(=0)carbocvelyl, wherein carboceyelyl is
optionally substituted with R™® and/or R*. Representative “OR’” groups of this
embodiment are labeled “C™ in Table 1.

Inn one embodiment, R' is -C{=0)N{R5)alkyl, wherein alkyl is optionally
substituted with R'" andéor R™. Representative “OR™ groups of this embodiment are
labeled “D” m Table 1.

In one embodiment, R* is -C{=0JN(R;)carbocyele, wherein carbocvele is
optionally substituted with R*® andfor R®. Representative “OR™ groups of this
embodiment are labeled “E” m Table 1.

In one embodiment, R? is -P(=0)OR’); and representative “OR'
groups of this embodiment are labeled “F” m Table 1.

In one embodiment, R? is -C(=0)0alkyl, wherein alkvl is optionally
substituted with R™ andfor R”. Representative “OR™ groups of this embodiment are
labeled “G” m Table L.

In one embodiment, R® is alkyl, wherein alkyl is optionally substituted
with R* andsor R®. Representative “OR™ groups of this embodiment are labeled “H”
m Table 1.

It should be noted that some of the compounds listed in Table I may be

characterized by more than one elass. For example, compound 3-3 15 identified as a
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“D compound, indicating that R is -C{=0)N(Ralkyl, wherein alkyl is optionally
substituted with R'® andior R™ (in this case, two R™ groups are taken together to form
cyelopropyl). However, compound 5-5 may also be elassified as an “E” conmpound,
indicating that R' is -C(=0/N(R;)earbocyele, wherein carbocycle is optionally
substituted with R andior R*®. Thus, the classifications below are not meant to
exchude any specific compound from falling within multiple classes.

Furthermore, 1 Table 1 {as well as Tables 2-8 below), the monovalent
oxyeen {“0O7) denotes the point of attachment of the “OR,” substituent to structure (I},
and is not a component of the R’ gronp. It shonld also be noted that, for purpose of
abbreviation, some nifrogen atoms are depicied absent their accompanying hyvdrogen
atoms, such as monovalemt “-N” in place of “-NH;” and divalent “-N-" 1 place of “-
NH-". One skilled m thus field will radially recognize and appreciaie the meanng of

such abbreviated designations.
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The compounds described heretn may be prepared by known organic
synthesis techinques, inchiding the methods described i the Schemes hereafier and in

more detad t the Examples.

LA

Reaction Scheme |
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Alcohol ¢ 15 condensed with an acid using 1-4{3-dimethylanunopropyi}-3-
10 ethylecarbodimide bhyvdrochioride (EDCT) and dimethylaminopyridine (DMAP)Y m
methylene chloride to give ester ¢, Alternatively, ester ¢ can be generated by treating
alcobol ¢ with an acid chloride.
The chloroformate mtermediate & may be generated by treating alcobol ¢
with phosgene or triphosgene. Treatment of & with an alcohol i the presence of a base

15 such as DMAP generates the carbonate product . Alternatively, the carbonate ¢ can be
generated duectly by treating the alcohol @ with a pyrocarbonate nnder DMAP
catalysis.

The carbamate ¢ may be generated by treating alcohol ¢ with a
carbamovl chioride i methyvlene chloride m the presence of a base.

20 Phosphonate ¢ 1s generaied by freating alcohol & with a
chlorophosphonate and pyridine n methvlene chlonde. The phosphonie acid ¢ may be
generated by removal of the benzyvl groups from the phosphonate with patladinm on
carbon under an atmosphere of hydrogen. Alternatively, the phosphouic acid ¢ can be

generated directly with POCH; in water.
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Reaction Scheme 2

Alcohol ¢ 15 condensed with a BOC protected ammo acid using 1-(3-
dimethviaminopropyvi}-3-ethyvlcarbodimude hydrochloride (EDCI) and
dimethviaminopyridine (DMAP) i dimethylformanude and methvlene chioride,
followed by deprotection of the BOC fimctionality with, for mstance, a 50/50
frifluoroacetic acid/methylene chlonde solution to give 4. Allernatively, alcobol @ may
be condensed with a CBZ-protected amuno acid nsing DCC (1,3-
dicyclohexvicarbodiinude) followed by deprotection of the CBY functionality by
bvdrogenation under appropriate conditions.

The compounds described herein may generally be utilized as the free
acid or free base. Alternatively, the compounds may be used m the form of acid or base
addition salts. Acid addition salts of the free anuno compounds may be prepared by
methods well known 1 the art, and may be formed from organic and morganic acids.
Suttable organic acids include maleie, fumaric, benzoie, ascorbic, succmic,
methanesulfonie, acetic, trifluoroacetic, oxalic, propionic, tartarie, salieylic, citric,
ghuconic, lactic, mandelic, cimarmic, aspartic, stearic, palmitic, glveolie, glutamie, and
benzenesulfonic acids. Sutfable mworganic acids melade hydrochiorie, hydrobromuc,
sutfuric, phosphoric, and nitric acids. Base additzon salts mcluded those salts that form
with the carboxylate anion and include salts formed with orgamc and morganic cations
such as those chosen from the alkali and alkaline earth metals (for example, lithium,
sodim, potassium, magnesiun, bariwm and calcram), as well as the ammontom jon and
substituted derrvatives thereof (for example, dibenzylanmmonium, benzviammonmm, 2-
hvdroxyethvlanunonnun, and the like). Thus, a “pharmaceutically acceptable salt” 15

mtended to encompass any and all acceptable salt forms.
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In general, the compounds used in the reactions described heremn may be
made according to organic synthesis techniques known fo those skilled 1o tlus att,
starting from cominercially available chemicals and/or fron compounds described n
the chenucal hterature. “Commercially avatlable chemicals” may be obtamed from
standard commercial sources melnding Acros Orgames (Pitisburgh PA), Aldnich
Chenmuecal (Milwaunkee W1, mchiding Sigma Chenucal and Fluka), Apm Chenuncals Litd.
{Milton Park UK}, Avocado Research (Lancashire UK.}, BDH Inc. (Toronto, Canada),
Bionet {Comwall, UK, Chemservice Inc. (West Chester PA}, Crescent Chenucal Co.
{Hauppauge NY ), Eastman Orgamic Chenucals, Eastiman Kodak Company (Rochester
NY), Fisher Scientific Co. (Pitisburgh PA), Fisons Chemucals {Letcestershire UK,
Frontier Scientific {Logan UT), ICN Biomedicals, Inc. {Costa Mesa CA), Kev Organics
{Comwall UK.}, Lancaster Synthesis (Windham NH), Mayvbridge Chemical Co. Ltd.
{Comwall UK.}, Panish Chemuical Co. {Orem UT), Plaltz & Bauer, Inc. {Waterburv CN3,
Polyorganix (Houston TX), Pierce Chemtcal Co. {Rockford 11}, Riedel de Haen AG
{Hanover, Germany), Spectrum Qualily Product, Inc. {New Brunswick, NI}, TCI
America {Portland OR), Trans World Chemicals, Inc. (Rockville MD), and Wake
Chemicals USA, Inc. (Richmond VA)

Methods known to one of ordinary skill i the art may be identified
through various reference books and databases. Suitable reference books and treatise that
detail the syathesis of reactants useful 1 the preparation of compounds of the present
disclosure, or provide references fo articles that describe the preparation, mclude for
example, “Synthetic Organic Chenustry,” John Wiley & Sons, Inc., New York; S. R
Sandler et al., “Organic Functional Group Preparations,” 2nd Ed., Acadenuc Press, New
York, 1983; H. O. House, “Modern Synthetic Reactions”, 2nd Ed., W. A. Benjamin, Inc.
Memndo Park, Caht 1972; T. L. Galchrst, “Heterocvelie Chenustry™, 2nd Ed., Jobn Wiley
& Sons, New York, 1992; J. March, “Advanced Organic Chenustry: Reactions,
Mechanisms and Structure,” 4th Ed., Wiley-Interscience, New York, 1992, Additional
suitable reference books and treatise that detail the syunthesis of reactants usefidd 1 the
preparation of compounds of the present disclosure, or provide references to articles

that describe the preparation, melude for example, Fulwhop, I and Penzlin G, “Organic
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Synthesis: Concepts, Methods, Starting Materials”, Second, Revised and Enlarged
Edition (1994} John Wiley & Sons ISBN: 3-327-29074-5; Hottman, R'V. “Organic
Chenstry, An Infermediate Text” (1996) Oxford University Press, ISBN §-19-509618-
5; Larock, R. C. “Comprehensive Organie Transformations: A Gmde to Functional
Group Preparations” 2ud Edifion (1999} Wiley-VCH, ISBN: 0-471-19031-4; March, 1.
“Advanced Organic Chemistry: Reactions, Mechamisms, and Structwre” 4th Edition
{1992) John Wilev & Sons, ISBN: 0-471-60180-2; Otera, J. {editor) “Modern Carbouyl
Chenistry” (2000} Wiley-VCH, ISBN: 3-327-20871-1; Patai, 8. "Patar's 1992 Guide to
the Chenustry of Functional Groups”™ (1992) Interscience ISBN: (-471-93022-9; Qumn,
L.D. et al. “A Gude to Organophosphorus Chepustry™ (2000) Wilev-Interscience,
ISBN: (-471-31824-8; Solomons, T. W. G. “Organic Chemistry” 7th Edition {2000}
Tohn Wilev & Sons, ISBN: §-471-19095-0; Stowell, 1.C., “Infermediate Organic
Chenusirv” 2nd Edition (1993 Wilev-Interscience, ISBN: 0-471-37456-2; “Industrial
Organic Chemicals: Starting Materials and Intermediates: An Ullmann's Encyelopedia”
{1999} John Wiley & Sens, ISBN: 3-327-296453-X, 1n § volimes; “Organic Reactions”
{1942-2000) John Wiley & Sons, in over 55 volumes; and “Chemistry of Functional
Groups”™ John Wiley & Sons, mn 73 volumes.

Specitic and analogous reactants may also be identified through the
mcdices of known chenucals prepared by the Chemical Abstract Service of the American
Chemical Society, which are available m most public and university libraries, as well as
through on-hine databases (the Amernican Chemical Society, Washmgion, D.C., mayv be
contacted for more detatls). Chemicals that are known but not cominercially available
m catalogs may be prepared by custom chemical synthesis houses, where many of the
standard chemical supply houses {2.g., those histed above) provide custom svinthesis
services, A reference for the preparation and selection of pharmaceutical salts of the
present disclosure 1s P. H. Stahl & C. G. Wermuth “Handbook of Pharmaceutical
Salts,” Verlag Helveticer Chimice dete, Zurich, 20602,

As mentioned above, the compounds described heremn and thew salts
may reduce the supply of monoamines m the central nervous system by mhibiting the

human monoammne transporter isoform 2 {VMAT2). As such, these compounds and

tad
ot



10

15

0 2016/127133 PCT/US2016/016892

their salts may have utthity over a wide range of therapentic apphications, and may be
used fo treat a variety of disorders which are caused by or linked to mbhibition of the
human monoamine fransporter isoform 2. These disorders mclude hyperkinetic
disorders, scluzophrenia and bipolar disease.

Inn an embodunent, conditions which may be treated by compounds
described heretn inchude, but are not limited to, treatment of hyperkmetic disorders such
as Huntingion’s disease, tardive dyskinesia, Tourette’s syndrome, and fics.

In another embodiment, the compounds described herein and their salts
may be hvdrolyzed i the body of a mammal to compounds that may minbyt the human
monocamine transporter 1soform 2. As such, these compounds and their salis may have
additzonal utility m altering the #» vivo properties of the metabolite in 3 maminal such as
the maximuwm concentration or duration of action.

The compounds described heremn, such as {{2R,38,11bR)-9,10-
dimethoxy-3-(2-methvipropyl)-1H,2H.3H 4H 6H,7H. 1 1 bH-pyrido| 2, -ajisoquinolin-2-
yiimethanol {also called Compound 1-1 herewn) may be less likely to extubit
pharmacokimetic vartability. This reduced vanabulity may be due to a reduced
miteraction with the CYP2D6 related metabolic pathway. Without wishing to be bound
by theory, such compounds may thus possess less potential for ding-drug mteraction
{DDI) associated with a CYP2D6 mechanisn.

In another embodiment, pharmaceutical composiiions containing one or
more monoamine re-uptake mlubitors (f e, VMAT2 inhibtiors) are disclosed. For the
purpoeses of admimistration, the compounds described herein may be formulated as
pharmacentical compositions. Pharmacentical compostfions comprise a monocamine re-
uptake mhibutor described herein and a pharmaceutically acceptable excipient, carrier
and/or diluent. The VMAT?2 mhibifor i< present 1 the composition m an amount that s
effective to treat a parficular disorder--that 1s, 1 an amount suificient fo reduce the
supply of monecamines m the central nervous svstem, and preferably with acceptable
foxicity to the pattent. Appropriate concentrations and dosages can be readily

determuined by one skilled 1 the art.
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As understood by a person skilled m the medical art, the terms, “treat”
and “freatment,” refer to medical management of a disease, disorder, or condition of a
subiect (i 2, patient) {see, e g, Stedman’s Medical Dictionary). The terms "treatment”
and “treating” embraces both preventative, 1e. prophvlactic, or therapeutic, 1.e. curative
and/or palliative, treatment. Thus the ferms “treatinent” and “trealing” comprise
therapeutic treatinent of patients having already developed the condition, m particular m
manifest form. Therapeutic treatment may be symptomatic treatment in order to relieve
the symptoms of the specific mdication or causal treatinent in order to reverse or
partially reverse the conditions of the mdication or to stop or slow down progression of
the disease. Thus the compositions and methods described herein may be used, for
mstance, as therapeutic treatment over a period of time as well as for chrome therapy.
In addition the ferms “ireatment” and “treating” comprise prophylactic freatment, 7.e., a
freatment of patienis at risk to develop a condition mentioned hereinbefore, thus
reducing the nisk.

The subject 1n need of the compositions and methods described herein
meludes a subject who has been diagnosed by a person skilled i the medical and
psvchiatric arts with a hyperkmetic disorder {e.g., tardive dyskinesia). A subject {or
patient} to be treated may be a marnmal, including a human or non-buman primate. The
mammal may be a domesticated animal such as a cat or a dog.

Therapeutic and/or prophylactic benefit includes, for example, an
mproved chintcal ouicome, both therapeutic treatiment and prophvlaciic or preventative
measures, wherein the object 15 to prevent or slow or retard (lessen} an undesired
physiological change or disorder, or to prevent or slow or retard {lessen) the expansion
or severity of such disorder. Prophviactic adnunistration of a composition herein may
commence upon first treatment with dopamine receptor blocking drugs such as
neuroleptics. As discussed herein, beneficial or desired chinical resulis from treating a
subject inchude, but are not hinmitted to, abatement, lessening, or alleviation of svmptoms
that resnlt from or are associated the disease, condition, or disorder fo be treated;
decreased occurrence of symptoms; mproved guality of life; longer disease-free status

{i.e., decreasmg the hikelthood or the propensity that a subject will present symptoms on
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the basis of which a diagnosis of a disease 1s made); dunmishiment of extent of disease;
stabilized (i ¢, not worsenung) state of disease; delay or slowing of disease progression;
amelioration or palliation of the disease state; and remission {whether partial or total},
whether detectable or undetectable; and/or overall swrvival. “Treatment™ can also nmiean
prolongig survival when compared to expected survival if a subject were not receiving
treatment. Subjects i need of treatment nchude those wheo already have the condition
or disorder as well as subjects proue fo have or at risk of developing the disease,
condition, or disorder {2.g, TD or other conditions or disorders deseribed herein), and
those in which the disease, condition, or disorder is 1o be prevented {7.e, decreasing the
likelihood of occurrence of the disease, disorder, or condition). A therapeutically
effective amount of any one of the compounds described herein in the amount of the
compound that provides a stafistically or chincally significant therapeutic andfor
prophvlactic benefit to the treated subject.

Methods for deternuning the effectiveness of a therapeutic for treating a
byperkinetic disorder are routinely practiced m the art by a person skilled » the medical
and clinical arts. By way of example, a subject with a hyperkmnetic disorder may be
diagnosed, monttored, and evaliated by the Abnormal Involuntary Movement Scale
{AIMS). The AIMS 15 a stuctured neurological exanunpation that was developed in
1976 and has been used extensively in movement disorder assessments. It consists of
seven distinet ratings of regional ivoluntary body movernents that are scored on a zero
to four scale with zero being rated as none and four betng rated as severe.

Characterizing any of the compounds having a structwre of formula (I),
{1, mcludmg any subsiructures and specific compounds thereof, may be determined
using methods described heremn and in the art. For example, dopamine depletion may
be determined using the locomotor activity {LMA} assay. Another tn vivo anumal
model mncludes the conditioned avoidance response (CAR) test, which has been shown
to be an effective and reliable preclimical model for assessing the antipsychotic activity
of compounds.

The present disclosure further provides for pharmaceutical compositions

compiising any one of the compounds described heremn {a compound of Formula 1,
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Fornwila H, and melnding all substructures and specific compounds described herein)
and a pharmaceuiically acceptable excipient for use in the methods for trealing
newrclogical disorders and diseases, such as hyperkinetic disorders.

Pharmaceutically acceptable carniers and/or diluenis are famihiar to those
skilled m the arf. For comnposttions formulated as liquid solutions, acceptable cariers
and/or diluents mclude saline and sterile water, and may optionally mclude
antioxidants, buffers, bacteriostats and other common additives. The compositions can
also be formulated as pills, capsules, granules, or tablets which contamn, m addition to a
VMAT? inlubitor, diluents, dispersing and surface active agents, binders, and
hibricants. One skilled m this art may Rurther fornmlate the VMAT2 mlubitor in an
appropriate manner, and in accordance with accepted practices, such as those disclosed
m Remmington's Pharmaceutical Sciences, Gennaro, Ed., Mack Publishing Co., Easton,
PA 1990,

The pharmaceutical compositions provided herem may be fornmilated as
munediate or modified release dosage forms, including delaved-, sustamed, pulsed-,
controlled, targeted-, and progranuned-release forms. The pharmacentical
composiiions may also be formulated as a suspension, solid, semi-solid, or thixotropic
hquid, for admunstration as an unplanted depot.

In another embodiment, 2 method 13 provided heretn for treating
diserders of the central or peripheral nervons svstem. Such methods mclade
admumstermg a compound described heremn to a warm-blooded anmmal (e g., a human)
in an amount sufficient to treat the condition. In thus context, “treat” includes
prophvlactic administration.  Such methods melude systemic admuistration of a
VMAT? indubitor described herem, preferably in the form of a pharmaceutical
composition as discussed above. As used herem, systemic adnunisiration includes oral
and parenteral methods of adnunistration. For oral adnunsiration, sutable
pharmaceutical compositions include powders, granules, pills, tablets, and capsules as
well as hiquids, syrups, suspensions, and emulsions. These compositions may also
melude flavorants, preservatives, suspending, thickening and emulsifving agents, and

other pharmacentically acceptable additives. For parental administration, the
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compounds described herein can be prepared in agueous mjection solutions which may
contam, i addition to the VMAT2 mhubtior, buffers, antioxidants, bacteriostats, and
other additives commonly emploved i such solutions.

EXAMPLES

Anabviical Method — Ulira-Hich Performance Diquid Clromatosraphv {UPLC-MS)

Platform: Agilent 1268 series UPLC: equipped with an avto-sampler, an
UV detector (220 oM and 254 nM), colnmn thermostat, a MS detector (electrospray);

Column: Waters XBridge BEH C18 XP, 2.5 nucron, 3 x 50 mny

Mebile phase: A=water, 0.025 %5 TFA; B=acetonitrile, 0.023% TFA;

Flow rate: 1.5 mL/mun;

Gradient: 10% B/A0% A to 90% B/10% A over | 5aun, then hold 0.3
nun, refun to mitial conditions for 0. 53nun; total mn time 2 Smin;

For purpose of abbreviation, some nutrogen atoms andior oxvgen atoms
are depicted m the following Examples absent their accompanving bydrogen atoms,
such as monovalent “-N" m place of “-NH;” and “-O” in place of “-OH", and divalent
“-N-" m place of “-NH-". One skilled in thus field will radially recogmize and

apprectate the meaning of such abbreviated designations.
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EXAMPLE 1
Svnthesis of [{2R.38.11bR)-2. 10-dunethoxy=3-{2-methvipropvl)-
1H 2H 35 44 6H 7H . ibH-pwnidel 2. L -alisoqumolin-2-vHmethanol

HCI Salt
ME—(}\\ NN Me(. B NN MeO. NN
(T — I I
MeQ™ ’\f’“"’)["' Ny Ml \""ﬁ’ My MeO” ‘*é‘”H a«’ \] l
H " K.a:k/\‘“" \‘T’j\/ T \\\{,f\,/‘ S
13[ ta ON 1b 502%1
MeCh g o
MeOL oy |’ - A

Sfep 1A {3S.11bRVO. 16-Dunethoxv-3-(2-methvipropyl)-
1H2H 3H AH 68 7H 11bH-pyridol 2 1-slisoquinohine-2-carbominile {1a)
To a 3 L 3 neck round bottomed flask DMSO (1.1 L) and TOSMIC (104

g, 332.5 mmwol, 1.3 eq) were charged. To thus mixture KO-t-Bu (119.5 g, 1.065 mol)
10 was charged at once at ambient temp {22 °C). An exotherm was observed and the
temperature of the mixture mereased to 39 °C. Then a suspension of tetrabenazine {130
g, 410 mmoly m DMSQ {500 mL) was added fo the reaction nuxture slowly over 23
min {a slight exotherm observed}. EOH (10.5 mL) was added to this mixture and the

mixture was stured at ambient temp for 3 b LO-MS analysis of the muxture revealed

[y
LA

presence of ~4:1 ratio of 1a and starting matertal. The nuxture was poured to cold
water {9 L). The ouxiure was then extracted with EftAOc¢ (4 L). The agueous layer was
extracted with EtOAc {2 L). The combmed organics were washed with brine (2 1),

drted over NaxSQ; and concentrated. The residue was dissolved m ace tone {200 mi}
and loaded onto a sihica colamn (2 Kg silica gel, packed with hexanes). The column

20 was eluted first with hexanes (2.5 L), followed by 3-20% of acetone m hexanes. The
fractions contaming 1a and other impurities were combined and concentrated to give an
orange o1l {72 g) which was dissolved in acetone {100 mi) and loaded onto a silica

colunm {1 Kg silica gel, packed with hexanes). The column was eluted first with

-1
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hexanes (1 L), followed by 5% of acetone m hexanes {2L), 10% of acetone m hexanes
{2L}, 13% of aceifone m hexanes (21), and 20% of acetone m hexanes (2L}, The
fractions confaining >90% purity were combined and concentrated to give (35, 11bR}-
9. 10-dimethoxy-3-2-mmethylpropyl}-1H.2H 3H 4H 6H,7H, 1 tbH-pyrido{2.1-
alisoquincline-2-carboniirile 1a as an orange sohid (61 g oz 3202 [MH']). The
fractions contaming a nuxture of 1a and starting material were collected and
concentrated to give 48 g of material which was dissolved 1 DMSO (50 mi) and was
added to a nuxture of TOSMIC (25 g) and KO-1-Bu (28.7 g) in DMSO (250 mi} as
shown above. The residue was dissolved m acetone {10 mi} and loaded onto a silica
column {600 ¢ silica gel, packed with hexanes). The coluran was eluted first with
hexanes (300 mi), followed by 5-20% of acetone i hexanes. The fractions contammg

product were combined and concentrated to give orange solid 1a (33 g).

Step 1B {38 11bR -9 189-Dimethoxv-3-{2-methvipropvl)-
1H 2H 3H 4H 68 7H 1 1bH-pwrido] 2. 1 -aliscqgummoline-Z-catboxvlic acid {1b)

A 1 gallon pressure reactor was charged with a suspension of 1a (94 g,
286 nunol) i methanol (940 ml) and NaOH (343 g, 8.6 mol) in water (940 ml). This
mixture was stured at 120 °C (internal temp) for 67 h. The nuxture was cooled to room
temp and transferred to a round bottom flask. The muxture was concentrated m a
rotavap to ~1 L. The nuxture was then admsted pH o 7 using agueons 6N HCI under
cooling. The nuxture was extracted with DCM {(2x 3 L and 1 x 2 L), The combmed
organics were dried over Na,S(h and concentrated to mve a dark residue {88 g}, The
dark residue was taken m acetonifrile (500 ml) and stirred for 30 min. The nuxture was
filtered and the sohd was washed with acetonitrile (30 ml). The solid was dried under
vacuum for 2 h to afford Light brown solid (42 g, 49%%). Tlus solid was combined with
the filirate and concenirated {o a residue. The residue was dissolved m DOM (150 mb)
and loaded onto a silica column packed with DOM. The colunmn was elnted with 0-23%
of methanol in DCM. The fractions containung product were combined and

concentrated to give (35.11bR}-9,10-Dimethoxy-3-(2-methvipropyl)-
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1H.2H 3H 4H 6H.7H, 1 1bH-pyrido] 2, F-a lisogunoline-2-carboxvlic acid 1b as a give

pale brown solid (71 g, 71% vield, 92% purity, vz 3482 [MH .

Sfep ICE {Z2R 35,1 1bR -2 1 6-Dimethoxv-3-{2-methvioropvl)-
1H 2H 3H 44 6H 7H 1 1bH-pvride{ 2. 1 -alisogminolin-2-viimethanol (1-1)

A 3L round bottom flask was charged with 1b (73.5 g, 211.5 mmol) and
THF {1 48 L). This nuxture was stired and cooled to 10 °C (internal temp). To thus
nuxture was added 1 M LAH i THF {423 mi, 423 mmol) slowly over 20 nun keeping
the temp below 20 °C. The cooling bath was removed and the mixture was warmed up
to roon temip. The nuxture was heated fo 55 °C and sinved for 30 nun. The mixture
was cooled to room temp and then to 10 °C. EtOAc {30 mi) was added slowly to quench
un-reacted LAH followed by ethanol (30 mi}. Then water {150 ml) was added to thus
mixture. The mixiure was then concentrated to remove most of organic solvenis. Then
the nuxture was diluted with water (700 mi) and DCM (1 L). The suspension was
filtered through a pad of celite. The filtered cake was washed with DCM {2 x 300 mi).
The combined filtrates were taken m separatory funnel and the layers separated. The
aquecus laver was exiracted with DCM {1 L). The combined organics were dried over
Na,SQ, and concenirated fo give a dark residue. The residue was chromatographed on
stiica column using 0-10% of methanol in DUM as elnent. The fractions containing
product were combined and concentrated fo afford foamy orange residue. To this
residue hexanes (100 mi} was added and concentrated under reduced pressure at 45 °C
for 2 h to afford [(2R 38,1 1bR}-9, 10-Dimethoxv-3-2-methvipropyl)-
1H,2H 3H 4H.6H,7H, 1 1bH-pynido{ 2, 1 -ajisoquinolin-2-vljmethanol 1-1 as a pale brown
solid {51 g, 72%, 95% HPLC purity by 220 nm. nv/z 334.2 [MH']). This material may
be further punified by silica gel chromatography using 0-10% of methanol m DCM or

ethyl acetate as eluent.
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Step 1D [{2R 35 11bR)-9. 10-Dimethoxv-3-(Z-methvipropyli-
1H.2H 3H 4H 68 7H.1 1bH-pyndo{ 2. 1 -a lisoguminolin-2-vljmethanol HCY salt (1-1 HCH

A 21 round bottom flask was charged with 1-1 (43 g, 129 mmol) and
diethyl ether (860 mL). This mixture was stirred and cooled to 15 °C (internal ferup).

S To tlus mixiure was added 2 M HCI in diethyl ether (97 mid, 193 nunol) slowlv over 13
min. A whife precipitate formed. The cooling bath was removed and the mixture was
warmed to room tenp. The nuxfure was then stirred for 45 nun. The mixture was
filtered and the filtered solid was washed with diethvl ether {100 ml}, with MTBE (100
ni) and then with hexanes (100 mi}). The solid was then dried m vacuum oven at 40 °C

10 for I8 h. [{2R,38,11bR)-9 10-Dumethoxy-3-(2-methylpropylh)-
{H.2H, 3H 4H, 6H.7H, 1 1bH-pviido{ 2 1 -alisoquinolin-2-vi jmethanol HC sait 1-1 HCI

was isolated as an off-white solid {(44.7 g, 94% vield, m/z 3342 [MH]).

EXAMPLE 2
i3 [{2R.3S.1 1bR}-2.10-dimethoxy-3-{2-methvipropvD-1H 2H 3H 4H 6 H 7H. 1 1bH-

pyvrido] 2. 1-alisoguinolin-2-viimethvl 3-carbamovipropanoate

N | N
(11 \/’[/_L N — " o7 %“% >[/N\
| H)foj\/l\ | \?,J\/J\\
5\\9 E:\‘m
a.{,iv«\ﬂfw
° 21

20 Step JAC
[(ZR.35,11bR}-9.10-Dimethoxy-3-(2-methylpropvi}-
1H.2H,3H 4H,6H,7H, 1 1bH-pyrido| 2, I -a isoquinchin-2-yl imethanol HCI salt 2060 mg,
$.054 mmol}) and 3-carbamoylpropanoic acid (7.6 g, 8.065 mmol} was dissolved

DCM (0.7 mL} followed by N N-dimethvlpyridin-4-ammne (7.9 mg, 0.065 mmol), NN*-

bt
A

dicyclo-hexvimethanediimine {13.0 mg, 0.065 mimol), and trimethylamine (0.037 mlL,
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0.27 nunol} and the reaction was stitred overnight. The crude reaction mixfiwe was
diluted with 0.3 mL MeOH and purified via HPLC wieldmng [{2ZR.35,11bR)-9,10-
dimethoxy-3-(Z-nethvipropyl)-1H.2H.3H 4H 6H,7H. 1 I bH-pyrido| 2, I-ajisoquinalin-2-
viimethyl 3-carbamoylpropanoate 2-1 {mv'z 433.1 [MH ]

Table 2 below provides the observed (Obs) ton m/7 ratio of the other

compounds that were made according to the procedure as described in this example.

Table 2

Me(,

- N
o e
N N

- ,]‘\/\ /?/}- S ?J\i\,\
Me( ~F \[’ l L

.,

~OR?

Cpd.

O-R

Name

Cale
mass

Obs mass

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethyl 3-
carbamwovilpropanoate

+
fad
[#5]
.

2-2

fv3d e /z'{\’\ N Pl

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropyi)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl 3-{morpholin-4-
yl)propanoate

474 31

[{2R.38,11bR}-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vljmethyl 3-2 4-dioxe-

1,2,3 4-tetrahydrogumazolin-
3-vhipropanoate

34928

41
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Cpd.

O-R?

Name

{Cale
mass

{1hs mass

2-4

[(2R.35,11bR)-9.10-
dimethoxy-3-(2-
methylpropyl)-
1H2H 3H 4H 6H.7H, 11bH-
pyridof2,1-alisoquinolin-2-
vljmethyi 3-
{dimethylcarbamoylpropano
ate

460.29

461.1

)

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropyi)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-

| vijmethyi 3-

ethanesulfonamidopropanoat
=

49626

497.2

)
2

[{2R.38,11bR}-9,10-
dumethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vl jmethyl (3R)-1-
benzvipyrrohdine-3-
carboxvlate

L
-4
o
el
5]

LA
-4
[Reen
f-

W
X

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethyl 3-
{dimethylammo)propanoate

o
Ll
3
(¥

+
fad
L)
[G]

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropyi)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl 2-[{2R,65)-2,6-
dimethyimorphohin-4-
vllacetate

48833

4893
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Cpd.

O-R?

Name

{Cale
mass

{1hs mass

[(2R.35,11bR)-9.10-
dimethoxy-3-(2-
methylpropyl)-
1H2H 3H 4H 6H.7H, 11bH-
pyridof2,1-alisoquinolin-2-
vljmethyi 2-
carbamovlacefate

418225

4191

2-19

[{2R.38,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-

¥ jmethyi 2-(1-
methvipvirelidin-3-vijacetate

4583

J:/?‘c:;.
o o \_’//J

R RN

L

Y a

Vs

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{2,1-alisoquinolin-2-
vljmethyl (3R}-1-
benzyipiperidine-3-
carboxvlate

LN
L
(WX
LA

LN
fad
[ 1]
(WX

[{(2R.35,11bR})-9.10-
dimethoxy-3-(2-
methylpropyi)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl 1-
methylpiperidine-3-
carboxvlate

45831

2-13

[{2R.38,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
v jmethyl 3-(1H-1,2,.3.4-
ietrazol-1-vljpropanoaie

N
LA
~d
I~2
e

2-14

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{2,1-alisoquinolin-2-
vl jmethyl 3-nitropropanoate

43424

F=y
tad
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Cpd.

O-R?

Name

{Cale
mass

{1hs mass

e
Wy
h

[(2R.35,11bR)-9.10-
dimethoxy-3-(2-
methylpropyl)-
1H2H 3H 4H 6H.7H, 11bH-
pyridof2,1-alisoquinolin-2-
vl jmethyl 3-(4-
methylpiperazin-1-
vlpropanoate

o
o0
e
(¥
i

488.3

2-16

o a /I\
A
Y

0 BTN
o

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropyi)-

1H2H,3H 4H,6H,7H 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl 3-{(propane-2-
sulfonamdojpropancate

L]
[
o
o]
[

L]
[
[reen
f-

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vijmethyl 2,2-
dimethvipropanocate

41729

-
[
[#4]
7S]
]

2-18

[{(2R.35,11bR})-9.10-
dimethoxy-3-(2-
methylpropyi)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl 3-methvloxetane-
3-carboxylate

b
Lad
5\)
L
]

[{2R.38,11bR}-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vijmethyl 3-(piperidin-1-
vlipropanoate

2-28

[(35.11bR}-9,10-dimethoxy-
3-2-methvipropvi)-
I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
yijmethyl benzoate

437.26

438.28

44
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Cpd.

Name

{Cale
mass

{1hs mass

[(2R.35,11bR)-9.10-
dimethoxy-3-(2-
methylpropyl)-
1H2H 3H 4H 6H.7H, 11bH-
pyridof2,1-alisoquinolin-2-
vljmethyl 1-benzviazetidine-
3-carboxylate

30631

LA
o
]
I

2-22

[{2R.38,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

1H2H,3H 4H,6H,7H 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vl jmethyvi oxane-4-
carboxylate

44528

446.33

{{2R.38,11bR)-9,10-
dxmeﬂmu -{2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{2,1-alisoquinolin-2-
vljmethyvl 3-(3-methyvi-1H-
pyrazol-1-vl}propancate

46929

4702

2-24

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vl jmethyl 2-byvdroxy-2-
methvlpropanoate

4182

()
~

420.24

{{2R.38,11bR)-9,10-
dimethux‘,« -(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vijmethyl 1-
methylpipenidine-4-
carboxvlate

[{(2R.35,11bR})-9.10-
dxmeﬂm\& -(2-
methylpropyi)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-
vijmethyl (38)-1-
benzvipvirolidine-3-
carboxvlate

LA
)
o)
-

45
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Cpd.

O-R?

Name

{Cale
mass

{1hs mass

13-({{{(2R.3S,11bR)-9.10-dim
ethoxy-3-(2-
orethylpropvl}-1H.2H 3H 4H
OH,TH 11bH-pyrido[2.1-
ajisoquinolin-2-vlimethoxv}
carbonyl}-2,2,.5.5-

tetramethylpyrrohdin-1-yijox
wdanyl

L
]
[
[WX]
Lad

L
e’
-2
[

2-28

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropyi)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl 3-methvl-3-(1H-
pyrrol-1-vhbutanoate

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethyl 3-(5-methyl-1H-
pyvrazol-1-vl)propanoate

469.29

2-30

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropyi)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl 2-(2.5-
dioxomudazohidin-4-
vlacetate

4741

[{2R.38,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vljmethyl (48)-2 6-dioxo-
1.3-diazmane-4-carboxvlate

b
G
[ %]

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{2,1-alisoquinolin-2-
vljmethyi 3-
{diethylamino)propanoate

460.33

461.1
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Cpd.

O-R?

Name

{Cale
mass

{1hs mass

[(2R.35,11bR)-9.10-
dimethoxy-3-(2-
methylpropyl)-
1H2H 3H 4H 6H.7H, 11bH-
pyridof2,1-alisoquinolin-2-
vljmethyl 2-[(45)-2 5-
dioxommidazolidin-4-
vllacetate

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropyi)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vlimethyl hexanoate

4313

b
Gt
h

&

H—G—58
TN

A
)

2-4(2R 38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{2,1-alisoquinolin-2-
vl jmethoxy}-2-oxoethane-1-
sulfonic acid

.P.“
LA
LA
(V]

436.16

p==X ¢!

o \v/’\ v"‘k .

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
¥ jmethyi 4-
{dunethvlanuno jbutanocate

44631

£
/i
v
7
/ "

0

—N

i

//,p o

o

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vijmethyl 1-
methanesulfonyvipiperidine-
3-carboxvlate

A1
[
bt
(]
[w.5]

A1
[
L
9]

0

[{(2R.35,11bR})-9.10-
dimethoxy-3-(2-
methylpropyi)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-
vijmethyl 2,2.3,3-
tetramethvicyclopropane-1-
carboxvlate
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i {Cale
Cpd O-R Name mass {bs mass
[(2R.35,11bR)-9.10-
dimethoxy-3-(2-
22 o methylpropyly-
@}Qf a 1H2H 3H 4H 6H.7H, 11bH-
—~ \_\ pyridof2,1-alisoquinolin-2-
o vl jmethyvl 3-(2-0x0-2,3-
s 39 o dibvdre-1,3-benzoxazol-3- 95 27 .
= vlpropanoate v v

EXAMPLE S
S-FH2R .38 11BRYW-O 1 0-dimethoxv-3-C-methvipropvl-1H 2H 3H 4H 6H . 7H 1 1bH-

=

pyridoi 2. 1 -alisogummolin-2-viimethox v} -3.3-dimethyvl-5-oxopentanoie acid

| . :5,’;\ - \l
O™ 2 J\ -~

Step 3A:
[{2R,38,11bR)-0, 10-Dumethoxyv-3-(2-methvipropyl)-

1H.2H, 3H 4H 6H.7H, 1 1bH-pviido{ 2 1 -alisoquinolin-2-vijmethanol HCE salt (9.2 mg,
0.025 mmel), 44-dmethvloxane-2.6-dione (3.6 mg,  0.025 nunol), NN-
dimethyipyridmn-4-anmune (1.0 mg, 0.008 mmol), and ethvibis{propan-2-vDamme (0.018
mL. 0.10 mmol) were combined in 0.7 mL of DCM and heated to 30°C overnight. The
reaction nuxfure was diluted with 0.4 mL acetonitrile and purified by HPLC wvieldmng 5-
2R, 38,11bR -9, 10-dimethoxy-3-2-methvipropy}-1H 2H 3H 4H,6H,7H, 1 1bH-
pyridef 2, 1-alisoquinolin-2-yl jmethoxy}-3 3-dimethvl-3-oxopentanowe  acid 3-1 {m/z
476.1 [MH )
Table 3 below provides the observed {Obs} 1on m/Z ratio of the other

compounds that were made according to the procedure as described m this example.

48
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Cpd. -O-R! Name Calc Qb‘%
1RAass nass
5-4{(2ZR38,11bR}-9.10-
o Jj\f dimethoxy-3-(2-methvlpropyi)-
1H.2H,3H 4H 6H,7H,1 1bH-
b pyridof2.1-ajlisoquinohn-2-
G vljmethoxy}-3 3-dimethyvl-5-
oxopentanoic acid
3-{[(2R.38 11bR}-9,10-
dunethoxy-3-(2-methvipropyl}-
1H2H3H 4H 6H,7H. 1 1bH-
5 o pyridof2, 1-alisogumolin-2-
JIN /ﬂ vljmethoxy}-3-oxopropanoic
© T o acid
S-{[(2R,38,11bR}-9,10-
dimethoxy-3-(2-methvipropvl}-
. o 1H2H 3 H 4H 6H.7H. 1 1bH-
| [\ pyrido{2, 1 -alisequinoln-2-
0 TN o1 | imethoxy) -3-methyl-5-
oxopentanoic acid
2-{{{[{2R,38,11bR}-9.10-
dimethoxy-3-2-methvlpropyi)-
- 1H2H3H 4H 6H 7H,1 1bH-
/ pyrido{ 2, 1-alisoquinoln-2-
vl jmethoxy}carbonvhevcloprop
d ane-1-carboxyhic acid
2-{{{{2R.35,11bR}-5.10-
dimethoxy-3-(2-methvipropyl)-
I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vl jmethoxy}carbonvleyclohex
ane-1-carboxylc acid

o
]
]

3-1 29 476.1

32 41923 420.1

3-3 461.28 4622

44525 446.1

487.29 48812

44
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Cale Obs

o O-R? 7
Cpd O-R Name 1188 A
2({[(2R.3S.1 1bR)-9,10-
¥ oo dimethoxy-3-(2-methylpropyl)-

/_\L{ 1H2H3H 4H,6H 7H 1 16H-
\—@ a—u | pyridef2,1-alisoqumohin-2-
£

36 Vi yljmethoxy} carbonvievclohex
B o ane-1-carboxylic acud
4-{[{38,11bR)-8,10-dunethoxy-
3-{Z-methvlpropvl)-
NP 1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
};_u vljmethoxy}-2,2-dimethyl-4-
o oxobutanoic acid
S-{[(2R38 11bR}-9,10-
dimethoxy-3-(2-methvipropyl)-
_ 1H2H,3H 4H,6H,7H 1 1bH-
~ JL\ pyrido{ 2, 1-alisoguinolin-2-
o7 T T e —n | vl imethoxy) - S-oxopentanoic
acid
2-01-2-{{(ZR,35,11bR}-9,10-
dimethoxy-3-(2-methvipropvl}-
[ N e 1H2H 3 H 4H 6H.7H. 1 1bH-
| pyrido{2,1-alisoquinolin-2-
?QJ\O —® | yljmethoxy}-2-
}7—0 oxoethyheyelopentytiacetic
39 o acid
6-{[(2R.38,11bR}-9,10-
dimnethoxy-3-{2-methvipropyl}-
o 1H,2H.3H 4H 6H,7H. 1 1bH-
o »j\x\f\ﬂx"’_‘“' pyrido{ 2, 1-alisoguinolin-2-
o vl jmethoxy}-6-oxchexanoic
acid
4-{[(2R,38,11bR}-9,10-
H—0 dimethoxy-3-(2-methvipropvl}-
| 1HL2H3HAH GH 7H.1IDH-
o /X pyrido{2, 1 -alisequinoln-2-
111 65}—‘3 yl}methong } —3,3—(&1}1@&1}1-4—
oxpbutanoic acid
5-{[{?R,38,11bR}-9,10-
N/ dimethoxy-3-2-methvlpropyi)-
N\ 1H,2H,3H 4H 6H,7H, 1 1bH-
TN pyrido{ 2, 1-alisoquinoln-2-
S\ o vl jmethoxy}-2,2-dunethyi-3-

3-12 & L
& oxopentanoic acid

487.28 4882

kg
1

46128 | 462.13

44726 | 44812

50131

LN
<&
[}
12

3-16 461.28 462.2

461.28 | 462.22

o
e
:».Jl
[O¥]
W

476,15
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Cale Obs

o O-R? 7
Cpd. O-R Name NEASY n1ass
4-{[(?R.3S.11DR)-9, 10-
o dimethoxy-3-(2-methvipropvl)-

jL o~ o—x | IH2H3IHAH 6H 7H. 11bH-

o ™ pyridef2,1-alisoquinohin-2-
o 7 31 X4 ‘?}"'4";.' A 10 - 2
113 ?,l‘}rmeihmj, }-4-pxobutanoic 43325 | 43418
acid
EXAMPIE 4

Svithesis of [{2R 38 1 1BR -8 10-dimethoxv-3-{2-methvipropvl -
1H 2H 38 44 6H 7H 1 1bH-pwridof2_ 1-alisoguinolin-2-vilmethvl pipenidine-4-

carboxviate
| |
0\ ’;f’:\\\ /""'\\} 0”\f§’\\| el \\\1
ﬁ I\ 0 o \‘\‘ /L

Step 4A:
[{2R,38,11bR)-0, 10-Dumethoxyv-3-(2-methvipropyl)-

{H.2H, 3H 4H 6H.7H, 1 1bH-pviido{ 2, 1 -alisoquinolin-2-vi jmethanol HCH salt (9.2 mg,
0.025 mmol), 1-{{tert-butoxy)carbonylipipertdine-4-carboxylic acid (7.8 mg, 0.034
mmoed), N N-dicycle-hexylmethanedumine (6.2 mg, 0.03 mmol), N, N-dunethvlpvridin-
4-amine (3.0 mg, 0.025 nuod), and ethvlbas(propan-2-yhamine {0.02 mL, .1 mmol}
were combmed m DCM (1ml) and the reaction was stirved overnight. The reaction
was filtered, concentrated, and redissolved m DCM {ImL}. Next, TFA (0.050 ml} was
added and the reaction stirred for one howr. The reaction was concentrated and
redissolved m MeOH (1 mL) and purtfied by HPLC to give {{2R.35,11bR}-9,10-
dimethoxy-3-(2-methvipropyl)-1H,2H.3H 4H 6H,7H. 1 1 bH-pyrido| 2, -ajisoquinolin-2-

vilmethyl piperidine-4-carboxvlate 4-1 {m/z 4452 [MH 1.
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Table 4 below provides the observed {Obs) 1on m/7 ratio of the other

compounds that were made according to the procedure as described m thus example.

Cpd.

O-R?

MName

Cale
mass

QObs
1HASS

4-1

o

[{(2R.35,11bR})-9.10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{2,1-alisoquinolin-2-
vl jmethvl pipertdine-4-
carboxvlate

444 3

[{(2R.3S,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
wjmethyl (28)-2-amino-3-
phenylpropanoate

480.3

481.3

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethvl {3S)-morpholine-3-
carboxvlate

446328

e
ey
]
f-

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl (1R 2R}-2-
amipocyclohexane-1-
carboxylate

LA
3]
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Cpd. -O-R!

MName

Cale
mass

QObs
mass

.
Lh

[(2R.35,11bR)-9.10-
dimethoxy-3-(2-
methylpropyl)-
1H2H 3H 4H 6H.7H, 11bH-
pyridof2,1-alisoquinolin-2-
vljmethyl (3R }-morpholine-3-
carboxvlate

446.28

4471

[{2R.38,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
¥ jmethyvi 2 3-dihvdro-1H-
isomdole-1-carboxylate

=
1

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{2,1-alisoquinolin-2-
vljmethyl {3S)}-pvirolidine-3-
carboxvlate

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vl jmethyvl pyrrolidine-3-
carboxvlate

&
L
[
[

{(2R,3S5,11bR)-9.10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vijmethyl 2-{1-
{ammomethylcyclohexyljacet
ate

486.3

!

~]

487.2

o

4-10

[{(2R.35,11bR})-9.10-
dimethoxy-3-(2-
methylpropyi)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-
vijmethyl 2-(piperidm-3-
vlacetate

LA
tad
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i . Cale Obs
Cpd O-R Name ass Mass
N [(2R.35,11bR)-9.10-

/ dimethoxy-3-(2-
methylpropyl)-
& 1H2H 3H 4H 6H.7H, 11bH-
pyridof2,1-alisoquinolin-2-
vljmethyi 2-
ammocyclopentane-1-
carboxvlate

0 [{38,11bR -9, 10-dumethoxy-3-
/U\)\ {Z-methvipropyl})-
o H 1H2H 3H 4H 6H 7H 1 1bH-
S pyrido{ 2, 1-alisoguinolin-2-
)
)
7

4-11 444 3 4451

wjmethyl (28)-2-amino-3-
methvibutanoate
{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
o pyrido{2,1-alisoquinolin-2-
vljmethyl (38)-piperidine-3-
carboxvlate
[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropvl)-
I1H.2H,3H 4H,6H,7H, 1 1bH-
>/’_G pyrido{2, 1 -alisequinoln-2-
© vljmethyl 2-(1-
aminocyclohexyljacetate
N {(2R,38,11bR)-9,10-
{ _x_ dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vijmethyl 3-methylpipernidine-
4-carboxylate
AN [{{2R,38,11bR}-9,10-
J dimethoxy-3-(2-
>' methylpropyi)-
I1H.2H,3H 4H,6H,7H, 1 1bH-
4 pyridef2,1-alisoquinohin-2-
vijmethyl 2-{(pyrrolidin-3-
vljacetate

4-12

4-13 4443 4451

4-14 47233 473

-]
L)
Lo

4-15 45831 4593

4-16
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, Cale QObs
N -O-R! i
Cpd. Name HIASS Mass

A [(2R 35,11bR)-9, 10-

J\ . | dimethoxy-3-(2-
0T methylpropyl)-
1H2H 3H 4H 6H.7H, 11bH-

pyridof2,1-alisoquinolin-2-
vljmethyl 3-amino-4-
methvipentanoate
0 R [{2R.38,11bR}-9,10-
Hf \>—\ dumethoxy-3-(2-
‘ ' | methvlpropyl)-
I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
¥ jmethyi 4-
{ammomethyljbenzoate
{(2R,38,11bR)-9,10-
° N dimethoxy-3-(2-
Y methvipropyl)-
— 1H2H3H 4H 6H 7H,1 1bH-

/U _M? pyrido{2,1-alisoquinolin-2-
vljmethyvl 2-amino-2-(2-
methoxyphenvllacetate
— [{(2R.3S,11bR}-9,10-

!
> dimethoxy-3-(2-
o methylpropvl)-
7 I1H.2H,3H 4H,6H,7H, 1 1bH-

pyrido{2. 1-alisoquinolin-2-
vljmethyl piperidine-3-
carboxvlate

0 N_B {(2R,38,11bR}-9,10-

, { dimethoxy-3-(2-
e VAR methvipropyl)-
{ ) 1H2H3H 4H 6H 7H,1 1bH-

pyrido{ 2, 1-alisoquinoln-2-
vijmethyl 1,23 .4-
tetrahvdromsoquinoline-1-
carboxvlate
o [{(2R.35,11bR})-9.10-

\r] dimethoxy-3-(2-
g \7;0 methylpropyi)-

% 1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-
vijmethyl 4-
methoxvppertdine-4-
carboxvlate

4-17 446.31 4473

4-18 466.28 467.3

4-19 49529 4973

4-28 4443 4451

4-21 4923 493,

Lad
Lk
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Cpd.

O-R?

MName

Cale
mass

QObs
mass

[(2R.35,11bR)-9.10-
dimethoxy-3-(2-
methylpropyl)-
1H2H 3H 4H 6H.7H, 11bH-
pyridof2,1-alisoquinolin-2-
vljmethyl 2-[(2R}-pyvrrolidin-
2-vlacetfate

4-24

[{2R.38,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vl jmethyl 3-aminopropancate

40437

[{(2R.35,11bR})-9.10-
dimethoxy-3-(2-
methylpropyi)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-
vijmethyl {18,28)-2-
ammocyclohexane-1-
carboxvlate

4-26

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-

¥ jmethyvl (3R)-pyrrolidine-3-
carboxvlate

&
L
[
[

4-27

J

-
-

T
\_7
[

[{2R.38,11bR}-9,10-
dumethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vl jmethyvl morpholine-2-
carboxvlate

446 .28

447 1

4-28

[{(2R.35,11bR})-9.10-
dimethoxy-3-(2-
methvipropyl)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-
vl jmethvl 2-(pyrrolidin-2-
vlacetate

444 3

LA
£
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Cpd. -O-R!

MName

Cale
mass

QObs
mass

[(2R.35,11bR)-9.10-
dimethoxy-3-(2-
methylpropyl)-
1H2H 3H 4H 6H.7H, 11bH-
pyridof2,1-alisoquinolin-2-
vl jmethyvl (3R -piperidine-3-
carboxvlate

[{2R.38,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-

¥ jmethyvl (2R)-2-amino-2-{4-
{irifluoromethyiiphenvlacetat
e

]
L)
e
-9
~d

LN
fad
[ 1]
[WX]

4-31

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vijmethyl 4-ammobutanoate

418.28

4192

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vl jmethyvl morpholine-3-
carboxvlate

446.28

o
Ja
-]
[

4-33

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethyl (25)-2-anuno-2-
phenvlacetate

46628

467 3

|

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropyi)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl 2-(pperidm-2-
vljacetate

LA
]
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Cpd.

MName

Cale
mass

QObs
mass

4-35

[(2R.35,11bR)-9.10-
dimethoxy-3-(2-
methylpropyl)-
1H2H 3H 4H 6H.7H, 11bH-
pyridof2,1-alisoquinolin-2-

vl jmethyvl 4-methyvlpiperidine-
4-carboxylate

4592

[{2R.38,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-

¥ jmethyl 2-[{(2S-pyrrolidin-2-
vljacetate

444.3

445.1

4-37

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-

N| 1H.2H 3H 4H 6H,7H. 1 1bH-

pyrido{2,1-alisoquinolin-2-
vl jmethyl 3-(piperazin-1-
vlpropanoate

-
|
o]
Lo
[SX]

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
wjmethyl 2-{{3R}-pyrrolidin-
3-vljacetate

4443

EXAMPLIE S

3-HEH2R 38,1 1BRY-0. 1 O-dinethoxy-3-2-methvipropvD-1H2H 3IH 4H 6H 7H. 1 1 bH-

vride[ 2 1-alsoqunolin-2-vlimethoxy? carbonvilamino lpropanoic acid

c o~ aQ .
| 2. TN \\] . ' \,1
N \[ | |
St . ) N
Tf | 7 o T LN o R Nyt N
o —_——
N L
¥ lqi.-/‘ T | R \[ J | '/L ’L
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Ey |
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[(2R.35,11bR}-9.10-Dunethoxy-3-(2-methyipropvi}-
1H.2H,3H 4H ,6H,7H, 1 1bH-pyrido| 2. 1 -a hsoquinohin-2-yl imethanol HCI salt (300 mg,
(.81 mmol) and 4-nitrophenyl chloroformate {246 mg, 1.22 mmol) were dissolved
DCM and cooled fo 0°C. Ethyibis(propan-2-yhamine (0.54 mL, 3.25 mmol) was then
added, warmed fo room temperature, and starved overnight. The crude reaction mixtue
was then concenirated and purified by column chromatography (0% to 100% EtOAcm
hexanes) to afford {{2R,38,11bR)-9, 10-dimethoxy-3-{2-methylpropyl)-
1H,2H,3H 4H 6H,7H., 1 1bH-pynido{ 2, -a lisoquinohin-2-vijmethyl 4-nitrophenyl
carbonate Sa (360 mg, 0.722 mmol) as a pale vellow foam m 89% vield (m/z 4992

IMH .

Step 3B

[{2R,38,11bR -9, 10-dimethoxy-3-{2-methvlpropyi)-
{H.2H,3H 4H 6H.7H, 1 1bH-pviido{ 2 1 -alisoquinolin-2-vl methyl 4-nitrophenyl
carbonate (12 mg, 0.025 mmel), 3-anunopropanoic acid (3.0 mg, €.030 mmol) and
ethvibis{propan-2-yhanune {0.017 mL, 0.10 nunol} were disselved m DMF {0 .5mL)
and heated to 50°C overnight. The crude reaction was then diluted with MeQOH (0.5
mL) and purified by HPLC vielding 3-[{ {{{2R,38,11bR)-9,10-dimethoxy-3-{2-
methylpropyl)-1H,2H,3H 4H oH,7H,1 1bH-pviidof 2, 1 -alisequmolin-2-
vijmethoxy) carbonyljaminolpropanoic acid 5-1 (m/z 449.1 [MH']).

Table 3 below provides the observed {Obs) 1on mv7 ratio of the other

compounds that were made according to the procedure as described m this example.
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Cpd.

O-R

Mame

Calc mass

{bs mass

tljl
[

] o
I

Sa
G TN ST N

3-[({I(3R,35,11bR}-9,10-
dimethoxy-3-(2-
methvlpropyl)-
IH2H3H 4H 6H.7H 1 10H-
pyridef2,1-alisoquinohin-2-
vljmethoxy} carbonvilammo]
propanoic acid

44826

446 1

f.l)‘l
[

{383-3-4[{{[{2R,3S,1 IBR}-

2 10-dimethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vljmethoxy}carbonylanuno]
methyl }-S-methylhexanoic
acid

A-[{{(2R.3S8, 11bR )-8, 10-

Hmethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{2,1-alisoquinolin-2-
vl jmethoxy}carbonvhamino]
butapoic acid

462.2°

b
~1

tljn
=

[{(2R.3S,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-

¥ jmethyi 2-
{{dmmethvlanunoimethvljmor
pholine-4-carboxvlate

L
o]
[#%]
L
Jian

304.2

&0
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Cpd.

Name

Calc mass

Obs mass

H(2R.38, 11BR -9 10-
dinethoxy-3-(2-
methyipropyl)-
1H.2H 3H 4H 6H,7H,1 1bH-
pyridof2.1-ajisoquinohn-2-

vl jmethoxy}carbonvhammolc
vclopropane-1-carboxylic

acid

460.26

461

tljn
=)

2-{4-(3{(2R 38,1 1bR)-9 . 10-
dimethoxy-3-(2-
methylpropyi)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-

vl jmethoxy} carbonviymorpho
lin-2-vilacetic acid

5304 28

LA
oo
o
(S

[{2R.38,11bR}-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vijmethyl 4-
methyvlpiperazine-1-
carboxylate

45631

460.13

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{2,1-alisoquinolin-2-
vljmethyl 3-oxopiperazine-1-
carboxvlate

N
LA
w0
B2
1

43593

{1R.25,3R 48)-3-

[RS8 1IDR-S,10-
dimethoxy-3-(2-
methylpropyi)-
1H2H 3H 4H,6H.7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vl jmethoxy} carbonviammno]
bicyelo{2.2.1 thept-3-ene-2-
carboxylic acid

A
(e
I3
2
D

il
v
(%]
a3

61
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Cpd.

Name

Calc mass

Obs mass

5-19

A-[{{(2R38, 11bR )-8, 10-
dinethoxy-3-(2-
methyipropyl)-
1H.2H 3H 4H 6H,7H,1 1bH-
pyridof2.1-ajisoquinohn-2-

vl jmethoxv}carbonvhammol-
3-hvdroxybutanoic acid

o
P
L P4
2
e}

4791

3-[({[(ZR.38.11bR}-9.10-

dimethoxy-3-(2-

methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
wimethoxy}carbonyhamime]-
2-hydroxypropanoic acid

46425

4651

{(2R,38,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethvl 2.2 4-
trimethvlpiperazine-1-
carboxvlate

o
[#4]
:»».]
Led
Lo

5-13

I-({I(2R,38, 1 1DR)-9,10-
dimethoxy-3-(2-
methylpropyi)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-

vl jmethoxy} carbonvlhazetidin
e-2-carboxvlic acid

460.26

461.1

1-{{{{ZR,38,11bR}-9.10-
dumethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
wWimethoxy}carbonylpipenidi
ne-3-carboxylic acid

488.29

4891

?‘
(=Y
th

[{(2R.35,11bR})-9.10-
dimethoxy-3-(2-
methvipropyl)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-
vljmethyi 4-
methanesulfonvipiperazine-1-
carboxvlate

LA
-4
tad
f-
o |
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Cpd.

Name

Calc mass

Obs mass

2-[{{[(2R.38, 11BR -2 10-
dinethoxy-3-(2-
methyipropyl)-
1H.2H 3H 4H 6H,7H,1 1bH-
pyridof2.1-ajisoquinohn-2-

vl jmethoxy}carbonvi{methyl
Yamuno -2-methylpropanoic
acid

47629

5-17

{(2R)-2-[({[(2R.3S,11bR)-

methylpropyi)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-

vl jmethoxy} carbonvimethyl
Jamine lpropanoic acid

463.1

[{2R.38,11bR}-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vijmethyl 4-
cyclohexvipiperazine-1-
carboxylate

LA
[
]
Lad
=]

{(3R-3-{[{{[(2R.358,11bR}-
9, 10-dimethoxy-3-(2-
methvipropyl)-

8. 2H3H 4H,6H,7H,1 1bH-
pyrido{2,1-alisoquinolin-2-
vl jmethoxy}carbonvhamino]
methyl}-5-methylhexanoic
acid

L]
[Peww
0
Led
e

5-20

(28)-2-{({{(2R.35.11bR}-
9,10-dimethoxy-3-(2-
methylpropyi)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2, 1 -alisequinoln-2-

vl jmethoxy} carbonviamino}-
4-methylpentanoic acid

490.3

4912

[{2R.38,11bR}-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethyl 2-methyl-3-
oxopiperazme-1-carboxylate

o
s
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3} l i
Cpd. O-R Name Calc mass | Obs mass
o 3-{(2R3S TIBR 9,10

0 4’(\ dimethoxy-3-(2-
i ‘—\» ¥ | methylpropvh)-
,}F‘ -dH,2H 3H 4H 6H,7H, 1 1bH-
o | pyridof2.1-alisoquinohn-2-
vl jmethoxv}carbonvhammol-
3-methylbutanoic acid

H—0 N -I({{(2R 38,1 1BR}-9.10-
| dumethoxy-3-(2-
o methylpropvl)-

o I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
Wimethoxy}carbonyhaminojc
yelohexane-1-carboxvlic acid

% O {(2R,38,11bR)-9,10-
\Si) dimethoxy-3-(2-
\ methvipropyl)-
N 1H2H3H 4H 6H 7H,1 1bH-
1\ pyrido{ 2, 1-alisoquinoln-2-
EA vljmethvl {15,48)-2-oxa-5-
azabicyelo]2.2.1 Jheptane-5-

458 28 4582
carboxylate 438.28 439

e A-[{{(2R.3S8, 11bR )-8, 10-
Ao _Adiethoxy-3-(2-
N e S
° \| j}f methylpropyi)-
1H2H 3H 4H,6H.7H, 11bH-
pyrido{2,1-alisoquinolin-2-
vl jmethoxy} carbonvimethyl

s SO 176.29 477.
Jarmninojbutanoic acid 476.29 4771

o | 3-[{{{(ZR,38,11bR}-9,10-
JL _ J\( )J\ dimethoxy-3-(2-

N qalbthvipropyvl)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
Wimethoxy}carbonyllamino]

: ; {67 Y e 1<
butanoic acid 462.27 463.15

P —H -I2RI3STIDR)-O 10
o dimethoxy-3-(2-
methyipropyl)-
ey 1H2HAH 4H 6H.7TH 1 16H-
}_ o | pyridof2, 1-ahisoquinolin-2-
537 & vljmethoxv}carbonvhazetidin

e-3-carboxvlic acid 460.26 461.0

&4
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Cpd.

O-R?

Name

Calc mass

Obs mass

&
‘J'L\ .«‘J\((Q_I
O N
|

G

2-[{{[(2R.38, 11BR -2 10-
dinethoxy-3-(2-
methyipropyl)-
1H.2H3H 4H 6H,7H,1 1bH-
pyridof2.1-ajisoquinohn-2-

vl jmethoxy}carbonvi{methyl
Jamino jpropanoic acud

462.2°

i
~3

0

M-

O ™

[{(2R.3S,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vl jmethyl N.N-
dunethyicarbamate

40427

435.32

5-30

2-I({[{2R.358,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethoxy}carbonvhammola
celic acid

o
el
LA
ot

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropyi)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl 4-{propan-2-
ylipiperazine-1-carboxylate

o
o0
e
(¥
i

488.2

5-32

2-I({[{2R.358,11bR)-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethoxytcarbonyii{methvi
Jamino-3-methyltanoic
acid

490.3

4912

5-33

{28)-2-f({[{2R,38.11bR)-

. 10-dimethoxy-3-(2-

methvipropyl)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-

vl jmethoxy}carbonvi}{methyl
Jamine jpropanoic acid

462.2°

b
~1

&5
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Cpd.

Name

Calc mass

Obs mass

5-34

2-{1-4[{{{{2R,38,11bR}-9,10-
dinethoxy-3-(2-
methyipropyl)-
1H.2H3H 4H 6H,7H,1 1bH-
pyridof2.1-ajisoquinohn-2-

vl jmethoxy}carbonviamino]
methyl }evelobexyhacetic acid

330.34

(]
[OX]
[ ==Y
O]

tn
Lo
h

{IR2R}-2-{{{[(2R,38,11bR)}-
9, 10-dmmethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
Wimethoxy}carbonyhaminojc
yelohexane-1-carboxvlic acid

A
fovee
Ted
)

3-36

4-T{{{{2R.358,11bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-

) . . . .
pyridof 2, 1-alisoquinolin-2-

vl jmethoxv}carbonvhammol-
3 3-dmethvibutanoic acid

490.3

48132

5-37

[{(2R.3S,11bR}-9,10-
dimethoxy-3-(2-
methylpropyi)-

1H2H.3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethyl (2R})-2-
methvlmorpholine-4-
carboxylate

460.29

461.1

5-38

3-[{{[{2R,38,11bR)-0.10-
dumethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
wimethoxy}carbonyhamime]-
2. 2-dmnethvipropanoic acid

476.29

5-39

O /

(2R 38, 11BR -9 1D-
dimethoxy-3-(2-
methvipropyl)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-

vl jmethoxy}carbonvhammolc
yclopentane- 1 -carboxvlic acid

4893
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Cpd.

O-R?

Name

Calc mass

Obs mass

3-[3I(2R.3S8, 11BR -9 10-
dinethoxy-3-(2-
methyipropyl)-
1H.2H3H 4H 6H,7H,1 1bH-
pyridof2.1-ajisoquinohn-2-
vl jmethoxy}carbonviamino]
bicyelof2.2.1 theptane-2-
carboxvlic acid

LA
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e
N

(X

LA
ot
LA
I3

O

H—0O

541

2-{{{[(2R.3S8,11bR -9, 10-
dimethoxy-3-(2-
methvipropyl)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-

vl jmethoxy}carbonvhammolc
velohexane-1-carboxvlic acid

3023

(]
o
9Y]
O]

2-[{({{{ZR.38.11bR)}-9.10-

1 dimethoxy-3-(2-

methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
wimethoxy}carbonyl}methyl
Jaminojacetic acid

44826

449 1

1-{{{(2R 35,1 1bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-

vl jmethoxy}carbonvi}-4-
{dimethylammo)piperidine-4-
carboxvlic acid

LA
b d
[
el
5]

>
e
i
Lk

5-44

[{(2R.35,11bR})-9.10-
dimethoxy-3-(2-
methylpropyi)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-
vijmethyl (28)-2-
methylmorpholine-4-
carboxvlate

460.29

461.1

en
i
e
th

{(2R)-2-[({[(2R.3S,11bR)-

9. 10-dimethoxy-3-(2-

methylpropvl)-

1H2H.3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
Wimethoxy}carbonyllamino]
propanoic acid

44826

449 1
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Cpd.

O-R?

Name

Calc mass

Obs mass

#
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2-[{{[(2R.38, 11BR -2 10-
dinethoxy-3-(2-
methyipropyl)-
1H.2H 3H 4H 6H,7H,1 1bH-
pyridof2.1-ajisoquinohn-2-

vl jmethoxy}carbonvi{methyl
Yamuno -4-methylpentanoic
acid

&
:.I;.b.
73]
I3

L]
o]
LA
I3

5-47

(25)-2-{({[@R.3S.11bR)-

5 1 9.10-dimethoxy-3-(2-

methylpropyi)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vl jmethoxy} carbonviammno]
propanoic acid

44826

446 1

[{2R.38,11bR}-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethyl
decalivdropiperazino{1.2-
alarepine-2-carboxvlate

LA
pt
Lo
Lo

)

5-4%

1-{{{(2R 35,1 1bR)-9,10-
dimethoxy-3-(2-
methvipropyl)-
1H2H3H 4H 6H 7H,1 1bH-
pyrido{2,1-alisoquinolin-2-

vl jmethoxv}carbonvhpvrrohd
me-3-carboxylic acid

N
]
rF.a.
I~
1

A
]
LA
O]

5-50

[{(2R.3S,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{2, 1 -alisequinoln-2-
v jmethyvl (2R)-2 4-
dunethyiptperazine-1-
carboxylate

o
-]
(75
L
Lad

4742

H—O G

2-[{{[{2R,38,11bR)-0.10-
dimethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethoxycarbonyhanune]-
2-methylpropanoic acid

46227

=y
£
I
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Cpd.

Name

Calc mass

Obs mass

?‘
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)

-({[(2R, 38,1 1bR -9, 10-
dinethoxy-3-(2-
methyipropyl)-
1H.2H3H 4H 6H,7H,1 1bH-
pyridof2.1-ajisoquinohn-2-
vljmethoxv}carbonvhpiperich
ne-4-carboxvlic acid

488.29

4892

5-53

[{(2R.3S,11bR}-9,10-
dumethoxy-3-(2-
methylpropvl)-

I1H.2H,3H 4H,6H,7H, 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
vl jmethyl (2R, 6532 6-
dunethyimorpholine-4-
carboxvlate

(R-1-(C{I(2R,38, 1 1DR)-9,10-
dimethoxy-3-(2-
methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethoxycarbonyhpipends
ne-3-carboxylic acid

s
o
[ o]
(o]
£

48932

3-[({I(2R.38,11bR)-9,10-
dimethoxy-3-(2-

1 adethylpropyD-

1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-

vl jmethoxy} carbonvimethyl
Jamine jpropanoic acid

462.2°

2
-
o
oy
95
-3

{(2S+4-1({[{2R 35,1 IbR)-

9, 10-dunethoxy-3-(2-

methvlpropvi)-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-
wimethoxy}carbonyhamime]-
2-hvdroxybutanoic acid

47827 4791

5-57

3-[({[(2R.3S8,11BR -9, 10-
dimethoxy-3-(2-
methvipropyl)-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-

vl jmethoxv}carbonvhammol-
2-methylpropanoic acid

462.2°

2
-
o
oy
95
-3
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EXAMPIE S
[2R.38 11bR O 1 0-dimethoxv-3-C-methvipropyi-1H 2H 3H AH 6H 7H 1 1bH-

wiidol 2. 1-alisogumoiui-2-viimethvl piperarive-{-carboxvlate

Step 6A:

[{2R,38,11bR -9, 10-dimethoxy-3-{2-methvlpropyi)-
{H.2H,3H 4H 6H.7H, 1 1bH-pviido{ 2 1 -alisoquinolin-2-vl methyl 4-nitrophenyl
carbonate Sa {12 myg, 0.025 mmol}, tert-butyl piperazine-1-carboxylate {6.0 mg, 0.030

10 mmel) and ethylbis(propan-2-yDamine (0.017 mL, 0.10 mmeol) were dissolved i DCM
(0.5 mL} and allowed to stir overnight. Next, TFA {0.0506 mL} was added and stured
for 4 hours. The crude reactions were then diluted with MeOH (0.5 mL} and purified
by HPLC wielding [{ZR 35,11bR}-9,10-dimethoxy-3-{2-methvipropvl)-
{H.2H,3H 4H 6H.7H, 1 1bH-pviido{ 2 1 -alisoqunolin-2-vl methyl piperazine-1-

15 carboxviate 6-1 (m/z 446.2 [MH'].

Table 6 below provides the observed {Obs}) 1on m/Z ratio of the other

compounds that were made according to the procedure as described m this example.

]
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Table 6
BAEO\\ . /‘/—'\\‘,\\ /‘,./'"\\/
[k
MeQ™ T T \} J
~oR!
! Cale by
Cpd. -O-R! Name 1 c >
HAss MNAss
R {(2R, 35,1 1bR}-9, 10-dumethoxy-
{ }* 3-(2-methvlpropyh)-
LN, 1H2H3H 4H 6H,7H. 1 1bH-
/,E?* ¢ pyridof2, 1-alisogumolin-2-
_ o vljmethyl piperazine-1- P _
6-1 carboxvlate 445.29 446.2
N—

{{2R.35,11bR}-9 1(-dimethoxy-
3-(2-methvlpropvl)-
1H2H3H 4H 6H,7H, 11bH-
pyridef2,1-alisoquinohin-2-
vijmethyl (2R, 58)-2,5-
dimethvipiperazine-1-

methylpiperazine-1-carboxylate

6-2 carboxylate 473.33 474.2
N [{ZR.3S,11BbR}-9, 10-dimethoxy-
C\—- 3-2-methvlpropyh-
N 1H,2H.3H 4H 6H,7H. 1 1bH-
}\/_ o pyrido{ 2, 1-alisoquinoln-2-
4 ; o .
, o vijmethvl (2R)-2- - o
6-3 methvlpperazine- 1 -carboxylate 439.31 460.2
;\ [{2R,3S,11bR}-9, 10-dumethoxy-
P, 3-(2-methvipropyi)-
" /\&\ 1H2H,3H 4H,6H,7H 1 1bH-
N pyrido{2, 1 -alisequinoln-2-
. A\ vl jmethyi 3,8-
(O R 1§ ‘“t ahieve 3.2, ~} e
64 {‘iﬂfv_ai%}?}do{a 1 Joctane-3 47131 4722
carboxylate
N [{ZR.3S,11BbR}-9, 10-dimethoxy-
O """ " 3-{Z-methvlpropvl)-
¥ 1H2H3H 4H 6H 7H,1 1bH-
0,»})’_0 pyrido{ 2, 1-alisoquinoln-2-
Almethyl (28)-2- !
6-5 ylimethyl (25) 45931 | 4602

]
[y
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Cale Obs
oy, O-R? Nanie
Cpd O-R Name INAss MAss
[(2R.35,11bR}-9,16-dimethoxy-
5 ﬁ\ 3-{2-methvlpropvl)-
&; 7 1H2H 3H 4H 6H 7H, 11b6H-
’?\7_ o | pyride[2.1-alisoquinotin-2-
& vljmethyl (3R, 58)-3,5-
dimethvipiperazine-1- e -
6-6 carboxvlate 473.33 4743
Pl [{ZR.3S,11BbR}-9, 10-dimethoxy-
k >'\ 3-2-methvlpropyh-
N o—# | {H2H3H4H 6H,7H.11bH-
/ o pyrido{ 2, 1-alisoguinolin-2-
0 vijmethyl (2R)-2-
‘ {hydroxymethyhpiperazine-1- o T
6-7 carboxvlate 4733 476.1
H— 'D_
fo {2R)}-4-{ {{{ZR 38,11bR}-9.10-
N dimethoxy-3-(2-methvipropvl}-
< ) I1H.2H,3H 4H,6H,7H, 1 1bH-
;V’)&_ pyrido{2, 1 -alisequinoln-2-
Q A jmethoxy} carbonvipiperazine
i ¥ ¥y 3 . - . -~
6-8 o -2-carboxvlic acyd 489.28 4902
&= [{2R.3S,11bR}-9.10-dimethoxy-
/N 4\ 3-2-methvlpropyh-
N/ 1H,2H.3H 4H 6H,7H. 1 1bH-
— R>;7 pyrido{ 2, I-ajisoquinelin-2-
o vijmethyl (358)-3- A _
’f - - y =3 ’> z A
6-9 0 cyanopiperazine- 1 -carboxviate 470.29 471.2
L [{2R,3S,11bR}-9, 10-dumethoxy-
%’}" NX 3-(2-methvipropyi)-
Y ?....; I1H.2H,3H 4H,6H,7H, 1 1bH-
N pyrido{2, 1 -alisequinoln-2-
A Wilmethyl (1S,48}-2.5-
' drazabicvelo{2.2.1 theptane-2- <
- J-“l' . E q "}
6-10 carboxylate 457.29 4582
/ [{ZR.3S,11BbR}-9, 10-dimethoxy-
N 3-{Z-methvlpropvl)-
—/\} 1H2H3H 4H 6H 7H,1 1bH-
N Nt N e o dx — rs_ Y
\ pyrido{ 2, 1-alisoquinoln-2-
A% | vljmethyi 3.5-
a3 . : . .
, dimethvipiperazine-1- U, -
6-11 carboxylate 473.33 4742

=

(3]
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i . Cale Obs
Cpd O-R Name Iass ass
N [{2R.35,11bR})-9,10-dimethoxy-
< P 3 —meth\ Apropyh)-
/*N\_ }H}'}H}‘:HAH,SH,"H,} 1bH-
7 o pyridef2,1-alisoquinohin-2-
© vljmethyl (2R 65)-2,6-
i dimethvipiperazine-1- e
6-12 carboxvlate 473.33
& {{2R.35,11bR}-9 1(-dimethoxy-
f’{ 4\ 3-2-methvipropvi)-
L_ / 1H2H 3 H 4H 6H.7H. 1 1bH-
N pyrido{2, 1 -alisequinoln-2-

}f ° vijmethyl (3R}-3-

613 0 methylpiperazine-1-carboxvlate 439.31 460.1

N ™\ [{ZR.3S,11BbR}-9, 10-dimethoxy-
— S 3-{Z-methvlpropvl)-
\x 1H2H3H 4H 6H 7H,1 1bH-
;};’— o | pyridof 2, I-alisoquinohn-2-
o vljmethvl 2.5-
dimethvipiperazine-1-
carboxvlate

=
Ll
73]
93]

6-14 4742

EXAMPLE 7
[{2R.35.1 1bR-0.10-dimethoxy-3-{Z-methvipropv-1H.2H 3H 4H 6H 7H. 1 1bH-

pyridol 2, 1 -alisoquinolin-2-vilmethvl diethyl phosphate

| P f|’\

T/w_;."\\ ./’\W (|) e H/[ j\ J\

a” \’\\\f H\ A - - Ef/ T
H R p
\f K/J\ ? a7

5\ o
© L
Step TA:

[{2R,38,11bR)-0, 10-Dumethoxyv-3-(2-methvipropyl)-
{H.2H,3H 4H 6H.7H, 1 1bH-pviido{ 2 1 -alisoquinolin-2-vi jmethanol HC salt (100 mg,

0.27 nunol} and diethyl chlorophosphonate {140 mg, 0.81 mmol) were dissolved

=

tad
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DCM (2 miL) then ethyibis(propan-2-vhamme {0.18 mi. 1.1 mmol} was added and the
reaction mixture stitved overnight. The crude reaction muxture was diluted with DCM
{10 mL), washed with sat. NH4U1 (5 nil) then sat. NaHCO; (5 mlL}, drted over MgSQ,,
filtered and concenirated. The crude nuxture was purified by column chromatography
{0% to 5% MeOH 1 DCM) to afford [{2R 35, 11bR}-9, 10-dunethoxy-3-(2-
methylpropyl)-1 H.2H 3H 4H, 6H, 7H.1 {bH-pyride] 2, I -ajisoqumnolin-2-viimethyl diethyl
phosphate 7-1 (69.0 mig, 0.15 nunol) m a 56% vield. Next the HCL salt was made

using IN HC1 in ether {¢.16 mL. 0.16 mmol) {m/z 470.8[MH ]

EXAMPILE &
2R 38 11BR-O 10-dimethoxv-3-02-methviwopvD-1H 2H 3H 45 6H 7H. 1 1 bH-

pyridod 2.1 -alisoguinolin-2-vlimethvl propan-2-vl carbonate

Step BA:

{(2R,38,11bR}-9,10-Dimethoxy-3-2-methyipropvi})-
1H,2H 3H 4H.6H,7H, 1 1bH-pynido{ 2, 1 -ajisoqunolin-2-vljmethanol HCI salt (150 mg,

.41 mmol) was dissolved in pyridine {12 mL} and cooled to -50°C. Next, propan-2-vi
chloroformate (1M) (8.1 mL, 8.1 mmol} was added dropwise. The reaction was stirred
at 0°C for three howrs. The crude reaction mixture was diluted with EtOAc (S0 mL),
washed with sat. NHLCl (20 mL), dried with MgSO,, filtered and concenirated. The
crude reaction nuxture was purified by column chromatography (0% o 5% MeOQOH
DCM} to afford [{2R,35,11bR)-9.10-dumethoxy-3-(Z-methvipropyl})-
1H,2H 3H 4H,6H,7H, 1 1bH-pwvride{ 2, L -alisoquunolin-2-vijmethvl propan-2-vl
carbonate {100 mg, 0.24 nunol) in a 59% vield (m/z 4203 MHEH L.

]
=
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EXAMPIE G
{ZR.3S.1 1BR)-0.18-Dimethoxy-2-(methoxvmethvl-3-2-methvioropyl k-
1H2H 38 4H 6H 7H 1 ibH-pvridof 2 1 -alisoguinoline

Step SA:

[{2R,38,11bR)-0, 10-Dumethoxyv-3-(2-methvipropyl)-

1H.2H, 3H 4H 6H.7H, 1 1bH-pviido{ 2, 1 -alisoquinolin-2-vi jmethanol HC salt (15 mg,
0.041 mumol) was dissolved i anhydroas DMF (0.5 mL) and NaH (32 mg, 0.82 nunol)
was added and heated to 80 "C. The mixture was cooled to 0 'C and MeI (0.003 mL,
0.041 mmol} was added and stured for 1 hour. The reaction was quenched with sat.
NH,C1 (0.5 mL) and exiracted with EfQAc (10 mL}, the cmde reaction mixiure was
concenirated, redissolved in MeOH (1 mL) and purified by HPLC {m/z 348.1 [MH'])
yvielding (2R.38,110R)-9, 10-dimethoxy-2-{methoxymethyl}-3-(2-methyvlpropyl)-
1H,2H 3H 4H.6H,7H,1 1bH-pynido{ 2, 1 -ajisoqunoline 9-1.

Table 7 below provides the observed {Obs} ton m/7 ratio of the other

compounds that were made according to the procedure as described m this example.

]
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Cpd. -O-R} Name Caic ‘Oh‘f
RAass 1nass
5-1 {2R.38.11BR -9 1D-
dunethoxy-2-
{methoxymethyi}-3-(2-
/ methvlpropyl)-
1H2H 3H 4H 6H,7H, 11bH-
pyrido{2, 1 -aliscquinoline
9.2 {2R.38,11bR)-2-{{2-
fluoroethoxyimethvi]-9,10-
dimethoxy-3-(2-
methyipropyl)-
IH2H 3H AH 6H.7H 1 10H-
pyrido{2,1-alisoquinoline
9-3 2-4(2R 38,11bR)-9,10-
dimethoxy-3-(2-
— methvipropyl)-
N 1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquinoln-2-

tad
XY
-
[
(4]
3]
=
o0
pumei

fad
)
L
Ko ]
LA
LX)
0
o
[G]

0 vijmethoxy}-1-{4- s o1 e
e fluorophenviethan-1-one 46926 | 470.15
9-4 {2R.35,11bR)-9,10-
dimethoxy-2-
e {(*H;)methoxymethvi}-3-(2-

H 7< methylpropy)-
H 1H2H 3H 4H,6H.7H, 11b6H-
0

pyrido{2,1-alisoquinoline
{2R,38,11bR)-9,10-
dimethoxy-2-
f{methoxymethoxymethyvi}-
3-2-methvlpropyh-

- 1H2H3H 4H 6H 7H,1 1bH-
pyrido{ 2, 1-alisoquincline

g
[94]

L
-]
]
[
r
Y]
P
i
5]
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{ale Obs
3 EES ! ?
Cpd. Q-R Name 11385 mass
9.5 {2R 35,11bR)-9.10-

dimethoxy-3-(2-
methylpropyi)-2-{{2.2.2-

3 trifluoroethoxymethyl}-
F ><_ 1H2H 3H 4H,6H.7H, 1 1bH-
O

pyridof 2, 1-alisoquincline
9-7 {(ZR.38,11bR -0 10-
dimethoxy-3-(2-

F methvlpropvi-2-{{3,3,3-

- ‘ triflnoropropoxyimethyli-
\__ I1H.2H,3H 4H,6H,7H, 1 1bH-

pyrido{ 2, 1-alisoguinoline
9-8 {2R.38,11bR)-2-
{ethoxymethv}-9,10-
dimethoxy-3-(2-
methylpropyi)-
\_ 1H2H 3 H 4H 6H.7H. 1 1bH-
0 pyrido{2,1-alisoquinoline
9-9 {2R,358,11bR}-9,10-
dimethoxy-2-{(2-
methyvlpropoxyimethyt]-3-

o {2-methvipropvl}-
1H,2H.3H 4H 6H,7H. 1 1bH-

pyrido{ 2, 1-alisoquincline

41523 4162

42925 4304

361.26 362.1

389.29 3802

EXAMPLE 10

Benzvi 4-2-312R 38 1 1BR-0 1 0-dimethoxv-3-C ynethvipropyl-
5 1H 2H 3H 48 65 7H 11 bH-pyrdo{ 2 1-alisoquinohin-2 -vlimethoxyl-

2-oxoethvlipiperidine- 1 -carboxvlate

Sy | - \] TN /1
| /’L\\’\ ‘L\ N ~. 1*\ ﬂ\ H
i . . e ~ . Q M T ~,
\l{-‘/“ ’\|I-" \I | I;’T J\ J | Hf‘[ L
~ ~..
. N o e ey S
o R ’;T«" ~ - -
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| RN ./L e P o~ & oy -
o AN \,IT . \I . N \]
-
1
ES i L T ;e \ [ Y
~8 e Tr/ — i, ~—
e
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Step 10A:
10 {(2R,38,11bR}-9,10-Dimethoxy-3-2-methyipropvi})-
1H,2H,3H 4H 6H,7H., 1 1bH-pynido{ 2, -a lisoquinclin-2-vijmethanol HCI salt (250 mg,

|
]
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0.68 nunol} was dissolved tn DCM {5 mL} and 2-{1-{(benzvloxyicarbonylipiperidin-4-
vitacetic acid (244 mg, 0.88 mmol), DCC {181 mg, 0.88 nunoly, DMAP (83 mg, 0.68
nunol} and TEA (0.38 ml, 2.7 nmol) were added and the reaction stirred overnight,
The crude reaction mixture was diluted with DCM (10 ;L) and exiracted from sat.
NHC1 {7 mlL), dried over MgSQy, filtered and concentrated. The crude nuxture was
partfied by column chromatography (0% to 3% MeOH m DCM) to afford benzyvl
4-2-{{(ZR 38,1 1bR}-9,10-dimethoxy-3-(2-methylpropvh- 1H 2H3H 4H 6H 7H, 1 1bH-p
vrido{2,1-ajisoquinolin-2-vijmethoxy} -2-oxoethyl piperidine- 1 -carboxyvlate 18a {270

mg, (.46 mmol) in a 67% vield.

Step 108:
Benzvl 4-(2-{]{2R, 38,1 1bR)-9, 10-dimethoxy-3-(2-methylpropyl)-

1H.2H, 3H 4H 6H.7H, 1 1bH-pynido{ 2, 1 -alisoquinolin-2-vijmethoxy} -2-oxoethylpipernid
me-1-carboxylate 10a (220 mg, 0.37 mmol) was dissolved m DCM (10 mL) and heated
fo 60 "C. Next, Et;SiH {0.29 mL, 1.85 mmol) was added followed by InBr; (394 mg,
1.11 mmol) and the reaction was stirred at 60 "C for one hour. The reaction mixture
was concentrated and redissolved m DMFE (SmL), filtered and purified by HPLC 1o
vield 4-{2- {{2R 38,1 1bR)-0, 10-dimethoxv-3-(2-methylpropyl}-
{H.2H, 3H 4H 6H.7H, 1 1bH-pviido{ 2, 1 -alisoquinolin-2-vi jmethoxy t ethyl ipipendine
10-1 (m/z 4455 [IMH).

Table 8 below provides the observed {Obs} ton m/z ratio of the other

compounds that were made according to the procedure as described 1n this example.

]
o0
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Cpd.

Name

Obs
mass

Calc
Mass

16-1

4-02-{[{(2R.38,11bR}-9,10-
dimethoxy-3-(2-methyipropyl)-
IH2H 3H 4H 6H.7H. 1 10H-
pyrido{2,1-alisoquinolin-2-

vl jmethoxy}ethyhpipendine

44434 | 4455

LA
LA

1g-2

{3R)-3-({[(2R.38,11bR)-9,10-
dumethoxy-3-{2-methvipropyl}-
{H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoquinoln-2-
vljmethoxy methvhpvrrolidine

.
[P
£
73]

4174

16-3

2-f{hexyloxvimethyl}-9,10-
dimethoxy-3-(2-methvipropvl}-
I1H.2H,3H 4H,6H,7H, 1 1bH-
pyride]2,1-alisoquinolne

41732 4184

104

{28)-2-(3{(2R 38,1 1BR)}-9,10-
dimethoxy-3-(2-methvipropvl}-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2,1-alisoquinolin-2-
vlimethoxv}methvlipyvrrolidine

416.3 4174

4-{{{{2R.35,11bR}-5,10-
dimnethoxy-3-{2-methvipropyl}-
1H,2H.3H 4H 6H,7H. 1 1bH-
pyrido{ 2, 1-alisoguinolin-2-

vl jmethoxymethvhpipenidme

10-6

3-({[(2R, 38,1 1bR)-8,10-
dimethoxy-3-(2-methvipropvl}-
1H2H 3 H 4H 6H.7H. 1 1bH-
pyrido{2, 1 -alisequinoln-2-
vijmethoxy} methyhpyrrohdine

416.3

]
Bel
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-O-R} Cale Obs
Cpd. Name 1HAss HIASS

16-7 {2RY)-2-({[(2R.38, 1 1BR}-9,10-
dimethoxy-3-(Z-methvipropyl)-
1H.2H 3H 4H 6H,7H, 1 1bH-
pyridof 2, 1-alisoquinohin-2-
vljmethoxy fmethvhipvrrolidine

417.4

.
[Roww
2
Lt

EXanpIES

Vinat? Inhibitor-Induced Reduction of Locomotor Activity

The effect of 1-1 HCI on dopamine depletion was measured usig the

LA

focomeotor activity (LMA) assay. Following a pre-treatment time 60 minutes, male
Sprague-Dawley rats (200-230 g) ave placed m a clear cage surrounded by photocell
detectors {San Diego Instruments). Rat locomotor activity 1s detected by breaks n the
photocell beams and activity 13 defined as the number of beam breaks in 30 nun. Data
were apalyzed by one-way analvsis of vaniance {ANOVA | SigmaStat version 3.0.1,

10 SPSS, Chicagoe, IL) followed by the Student Newman Keuls post-hoe test for

significance. The results of this assay are shown m Figure 1.

ExanpLE 10

Conditioned Avoidance Response Assay

15 of Antipsvehotic Activity

The conditioned avoidance response {CAR]} test has been shown tobe an
effective and reliable prechnical model for assessmg the antipsychotic activity of
compounds. In the CAR paradigm, a rai i< framned in a two chamber shutile box fo
respond to a conditioned stimuius (auditory} by negative reiiforcement. I the animal

20 fails to move fo the other chamber npon presentation of an auditory stimulus, a mild
foot shock 1s applied to the side where the rat 1s located. The rat learns 1o avoud the
nuld foot shock by moving to the other chamber upon mitiation of the auditory signal,
termed a conditioned avoidance response. Crossing to the other chamber during

admumstration of the shock 1s termed an escape response. If a rat fails fo move to the

bt
A

other chamber even upon adoumstration of the foot shock, the rat 15 considered to have
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an escape failure. Nuinerons studies have shown that typical and atypical antipsychotic
drgs selectively suppress CAR, thus making it an wdeal assay o screen potential
antipsvchotic compounds (see, e.p., Wadenberg et al., Biohehav. Rey. {(1999) 23: §51-
623,

Male Wistar rats were tramned every day for 3 fo 4 weeks. In the tramung
session, rats were placed in the CAR two-way shuttle box and the traiming period of 20
frials ensued. A irial cousisted of a 10-sec presentation of an 80 dB white noise
followed by a scrambled 0.6 mA foot shock lasting up to 20 sec. The mter-trial interval
ranged from 20-60 sec. The rat learned to avoid shock by moving from one
compariment {o the other when the conditioned stimulus was presented {a condifioned
avoidance response). A rat was deemed sufficiently tramed if it avorded the shock when
presented with the condifioned stinmilug at least 19 fimes out of the 20 trials. Rats that
did not pass these criferia were not nsed.

On test day. trained animals were acclimated in the test room for 3¢
minuies prior to testing. They were then dosed with compound 1-1 HCY and placed i
the CAR two-way shuttle box. In the test, 20 trials were performed on each rat. In each
frial the conditioned stunulus was applied {(10-sec presentation of 80 dB wlute nose},
followed by the foot shock (a scrambled 0.6 mA foot shock lasting up 1o 20 sec). Hthe
amimal moved to the other chamber on presentation of the conditioned stunulus, 1t was
scored as a conditioned avoudance response. If it moved upon presentation of the foot
shock, it was scored as an escape. If it failed to move upon presentation of the foot
shock, 1t was scored as an escape fathwe. Antipsychotic efficacy is evident by an
merease in the number of escapes. Data were analyzed by analvsis of variance
{ANOVA) followed by post-hoc comparisons with the Bonferront Test when
appropriate. An effect is considered significant if p < 0.05. Outhers defined as two
standard deviations above or below the mean were detected and were removed from all
analysts. Resulfs are shown m Figure 2 and are reported as mean £ SEM for nmunber of

C8CAPCS.

0
[
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EXAMPLE i

Methods for Deternunings Vmat? Inhibitorv Activiiy of a Compound

Examples of techniques for determining the capability of a compound o
nhibii VMAT?2 are provided below. The procedure 1s adapted from that described
previously {see, e.g., Near, (1986}, Mol Pluwmacael. My 252-37, Teng, et al., J
Newrochem. 71, 258-65, 1998). Homogenates from human plateleis or Sprague-Dawley
rat forebrain were prepared by homogenization and then washed by centrifugation as
described previously {see, 2.g., Hoare et al., (2003} Peptides 24:1881-97). In a total
volume of 0.2 mL 1n low-bmding %6-well plates {Comung #3603), twelve
concentrations of Componnd 1-1 and R R.R-DHTBZ were competed against 6 nM “H-
dihivdrotetrabenezine { American Radiolabeled Chenucals, Kd 2.6 nM) on rat forebram
homogenate {100 yg membrane protein per well} or human platelet homogenate (50 ug
membrane protem per well) in VMAT2 binding buffer (Dulbecco’s phosphate buffered
saline, 1 mM EDTA, pH 7.4). Followmg incubation at 25 °C for two hours, bound
radioligand was collected by rapid filtration onto GF/B glass fiber filters using a
Unifilter-96 Harvester {PerkinElmer). Filter plates were pre-treated for 10 nunuies with
0.1% polvethylerumine, and following harvesting the filier plates were washed with 800
ul VMAT? binding buffer. Bound radiohigand was guantified by scmtillation counting
using a Topcount NXT (PerkinElmer). The results of the competition bindmg studies

are presented below m Table 9 and Table 10,

Table &

Rat Forebrain VMAT2 Affinity from Competition Binding Studies

Compound PR {1} Ki {nM}
Compound 1-1 6612} 2.6
RRR-DHTBZ RT7E02(6) 1.8

]
(3]



10

20

WO 2016/127133 PCT/US2016/016892

Table 10
Human Platelet VMAT2 Affiuty from Competition Bmding Studies
Compound pKi {1} Ki {nM}
Compound 1-1 8.3£01(2) 52
RR.R-DHTBZ R6£03(3) 2.6

The human Ki's for the compounds listed i Table 11 were deternuned
using a shghtly modified procedure shown below {(see data in colunm under the heading
“Ki M), In a tofal volume of 0.15 mL 1 low-binding 96-well plates (Cormng
#3603}, twelve concentrations of Compound 1-1 and R R R-DHTBZ were competed
against 10 iM “H-dihydrotetrabenezine {American Radiolabeled Chemicals, Kd 2.6
M) on rat forebram homogenate {100 g mernbrane protem per well) or human
platelet homogenate (13 pg membrane protein per well) i VMATZ binding buffer
{Dulbecco’s phosphate buffered saline, 1 mM EDTA, pH 7.4). Followmg mcubation at
25°C for 90 mmutes, bound radiohigand was collected by rapid filtration onte GF/B
glass fiber filters using a Unifilter-96 Harvester {PetkunElmer). Filter plates were pre-
freated with 0.1% polvetbylentnune and allowed to drv overnight, and following
harvesting the filter plates were washed with 800 pl VMAT? bindmng buffer. Bound
radioligand was quantified by scintillation counting using a Topeonnt NXT
{PerkunElmer). In Table 11, compounds having a K; of less than 10 oM are identified
as “++3+7, componnds having a K of from 10 nM to 300 nM are wdentitied as “++7, and

compounds having a K greater than 500 oM are identified as "+ {(NT = not tested).

Table 11
Activity Data for Representative Compounds

Cpd. Na. KiaM Human Rat

(% max. bioavail.} | {% max. bipavail.}

1.3 T ST TES
23 S TRNE +++

0
s



WO 2016/127133

PCT/US2016/016892

KinM

Humnan

{% max. bioavail .}

Rat

{% max. bicavail.}

2-4 AR ek G
-5 =+ NI S
2-6 e e T
2-7 =+ 4+ .
2-8 e+ F o
2-9 4+ sy N
2-16 +++ T 4_F
2-11 e Gt ey
2-12 =+ ++ o
2-13 +++ ﬂ_\_ i
2-14 4 it e
2-15 e +t o
2-16 4+ FES N
2-17 ++ i+ .
2-18 e P s
2-19 i+ NT NT

2-28 NT + +++
321 e+ e -+
2-22 +++ =+ +++
323 4+ +++ +++
324 ++ e -+
2-25 -+ NT +

126 4+ +++ +++
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KinM

Humnan

{% max. bioavail .}

Rat

{% max. bicavail.}

227 ++ SEEE ot
2-28 ++ S g
2-29 b S P
2-30 +++ + <
2-31 e Tt s
2-32 4+ st o

2-33

3-34 e+ -+ -+
2-35 + + +
236 +++ ++ ++
2-37 ++ 4+ +++
2-38 ++ +++ -+
2-39 +++ ++ 4+
3-1 + NT +
32 -+ +H+ -+
33 ++ + N
3-4 ++ + +

36 ++ + +
3-7 ++ + +
3-8 ++ + +
3-9 ++ + +
3-16 + + 4+
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Cpd. No.

KinM

{% max. bioavail .}

Humnan

Rat

{% max. bicavail.}

3-11 + + +

3-12 ++ + +

3-13 ++ + +
$-1 +++ + +
4-2 ++ -+ st
4-3 E RS ++
4-4 i+ =+ G

4-6 ++ ++ +++
$-7 +++ + ++
4-8 +++ + +

NT

4-16 +++ + +
4-11 ++ NT NT
4-12 s i+ ++
4-13 I + NT
4-14 S =+ +t
4-15 e 5 +

4-16 +++ + +

4-17 +++ ++ ++
4-18 +—+ ++ ++
419 -+ NT NT
4-20 it NT NT

£
£
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Cpd. No. Ki oM Human Rat
{% max. bioavail.} | (% max. bioavail}
421 4 NT NT
4-22 et NT +
4-23 +++ +¥ +
4-24 +++ NT NT
4-25 ++ ++ +
4-26 +++ + NT
4-27 R = ++
4-28 et + +
4-29 +H+ + +
4-38 =+ NT NT
4-31 -+ + +
4-32 ++ -+ ++
4-33 ++ ++ ++
$-34 i NT NT
4.35 . NT NT
4-36 i+ + ++
4-37 +++ ++ ++
4-38 et + +
5-1 +H+ + +
5-2 NT NT NT
53 + + +
5-4 ++ + +
5-3 ++ + +

o)
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Cpd. No. KinM Human Rat
{% max. bioavail.} | (% max. bioavail}

5-6 + + +
5-7 + ++ T
5-8 NT NT NT
3-9 + + +
5-18 NT NT +
S-11 ++ + +
3-12 NT NT NT
5-13 NT NT NT
5-14 + + +
515 ++ FITS .
5-16 NT NT NT
5-17 ++ + +
5-18 i+ -+ ++
5-1%9 ++ + +
5-28 ++ + +
5-21 +++ ++ +
3-22 NT NT NT
5-23 ++ + +
5-24 +++ ++ +
3-25 + + +
5-26 + + +
5-27 + + +
3-28 + + +
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Cpd. No. KinM Human Rat
{Yo max. bioavail.} | (% max. bivavail)

5-29 ++ T e
5-30 5 N -
531 et e =
5-32 - N )
5.33 NT NT NT
534 — N A
3-35 ++ NT NT
5.36 NT NT NT
5.37 N . =
538 NT NT -
5.39 ot N )
5-40 ++ N N
541 ++ N N
542 - . )
5-43 + N N
S-44 et e =
5-45 " NT T
5.46 4 N -
547 o N N
3-48 NS . e
5-49 ++ + NT
5-50 T e =
5.51 NT NT w

]
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Cpd. No. KiaM Human Rat
{% max. bioavail.} | (% max. bioavail}
3-82 + + +
5-53 ++ ++ ++
5-54 + + +
3-85 NT NT NT
5-56 ++ + +
5-57 + + +
6-1 +++ + +
6-2 e+ ++ +
6-3 NT + +
6-4 +++ + +
6-3 i + +
6-6 -+ + L
6-7 +++ + +
6-8 ++ + +
6-9 e+ ++ ++
6-10 i+ + +
6-11 +++ + +
6-12 NT NT NT
6-13 4 + T
6-14 it ++ ++
7-1 ++ -+ 4t
8-1 ++ +H+ -+
9-1 +++ NT NT

90
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Cpd. No. Ki oM Human Rat
{% max. bioavail.} | (% max. bioavail}

9.2 NT NT NT
23 + NT NT
9-4 i+ NT NT
9-5 -+ NT NT
9-6 NT NT NT
9-7 NT NT NT
9-8 +++ NT NT
9.9 NT NT NT
10-1 i+ NT ++
10-2 +++ + ++
18-3 ++ +++ ++
10-4 e+ -+ -t
16-3 ++ NT NT
18-6 i+ + ++
18-7 e+ H+ ++

Another technique that may be routinely performed to determme the
capability of a compound to inlubit VMAT? 1s provided below. The following
procedure 1s adapted from a previously described method {see Teng, et al, J
Newrochem. 71, 2538-65, 1988}

Preparation of rat striatal vesicles: Raf striata from lree rats are pooled
and homogenized 1w 0.32 M sucrose. The homogenate 1s then centrifuged at 2000 x g
for 10 min at 4 °C and the resulting supernatant is centrifuged at 10,000 x g for 30 min
at 4 C. The resulting pellet containing the enriched synaptosomal fraction {2 mL) is

subjected {o osmotic shock by addition of 7 milL of distilled H.O, and subsequently the

21
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suspension 18 homogenized. The osmolarity is restored by the addition of 8.9 mL of
0.25 M HEPES and 0.9 mU of 1.0 M neutral L-(+)-fartaric acid dipotassium sali buffer
{pH 7.5}, followed by a 20 nun centrifugation {20,000 x g at 4 °C). The supernatant 13
then centrifuged for 60 mun (55,000 x g at 4 °C) and the resulting supernatant is
cenirifuged for 45 mun (100,000xg at 4 °C). The resuliing pellet is vesuspended 1 25
mM HEPES, 100 mM L-(+)-tartanic acid dipotassiom salt, 5 mM MgCl, 10 ;M NaCl,
0.05 mM EGTA, pH 7.5 to a protein concentration of 1-2 mg/mL and stored at -80'C
for up to 3 weeks without appreciable loss of binding activity. Imimediately before nse,
the final pellet 15 resuspended in binding buffer 25 mM HEPES, 100 mM L-{(+)-tartaric
acid dipotassmumn salf, 5 mM MgCly, 10 mM NaCl, 0.05 mM EGTA, 0.1 mM EDTA,
1.7 mM ascorbue acid, pH 7.4).

[*H]-dihydrotetrabenazine (DHTBZ) Binding: Aliquots of the vesicle
suspension (016 mL, 15 g of protemv'mL} are mcubated with competitor componnds
(ranging from 10 to 107 M) and 2 oM [*H]-dihydrotetrabenazine (HTBZ; specific
activity: 20 Ci/munol, American Radiolabeled Chemicals, Inc.) for 1 b at room
temperature m a total volume of 0.5 L. The reaction 1s ternunated by rapid filtration
of the samples onto Whatman GEF/F filters using a Brandel cell harvester. Noaspecific
binding 1s defermined using 20 uM tetrabenazine (TBZ). Filters are previously soaked
for 2 b with ice-cold polvethylenetmme (0.5%). After the filters are washed three times
with the tce-cold buffer, they are placed into scintillation vials with 10 mi. scuntillation

cocktail, Bound radicactivity 1s determmned by scintillation spectrometry.

EXAMPLE 12

Methods for Determining Metabolic Pathwavys of a Commpound

To mvestigate differences i the mietabolism of Compound 1-1 and
RR.R-DHTBZ in vitrro both compounds were incubated with human hepatocvtes and
the amownts of metabolites formed via the respective demethvlation, oxidation, and
glucuromdation pathwayvs were determined by LC-MS/MS. The mstrument responses
for all metabolites were assumed to be approximately equal. For both compounds the

percentage of overall in vitre metabolisin due to the respective pathways {(fraction
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metabolized, fim) was calculated by dividing the LC/MS peak area of the metabolife(s)
formed via a given pathway by the sum of the peak areas of all metabolites monitored.
Results of this analvsis indicated that R R R-DHTBZ was prunartly metabolized by
demethylation. This demethylation is believed fo be catalyzed by CYP2D6. In
contrast, Compound 1-1 was primarnily metabohized by glucuronidation. Figare 3
iiiustrates the contribution of metabolic pathways to the overall in vitro mietabolism of

Compound -1 and R R, R-DHTBZ using human hepatocyies.

EXAMPIE i3

Method to Detenmine stabilitv of Compounds in Mammmalian Liver Microsomes

Test compound {1uM) was incubated with peoled nuxed gender hver
microsomes from bumans (0. 3mg/mL fotal protein) and SD rais {0 lmg/mL total

far Rul
“\‘

protem) at 37°C m the presence of an NADPH-generating system contamung 50 mM,
pH 7.4 potassnum phosphate buffer, 3 mM magnesium chloride, I mM EDTA, 1 mM
NADP, 5 miM glusose-fi-phosphate, and 1 Unit/ml. glucose-6-phosphate
debydrogenase. All concentrations were relative to the final incubation volune of
250ull. Incubations were conducted at 37°C for @, 5, 10, 20, 40 and 60 minuies i a
water bath and terminated by rapid mixing with 300 ul. of 1ce-cold acetonitrile
comtaining (. 196 formic acid. Internal standard was added and proteins were
precipitated and removed by centrifugation prior to LO/MS analysis. Ahquots of the
resulting supernatant fractions were analvzed by LC/MS monttormg for depletion of
parent compound. The resultant peak area ratio versus time data was fitted to a non-
linear regression using XL Scientific Curve Fitting Software {(IDBS Litd., Surrey, UK}
and half-life was calculated from the slope. Pharmacokinetic parameters were predicted
using the method described by Obach et al (/. Pharmcol Exp. Ther. 1997, 283: 4638}
Buiefly, values for mtrinsic clearance were calculated from the m vitro half-life data and
were then scaled to represent the clearance expected 1 the entire animal (buman or rat).
Addittonal values calculated included predicted extraction ratio and predicied

maximum oavatlabiluy,

)
tad
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By the above procedures, the predicted maximum bioavatlability (hunan
and rat} for the compounds histed m Table 11 above were calculated {see data m
columns unrder the headings “Human (% max. lroavail )™ “Rat (% max. bicavail.}”,
respectivelv). In Table 11, conipounds having a predicied maxumnwm bioavailability of
less than 10% are identified as “+++", compounds having a predicied maxmium
bipavailability from 10% to 50% are wdentified as “++7, and compounds having a
predicted maxumnm bioavatability of greater than 30% to 100% are identified as “+7

{NT = not tested).

EXAMPIFE i4

Method to Determine Hydvolvtice Stability of Compounds in Mammalian biestinal 89

Compounds that demonstrated metabolic stability in the lnuman Hver
microsomal screening assay, defined as scaled mtrinsic clearance of <20 mL/mwn/kg
{approximately >350% predicted bipavailability), were selected for further evaluation of
hydrolvtic stability m an 1 vifro intestinal 89 assay {SD rat and human). Compounds
{1nM)} were mcubated with pooled miestinal 89 subcellular preparations {0.5mg/mL
total protemn} from SD rats and humans without the addition of protease mhibitor
phenvimethvisnlfonviflonnide. Incubations were carried ouf in a potassiuin phosphate
buffer (30 mM). All concentrations were relative to the final incubation volume of 125
ul. Incubations were conducted at 37°C for €. 5, 10, 20, 40 and 60 minutes i a water
bath and termunated by rapid mixing with 150 uL of wce-cold acetoniinile contaimning 1%
formie actd. Internal standard was added and proteins were precipitated and removed
by centrifugation prior to LC/MS analysis. Aliquots of the resulting supernatant
fractions were analyzed by LC/MS mounitoring for deplefion of the test compound and
formation of compound 1-1. The results were used fo categorize compounds based on
their potential to hydrolyze to form compound 1-1 m the /n vifro assay.

The results of this assay are presented 1o Table 12, To this end, the
compounds histed 1n Table 12 were separated mnto three classes of compounds based on
their ability to form compound 1-1: lugh (identified as “+++7), moderate (identified as

“++7y and low {identified as “+7}).

94
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Activity Data for in vitro Human Intestinal 8% Hvdrolvsis Assay

Compound SO Assay
2-10 +H+
225 4+
3-1 +
3-3 ++H
3-4 —+
3-6 ++
3-7 +
3-8 +H+
3-9 ++
3-10 +++
3-11 ++
3-12 +t
3-13 ++
4-1 —+
4-7 ++
4-8 +
4-10 ++
4-13 -
4-15 +
4-16 +
4-22 ++
4-26 ++
4-28 —+
4-29 +H+
4-31 +
4-36 ++
4-38 +
5-1 +
5-3 +
S-4 +
5-5 +
5-6 +
5-9 +
5-11 ++
5-14 +

Compound

59 Assay

3-17

+

5-19

e

3-28

+

5-23

++

3-25

5-26

3-27

5-28

5-36

3-32

5-34

3-39

S5-40

3-41

5-42

The disclosure of U.S. provisional patent application Serial No.

62/113,316, filed February 6, 2013, 1s incorporated herem in ifs entirety.
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The various embodiments described above can be combined to provide
further embodiments. All U.S. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications, and non-patent publications
referred to in this specification and/or listed in the Application Data Sheet are incorporated
herein by reference in their entirety. Aspects of the embodiments can be modified, if
necessary to employ concepts of the various patents, applications and publications to
provide yet further embodiments.

These and other changes can be made to the embodiments in light of the above-
detailed description. In general, in the following claims, the terms used should not be
construed to limit the claims to the specific embodiments disclosed in the specification and the
claims, but should be construed to include all possible embodiments along with the full scope
of equivalents to which such claims are entitled. Accordingly, the claims are not limited by
the disclosure.

The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general knowledge in
the field of endeavour to which this specification relates.

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and wvariations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group of

integers or steps but not the exclusion of any other integer or step or group of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound having structure (I):
MeQ
N
MeQO
OR'
@D

or a pharmaceutically acceptable salt or solvate thereof,

wherein:
R'is a)
b)
9)

d)

g)

h)

and wherein,

hydrogen;

-P(=0)(OR?);

-C(=0)alkyl, wherein alkyl is optionally substituted with
R!° and/or R?;

-C(=O)heterocyclyl, wherein heterocyclyl is optionally
substituted with R'? and/or R?%;

-C(=0)carbocyclyl, wherein carbocyclyl is optionally
substituted with R'? and/or R?%;

-C(=0O)N(R3)alkyl, wherein alkyl is optionally substituted
with R'? and/or R?;

-C(=0O)N(R3)carbocyclyl, wherein carbocyclyl is
optionally substituted with R'® and/or R’
-C(=0)Oalkyl, wherein alkyl is optionally substituted
with R'? and/or R?; or

alkyl, wherein alkyl is optionally substituted with R

and/or R?;

each R? is independently hydrogen or alkyl;

97



26 May 2020

2016215033

each R'? is independently halo, haloalkyl, cyano, nitro,
trimethylsilanyl, -OR*’, —
SRY, -OC(0)-R*, -N(R*)2, -C(O)R*, -C(0O)OR, -C(O)N(R*)2, -N(R*)C(O)OR’", -
NR3NC(O)R?!, -NR*HC(=NR*HN(R*?)3, -N(R3*NS(0)R3! (where tis 1 to
2), -S(O)OR?® (where t is 1 to 2), -S(0),R*® (where p is 0 to 2) or -S(O)N(R*"), (where
tis 1 to 2), ~OP(=0)(OR*"),, or when a single atom bears two R'® groups such two R
groups may be taken together to form oxo;

each R% is independently alkyl, alkenyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclalkyl, heteroaryl or heteroarylalkyl, or when a
single atom bears two R? groups such two R?’ groups may be taken together to form
cycloalkyl, wherein each of said alkyl, alkenyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclalkyl, heteroaryl and heteroarylalkyl groups is
optionally substituted with R'® and/or R??;

each R?? is independently alkyl, alkenyl, aryl, aralkyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclalkyl, heteroaryl or heteroarylalkyl, wherein
each of said alkyl, alkenyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclalkyl, heteroaryl and heteroarylalkyl groups is optionally substituted with
R': and

each R%, R3! and R*? is independently hydrogen or alkyl.

2. The compound of claim 1, wherein the compound is
[(2R,3S,11bR)-9,10-dimethoxy-3-(2-methylpropyl)-1H,2H,3H,4H,6H,7H,11bH-pyrido-
[2,1-a]isoquinolin-2-yl]methanol, or a pharmaceutically acceptable salt or solvate

thereof.
3. The compound of claim 2, wherein the compound is

[(2R,3S,11bR)-9,10-dimethoxy-3-(2-methylpropyl)-1H,2H,3H,4H,6H,7H,11bH-
pyrido[2,1-a]isoquinolin-2-ylJmethanol HCI.
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4. The compound of claim 1, or a pharmaceutically acceptable salt

or solvate thereof, wherein R! is -P(=0)(OR3).

5. The compound of claim 1, or a pharmaceutically acceptable salt
or solvate thereof, wherein R! is -C(=0)alkyl, and wherein alkyl is optionally

substituted with R'? and/or R*.

6. The compound of claim 1, wherein the compound is selected

from one of the following:

2-1

2-2

2-3

24
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H
N A
//S\/
2-5
2-7
2-8
2-9
0O
\’(\CN__

2-10 O O

2-13
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2-14 O O
2-15 O O

H

N. //o

S
Y

2-16 0 O
2-17 O O
2-19 O O

2-23
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2-24

2-28

2-29

2-30

2-32

2-33

020C ABIN 9T

¢e0ST2910¢
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2-34

2-35

2-36

2-39

3-1
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OH

OH

OH

3-3

3-7

3-8

3-9

3-10

3-11

020T ABIN 9C

¢e0ST2910¢
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NH,

3-12

3-13

4-2

4-9

4-10

4-12

020C ABIN 9T

¢e0ST2910¢

105



HN

NH,

4-14

4-16

4-17

4-19

4-23

4-24

020C ABIN 9T

¢e0ST2910¢
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HN

O

4-28

4-29

4-30

4-31

4-33

4-34

020C ABIN 9T

¢e0ST2910¢
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4-36

4-37

4-38

or a pharmaceutically acceptable salt or solvate thereof.

7.

The compound of claim 1, or a pharmaceutically acceptable salt

or solvate thereof, wherein R! is -C(=O)heterocyclyl, and wherein heterocyclyl is

optionally substituted with R'® and/or R*°.

8.

The compound of claim 1, wherein the compound is selected

from one of the following:

2-6
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2-11

2-12

2-18

2-21

2-22

2-25

020C ABIN 9T

¢e0ST2910¢
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2-26
O.
/
N
227 O
2-31 O
N_ A
//S\
2-37 O
4-1
4-3
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4-4

4-5

4-6

4-7

4-8

4-11

020C ABIN 9T

¢e0ST2910¢

111



4-13

4-15

4-20

4-21

4-22

4-26

020C ABIN 9T

¢e0ST2910¢

112



NH

OH

4-27

4-29

4-32

4-35

5-4

5-6

020C ABIN 9T

¢e0ST2910¢

113



5-7

5-8

5-12

5-13

5-14

5-15

020C ABIN 9T

¢e0ST2910¢
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5-18

5-21

5-24

5-27

5-31

5-37

020C ABIN 9T

¢e0ST2910¢
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5-43

5-44

5-48

5-49

5-50

5-52

020C ABIN 9T

¢e0ST2910¢
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5-53

5-54

6-1

6-2

6-3

020C ABIN 9T

¢e0ST2910¢
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6-4

6-5

6-6

6-7

6-8

020C ABIN 9T  €€0ST

¢910¢
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6-9

6-10

6-11

6-12

6-13

020C ABIN 9T

¢e0ST2910¢
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6-14

or a pharmaceutically acceptable salt or solvate thereof.

9. The compound of claim 1, or a pharmaceutically acceptable salt
or solvate thereof, wherein R! is -C(=O)carbocyclyl, and wherein carbocyclyl is

optionally substituted with R'® and/or R*°.

10. The compound of claim 1, wherein the compound is selected

from one of the following:

2-20

2-38

3-4
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3-5 OH
3-6 OH

NH,
4-18
4-25

or a pharmaceutically acceptable salt or solvate thereof.

11. The compound of claim 1, or a pharmaceutically acceptable salt
or solvate thereof, wherein R' -C(=O)N(R3)alkyl, and wherein alkyl is optionally
substituted with R'° and/or R*°.

121



26 May 2020

2016215033

12. The compound of claim 1, wherein the compound is selected

from one of the following:

5-1

5-2

5-5

5-10

5-11
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5-16

5-17

5-19

5-20

5-22

5-23
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5-25

5-26

5-28

5-29

5-30

5-32
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5-33

5-34

5-36

5-38

5-39

5-42
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5-45

5-46

5-47

5-51

5-55

5-56
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5-57

or a pharmaceutically acceptable salt or solvate thereof.

13.

The compound of claim 1, or a pharmaceutically acceptable salt

or solvate thereof, wherein R! is -C(=O)N(R3)carbocycle, and wherein carbocycle is

optionally substituted with R'® and/or R*°.

14.

The compound of claim 1, wherein the compound is selected

from one of the following:

5-9

5-35

5-40
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5-41

or a pharmaceutically acceptable salt or solvate thereof.

15. The compound of claim 1, or a pharmaceutically acceptable salt
or solvate thereof, wherein R' -C(=0)Oalkyl, and wherein alkyl is optionally
substituted with R'° and/or R*°.

16. The compound of claim 1, wherein the compound is:

8-1

or a pharmaceutically acceptable salt or solvate thereof.

17. The compound of claim 1, or a pharmaceutically acceptable salt
or solvate thereof, wherein -R! is alkyl, and wherein alkyl is optionally substituted with

R'% and/or R%,

18. The compound of claim 1, wherein the compound is:

9-1
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9-2

9-3

9.4

'l,///OCD3

9-5

9-6

9-7
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9-8

9-9

10-1

10-2

10-3

020C ABIN 9T

¢e0ST2910¢
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10-4

10-5

10-6

10-7

or a pharmaceutically acceptable salt or solvate thereof.

19. The compound of claim 1 having the following structure:
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MeO

MeO

SOR;

or a pharmaceutically acceptable salt or solvate thereof.

20. A pharmaceutical composition comprising a compound of any one
of claims 1-19, or a pharmaceutically acceptable salt or solvate thereof, in combination

with a pharmaceutically acceptable excipient and/or diluent.

21. A method of treating a disease or disorder associated with VMAT?2
activity, wherein the disease or disorder is selected from hyperkinetic disorder,
schizophrenia and bipolar disease, comprising administering to a subject in need thereof
a pharmaceutically effective amount of a compound of any one of claims 1-19, or a
pharmaceutically acceptable salt or solvate thereof, or a pharmaceutical composition of

claim 20.

22. The method of claim 21, wherein the hyperkinetic disorder is

Huntington’s disease, tardive dyskinesia, Tourette’s syndrome or tics.

23. A method of manufacturing a pharmaceutical composition
comprising a compound of any one of claims 1-19, or a pharmaceutically acceptable salt
or solvate thereof, the method comprising mixing a compound of any one of claims 1-19,
or a pharmaceutically acceptable salt or solvate thereof, and a pharmaceutically

acceptable excipient.

24. A compound having the following structure:
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MeO

MeO

OH

for use in preparing a compound of claim 1, or a pharmaceutically acceptable

salt or solvate thereof, wherein R' of the compound of claim 1 is

a) -P(=0)(OR%)z;

b) -C(=0)alkyl, wherein alkyl is optionally substituted with R'?
and/or R?%;

) -C(=O)heterocyclyl, wherein heterocyclyl is optionally

substituted with R'? and/or R?;

d) -C(=0)carbocyclyl, wherein carbocyclyl is optionally substituted
with R'? and/or R?;

e) -C(=0O)N(R3)alkyl, wherein alkyl is optionally substituted with
R!° and/or R?;

£)-C(=O)N(R3)carbocyclyl, wherein carbocyclyl is optionally substituted

with R'? and/or R?;

g) -C(=0)0alkyl, wherein alkyl is optionally substituted with R
and/or R?%; or

h) alkyl, wherein alkyl is optionally substituted with R'” and/or R*.
25. Use of a compound of any one of claims 1-19, or a

pharmaceutically acceptable salt or solvate thereof, in the manufacture of a medicament
for treating a disease or disorder associated with VMAT?2 activity, wherein the disease or

disorder is selected from hyperkinetic disorder, schizophrenia and bipolar disease.

26. The use of claim 25, wherein the hyperkinetic disorder is

Huntington’s disease, tardive dyskinesia, Tourette’s syndrome or tics.

133






{CYP2Dg}
{CYP3Ad/other)

nidation

o
2
£
e
L >
)
&
@
(]

Oxidation

Bl Glucuro




	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

