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[9,10-DIMETHOXY-3.-(2-METHYLPROPYL)-1H,2H,3H.4H6H,7H,11BH-PYRIDO

[2,1-A]ISOQUINOLIN-2-YL]METHANOL AND COMPOUNDS, COMPOSITIONS 

AND METHODS RELATINGTHERETO 

BACKGROUND 

5 Technical Field 

This disclosure relates generally to [9,10-diiethoxy-3-(2-metiylpropyl)

1H,2H,3H4H,6H7H,11bH-pyrido[2,1-a]isoquinolin-2-y]methanol and compounds, 

compositions and methods related thereto.  

Description of the Related Art 

10 Dysregulation of dopaminergic systems is integral to several central 

nervous system (CNS) disorders, including hyperkinetic movement disorders and 

conditions such as schizophrenia and bipolar disease. The transporter protein vesicular 

monoamine transporter-2 (VMAT2) plays an important role in presynaptic dopamine 

release and regulates monoamine uptake from the cytoplasm to the synapticvesicle for 

15 storage and release.  

3-Isobutyl-9,10-dimethoxy-l,3,4,6,7,11b-hexahydro-2H-prido[2,1-a]

isoquinolin-2-one, also known as tetrabenazine (TBZ), has been used as adrug for 

decades. Tetrabenazine is a potent. reversible inhibitor of catecholamine uptake by 

vesicular monoamine transporter-2 (VMAT2) (ICs0 = 3.2 nM) (see, e.g, Scherman et 

20 al, Proc. Natl. Acad Sci. USA, (1983) 80:584-8) and is currently used in the treatment 

of various hyperkinetic disorders. Side effects associated with TBZ include sedation, 

depression, akathisia and parkinsonism. Inhibition of VMAT2 by TBZ results in 

depletion of brain monoamines in vivo (see, e.g., Pettibone et al, Eur. J. Pharmacol 

(1984) 102:431-6). TBZ also inhibits presynaptic and postsynaptic dopamine receptors 

25 in brain (see, e.g., Login et al., (1982) Ann. Neurologv 12:257-62; Reches et al.,. J 

Pharmacol. Erj. Ther. (1983)'225:515-521). This off-target activity of TBZ may be 

responsible 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-1,3,4,6,7,1lb-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 VMAT2 inhibitors, including compounds, compositions, and 

methods related thereto.  

BRIEF SUMMARY 

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

MeO 

MeO 

OR' 

(I) 

or a pharmaceutically acceptable salt or solvate thereof, 

wherein: 

R 1 is a) hydrogen; 

b) -P(=0)(OR3)2; 

c) -C(=O)alkyl, wherein alkyl is optionally substituted with 

R 10 and/or R20; 

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

substituted with R10 and/or R 20 
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e) -C(=O)carbocyclyl, wherein carbocyclyl is optionally 

substituted with R'0 and/or R20 ; 

f) -C(=O)N(R 3)alkyl, wherein alkyl is optionally substituted 

with R10 and/or R 20; 

g) -C(=O)N(R3)carbocyclyl, wherein carbocyclyl is 

optionally substituted with R10 and/or R20; 

h) -C(=O)Oalkyl, wherein alkyl is optionally substituted 

with R10 and/or R 20 ;or 

i) alkyl, wherein alkyl is optionally substituted with R10 

and/or R20 

and wherein, 

each R3 is independently hydrogen or alkyl; 

each R10 is independently halo, haloalkyl, cyano, nitro, 

trimethylsilanyl, -OR30,

SR30,-OC(O)-R 30, -N(R30)2 , -C(O)R30, -C(O)OR30 , -C(O)N(R3 0)2 , -N(R3 )C(O)OR31,

N(R30)C(O)R 31, -N(R 30)C(=NR3 1)N(R 3 2 ) 2 , -N(R30)S(O)tR 31 (where t is 1 to 

2), -S(O)tOR 3 0 (where t is 1 to 2), -S(O)pR 30 (where p is 0 to 2) or -S(O)tN(R30)2 (where 

t is 1 to 2), -OP(=O)(OR 30)2, or when a single atom bears two R10 groups such two R10 

groups may be taken together to form oxo; 

each R2 0 is independently alkyl, alkenyl, aryl, aralkyl, cycloalkyl, 

cycloalkylalkyl, heterocyclyl, heterocyclalkyl, heteroaryl or heteroarylalkyl, or when a 

single atom bears two R20 groups such two R20 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 R10 and/or R22; 

each R2 2 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 10; and 
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each R3 0, R 31 and R32 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 VMAT2 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 

'J N 
MeO'C 

P 

O H 

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

acceptable salt or solvate thereof, wherein R 1 of the compound as defined herein is 

a) -P(=0)(OR3)2; 

b) -C(=O)alkyl, wherein alkyl is optionally substituted with R10 

and/or R20; 

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

substituted with R10 and/or R20; 
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d) -C(=O)carbocyclyl, wherein carbocyclyl is optionally substituted 

with R10 and/or R2 0; 

e) -C(=O)N(R3)alkyl, wherein alkyl is optionally substituted with 

R 10 and/or R20; 

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

with R10 and/or R2 0; 

g) -C(=O)Oalkyl, wherein alkyl is optionally substituted with R10 

and/or R20 ;or 

h) alkyl, wherein alkyl is optionally substituted with R10 and/or R2 0 

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 VMAT2 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,1lbH-pyrido [2,1-a]isoquinolin-2-yl]methanol (R1 

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

MeO 

MeO 

OR' 

(I) 

as well as stereoisomers and pharmaceutically acceptable salts or solvates thereof, 

wherein R 1 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,1lbH-pyrido[2,1-a]isoquinolin-2-yl]methanol, 

or a pharmaceutically acceptable salt or solvate thereof. In a more specific 
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embodiment, the compound is thehydrochloride salt; namely, [(2R 3S,1IbR)-9,10

dimethoxy-3-(2-methylpropyl)-IH,2H,3H4H,6H.7H.11bH-pyrido[2,1-a]isoquinolin-2

yl]methanol HCI 

hi one embodinenta phanaceutical composition is provided that 

5 comprises one or more compounds of structure (1) in combination with a 

pharmaceutical acceptable excipient and/or diluent.  

In one embodiment, methods are provided for treating diseases, 

disorders, or conditions that benefit from inhibitin vesicular monoamine transporter 

(VMAT2), including the family of hyperkinetic movement disorders. Acccordingly, in 

10 one embodiment, methods are provided for treating a hyperkinetic disorder comprising 

administering to a subject in need thereof a pharmaceutically effective amount of a 

compound of structure (1), or a pharmaceutical composition comprising the same. In a 

more specific embodiment, the hyperkinetic disorder is Huntington's disease, tardive 

dyskinesia, Tourette's syndrome or tics.  

15 These and other aspects of the invention will be apparent upon reference 

to the following detailed description. To this end, various references are set forth herein 

which describe in more detail certain background information, procedures, compounds 

and/or compositions, and are each hereby incorporated by reference in their entirety.  

BRIEF DESCRIPTIONOF THE FIGURES 

20 Figure 1 illustrates the effect of representative compound (Compound 

1-1) on dopamine depletion as measured using the locomotor activity (LMA) assay.  

Figure 2 illustrates the effect of a representative compound (Compound 

1-1) in the conditioned avoidance response (CAR) assay of antipsychotic activity.  

Figure 3 illustrates the contribution of metabolic pathways to the overall 

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

DETAILED DESCRIPTION 

Terms not specifically defined herein should be given the meanings that 

would be given to them by one of skill in the art in light of the disclosure and the
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context. As used in the specification, however, unless specified to the contrary, the 

tenns have the meaning indicated.  

In the following description, certain specific details are set forth in order 

to provide a thorough understanding of various embodiments. However, one skilled in 

5 the art will understand that the present compounds may be made and used without these 

details. In other instances, well-known stctures have not been shown or described in 

detail to avoid unnecessarily obscuring descriptions of the embodiments. Unless the 

context requires otherwise, throughout the specification and claims which follow, the 

word "comprise" and variations thereof, such as, "comprises" and "comprising," are to 

10 be construed in an open, inclusive sense, that is, as "including, but not limited to." In 

addition, the ter "comprising" (and related terms such as "comprise"or "comprises" 

or "having" or "including") is not intended to exclude that in other certain 

embodiments, for example, an embodiment of any composition of matter, composition, 

method, or process, or the like, described herein, may "consist of' or "consist 

15 essentially of' the described features. Headings provided herein are for convenience 

only and do not interpret the scope or meaning of the claimed embodiments.  

Reference throughout this specification to "one embodiment" or "an 

embodiment"imeans that a particular feature, structure or characteristic described in 

connection with the embodiment is included in atleast one embodiment. Thusthe 

20 appearances of the phrases "in one embodiment" or "in an embodiment" in various 

places throughout this specification are not necessarily all referring to the same 

embodiment. Firthennore, the particular features. stmctures, or characteristics may be 

combined in any suitable maier in one or more embodiments.  

Also, as used in this specification and the appendedclaims,thesingular 

25 forms "a," "an," and "the" include plural referents unless the content clearly dictates 

otherwise. Thus, for example, reference to "a non-human animal" may refer to one or 

more non-human animals, or a plurality of such animals, and reference to "a cell" or 

"the cell" includes reference to one or more cells and equivalents thereof (eg., plurality 

of cells) known to those skilled in the art, and so forth. When steps of a method are 

30 described or claimed, and the steps are described as occurring in a particular order, the 

4
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description of a first step occurring (or being performed) "prior to" (i., before) a 

second step has the same meaning if rewritten to state that the second step occurs (or is 

performed) "subsequent" to the first step.The term"about" xvhen referring to a munber 

or a muerical range means that the number or muerical range referred to is an 

5 approximation within experimental variability (orwithin statistical experimental error) 

and thus the number or numeical range may vary between 1% and 15% of the stated 

number or numnerical range. It should also be noted that the tern "or" is generally 

employed in its sense including"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 composition, has the same meaning and understanding as the tern, "one or 

more." 

In one embodiment, provided herein is [9,10-dinethoxy-3-(2

methylpropyl)-I1H,2H,3H,4H,6H7H,11bH-pyrido[2r1-a]isoquinolin-2-y lmethanol(R 

=H), as well as analogs or prodrugs thereof such compounds having structure(: 

MeO, '> 

MeO' N 

15 OR' 

(I) 

or a stereoisomer or pharmaceutically acceptable salt or solvate thereof, 

wherein: 

RI is a) hydrogen; 

20 b) -P(=O)(ORt; 

c) -C(=O)alkyl, wherein alkyl is optionally substituted with 

R' and/or RI; 

d) -C(=0)heterocyclyl, wherein heterocyclyl is optionally 

substituted with R'0 and/or R20 

25 e) -C(=O)carbocyclyl, wherein carbocyclyl is optionally 

substituted with R"' and/orR2 ; 

s itu
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f) -C(=O)N(R3)alkyl, wherein alkyl is optionally substituted 

with R and/or R2; 

g) -C(=O)N(R 3)carbocyclyL, wherein carbocyclyl is 

optionally substituted with R' and/or R2"; 

h) -C(=)Oalkyl, vherein alkyl is optionally substituted 

with R'O andior R2"; or 

i) alkyl, wherein alkyl is optionally substituted with R" 

and/or R2: 

and wherein, 

10 each R3 is independently hydrogen or akyl; 

each RO is independently halo, haloalkyl, cyano. nitro timethylsilanyl, 

-OR 3 , -SR3 0 -OC(O)-R3, -N(R3 ,-C(O)R 3 , -C(O)ORt., -C(O)N(R 2 

-N(R3 %)C(O)OR', -N(R30)C()R 3,-N(R)C(=NR 3 )Nk(R)2 -N(R)S(O)R" (where t 

is I to 2) -S()OR3 (where t is I to 2), -S(O)pR3 (where p is 0 to 2) or -S(O)tN(R3)2 

15 (where t is 1 to 2), -OP(=O)(OR3) 2 , or when a single atom bears two R6 groups such 

two R' g roups may be taken together to fon oxo; 

each R is independently alkyl., alkenyl, aryl, aralkyl, cycloalkyl, 

cycloalkyalkyl, heterocyclyl, heterocyclalkyl, heteroaryl or heteroarylalkyl, or when a 

single atom bears two R?0 groups such two R 20 groups may be taken together to form 

20 cycloalky, wherein each of said alkyl, alkenyl, aryl aralkyl, cycloalkyl, 

cycloalkylalkyL, heterocyclyl, heterocyclalky, heteroaryl and heteroarylalkyl groups is 

optionally substituted with R" and/or R2 : 

each R 2 is independently alkyl, alkenyl, aryl, aralkyl, cycloalkyl, 

cycloalkylalkyl, heterocyclyl, heterocyclalkyl heteroaryl or heteroarylalkyl, wherein 

25 eachof said alkyl,alkenyl,aryL, aralkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 

heterocyclalkyl, heteroaryl and heteroarylalkyl groups is optionally substituted with 

R"; and 

each R-i, R" and R2 is independently hydrogen or alkyl.  

6
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With regard to stereoisomers, the compounds of structure ()have 

multiple chiral (or asyumetric) centers which give rise to enantiomers, diastereomers, 

and other stereoisomeric forms that may be defined, in terms of absolute 

stereochemistry, as (R)- or (S)- When the compounds described herein contain olefinic 

5 double bonds or other centers of geometric asymmetry and unless specified otherwise, 

it is intended that the compounds include both E and Z geometric isomers (e.g., cis or 

trans). Likewise, unless otherwise indicated, all possible isomers, as well as their 

racemic and optically pure forms, and all tautomeric forms are also intended to be 

included. It is therefore contemplated that various stereoisoniers and mixtures thereof 

10 include "enantiomers," which refers to two stereoisomers whose molecules are 

nonsuperimposeable mirror images of one another. Thus, the compounds may occur in 

anyisomeric form including racemates, racemic mixtures, and as individual 

enantiomers or diastereomers.  

Accordingly, and in a more specific embodiment, provided herein is the 

15 compound [(2R,3S,1lbR)-9,10-dimethoxy-3-(-methylpropyl)

1H.2H,3H,4H,6HPH,1lbH-pyrido[21-a]isoquinonli-2-yl]methanol (R = H), as well as 

analogs or prodrugs thereof, having the stereochemistry noted in structure (11): 

MeO, 

MeON 
Hf 

ORI 

20 or pharmaceutically acceptable salt or solvate thereof wherein R1 is as defined above.  

As used in the specification and appended claims, unlessspecified to the 

contrary, the following terms haye the meaning indicated.  

"AlkyT" refers to a straight or branchedhydrocarbon chain radical 

consisting solely of carbon and hydrogenatoms, containing no unsaturation, having 

25 from one to twelve carbon atoms, one to eight carbonatoms, or one to six carbon 

atoms. or one to foir carbon atoms, and which is attached to the rest of the molecule by 

7
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a single bond, e.g. methyl, ethyln-propyl, I-methylethyl(iso-propyl)n-butyl, 

n-pentyl,1 4-dimethylethyl (r-butyl), 3-methyhexyl2-methyihexylandthe like 

"Alkenyl" refers to a straight or branched hydrocarbon chain radical 

group consisting solely of carbon and hydrogen atoms, containing at least one double 

5 bond, having from two to twelve carbon atoms, preferably two to eight carbon atoms 

and which is attached to the rest of the molecule by a single bond., e.g. ethenyl, 

prop-I-enyl, but-I-enyl.,pent-I-enyl penta-1,4-dienyl, and the like.  

"Alkylene" or "alkylene chain" refers to a straight or branched divalent 

hydrocarbon chain linking the rest of the molecule to a radicalgroup, consisting solely 

10 of carbon and hydrogen, containing no unsaturation and having from one to twelve 

carbon atoms or from one to four carbon atoms, e.gn methylene, ethylene, propylene, 

n-butylene, and the like. The alkylene chain is attached to the rest of the molecule 

through a single bond and to the radical group through a single bond. The points of 

attachment of the alkylene chain to the rest of the molecule and to the radical group can 

15 be through one carbon or any two carbons within the chain.  

"Carbocyclyl" refers to a stable 3- to 18-membered aromatic or 

non-aromatic rin2 radical which consists of 3 to 18 carbon atoms. Unless stated 

otherwise specifically in the specification, the carbocyclyl radical may be a monocyclic, 

bicvclic, tricyclic or tetracychc ring system, which may include fused or bridged ring 

20 systems, and may be partially or fully saturated. Non-aromatic carbocyclyl radicals 

include cycloalkyl, while aromatic carbocyclyl radicals include aryl.  

"Cvcloalkyl refers to a stable non-aromatic monocyclic or polycyclic 

hydrocarbon radical consisting solely of carbon and hydrogen atoms, which may 

include fused or bridged ring systems,having from three to fifteen carbon atoms, 

25 preferably having from three to ten carbon atoms, and which is saturated or unsaturated 

andattached to the rest of the molecule by a single bond. Monocyclic radicals include, 

for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptly, and 

cyclooctyl. Polycyclic radicals include, for example, adamantyl, norbomyl. decalinyl, 

7.7-dimethyl-bicyclo-[2.2.1]heptanyl, and the like.  

8
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"Aryl" refers to a hydrocarbon ring system radical comprising hydrogen, 

6 to 18 carbonatoms and at least one aromatic ring. The aryl radical may be a 

monocyclic, bicyclic, tricyclic or tetracyclic ring system, which mayinclude fused or 

bridged ring systems. Aryl radicals include, but are not limited to; aryl radicals derived 

5 from aceanthrylene, acenaphthylene, acephenantirylene, anthracene, azulene, benzene, 

chrysene, fluoranthene, fluorene, as-indacene,-indaceneindane, indene, naphthalene, 

phenalene, phenanthrene, pleiadene, pyrene, and triphenylene. In one embodiment, aryl 

is phenyl or naphithyl, and in another embodiment is phenyl.  

"Aralkyl" refers to a radical of the formula -RbR where RI is an alkylene 

10 chain as defined herein and P, is one or more aryl radicals as defined herein, for 

example, benzyl, diphenylmnethyl and the like.  

"Heterocyclyl" refers to a stable 3- to 18-membered aromatic or 

non-aromatic rin2 radical which consists of two to twelve carbon atoms and from one to 

six heteroatoms selected from the group consisting of nitrogen, oxygen and sulfur.  

15 Unless stated otherwise specifically in the specification, the heterocyclyl radical may be 

a monocyclic, bicyclic, tricyclic or tetracyclic ring system, which mayinclude fused or 

bridged ring systems;and the nitrogen, carbon or sulfur atoms in the heterocyclyl 

radical may be optionally oxidized; the nitrogen atom may be optionally quaternized; 

and the heterocyclyl radical may be partially or filly saturated. Examples or aromatic 

20 hetercyclyl radicals are listed below in the definition of heteroaryls (i.e., heteroaryl 

being a subset of heterocyclyl). Examples of non-aromatic heterocyclyl radicals 

include, but are not limited to, dioxolanyl. thienyl[13]dithianyl, decahydroisoquinoly 

imdazolinyl, imidazolidinyl, isothiazolidinyl, isoxazolidinyl, morpholiny, 

octahydroindolyl, octahydroisoindolyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 

25 2-oxopyrrolidinyl, oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl, pyrrolidinyl, 

pyrazolidinyl, pyrazolopyrimidinyl, quinuclidinyl, thiazolidinyl, tetrahydrofuryl, 

trioxanyl trithianyl, triazinanyl, tetrahydropyranyl, thiomorpholinyl, thiamorpholinyl, 

I-oxo-thiomorpholinyl,and1,1-dioxo-thiomorpholinyl.  

"Hetero a alofrs to a radical of the fornuda -RR w here RI is 

30 an alkylene chain as defined herein and RI is a heterocyclyl radical as defined herein, 

9
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and if the heterocyclyl is a nitrogen-containing heterocyclyl the heterocyclyl may be 

attached to the alkyl radical at the nitrogen atom.  

"Heteroaryl" refers to a 5- to 14-membered ring system radical 

comprising hydrogen atoms, one to thirteen carbon atoms, one to six heteroatoms 

5 selected from the group consisting of nitrogen oxygen and sulfur, and at least one 

aromatic ring. For purposes of this invention, the heteroaryl radical may be a 

monocyclic, bicycle, tricyclic or tetracyclic ring system, which may include fused or 

bridged ring systems; and the nitrogen, carbon or sulfn atoms in the heteroaryl radical 

may be optionally oxidized; the nitrogen atom may be optionally quaternized.  

10 Examples include, but are not limited to, azepinyl, acridinyl, benziiidazolyl.  

benzthiazolyl, benzindolyl. benzodioxolyl, benzofuranyl, benzooxazolyl.  

benzothiazolyl, benzothiadiazolyl, benzo[t][1,4]dioxepinyl, 1,4-benzodioxanyl, 

benzonaphthofuranyl, benzoxazolyl, benzodioxolyl, benzodioxinyl, benzopyranyl, 

benzopyranonyl, benzofuranyl. benzoftiranonyl, benzothienyl (benzothiopheny., 

15 benzotriazolyl, benzo[4,6]imidazo[i,2-a]pyridinyl, benzoxazolinonyl, 

benzinmidazolthionyl, carbazolyl, cinnolinyl, dibenzofuranyl, dibenzothiophenyl 

furanyl, furanonyl, isothiazolyl, imidazolyl, indazolyl, indolyl, indazolyl, isoindolyl, 

indolinyI, isoindolinyli, soquinolyl, indolizinyl, isoxazolyl, naplithyridinyl, oxadiazolyl, 

2-oxoazepinyl, oxazolyl, oxiranyLI 1-oxidopyridinyl, 1-oxidopyrinidinyl, 1

20 oxidopyrazinyl, 1-oxidopyridazinyl, 1-phenyl-IH-pyrrolyl, phenazinyl, phenothiazinyl, 

phenoxazinyl, phthalazinyl, pteridinyl, pteridinonyl, purinyl, pyrrolyl, pyrazolyl, 

pyridinyl, pyridinonyl, pyrazinyl, pyrimidiny, pryrmidinonyl, pyridazinyl, pyrrolyl, 

pyrido[2,3-d]pyrimidinonyl, quinazolinyl, quinazolinonyl, quinoxalinyl, 

quinoxalinonyclquinolinyl, isoquinolinyl, tetrahydroquinolinyl, thiazolyL thiadiazolyl, 

25 thieno[3,2-tpimidin-4-onyl,thieno[2,3-d]pyTimidin-4-onyl, triazolyl, tetrazolyl, 

triazinyl, and thiophenyl(i.e. thienyl 

"Heteroarylalkyl" refers to a radical of the formula -RR, where Rb is an 

alkylene chain as defined herein and Ri is a heteroaryl radical as defined herein.  

"Cyano" refers to the -CN radical.  

30 "Halo" refers to bromo. chloro, fluoro or iodo.  

10
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"Haloalkyl" refers to an alkyl radical/as defined herein, that is 

substituted by one or more halo radicals, as definedhereine.g., trifluoronethyl, 

difluoromethyl, trichloromethyl, 2,2,2-trifluoroethyl,-fhnoromethyl-2-fluoroethyl, 

3-bromo-2-fluoropropyl, I-bromomethyl-2-bromoethyl, and the like 

5 "Nitro" refers to the -NO2 radical.  

"Oxo" refers to the =0 substituent.  

"Trimethylsilanyl" refers to the -Osi(CH3)3radical.  

"Cycloalkylalkyl" refers to a radical of the formula -Rt~g w here R is 

an alkylene chain as defined herein and R, is a cycloalkyl radical as defined herein.  

10 "Fused" refers to any ring system described herein which is fused to an 

existing ring stmeture in the compounds of the invention. When the fsed ring system 

is a heterocyclyl or a heteroaryl, any carbon in the existing ring structure which 

becomes part of die fused ring system may be replaced with a nitrogen.  

"Prodrug" is meant to indicate a compound that may be converted under 

15 physiological conditions or by solvolysis to a biologically active compound, such as 

compound 1-1 described herein. Thus, the tern"prodrug" refers toa metabolic precursor 

of a compound described herein that is phannaceutically acceptable. A prodrug may be 

inactive when administered to a subject in need thereof but is converted in vivo to an 

active compound as described herein. Prodmgs are typically rapidly transforned in vivo 

20 to yield the parent compound described herein, for example, by hydrolysis in blood. The 

prodrug compound often offers advantages of solubility, tissue compatibility or delayed 

release in a manmalian organiism (see, eg, Bundgard H., DesignofProdrgs(1985),pp.  

7-9, 21-24 (Elsevier, Amsterdam). A discussion of prodrugs is provided in Higuchi, T., et 

al., "Pro-drugs as Novel Delivery Systems," A.C.S. Symposium Series, Vol. 14, and in 

25 Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American Pharmaceutical 

Association and Pergamon Press, 1987, both of which are incorporated infull by reference 

herein.  

In one embodiment, the compounds described herein serve as a prodrug 

to [9,10-dimethoxy-3-(2-methylpropyl)-1H,2H,3H,4H,6H.7H,IlbH-pyrido[2,i-a]

30 isoquinolin-2-yl]nethanol (compound 1-1);that is, the compound may be converted 

11
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under physiological conditions to compound 1-1. In another embodiment, the compoids 

described herein are themselves VMAT2 inhibitorsand thus active analogs to 

compound 1-1.  

The compounds described herein may exist in a continue of solid 

5 states ranging from filly amorphous to fully crystalline. Furthenore, some of the 

crystalline forns of the compounds having a stature of formula (I), formula 11, and 

substructures and specific compounds thereof may exist as polynorphs. In addition, 

some of the compounds may also form solvates withwater or other organic solvents.  

The ten solvate is used herein to describe a molecular complex comprising a 

10 compound described herein and one or more phamaceutically acceptable solvent 

molecules. Such solvates are similarly included within the scope of this disclosure.  

As one of skill i the art would appreciate, any of the compounds 

described herei may incorporate radioactive isotopes. Accordingly, also contemplated 

is use of isotopically-labeled compounds identical to those described herein, wherein 

15 one or more atonis are replaced by an atom having an atomic mass or mass number 

different from the atomic mass or mass number usually founding nature. Examples of 

isotopes that can be incoporated into these compounds include isotopes of hydrogen, 

carbon, nitrogen, oxygen, phosphorous, fluoine and chlorine, such as, but not limited 

to 2H, H, " 4C, C N, 8O, 1O, 1 P, 3P, 3S, iF and C1, respectively. Certain 

20 isotopically-labeled compounds, for example those into which radioactive isotopes such 

as 3H and '4 C are incorporated, are also useful ii drug or substrate tissue distribution 

assays. Tritiated hydrogen (3H) and carbon-14 (14C) isotopes are particularly preferred 

for their ease of preparation and detectability. Substitution with heavier isotopes such 

as deuterium (2H) can provide certain therapeutic advantages resulting from greater 

25 metabolic stability, for example increased i vivo half-life or reduced dose requirements 

and, therefore, may be preferred in some circumstances. Isotopically-labeled 

compounds can generally be prepared by performing procedures routinely practiced in 

the art.  

In one embodiment, RI of structures (I) and (II) is hydrogen, and the 

30 compound has structure (IL) or (IV): 

12
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MeO, MeO

MeOI INMe N 

OH OH 
(III) (IV) 

5 In one embodiment R' of structure (I) and (II) is -C(=O)-R where R2 

is alkyl, heterocyclyl or carbocyclyl and each of said alkyt, heterocyclyl or carbocyclyl 

is optionally substituted with Ri c andor R20 as defined above, and the compound has 

stncture (V) or (VI): 

MeO¾ MeO 

MeOCN MeO 

0 

(IV) (VI) 

In an embodiment, R1 of structure (I) and (II) is -- C(=O)-O-R 2, where R2 

is alkyl and saidalkyl is optionally substituted with R' and/or R2 as defined above, 

and the compound has structure (VI) or (VII): 

15 

13
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MeO MeO 

Iinanembodiment) Rofstuctue()and()is-C(=O)N(R)R 2Thee 

R2 is alkyl, heterocyclyl or carbocyclyl and each of said alkyl heterocyclyl or 

5 carbocyclyl is optionally substituted with RI" and/or R2 as definedabove, and the 

compound has structure (VIII) or (IX): 

MeO MeO 

MeO MeO I~HI 
R 3 R 3 

ti Q ' N, 

0 0 

(VIII) (IX) 

10 In an embodiment, RI of structure (I) and (II) is alkyl, wherein said alkyl 

is optionally substituted with RI" and/or R2 0 as defined above, and the compound has 

structure (X) or (XI): 

14
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MeO MeOIN-j 1 

MeO, N N( 

0-alkyl O-alkyl 
(X) (XI) 

hi an embodiment, R of structure (I) and (II)is -P(=O)(OR) and the 

compound has the structure of formula (XII) or (XIIH): 

MeO Me01s 

INC MeOMO 
H 

'OR-' OR7 
R -O` R O 

(XII) (XIII) 

In certain embodiments of compounds having structures (I) through 

(XII),wherein the alkyl, heterocyclyl or carbocyclyl of suchstuctures is optionally 

10 substituted with R 1 and/orR '.Optional substitution in this regard means that the 

alkyL heterocyclyl or carbocyclyl group is either (i) not substituted with Ri' or R, or 

(ii) is substituted with one or both of R'" and Re When substituted with one or both of 

R' and R2 , such substituents may be present singularly (i.e., a single R' or R2" 

substituent), or in multiples (i.e., more than one R substituent, more than one R 

15 substituent. or a combination of one or more R0 substituents, and one or more R 0 

substituents).The total number of R' and/or R2 substituents may range from zero (i.e., 

when the alkyl, heterocyclyl or carbocyclyl is unsubstituted) up to 10 (i.e., when the 

alkyl, heterocyclyl or carbocyclyl is substituted). When substituted the total number of 

Rio and R2 substituents generally range fromI to I, or from I 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 in which the alkyl, heterocyclyl or 

carbocyclyl is substituted with R' such Rsubstituent may be optionally substituted 

with R and/or R? as defined above in the context of R and/or R- Further,in the 

case of R& such R 2 substituent may be optionally substituted with R , again as 

5 defined in the context of R"' above.  

hi one embodiment, R' is -C(=O)akyl, wherein alkyl is optionally 

substituted with R and/or R2 0 . Representative "OR"groupsofthisembodimentare 

labeled "A" in Table 1.  

In one embodiment, R is -C(=O)heterocyclyl, wherein heterocyclyl is 

10 optionally substituted with R'" and/or R'. Representative "OR"' groups of this 

embodiment are labeled "B" in Table 1.  

In one embodiment, R' is -C(=O)carbocyclyl wherein carbocyclyl is 

optionally substituted with R" and/or R' 0 . Representative "OR"' groups of this 

embodiment are labeled "C" in Table 1.  

15 In one embodiment, R is -C(=O)N(R3)alky, wherein alkyl is optionally 

substituted with R'" and/or '. Representative "0R" groups of this embodiment are 

labeled"D" in Table 1.  

In one embodiment, R' is -C(=O)N(R)carbocycle, wherein carbocycle is 

optionally substituted with R' 0 and/or R 2. Representative "OR'" groups of this 

20 embodiment are labeled "E" in Table 1.  

In one embodiment R' is -P(=O)(OR)2 and represeative"OR," 

groupsof this embodnient are labeled "F" in Table 1.  

In one embodiment, R' is -C(=O)Oalkyl, wherein alkyl is optionally 

substituted with R '0 and/or K. Representative "OR"" groups of this embodiment are 

25 labeled "G" in Table 1.  

In one embodiment, R is alkyl. wherein alkyl is optionally substituted 

with R"'and/or R2). Representative"OR " groups of this embodiment are labeled "H" 

in Table 1.  

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

30 characterized by more than one class. For example, compound 5-5 is identified as a 

16
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"D"compound, indicating that R1 is -C( =O)N(R3)alkyl, wherein alkyl is optionally 

substituted with R"'and/or R'(in this casetwo R groups are taken together to fon 

cyclopropyl)V However, compound 5-5 may also be classified as an "E" compound, 

indicating that R'is -C(=O)N(R3)carbocycle wherein carbocycle is optionally 

5 substituted with Rm'and/or R 20. Thus, the classifications below are not meant to 

exclude any specific compound fion falling within multiple classes.  

Furthermore. in Table 1 (as well as Tables 2-8 below), the monovalent 

oxygen ("0") denotes the point of attachment of the "OR1 " substituent to structure (1), 

and is not a component of the R' group. It should also be noted that, for purpose of 

10 abbreviation, some nitrogen atoms are depicted absent their accompanying hydrogen 

atoms, such as monovalent "-N" in place of "-NH2"and divalent "-N-" in place of"

NH-'. One skilled in this field will radially recognize andappreciate the meaning of 

such abbreviated desimations.  

15 Table I 

Representative R' Groups 

Cpd. O-R Cpd. O-R 

0o o 

N N ~".~ 

2-1 2-5 

A B 

2-2 

A 2-6 
I-"' 0 

2-3 2-7 

2-4 

2-8 0 
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Cpd. O-R'   Cpd. O-R' 

~'A C 

2-9 O N 

2-20 
A 

B 

2-10 

B 
2-21 

B 

2-11 

2-22 

A 

2-13 

A 2-24 

/ N

A 

2-15 
o A2-25 

A 

2-16 o X B 

0 A 

2-17 2-26 

B B 
N\ 

2-18 

A 2-27 

2-19 
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Cpd. O-R'   Cpd. O-R 

A 1C 

2-38 / 
2-28 2-3 

N N A 

2-29 

A 2-39 

2-30 H-4 A 

- B ' 
3-1 

2-31 - 3-1 
0 0 

A 
O A 3-2 OKx~

2-32 A / 

A 3-3 

2-33 C 

A 3-4 

2-34 1 C 
o 0-H 

3-5 
2-35 

AC a ~ ½ o 

2-36 3-6 
H-O 0 

B A 
-- N 

3-7 

2-37 a-H 
3-8 
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Cpd. O-R'   Cpd. O-R' 

A B 

4-6 
3-9 CN 

B 

3-10 4-7 

o -N 

A B 

3-13 4-8 

A A 

4-39 

34-13 t 

/ B 
4-41A 

N-N 

BN B 

4- /17 A -1 

A 0--1 

4-5 4-1 

B20 

7 BB 

4-1 /4-14 

02
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cpd. 0-R'   
('pd. O-Rt 

NB 
GI 

4-15 
42 

A NB 

tO4-26T
4-160 

o N 
B 

Ar 
N F-\ 

4-17 

4-18 $~4-27 4-1 
\ N_____ 

4-19 '\/4-28 

B B 

4-04-290 
4-2. 0 K__ 

/ B 

4-14-30 1 4-211 

BN A 
4-31o 

4-22 0-.-.N 

N11' A 

4-32/0 
0 

4-23 A 
0 _ 

A 
4-24 N 4-3N3 
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Cpd. O-R'   Cpd. O-R' 

A -N B 

0 ( 
4-34 

B 5-4 

-- 3 11-0 D 
4-35 9 

N 

NA 04C 
0 

5-5 

4-36 B 

A 

N N 

5-6 6' 

A N B 

-0 

4-38 5_7 

0 
D B 

5-1 

D 0 
5-8 

E 

5-2 

0, D 5-9 ° 

5-3 
_ D 

5-10 
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Cpd. O-R'   Cpd. O-R' 

A N D B 
(V N 

5-11 

B 5-18_ 

N B D 

5-12 

B 
O N 5-19 

00 

5-13 D 

B NA 

o -- ° 5-20 

00 

\ B 
N 

5-14N 

oB 5-21 
5-22 

-
0 

N 

00 

NN 

00 

5-1B 
5-2 5-3o- \ D 

B 

N 

5-17 \ 
N 

5-24 o5-o 
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cpd. 0-R'   Cpd. 0-R 1 

o 0 

D 0 N D 

5-25 

5-26 D0-3 
E 

00 

5-29 8 

5-28 5-38 

D B 

C) N 53 

D 53 

IL 0-41 \-H 

o-4 0 

5-30 /11 

5-333 

/ B _24
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cpd. 0-R'   ('pd. 0-R' 

/ E B 

N 

0' 5-48 
5-41 

0 N.f D 

5-420 
5-49 

BB 

5-4 65-50 0/ 

B H--0 0 D 

0 
0 5-51 0 

5-440 __ 

0-H0-H 
0 B 

5-520 

0 
D B 

5-47N 

5-47 5-54 
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Cpd. O-R'   Cpd. O-R' 

O O N 
D N B 

N / 0

5-55 0 

6-7 6 

D B 

5-56 N 

D -

o KNI JiN D 
P5 6-8 

5-57 
-N 

N' B 
B 

N 

6-1 o6-9 

/ NBN B 

N 

6-2 
6-10 

B B 

6-3 

B N 6-2 06-11 

B 

N\ B 

6-5 

6-13 
B 

\ B 

N N 

6-6 
6-14 B 
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cpd. 0-R'   ('pd. O-Rt 

F 10-I H 

7-1 

o 10-2 NH 

8-1 

9-1 /H
0 

92H10-3 NN'N7H 

9-3 H 104 H 

'F 10-54- H 
HN 

-0 

0 

9-5 011 H 10-6 NH 

9-6 F H 

97H10-7 H 

9-8 H 

9-9 H 

2'-
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The compounds described herein may be prepared by known organic 

synthesis techniques, including the methods described in the Schemes hereafter andin 

more detail in the Examples.  
5 

Reaction Scheme 1 

Mec<N' ~ Men AN 

HcC 
a \ O-C ra-, 

OH 

Alcohol a is condensed with an acid using1-(3-diethylainopropl)-3

10 ethylcarbodiimide hydrochloride (EDCI) and dinethylaninopyridine (DMAP) in 

methylene chloride to give ester c. Alternatively, ester c can be generated by treating 

alcohol a with an acid chloride 

The chlorofornate intermediate b may be generated by treating alcohol a 

with phosgene ortriphosgene. Treatment of b with an alcohol in the presence of a base 

15 such as DMAPA generates the carbonate product c. Alternatively, the carbonate c can be 

generated directly by treating the alcohol with a pyrocarbonate under DMAP 

catalysis.  

The carbamate c may be generated by treating alcohol a with a 

carbamoyl chloride in methylene chloride in the presence of a base.  

20 Phosphonate a is generated by treating alcohol a with a 

chlorophosphonate and pyridine in methylene chloride. The phosphoric acid may be 

generated by removal of the benzyl groups from the phosphonate with palladium on 

carbon under an atmosphere of hydrogen. Alternatively, the phosphoric acid c can be 

generated directly with POC13 in water.  
25 

28



WO 2016/127133 PCT/US2016/016892 

Reaction Scheme 2 

K. d 
0-8H 

Alcohol a is condensed with a BOC protected amino acid using 1-(3

dimethylamiopropl)-3-ethylcarbodiinide hydrochloride (EDCI) and 

5 dimethylaminopyidine (DMAP) in diinethylfomiamide and methylene chloride, 

followed by deprotection of the BOC functionality with, for instance, a 50/50 

trifluoroacetic acid/methylene chloride solution to gived. Alternatively, alcohol a may 

be condensed with a CBZ-protected amino acid using DCC (1,3

dicyclohexylcarbodiinide) followed by deprotection of the CBZ functionality by 

10 hydrogenation under appropriate conditions.  

The compounds described herein may generally be utilized as the free 

acid or free base. Alternatively, the compounds may be used in the form of acid or base 

addition salts. Acid addition salts of the fr-ee amino compounds may be prepared by 

methods well known in the art, and may be formed from organic andinorganic acids.  

15 Suitable organic acids include maleic, funaric, benzoic, ascorbic, succinic, 

methanesulfonic, acetic, trifluoroacetic, oxalic, propionic, tartaric. salicylic, citric 

gluconic, lactic, mandelic, cinnaiic, aspartic, stearic, palnitic, glycolic, glutamic, and 

benzenesulfonic acids. Suitable inorganic acids include hydrochloric, hydrobromic, 

sulfuic, phosphoric, and nitric acids. Base addition salts included those salts that form 

20 with the carboxylate anion and include salts forced with organic and inorganic cations 

such as those chosen from the alkali and alkaline earth metals (for example lithium, 

sodium, potassium, magnesnum, barium and calcium), as well as the anmonium ion and 

substituted derivatives thereof (for example, dibenzylanunonium, benzylammonium, 2

hydroxyethylanunonium,and the like). Thus, a "pharmaceutically acceptable salt" is 

25 intended to encompass any and all acceptable salt forms.  
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In general, the compounds used in the reactions described herein may be 

made according to organic synthesis techniques known to those skilled in this art, 

starting from commercially available chemicals and/or from compounds described in 

the chemical literature. "Commercially available chemicals" may be obtained fom 

5 standard connercial sources including Acros Organis(Pittsburgh PA),Aldrich 

Chemical (Milwaukee WI, including Sigma Chemical and Fluka), Apin Chemicals Ltd.  

(Milton Park UK), Avocado Research (Lancashire U.K.). BDH Inc. (Toronto, Canada).  

Bionet (Cornwall, U.K.). Cheiservice Inc. (West Chester PA), Crescent Chemical Co.  

(Hauppauge NY), Eastman Organic Chemicals, Eastman Kodak Company (Rochester 

10 NY), Fisher Scientific Co. (Pittsburgh PA), Fisons Chemicals (Leicestersire UK), 

Frontier Scientific (Logan UT), ICN Biomedicals, Inc. (Costa Mesa CA), Key Organics 

(Comwall U.K.), Lancaster Synthesis (Windham NH), Maybridge Chemical Co. Ltd.  

(Comwall U.K.), Parish Chemical Co. (Orem UT), Pfaltz & Bauer, tic. (Waterbury CN), 

Polyorganix (Houston TX), Pierce Chemical Co. (Rockford IL), Riedel de Haen AG 

15 (Hanover, Gernany), Spectrum Quality ProductInc. (New Bniswick, NJ), TCI 

America (Portland OR) Trans World Chemicals, Inc. (Rockville MD), and Wako 

Chemicals USA, Inc. (Riclmond VA).  

Methods known to one of ordinary skill in theart may be identified 

through various reference books and databases. Suitable reference booksand treatise that 

20 detail the synthesis of reactaints useful in the preparation of compounds of the present 

disclosure, or provide references to articles that describe the preparation, include for 

example,"Synthetic Organic Chemisty," John Wiley & Sons, Inc., New York; S. R.  

Sandler et al "Organic Functiona Group Preparations," 2nd Ed., Academic Press, New 

York, 1983; H. 0. House, "Modern Synthetic Reactions", 2nd Ed., W. A. Benjamin, Inc.  

25 Menlo Park, Calif 1972 T. L. Gilchrist, "Heterocclic Chemistry", 2nd Ed. JohnWiley 

& Sons, New York, 1992; J. March, "Advanced Organic Chemistry: Reactions, 

Mechanisms and Structure," 4th Ed., Wiley-hiterscience, New York, 1992. Additional 

suitable reference books and treatise that detail the synthesis of reactants useful in the 

preparation of compounds of the present disclosure, or provide references to articles 

30 that describe the preparation, include for exampleFuhirhop, J. and Penzlin G. "Organic 
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Synthesis: Concepts. Methods. Starting Materials", Second, Revised and Enlarged 

Edition (1994) John Wiley & Sons ISBN: 3-527-29074-5; Hoffman, RV. "Organic 

Chemistry, An Intermediate Text" (1996) Oxford University Press, ISBN 0-19-509618

5; Larock R.C. "Comprehensive Organic Transformations: A GuiCde to Functional 

5 Group Preparations" 2nd Edition (1999) Wiley-VCH, ISBN: 0-471-19031-4 March, J.  

"Advanced Organic Chemistry: Reactions, Mechanisms, and Structure" 4th Edition 

(1992) Join Wiley & Sons, ISBN: 0-471-60180-2; Otera, J. (editor) "Modern Carbonyl 

Chemistry" (2000) Wilev-VCH. ISBN: 3-527-29871-1 Patai .S. "Patai's 1992 Guide to 

the Chenistry of Functional Groups" (1992) Interscience ISBN: 0-471-93022-9; Quin, 
10 LD. et al. "A Guide to Organophosphoms Chemistry" (2000) Wiley-Interscience, 

ISBN: 0-471-31824-8 Solonons, T. W. G. "Organic Chemistry" 7th Edition (2000) 

Jolm Wiley & Sons, ISBN: 0-471-19095-0; Stowell, J.C.,"Intermediate Organic 

Chemistry"2nd Edition (1993) Wiley-Interscience, ISBN: 0-471-57456-2; "Industrial 

Organic Chemicals: Starting Materials and Intenediates: An Ullnann's Encyclopedia" 

15 (1999) John Wiley & Sons, ISBN: 3-527-29645-X, in 8 volumes; "Organic Reactions" 

(1942-2000) John Wiley & Sons, in over 55 volumes; and "Chemistry of Functional 

Groups" John Wiley & Sons, in 73 volumes.  

Specific andanalogous reactants may also be identified through the 

indices of known chemicals prepared by the Chemical Abstract Service of the American 

20 Chemical Society, which are available in most public and university libraries, as well as 

through on-line databases (the American Chemical Society,Washington, D.C., may be 

contacted for more details). Chemicals that are known but not commercially available 

in catalogs may be prepared by custom chemical synthesis houses, where many of the 

standard chemical supply houses (e.g., those listed above) provide custom synthesis 

25 services. A reference for the preparation and selection of pharmaceutical salts of the 

present disclosure is P. H. Stahl & C. G. Wemuth "Handbook of Phamaceutical 

Salts." Verlag Helvetica Chimic Acta, Zurich, 2002.  

As mentioned above, the compounds described herein and their salts 

may reduce the supply of monoamines in the central nervous system by inhibiting the 

30 huan monoaminetransporter isoform 2 (VMAT2). As such, these compounds and 
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their salts may have utility over a wide range of therapeutic applications, and may be 

used to treat a variety of disorders which are caused by or linked to inhibition of the 

human monoamine transporter isoform 2. These disorders include hyperkinetic 

disorders, schizophrenia and bipolar disease.  

Shi an embodiment, conditions which may be treated by compounds 

described herein include, but are not limited to, treatment of hyperkinetic disorders such 

as Huntington's disease, tardive dyskinesia, Tourette's syndrome, and tics.  

In another embodiment, the compounds described herein and their salts 

may be hydrolyzed in the body of mammal to compounds that may inhibit the human 

10 monoamine transporter isofon 2. As such, these compounds and their salts may have 

additional utility in altering the in vivo properties of the metabolite in a mammal such as 

the maximum concentration or duration of action.  

The compounds described herein, such as [(2R,3SIibR)-9,10

dimethoxy-3-(2-methylpropyl)-1H 2H3H,4H,6H,7H,IIbH-pyrido[2,1-a]isoquinolin-2

15 yl]methanol (also called Compound 1-1 herein) may be less likely to exhibit 

pharmacokinetic variability. This reduced variability may be due to a reduced 

interaction with the CYP2D6 related metabolic pathway. Without wishing to be bound 

by theory, such compounds may thus possess less potential for drug-drug interaction 

(DDI) associated with a CYP2D6 mechanism.  

20 hi another embodiment, phanmaceutical compositions containing one or 

more monoamnue re-uptake inhibitors (ie., VMAT2 inhibitors) are disclosed. For the 

purposes of administration, the compounds described herein may be formulated as 

phannaceutical compositions. Phannaceutical compositions comprise a monoamine re

uptake inhibitor described herein and a pharmaceutically acceptable excipient, carrier 

25 and/or diluent. The VMAT2 inhibitor is present in the composition in an amount that is 

effective to treat a particular disorder--that is, in anamount sufficient to reduce the 

supply of monoamimes in the central nervous system, and preferably with acceptable 

toxicity to the patient Appropriate concentrations and dosages can be readily 

determined by one skilled in the art.  
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As understood by a person skilled in the medical art, the terns. "treat" 

and"treatment," refer to medical management of a disease-disorder, or condition of a 

subject (i.e, patient) (see, e.g. Stedman's Medical Dictionary). The terms "treatment" 

and "treating" embraces both preventative, i.e prophylactic, or therapeutic, i.e. curative 

5 and/or palliative, treatment. Thus the terms "treatment" and "treating" comprise 

therapeutic treatment of patients having already developed the condition, in particular in 

manifest form. Therapeutic treatment may be symptomatic treatment in order to relieve 

the symptoms of the specific indication or causal treatment in order to reverse or 

partially reverse the conditions of the indication or to stop or slow down progression of 

10 the disease. Thus the compositions and methods described herein may be used, for 

instance, as therapeutic treatment over a period of time as'well as for chronic therapy.  

In addition the tenns "treatment" and "treating" comprise prophylactic treatment, i.e, a 

treatment of patients at risk to develop a condition mentioned hereinbefore, thus 

reducing the risk.  

15 The subject in need of the compositions and methods described herein 

includes a subject who has been diagnosed by a person skilledin the medical and 

psychiatric arts with a hyperkinetic disorder (e.g., tardive dyskinesia). A subject (or 

patient) to be treated may be a mamnal, including a human or non-human primate. The 

mammal may be a domesticated animal such as a cat or a dog.  

20 Therapeutic and/or prophylactic benefit includes, for example, an 

improved clinical outcome, both therapeutic treatment and prophylactic or preventative 

measures, wherein the object is 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. Prophylactic administration of a compositionherein may 

25 conmence upon first treatment with dopamine receptor blocking drugs such as 

neuroleptics. As discussed herein, beneficial or desired clinical results from treating a 

subject inchide. but are not limited to, abatement, lessening, or alleviation of symptoms 

that result from or are associated the disease, condition, or disorder to be treated; 

decreased occurrence of symptoms; improved quality of life; longer disease-free status 

30 (i.e, decreasing the likelihood or the propensity that a subject will present symptoms on 
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the basis of which a diagnosis of a disease is made) diminishment of extent of disease; 

stabilized (ie, not worsening) state of disease; delay or slowing offdisease progression; 

amelioration or palliation of the disease state; and remission (whether partial or total) 

whether detectable or undetectable; and/or overall survival "Treatment" can also mean 

5 prolonging survival when compared to expected survival if a subject were not receiving 

treatment. Subjects in need of treatment include those who already have the condition 

or disorder as well as subjects prone to have or at risk of developing the disease, 

condition, or disorder (e.g, TD or other conditions or disorders described herein), and 

those inwhich the disease, condition, or disorder is to be prevented (i.e., decreasing the 

10 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 statistically or clinically significant therapeutic and/or 

prophylactic benefit to the treated subject.  

Methods for determining the effectiveness of a therapeutic for treating a 

15 hyperkinetic disorder are routinely practiced in the art by a person skilled in the medical 

and clinical arts. By way of example, a subject with a hyperkinetic disorder may be 

diagnosed, monitored, and evaluated by the Abnormal Involuntary Movement Scale 

(AIMS). The AIMS is a structured neurological examination that was developed in 

1976 and has been used extensively in movement disorder assessments. It consists of 

20 seven distinct ratings of regional involhmtary body movements that are scored on a zero 

to four scale with zero being rated as none and four being rated as severe.  

Characterizing any of the compounds having a structure of formula (I), 

(ll), including any substructures and specific compounds thereof; may be detennined 

using methods described herein and in the art. For example, dopamine depletion may 

25 be determined using the locomotor activity (LMA) assay. Anotherin vivo animal 

model includes the conditioned avoidance response (CAR) test, which has been shown 

to be an effective and reliable preclinical model for assessing the antipsychotic activity 

of compounds.  

The present disclosure further provides for pharmaceutical compositions 

30 comprising any one of the compounds described herein (a compound of Formula I, 
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Formula II, and including all substructures and specific compounds described herein) 

and a pharmaceutically acceptable excipient for use in the methods for treating 

neurological disorders and diseases, such as hyperkinetic disorders.  

Pharmaceutically acceptable carriers and/or diluents are familiar to those 

5 skilled in the art. For compositions formulated as liquid solutions, acceptable carriers 

and/or dilients include saline and sterile water, and may optionally include 

antioxidants, buffers, bacteriostats and other common additives. The compositions can 

also be fornulated as pills, capsules, granules, or tablets which contain, in addition to a 

VMAT2 inhibitor, diluents, dispersing and surface active agents, binders, and 

10 lubricants. One skilled in this art may further formulate the VMAT2 inhibitor in an 

appropriate manner, and in accordance'with accepted practices, such as those disclosed 

in Remington¶ Pharmaceutical Sciences, Gennaro, Ed., Mack Publishing Co., Easton, 

PA 1990.  

The pharmaceutical compositions provided herein may be formulated as 

15 inunediate or modified release dosage fomis, including delayed-, sustained, pulsed-, 

controlled, targeted-, and progrannned-release forms. The pharmaceutical 

compositions may also be formulated as a suspension, solid, semi-solid, or thixotropic 

liquid, for administration as an implanted depot.  

In another enbodinent, a method is provided herein for treating 

20 disorders of the central or peripheral nervous system. Such methods include 

administering a compound described herein to a warm-blooded animal (eg., a human) 

in an amount sufficient to treat the condition. In this context, "treat" includes 

prophylactic administration. Such methods include systemic administration of a 

VMAT2 inhibitor described herein, preferably in the form of a pharmaceutical 

25 composition as discussed above. As used herein, systemic administration includes oral 

and parenteral methods of administration. For oral administration, suitable 

phanaceutical compositionsinclude powders, granules, pills, tablets, and capsules as 

well as liquids, syrups, suspensions, and emulsions. These compositions may also 

include flavorants, preservatives, suspending, thickening and emulsitying agents, and 

30 other pharmaceutically acceptable additives. For parental administration, the 
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compounds described herein can be prepared in aqueous injection solutions which may 

contain, in addition to the VMAT2 inhibitor, buffers antioxidants, bacteriostats, and 

other additives commonly employed in such solutions 

EXAMPLES 

Analytical Method - Ultra-Hiah Perfomiance Liuuid Chromatoaraphy (UPLC-MS) 

Platform: Agilent 1260 series UPLC: equipped with an auto-sampler, an 

UV detector (220 nM and254 nM), column thermostat, a MS detector (electrospray); 

Column: Waters XBridge BEH C18 XP 2.5 micron, 3 x 50 nun; 

10 Mobile phase: A=water; 0.025 % TFA; B=acetonitile, 0025%TFA 

Flow rate: 1.5 mLmin;m' 

Gradient: 10% B/90% A to 90% B/10% A over 15 mn, then hold 0.3 

min, return to initial conditions for 0.5min; total run time 25min; 

For purpose of abbreviation, some nitrogen atoms and/or oxygen atoms 

15 are depicted in the following Examples absent their accompanying hydrogen atoms, 

such as monovalent "-N" in place of "-NH" and"-O" in place of "-OH", and divalent 

"-N-" 'in place of "-NH-". One skilled in this field will radially recognize and 

appreciate the meaning of such abbreviated designations.  
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EXAMPLE I 

Synthesis of [(2R3S.11bR)-910-dimethoxv-3-(2-methylpropyll

iH,2H3H-4H6H,7HI lbH-pyrido[2.1-aisouinolin-2-vImethanol 

HCI Salt 

Meo) Meo - -- Met)o 

MeO' H MjeO MeO) HI 

0 1a CN lb CO2H 

Mooo 

Met) MeO 

CH20H 1-1HC OH-OH 

Step IA: (3S1 IbR)-9,10-Dimethoxv--methyluropy

IH,2H,3H,4H.6H7H11lbH-pvrido[2.1-alisquinoline-2-carbonitrile (la) 

To a 3 L 3 neck round bottomed flask DMSO (1 1 L) and TOSMIC (104 

g, 532.5 mmol, 1.3 eq) were charged. To this mixtme KO-t-Bu (119.5 g, 1.065 mol) 

10 was chargedat once at ambient temp (22 C). An exothermuwas observed and the 

temperature of the mixture increased to 39 °C. Then a suspension of tetrabenazine (130 

g, 410 unol) in DMSO (500 mL) was added to the reaction mixture slowly over 25 

min (a slight exothem observed). EtOH (10.5 mL) was added to this mixture and the 

nxture was stirred at ambient temp for 3 h. LC-MS analysis of the mixture revealed 

15 presence of~-4:1 ratio of la and starting material. The mixture was poured into cold 

water (9 L) 'The mixture was then extracted with EtAOc (4 L). The aqueous layer was 

extracted with EtOAc (2 L). The combined organics were washed with brine (2 L), 

dried over Na2SO4 and concentrated. The residue was dissolved in ace tone (200 ml) 

and loaded onto a silica colunm (2 Kg silica gel, packed with hexanes). The colmun 

20 was eluted first with hexanes (2.5 L), followed by 5-20% of acetone in hexanes. The 

fractions containing Ia and other impurities were combined and concentrated to give an 

orange oil (72 g) which was dissolved in acetone (100 nil) and loaded onto a silica 

cohmm (1 Kg silica gel, packed with hexanes). The colhm was eluted first with 
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hexanes (IL followed by 5% of acetone in hexanes (2L), 10% of acetone in hexanes 

(2L), 15% of acetonein hexanes (2L), and 20% of acetone in hexanes (2L). The 

fractions containing >90% purity were combined and concentrated to give (13S,1bR)

9,10-dimethoxy-3-2-methylpropyl)-1H2H3H,4H,6H,7H,11IbH-pyrido[2, 

5 a]isoquinoline-2-carbonitrile la as an orange solid (61 g, m/z 329.2 [MH]). 'The 

fractions containing a Mixture of la and starting material were collected and 

concentrated to give 48 g of material which was dissolved in DMSO (50 ml) and was 

added to a mixture of TOSMIC (25 g) and KO-t-Bu (287 g) in DMSO (250 ml) as 

shown above. The residue was dissolved in acetone (10 nil) and loaded onto a silica 

10 column (600 g silica gel, packed with hexanes). The cohumnwas eluted first with 

hexanes (800 ml), followed by 5-20% of acetone in hexanes. The fractions containing 

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

Step 1B: (3S.1lbR)-9,10-Dimethoxv-3-(2-methylpropvl)

15 1H,2H,3H 4H,6H,7H11bH-pvrido[2,1-alisoouinoline-2-carboxvlic acid (1b) 

A 1 gallon pressure reactor was charged with a suspension of la (94g, 

286 nnol) in methanol (940 ml) and NaOH (343 g, 8.6 mol) in water (940 ml). This 

mixture was stirred at 120 °C (intenal temp) for 67 h. The mixture was cooled to room 

temp and transferred to a round bottom flask. The mixture was concentrated in a 

20 rotavap to ~1 L. The mixture was then adjusted pH to 7 using aqueous 6N HCI under 

cooling. The mixture was extracted with DCM (2 x 3 L and 1 x 2 L) The combined 

organics were dried over NazSO4 and concentrated to give a dark residue (88 g). The 

dark residue was taken in acetonitrile (500 ml) and stired for 30 min. The mixturewas 

filtered and the solid was washed with acetonitrile (50 ml). The solid was dried under 

25 vacuum for 2 h to afford light brown solid (42 g, 49%). This solid was combined with 

the filtrate and concentrated to a residue. The residue was dissolved in DCM (150 mI 

and loaded onto a silica colun packed with DCM. The colmn was eluted with 0-25% 

of methanol in DCM. The fractions containing product were combined and 

concentrated togive (3S1lbR)-9,10-Dimethoxy-3-(2-methvlpropvl)
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1H;2H,3H,4H,6HFI.11bH-pyrido[2,1-a]isoquinohlie-2-carboxylic acid lb as a give 

pale brown solid (71 g, 71% yield, 92% purity, z 348,2 [MHI]).  

Step IC: (2R.3S.1 bRI-910-Dimethoxv-3-(2-methlorpv

5 1H-21,3 HA H6H,7HI bH-pvrido[2,1-alisoquinolin-2-yllmethanol (1-1) 

A 3L round bottom flask was charged with lb (73.5 g. 211.5 mnol) and 

THF (1.48 L). This mixture was stirred and cooled to 10 °C (internal temp). To this 

mixture was added 1I M LAH in THF (423 ml, 423 mmol) slowly over 20 min keeping 

the temp below 20 'C. The coolingbath was removed and the mixture was warmed up 

10 toroom temp. The mixture was heated to 55C and stilTed for 30 min. Themixture 

was cooled to room temp and then to 10 °C. EtOAc (30 il) was added slowly to quench 

un-reacted LAH followed by ethanol (30 ml). Then water (150 nl) was added to this 

mxture. Themixturewasthenconcentraedtoremovemostoforganicsolvents.Then 

the mixture was dihited with water (700 il) and DCM (I L). The suspension was 

15 filtered through a pad of celite. The filtered cake was washed with DCM (2 x 500 ml).  

The combined filtrates were taken in separatory funnel and the layers separated. The 

aqueous layer was extracted with DCM (I L). The combined organics were dried over 

Na 2SO4 and concentrated to give a dark residue. The residue was chromatographed on 

silica column using 0-10% of methanol in DCM as eluent. The fractions containing 

20 product were combined and concentrated to afford foamy orangeresidue. To this 

residue hexanes (100 ml) was added and concentrated under reduced pressure at 45 °C 

for 2 h to afford [(2R,3S,11bR)-9,10-Dimethoxy-3-(2-methylpropyl)

1H.2H;3H,4H,6H,7Hi bH-pyrido[2,-a]isoquinolin-2-yl]mehanol1-1 as a pale brown 

solid (51 g, 72%, 95% HPLC purity by 220 nm m/z 334.2 [MHW]). This material may 

25 be further purified by silica gel chromatography using 0-10% of methanol in DCM or 

ethyl acetate as eluent.  
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Step ID: [(2R.3S.11bR)-910-Dimethoxv-3-(2-methlvropv 

IH.2H,3H4H,6Hj7H11bH-yvrido[2.1-alisoouinolin-2-vllmethanol HC salt (1-1 HC) 

A 2L round bottom flask was charged with 1-1 (43 g, 129 mmol) and 

diethyl ether (860 mL This mixture was stored and cooled to 15 C (internal temp).  

5 To this mixture was added 2 M HCI in diethyl ether (97 ml, 193 mnol) slowly over 15 

mn. A white precipitate formed. The cooling bath was removedand the mixture was 

warmed to room temp. The mixture was then stirred for 45 min. The mixture was 

filtered and the filtered solid was'washed with diethyl ether (100 ml), with MTBE (100 

ml) and then with hexanes (100 ml). The solid was then dried in vacumn oven at 40 °C 

10 for18 h. [(2R,3S,1ibR)-9,10-Dimethoxy-3-(2-methylpropyl)

1H.2H,3H,4H,6HP7H,1lbH-pyrido[2.1-a]isoquinoli-2-yl]methanol HCI salt 1-1 HCI 

was isolated as an off-white solid (44.7 g, 94% yield, m/z 334.2 [MH].  

EXAMPLE 2 

15 [(2R,3S,1lbR)-9,10-dimethoxy-3-(2-methvprovl-IH,2H.3H.4H6H.7H,11bH

yvrido[2 1-alisonunolin-2-vllmethyl 3-carbamoviuropanoate 

2-1 

20 Step 2A: 

[(2R,3S IlibR)-9,10-Dimethoxy-3-(2-methylpropyl)

1H,2H,3H,4H,6H;7H,1lbH-pyrido[2,-a]isquinolin-2-ylmethanol HCsalt (20.0 mg, 

0.054 mmol) and 3-carbamoylpropanoicacid (7.6 g, 0.065 mmol)'was dissolved in 

DCM (0.7 mL) followed by N,N-dimethylpyridin-4-aine (7.9 mg 0.065 nnol). N'

25 dicyclo-hexyhnethanediimine (13.0 mg 0.065 mmol), and trimethylamine (0.037 mL, 
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0.27 mmol) and the reaction was stirred overnight. The crude reaction mixture was 

diluted with 0.3 mL MeOHand purified.via HPLC yielding [(2R3S11bR)-9,10

dimethoxy-3-(2-methylpropyl)-IH2H 3H,4H,6H,7Hl IbH-pyrido[2,1-a]isoquinolin-2

yvmethyl3-carbamoylpropanoate2-1 (m/z 433.1 [MH]), 

5 Table 2 below provides the observed (Obs) ion lz ratio of the other 

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

Table 2 

MeON 

10 NOR' 

Calc Cpd. -O-R' Name Ci 
mass Obs mass 

[(2R.3S 1lbR)-9,10
dimethoxy-3-(2
methylpropyl)

o 1H2H-3H,4H,6H,7HI1bH
N pyri do[2,.1 -a] is oqniuolui-2 

v 
2methy132-1 carbamoylpropanoate 432.26 43.1 

[(2R,3S,1ibR)-9,10
dimethoxy-3-( 
methylpropyl)
1H,2H,3H4H,6H.7H.11bH

Y NN~x' pyrido[2,1-a]isoquinolin-2

2-2 yl]methyl 3-(morpholin-4- 474.31 475.2 
ybpropanoate 
[(2R,3 S,11h bR)- 9, 10
dimethoxy-3-(2
methylpropyl)
1H 2H3H,4H,6H,7H,1lbH

pyrido[2,I-a]isoquinolin-2
-- \y1methy13-(2,4-dioXo

1 2,3,4-tetrahydroquinazolin- -5
2-3 549.28 550.2 6' 3-yl)propanoate 
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1 Cale 
?pd. -kName Clmass Obs mass 

[(2R,3S1bR)-910
dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H,711bH
pyrido[2.1-a]isoquinolin-2

jj) y1~mehyl3
o-4 (dimethylcarbamoyl)propano 

2-4 o ate 460.29 461.1 

[(2R,3S,1bR)-9,10
dimethoxy-3-(2
methylpropyl)
IH,2H,3H,4H,6H;7H,IbH

o pyrido[2,1-a]isoquinolin-2

2 ethanesulfonamnidopropaioat 4 
2-5 c4 96.2 6 4 97.2 e 

[(2R3 3S,11h R)-9 ,10
dimethoxv-3-(2
methylpropyl)
1H,2H,3H,4H,6H,7H,11bH

pyrido[2,I-a]isoquinolin-2
yl]methyl (3R)-l

benzylpyrrolidine-32-6 -- 520.33 521.2 carboxylate 
[(2R,3S,1IbR)-9,10
dimetioxy-3-(2
methylpropyl)
1H,2H,3H.4H,6HH,1IbH

pyrido[2,1-a]isoquinolin-2
y1~mthy3

2-7 | (dimethlvamino)propaioIte 432.3 433.2 

[(2R,3S,1ibR)-9,10
dimethoxy-3-( 
I methylpropyl)

0 IH,2H,3H,4H,6H;7H,IlbH
pyrido[2,1-a]isoquinolin-2
yl]methyl 2-[(2R,6S)-2,6

2-8 >.o dimethylmorpholui-4- 488.33 489.3 
_ _yl]acetate 
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1 Cale 
?pd. -041  Name Cmass Obs mass 

[2R,3S1bR)-910
dimethioxy-3-(2
methylpropyl)
1H,2H,3H,4H,6Hl,7H,1bH

0 pyrido[2.1-a]isoquinolin-2

2-9 ylmethyl 2- 418.25 419.1 
carbamoylacetate 
[(2R,3S,11bR)-9,10
dimethoxy-3-(2

methyipropyl)
IH,2H,3H.4H,6HJ7H,I1bH

pyrido[2,I-a]isoquinolin-2

2-10 )I--ethya 458.31 459.3 
i methylpyrirolidin-3-yl,)acetate 

[(2R,3S,11bR)-9,10
dimethoxy-3-(2
nethylpropyl)
1H,2H,3H,4H,6H,7H,IibH

pyrido[2.1-a]isoquinolin-2
§,- ylmethyl (3R)-1
benzylpiperidine-3- 3 

2-11 --o 334.35 335.33 carboxylate 
[(2R,3S,11bR)-9,10
dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H.7H,1IbH
pyrido[2.1-a]isoquinolin-2

/ yl]methyl 1
2-12 - methylpiperidine-3- 45831 4459.3 

carboxylate 
[(2R,3S,11hR)-9,10
dimethoxv-3-(2

methyipropyl)
o IH,2H,3H.4H,6H,7H,IbH

pyrido[2,1-a]isoquinolin-2
yl-etyl 3-(1H-1,2,3 4

2-13 N 457.27/ 458.1 
tetrazol-l-yl)propanoate 

[(2R,3-S,1l bR)-9, 10
dimethoxy-3-(2

o methylpropyl)

- 1H,2H,3H,4H,6H,7HIibH
pyido[2.1-a]isoquinolin-22-14 pl4-34.24 435.1 

0 yI~methyl 3-nitropropanoate 
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1 Cale 
?pd. -kName Clmass Obs mass 

[2R,3SJ1bR)-9,10
dimethoxy-3-(2

methylpropyl)
1H,2H,3H,4H,6H,7-H,1IbH
pyrido[2,1-a]isoquinolin-2

2-16 ~~ ~~yl]methyl 3-(4-pn-- 0"1 12 

A se'methylpiperazin-1

2-15 LrN yl)prpanioate 487.34 488.3 

[(2R,31S,1bR)-9.10
dimethoxy-3-(2

methylpropyl)
o IH,2H,3H,4H,6H;7H.I1bH

pyTido[2,1-a]isoquinoin-2
2-6 vmethyl-propan-2-5051 

2-16 ~~~sulfonamido)propanoate 502 1.  

[(2R,3S,1lbR)-9,10
dimeithoxy-3-(2

methylpropyl)
1H,2H,3H,4H,6H,7H,1IbH
pyrido[2,1-a]isoquinolin-2

vl]methyl 23-mehlxtie 

2-17 417.29 418.31 
dimethylpropanoate 

[(2R3S,1lbR)-9,10
dimethoxy-3-(2

methylpropyl)
1H,2H,3H,4H,6H,7H,1ibH
pyrido[2,1-a]isoquinoln-2

218 . yljmethyl 3-methyloxetane

2-18 j vpoaot 437-42.33) 4')2 

3-carboxylate 

[(2R,3S,11bR)-9,10
dimethioxy-3-(2
methyipropyl)
1H,2H.3H,4H,6H,7H,11bH

2 pyrido[2,1-a]isoquiinolin-2
als y1~methyl13-(piperidin-1

- yl)propanoate 
[(3S,11bR)-9,10-dimethoxy

/- 3-(2-methyipropyl)
\-_ 1H,2H,3H,4H,6H;7H,11bH

2-20 o- pyrido[2,1-a]isoquinoin-2- 437.26 438.28 
________________yljmethyl benzoate 
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1 Cale 
C-pd. -0 1 Name Cass Obs mass 

pyrido[2,1 I-a]isoqtuinolin-2
yl]muethyl 1-benzylazetidinle

2-21 -- 506.31 5 07.2 
3-carboxylate 
[(2R,3S,I1bR)-9,10
dimethoxy-3-(2

/7 methyipropyl)

1H,2H,3H4H,6H7-H,11IbH

pyrdo[2,.1-a]isoquinoln-2

2-21 -o y1~methy11-box ane n 503 57 

2-22 yImty, xn- 445.28 446 33 
carboxylate 
[(2R,3S,1lbR)-9,10
dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H,7HI1bH

S1pydo[2,1-a]isoqunolin-2

2-23 ~~~~yl]methyl 3-(3-methyl-1H- 469.1 4702 

y2m-23xae--449.29 446.33 

pyrazol-1I-yl)propaoate 
[(2R,3S,1lbR)-9,10
dimethoxy-3-(2
m nethylpropyl)
1H,2H,3H4H,6H,7H,IIbH
pyrido[2,1-a]isoquinolin-2

2-24 -lethyl3-(3-me 419.27 420.24 

methoylpropaioate 

[(2R,3S,1IbR)-9,10
dimethoxy-3-(2
methylpropyl)
IH,2H,3H,4H,6H,7H.I1bH
pyrido[2,1-a]isoquinoin-2

-- (yl~methryl 1

2-25 458.31 459.2 

[(2R,3S,1lbR)-9,10
dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H.7H,11 bH
pyrido[2,1-a]isoqinolin-2
yl]methyl (3S)-I
benzylpyrrolidine-3

2-26 520.33 5 21.2 
0' carboxylate 
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1 Cale 
C-pd. -0 1 Name Cass Obs mass 

[3-({[(2RS3S,i1bR)-9,10-dim 
ethoxy-3-(2

methylpropyl)-11 2H,3H 4H 

6H,7H l IbH-pyrido[2 1
a]isoquinolin-2-yl]methoxv} 
carbonyl)-2,2,5,5

- tetramethylpyrrolidin-1-yl]ox 5013 2-27 1 3. 302. 2 Idanyl 
[(2R,3S,1ibR)-9,10
dimethoxy-3-(

(h methylpropyl)
IH,2H,3H,4H,6H;7H,I1bH
pyrido[2,1-a]isoquinolin-2

/-0 vl]methyl 3-methyl-3-(1H
2-28 d p 482.31 483.2 

pyrrol-1-yl)butanoate 
[(2R,3S,1lbR)-9.10
dimetioxy-3-(2
methylpropyl)
1H,2H,3H4H,6H,7HIibH

LXN 2  pyrido[2,1-a]isoquiinolin-2
]ylmjmethyl-1H

2-29 469.29 470.2 
pyra z o-yl)propanoate 
[(2R,3S,1ibR)-9,10
dimethoxy-3-(2
methylpropyl)
IH,2H,3H,4H,6H;7H,I1bH
pyrido[2,1-a]isoquinolin-2
yl]methyl 2-(2,5

/ ~ dioxoimidazolidin-4-4~ 
2-30 y-tt473.25 474.1 

yl)acetate 
[(2R,3S,1lbR)-9,10
dinethoxy-3-(2
methylpropl)
1H2H3H,4H,6H,7H,11bH
pyrido[2,I-a]isoquinolin-2
yl]methyl (4S)-2,6-dioxo

2-31 473.25 474.3 
1,3-diazinane-4-carboxylate 

[(2R,3S,1lbR)-9,10
dimethoxy-3-(2
methylpropyl)
1H,2H,3H4H,6H,7HI1bH

N pyrido[2,1-a]isoquinolin-2

2-32 yI]iiey1 460.33 461.1 1 (diethylamino)propanoate 
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1 Cale 
?pd. -kName Clmass Obs mass 

[(2R,3S1bR)-910
dimethioxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H 711bH
pyrido[2.1-a]isoquinolin-2
ylnmethyl 2-[(4S)-2 5

2-33 dioxoimidazolidin-4- 473,25 474,1 
ylacetate 
[(2R,3S,1ibR)-9,10
dimethoxy-3-(2

methylpropyl)
IH,2H,3H,4H,6H;7H,IbH
pyrido[2,1-a]isoquinolin-2

2-34 431.3 432 35 
yl]methyl hexanoate 
2-{[(2R,3S,11bR)-9,10
dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H,7HIibH

-o- pyrido[2.1-a]isoquinolin-2
-o y~metoxy-2-oxoethiane-1 

2-35 455.2 456.16 
sulfonic acid 
[(2R,3S,1IbR)-9,10
dimethoxy-3-(2
methylpropyl)

oIH,2H,3H.4H,6H;7H,IlbH

pyrido[2,1-a]isoquinolin-2
O-36 yl]methyl 42-36 (dimethy~alino)buntanoate 446.31 447.1 

[(2R,3S,1lbR)-9,10
dimetioxy-3-(2
methylpropyl)
S1H,2H,3H,4H,6H,7H,1IbH

pyTido[2,1-a]isoquioli-2
yl~methryl 1

2-37 0~~ methanesulfonylpiperidine- 528 52.  

3-carboxylate 22 

[(2R,3S,1IbR)-9.10
dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H.7H,1IbH
pyrido[2,1-a]isoquinolin-2
yl]methyl 2 2,33

2-38 0 o tetramethylcyclopropane-- 457.32 458.38 2-38 _____ carboxylate 45 7.32_58.3 
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1 Cale 
Cpd. -- Name Mass Obs mass 

[(2R,3S1bR)-910
dimethoxy-3-(2
methyipropy)
1H,2H,3H,4H,6H.7H11bH
pyrido[2.1-a]isoquinoin-2

-O yl]methyl 3-(2-oxo-23

2-39 ) dihydro-1,3-benzoxazol-3yl)propanoate 

EXAMPLE 3 

5-f f(2R3S.1IbR)-9,10-dimethoxyv-3-(2-methvlpropvll-IH.2H,3H,4H,6H.7H,11bH

5 pyrido[2 I-alisooninolin-2-vllmethoxv)-3,3-dimnethyl-5-oxopentanoic acid 

TN 

0 0 3-1 

Step 3A: 

10 [(2R,3Si1bR)-9,10-Dimethoxy-3-(2-methylpropyl)

1H.2H,3H,4H,6HP7H1lbH-pyrido[21-a]isoquinoli-2-yl]methanol HCI salt (9.2 mg, 

0.025 mmol), 4,4-dimethyloxane-2,6-dione (3.6 mg. 0.025 numol), N.N

diiethylpyridin-4-amine (1.0 mg, 0.008 mmol), and ethIylbis(propan-2-yl)amine (0.018 

mL, 0.10 mmo) were combined in 0.7 mL of DCM and heated to 50'C overnight. The 

15 reaction mixture was diluted with 0.4 mL acetonitrile and purified by HPLC yielding 5

{[(2R,3S,11bR)-9,.10-dimethoxy-3-(2-meitylpropyl)-1H,2H,3H,4H,6H,7HIlbH

pyrido[2,-a]isoquinolin-2-yl]methoxy}-3,3-dimethyl-5-oxopentanoic acid 3-1 (m/z 

476.1 [MW]).  

Table below provides the observed (Obs) ion m/z ratio of the other 

20 compounds that were made according to the procedure as described in this example.  
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Table 3 

MeO 

MeO~ 

OR 

Cpd. -O-R' Name Cal Ohs 
mass mass 

5-{[(2R3S,1 bR)-9,10
dimtho-y--(-methvlpopyl)

1H2H,3H4H,6H,7HIibH
pyrido[2. 1-a]isoquinolin-2
yl]methoxy}-3,3-dimethyi-5

3-1 47529 47.  
oxopentanoic acid 
3-{[(2R,3S 1IbR)-9,10
dimethoxy-3-(2-methylpropyl)
JH 2H.3H4H,6H,7H1.IlbH
pyrido[2,I-a]isoquinolin-2

3-2 ni ethoxy} -3-oxopropanoic 419.23 420. 1 

5-{[(2R,3SIlbR)-9,10
dimethoxy-3-(2-methylpropyl)

1H,2H,3HH,6H7H.1IbH
pyrido[2,1-a]isoquinolin-2

3-3 yl]methoxy}-3-methyl-5
oxopentanoic acid 

2-({([(27R,3S,1lIbR)-9,1 0
dimetioxy-3-(2-methyipropyl)
1H,2H,3H,4H,6H,7H,IIbH
pyrido[2,1-a]isoquinolin-2

3ymethoxycarbonyl)cycloprop 445.25 446.1 
3-4 ane-1-carboxylic acid 

2-({[(2R3S,11bR)-9,10
o dimethoxy-3-(-methylpropyl)

1H,2H,3)H,4H,6H;7?H,11 bH
°4o-w pyrido[2,1-a]ioqmunolin-2

3-50 ymethoxy)dcarbonvcyclohex 
ane-1-carboxyi~c acid 
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Calc Obs 
Cpd. -O-R1  Name Ci b mass mass 

2-({[(2R,3S,11IbR)-9,10
a o dimnethoxy-3-(2-methylpropl)

1H,2H,3H,4H,6H.7H,1IbH
n o-H pyrido[2I-a]isoquinoiin-2

3-6 yljimethoxy}carbonvl)cyclohex 
3-6 487.29 488,2 ane-i-carboxyle acid 

4-{[(3S,11bR)-9,10-dimethoxy
3-(2-methylpropyl)

H- 1 lH,2H,3H4H,6H,7H,1IbH
pyTido[2,1-a]isoquinolin-2
y]methoxy-2,2-dimethyl-4

3-7 oxobutanoic acid 461,28 462,13 

5-{[(2R,3S,1IbR)-9,10
dimethoxy-3-(2-methylpropyl)
IH,2H3H,4H,6H,7H,11bH
pyrido[2,1-a]isoquinolin-2

3-8 -U y]methoxy}-5-oxopentanoic 447.26 448.2 
acid 
2-[1-(2-{[(2R,3S,11bR)-9,10
dimethoxy-3-(2-methylpropyl)
1H,2H,3H,4H,6H7H.1ibH
pyrido[2.1-a]isoquinolin-2

- yl]imethoxy}-2
3-9 /4 0 oxoetliyl)cyclopentylacetic 501.31 502.2 

3- acid 
6-{[(2R,3S1IbR)-9,10
dimethox-3-(2-methlpropl)
1H,2H,3H.4H,6H,7H,11bH

-u pyrido2,I-a]isoquinolin-2
y]methoxy}-6-oxohexanoic 461.28 462.2 
acid 
4-{[(2R,3S,11bR)-9,10

H-c dimetioxy-3-(2-methylpropyl)
1H,2H,3H,4H,6H7H.1IbH

pyrido[2,1-a]isoquinolin-2
, v1] me thoxy}1-3, 3 -dimethyl -4

3-11 1 461.28 462.22 
oxobutanoic acid 
5-{[(2R,3S,11bR)-9,10
dimethoxy-3-(2-methylpropyl)
1H,2H,3H4H,6H,7H,1IbH

pyrido[2,1-a]isoqinolin-2

3-12 // c-a yflmethoxy}-2.2-dimethyl-5- 452 461 3-12 o oxopentanoic acid 475,29 476,15 
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Calc Obs 
Cpd. -O-R1  Name Ci b mass mass 

4-{[(2R,3SI1bR)-9,10
o dimnethioxy-3-(2-mnethylpropyl)

_ 1H,2H,3T{H,6H 7H,11bH
pyrido[2,1-a]isoquinoin-2

3-13 0 yflmethoxy}-4-oxobutanoic 4325 434.18 
acid 

EXAMPLE 4 

Synthesis of [(2R.3S.11bR)-9,10-dimnethoxy-3-(2-methylpropyl)

1H2H.3H4H,6H,7H 11bH-PyNido[2.-alisouinolin-2-yl]methl pipeidine-4

5 carboxylate 

N.r -I 

4-1 

Step 4A: 

10 [(2R,3S,11bR)-9,10-Diiethoxy-3-(2-methylpropyl)

1H,2H,3H,4H,6H27H,1lbH-pyrido[2.1-a]isoqinoiin-2-yl]imethanol HCI salt (9.2 mg, 

0.025nunol), 1-[(tert-butoxy)carbonyl]piperidine-4-carboxylic acid (7.8mg, 0.034 

nunol), N,N-dicyclo-hexylihnethanediimine (6.2 mg, .03 inmol), N,N-dimethylpyridin

4-amine (3.0 mg, 0.025 nnol), and ethylbis(propan-2-yl)amine (0.02 mL, 0.1 mmol) 

15 were combined i DCM (ImL)and the reaction was stirred overnight. Thereaction 

was filtered, concentrated, and redissolvedin DCM (imL). Next, TFA (0.050 mL) was 

added and the reaction stirred for one hour. The reaction was concentrated and 

redissolved inMeOH (1I mL) and purified by HPLC to give [(2R,3S,I1bR)-9,10

dimethoxy-3-(2-methylpropyl)-1H2H3H,4H,6H,yH,11bH-pyrido[2,1-a]isoquinolin-2

20 yflmethyl piperidine-4-carboxylate 4-1 (m/z 445.2 [MW]).  
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Table 4 below provides the observed (Obs) ion m/z ratio of the other 

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

Table 4 
5 

MeOG 

T N, 

MeoY' 

OR1 

1Calc Obs 
Cpd. -O-R   Name mass Ohs mass mass 

[(2R 3 S11bR)-910
dimethoxy-3-(2
methylpropyl)
1H,'H,3H,4H,6H,7HIibH
pyrido[, 1-a]isoquinolin-2

4-1 yl]methyl piperidine-4- 444.3 445.2 
carboxylate 

[(2R,3S,ibR)-9,10
dimethoxy-3-(2

NN.X ~N>'methylpropyl)
IH,2H,3H,4H,6H;7H,I1bH
pyrido[2,I-a]isoquinolin-2

4-2 yl]methyl (2S)-2-armino-3- 480.3 4813 
phenylpropanoate 

2R,3S,1bR)-9,10
dimethoxy-3-(2

methylpropyl)
1H,2H,3H,4H,6H,7H,IibH
pyrido[2,1-a]isoquinolin-2

4-3 yl]methyl (3S)-morpholine-3- 44.28 447.2 
carboxylate 
[(2R,3S,1IbR)-9,10
dimethoxy-3-(2
methylpropyl1
IH,2H,3H,4H,6H;7H,IbH
pyrido[2,1-a]isoquinolin-2
yl]methyl (IR,2R)-2

4-4 aminocyclohexane-I 458.31 459.2 
carboxylate 
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nl Calc Obs 
Cpd. -Oi-R1  Name Cl b mass mass 

[(2R,3S,11bR)-910
/ ~ dimnethoxy-3-(2

mlethy1propyl)
1H,2H,3H,4H,6H 7H11lbl
pyido[2.1-a]isoquinolin-2
yl~methyl (R)-morpholine-3- 446.28 447.1 
carboxylate 
[(2R.3S,i1bR)-9,10
dimethoxy-3-(2

o methylpropyl)

IH,2H,3H4H,6H;HIlH
pyrido[2,I-a]isoquinolM-2
yl]methyl 2,3-dihydro-1H

4-6 478.28 479.3 
isoindole-1-carboxylate 
[(2R,3S,1lbR)-9,10
dimethoxy-3-(2
methylpropyl

0 1H,2H,3H,4H,6H,7H,1IbH
pyrdo[21-a]isoquinolin-2
yl]methyl (3S)-pyrrolidine-3- 430.28 431.2 
carboxylate 
[(2R,3S,1IbR)-9,10
dimethoxy-3-(2

t methyipropyl)
IH,2H3H.4H,6H.7HIlbH
pyrido[2,1-a]isoquinolin-2

4-8 yl]methyl pyTolidine-3- 430.28 431.2 
earboxylate 

[(2R,3S,1lbR)-9.10
dimetioxy-3-(2

nethylpropy)
1H,2H,3H,4H,6H,7H,1IbH
pyTido[2,1-a]isoqnoli-2

yl]methyl 2-[1
49 ~~~ (aminomethyl)cyclohexyl]acet 463 8.  

4-9 ae486.35 487.2 ate 
[(2R,3S,1bR)-9,10
dimethoxy-3-(2

methylpropyl)
1H,2H,3H4H,6H.7H.1IbH
pyrido[2.1-a]isoquinolin-2

4-10 yl]methyl 2-(piperidin-3- 458.31 459.2 
yl)acetate 
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nl Calc Obs 
Cpd. -Oi-R1  Name Ci b mass mass 

[(2R,3SIIbR)-910
/ ~ dimetihoxy-3-(2

1H,2H,3HH,H6H7H,11blHl

pyrido[2,1-a]isoquinolin-2
ylmetiyl 2

4-11 allmioevclopentane-i- 4443 4451 
carboxylate4 

0 [(3S,IIbR)-9,10-dimethoxy-3
(2-methylpropy)
IH,2H,3H,4H,6H;7H,IbH

N pyrido[2,1-a]isoquinolin-2

4-12 yl]methyl (2S)-2-armino-3- 432.3 4333 4iethylbutanoate 
N [(2R,3S,1lbR)-9,10

dimethoxy-3-(2
methylpropyl)

0 1H,2H,3H,4H,6H,7H,1IbH
/ pyrido[2,1-a]isoquinolin-2

4-13 yI]methyl (3S)-piperidine-3- 444.3 445.1 
carboxylate 
[(2R,3S,1ibR)-9,10
dimethoxy-3-(2
methylpropyl)

N IH,2H,3H.4H,6H;7H,IlbH
pyrido[2,1-a]isoquinolin-2
yl]methyl2-(14-14 aninocyclohexy)acetate 472.33 473.3 

/N [(2R,3S,1lbR)-9,10
dimetioxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H,7H,1IbH
pyrido[2,1-a]isoquinoin-2

ylmethy 3-methylpiperidine
4-carboxylate 
[(2R,3S,1IbR)-9,10

< dimethoxy-3-( 
methylpropyl)
IH,2H,3H4H,6H7HIlbH
pyrido[2,1-a]isoqinolin-2

yl]methyl 2-(pyrrolidin-3
4-16 yl)acetat 444.3 445.  
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nl Calc Obs 
Cpd. -0-R   NameCai Obs mass mass 

O N [(2R,3SIIbR)-910
dimnethoxy-3-(2
methyipropyl)
1H,2H,3H,4H,6H711bH
pyrido[2.1-a]isoquinolin-2
yl~mhl 3-mno4 

4-17 ylnethyH ino4- 446 31 447.3 
4methylpentanoate 
[(2R,3S,ilbR)-9,10
dimethoxy-3-(2

0methylpropl)

IH,2H,3H,4H,6H;7H,IbH
pyrido[2,I-a]isoquinoln-2
yl]methyl 4

4-18 (aninomethyl)benzoate 466.28 4673 
[(2R,3S,1lbR)-9.10
dimethoxy-3-(2
methylpropyl)

-- 1H,2H,3H,4H,6H,7H,IibH
pyrido[2.1-a]isoquinolin-2
yI~methy2-amino-2-(2

4-19 ylml~ -ilo2('2496.29 497.3 
methoxyphenyl)acetate 

r-N [(2R,3S,1IbR)-9,10
dimethoxy-3-(2

methylpropyl)
IH,2H,3H,4H,6H;7H,IlbH
pyrido[2,1-a]isoquinolin-2

4-20 yl]methylpiperichne-3- 444,3 445.1 
earboxylate 
[(2R,3S,1lbR)-9,10

/ dimetioxy-3-(2
miethylpropyl)
1H,2H,3HAH,6H,7HIibH
pyTido[2,1-a]isoqinolin-2
y1~methy1 1,,,
tetrahydroisoquinoline-1

4-21 carboyhyate 492.3 493.3 

[(R,3SI1bR)-910
dimethoxy-3-(2

/o methylpropyl)
1H,2H,3H,4H,6H.7H.1IbH
pyrido[2.1-a]isoquinolin-2
yl]methyl 4

4-22 methoxypiperidine-4 474.31 475.2 1 carboxylate 
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nl Calc Obs 
Cpd. -- R   Name Cic Obs mass mass 

[( 2 R,3SIbR)-910
_Jdimetoxy-3-2

methylpmopyl)
1H,2H,31,4H,6H71,11bH
pyrido[2.1-a]isoquinolin-2

4-23 yml]methyl 2-[(2R)-pyrroiidin- 444.3 445.1 
2-yllacetate 
[(2R.3S,11bR)-9,10

N dimethoxy-3-(2
methylpropyl)
IH,2H,3H4H,6H;7HlbH

pyrido[2,I-a]isoquinolin-2
4-24 ymhy-aiooanae 404.27 405.2 yl]methy1l3-aminlopropanoate 

IN' [2R,3S,11IbR)-9,10
" dimethoxy-3-(2

methylpropyl)
IH,2H,3H,4H, 6 H7H 11bH
pyrio2,- iounolin-2
yl]methyl (IS,2S)-2

4-25 aminocyclohexane-1- 458.31 459.2 
carboxylate 

N [(2R,3S,1IbR)-9,10

dimethoxy-3-2
methyipropyl)
IH,2H,3H.4H,6H;7H,lbH
pyrido[2,1-a]isoquinolin-2

4-26 yl]methyl (3R)-pyrrolichne-3- 430.28 4312 earboxylate 

[(2R.3S,11bR)-9,10
dimethoxy-3-(2
methylpropyl)
1H. 2 H,3H4H,6H,7H,11bH

-O pyrido[2,1-a]isoquinolin-2
yl]methyl Imorpholine-24

4-27 ycarboxylate 446.28 447.  

[(2R,3SIbR)-910
dimethoxy-3-(21
methylpropyl)
1H,2H,3H4H,6H.7H.1IbH
pyrido[2,1-a]isoquinolin-2

4-28 ymethy12-(pymoidi-2- 444.3 445.1 
yl)acetate 
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nl Calc Obs 
Cpd. -0-R   Name Cic Obs mass mass 

[(2R,3,11 bR)-9.10
/ ~ dimnethoxy-3-(2

nethylpropyl)
0 1H,2H,3H,4H,6H.7H11H

pyrido[2.1-a]isoquinolin-2

4-29 ylmethyl (3R)-piperidine-3- 444.3 445.1 
carboxylate 

[(2R.3S,ilbR)-9,10
dimethox-3-(2
Imethylpropl)
IH,2H 3H,4H,6H 7H 1IbH
pyrido[2. I-a]isoquiohn-2
yl]methyl (2R)-2-amino-2-[4
(trifluoromethyl)phenyllacetat 3 

4-30 e 34.27 35.  

[(2R,3S,1lbR)-9,10
N dimetlioxy-3-(2

methylpropyl)
1H,2H,3H,4H,6H,7H,1IbH

4-31pyrido[2,1-a]isoquol-2 418.28 419.2 
1y1methy4-aminobutanoate 

[(2R,3S,1IbR)-9,10
O N dimethoxy-3-2

methylpropyl)
o IH,2H,3H,4H,6H;7H,IlbH

d pyrido[2,1-a]isoquinolin-2

4-32 yl]methylohine 446.28 442 earboxylate 
O N [(2R,3S,1lbR)-9.10

dimetioxy-3-(2
S - methylpropyl)

1H,2H,3H,4H,6H,7HIibH
pyTido[2,1-a]isoquioli-2
y~methyl1(2S)-2-amino-2

4-33 4 66(. 28 467.3 
phenylacetate 
[(2R,3S,1IbR)-9,10
dimethoxy-3-(2
methylpropyl)
IH,2H3H.4H,6H;7HIlbH
pyrido[2,1-a]isoqimnolin-2
vl]methyl 2-(piperidin-2--' 92 4-34 yi)acetate 458.31 459.2 

57



WO 2016/127133 PCT/US2016/016892 

nl Calc Obs 
Cpd. -Oi-R1  Name Ci b mass mass 

[(2R,3S1bR)-910
dimnethoxy-3-(2
\o methylpropyl)

I ~ 1H,2H,3H,4H,6H.711bHii
pyrido[2,1-a]isoquinolin-2

4-35 y1~iiieylmehyl4-methylpiperidine- 458.31 459.2 
4-carboxylate 
[(2R,3S,11bR)-9,10
dimethoxy-3-(2tmethyipropyl)
IH,2H,3H,4H,6H7H,IlbH
pyrido[2,I-a]isoquinolin-2

-y6l]methyl-[(2S)-pyrrolidin-24-36 yllacetate 444.3 44.1 

0 [(2R,3S,1lbR)-9,10
dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H,7H,1IbH
pyrido[2,1-a]isoquinolin-2
yl]methyIl 3-(piperazin-1- 474.3 
yl)propanoate 
[(2R,3S,1IbR)-9,10
dimethoxy-3-2
methylpropyl)
IH,2H,3H4H,6H7H,IlbH
pyrido[2.1-a]isoquinoin-2

4-38 ~y1~methy12-[(3R-pyrrolidin- 443 45 4-38 -3-yl]acetate 444,3 445.3 

EXAMPLE 5 

3-[({[(2R,3S,11bR)-9,10-dimetioxy-3-(2-methyliropyh)-1H,2H,3H.4H6H,7H,1 IbH

5 pvrido[2,1-alisoouinolin-2-yilmethoxvl earbonllaminolprovanoic acid 

till 

5-1 
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Step 5A: 

[(2R,3SIbR)-910-Dimethoxy-3-(2-iethylpropl)

1H 2H,3H.4H,6H,7H,11bH-pyrido[2Ia]isoquinon-2-l]methanolCi salt (300 mg, 

0.81 mmol) and 4-nitrophenyl chlioroformate (246 mg, 1.22n mmol) were dissolved in 

5 DCM and cooled to OC. Ethybis(propan-2-yl)amine (0.54 mL, 3,25 mmol) was then 

added, warmed to room temperature, and stirred overnight. The cmde reaction mixture 

was then concentratedand purified by colun chromatography (0% to 100% EtOAc in 

hexanes) to afford [(2R,3S,11bR)-910-diethox-3-(2-methylpropy)

1H,2H 3H,4H,6H,7H,1bIbH-pyrido[2,I-a]isoquinoin-2-yllmethyl 4-nitrophenyl 

10 carbonate5a (360 mg,0.722innol)asa pale yellowfoamin 89% yield(mz499.2 

[MH+]).  

Step 5B: 

[(2R,3S,I1bR)-9,10-diinethoxy-3-(2-imethylpropyl)

15 IH.2H,3H,4H,6H7H,11bH-pyrido[2.1-a]isoquinoli-2-yl]methyl 4-nitrophenyl 

carbonate (12 mg, 0.025 muol), 3-aminopropanoic acid (3.0 mg, 0.030 mmol) and 

ethylbis(propan-2-y)ailne (0.017 mL, 0.10 mmol) were dissolved in DMF (0.5mL) 

and heated to 50C overnight. The crude reaction was then diluted with MeOH (0.5 

mL) and puified by HPLC yielding 3-[({[(2R,3S,11bR)-9,10-dimethoxy-3-(2

20 methylpropyl)-IH,2H,3H,4H.6H,7H,11bH-pyrido[2,1-a]isoquinolin-2

y]methoxy}carbonyl)amino]propanoic acid 5-1 (m/z 449.1 [MlI]).  

Table 5 below provides the observed (Obs) ion m/z ratio of the other 

compounds that were made according to the procedure as described in this example.  
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Table 5 

MeO 

Meo N,5 I I 

NOR' 

5 

Cpd. -O-R' Name Calc mass Obs mass 
3-[({[(2R,3S,I1bR)-9,10

~NXNX O -- dimeihoxy-3
methyipropyl)
111,2H,3H,4H,6H,7H,1ibH

pyrido[2,1-a]isoquinolin-2
yflmethoxy}carbonyl)amino] 5-1 pio ,,ij cd448.26 449.1 
propanoic acid 
(3S)-3-{1[({[(2k-R,3S,11bR)
9.10-dimethoxy-3-(2
methylpropyl)

-- 1H.2H,3H.4H,6H,7H,11bH
i pyrido[2,I-a]isoquinolin-2

yl]methoxy}carbonyl)aiino] 

5-2 methyl)-5-methyihexanoic 51834 519.2 
acid 
4-[({[(2R,3S,11bR)-9,10

-dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H,7H,IibH
p Ido[21-a]isoquinolin-2

5-3 yimethoxycarbonyl)amino] 462.27 463.1 
butanoic acid 
[(2R,3S,.1IbR)-9,10

) diiethoxv-3-(2
methylpropyl)

° IH,2H,3H,4H,6H,7H,1IbH
pyrido[2,1-a]isoquinolin-2
yl]methyl 2
[(dimethylamino)methylmor 5 

5-4_____________________ pholine-4-carboxylate -5 0 -3, 3) 4 -504.2 
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Cpd. -0-R'   Name Calc mass Obs mass 
1-[({[(2R.3S,1IbR)-9,10
dimethoxy-3-(2

N methylpropyl)

a 1H,2H,3H,4H,6H;7H.1IbH
o pyido[2,1-a]isoquinolin-2

yiiimethoxyIcarbonyl)aminoc 
velopropane-I-carboxylic 
acid 460.'26 461 

--* 2-[4-({[(2R,3SI1bR)-9,10
dimethoxy-3-(2
methylpropyl)
IH,2H,3H,4H,6H,7H,I1bH

Spyrido[2,1-a]isoquinolin-2

5-6 ,- vI]methoxy}carbony)morpho -5042 505.2 
lin-2-yflacetic acid 

[(2R,3S,11hbR)-9.,10
N - dimethoxy-3-(2

methylpropyl)
N 1H2'H,3H,4H,6H,7H,11bH

7-0 pyTido[2,1-a]isoquinolin-2
0 yl]methyl 4

methylpiperazine-1- 459.31 460.13 
carboxylate 
[(2R,3S,1lbR)-9,10

N /dimethoxy-3-(2

miethylpropyl)
1H,2H,3H,4H,6H,7H,1IbH
pyrido[2,1-a]isoquinolin-2

5-8 yl]imethyl 3-oxopiperazine-1- 459.27 459.  
carboxylate 
(1R,2S,3R,4S)-3
[({[(2R,3S,1IbR)-9,10

N r, dimethoxy-3-(2
l methlyipropyl)

0'01H,2H,3H4H,6H.7H.1IbH

pyrido[2,1-a]isoquinoiin-2
yl]methoxy}carbony)ainino] 

5-9 bicyclo[2.2.1]hept-5-ene-2- 512.29 5132 
carboxylic acid 
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pd. -0i-R'   Name Calc mass Obs mass 
o 4-[({[(2R.3S.1ibR)-9, 10

O N w dknethoxy-3-(2
methylpropy)
1H,,2H,3H,4H,6H;,7H,11 bH
pyido[21-a]isoquinolin-2

5-10 yiiiethoxyIcarboin1)a-ino1- 478.27 479.1 3-ldroxybutanoic acid 
o o 3[(2R,3S,1lbR)-9,10

dutnethoxy-3-(2
methlpopl)

S IH,2H,3-H,4H,6H,7H,11bH
pyrido[2,1-a]isoquinolin-2

5-il~yI~methoxy}carbonyb~amino]- 465 5-11 2hh--. npniacd464.25 465.1 
2-hydroxypropanoicacid 
[(2R,3S,1lbR)-9.10

N dimethoxy-3-(2

/ methylpropyl)
N 1H,2H,3H,4H,6H,7H,1IbH

pyrido[2,1-a]isoquinoin-2
o yl]methyl 2,2.4

5-12 ttimethylpiperazinel- 487.34 
carboxylate 

1-({[(2R 3S,11bR)-9,10
o dimethoxy-3-(2

I methylpropyl)
1H,2H,3H,4H,6H7H1 IbH
pyrido[21-a]isoquinolin-2

5-13 vl]methoxy}carbonl)azetidin 460.26 461.1 
e-2-carboxylic acid 

1-({[(2R,3S,lIbR)-9,10
dimethoxv-3-(2
methylpropyl)
1H 2 H,3H,4H,6H,7H,11bH
pyrido[2,1-a isoquinolin-2

5-14 ylmethoxy}carbonybpiperidi 488.29 489.1 
ne-3-carboxylic acid 

[(2R,3S,11bR)-9,10
dimethoxy-3-(2
methylpropyl)
1H,2H,3H4H,6H;7H.1IbH

N pyhido[2.1-a]isoquinolin-2
o yl]methyl 4

5-15 ~ o methanesulfonylpiperazine-1- 52.7 241 5-15 5-23.2]7 524,1 carboxylate 
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cpd. -0-R'   Name Calc mass Obs mass 
H -o 2-[({[(2R.3,1ibR)-9,10

/ dimethoxy-3-(2
N methylpropyl)

1H,2H,3H,4H,6H,7H,IibH
pyido[2,1-a]isoquinolin-2
yIimethoxyIcarbonyl)(methy1 

516 )amino]-2-methylpropanoic 7) 5-16 476."29 
acid 

o - (2R)-2-[({[(2R,3S,ibR)
_9610-dimethoxy-3-(2

O N methylpropyl)
11H,2H,3H.4H,6H,7H,I1bH
pyrido[2,1-a]isoquinolin-2

5-17 yl]methoxy}carbonvl)(methyl 462,27 463.1 
)amnino]propanoic acid 

[(2R,3S,11hR)-9,10
dimethoxy-3-(2
methylpropyl)

N-. 1H2 H.3H,4H,6H,7H,11bH

pyTido[2,1-a]isoquinolin-2
yl]methyl 4

5-18 cyclohexylpiperazine-1- 527 58.25 
carboxylate 5 
(3R)-3-{[({[(2R,3S,IlbR)
9.10-dimethoxy-3-(2

o methylpropyl)
c -lJL,2H,3H,4H,6H,7HIIbH

pyrido[2.1-a]isoquinolin-2
o yl]methoxylcarbonyl)amino] 

5-19 .cid I f 518.34 519.25 acid 
S a-H (2S)-2-[({[(2R,3S,1IbR)

o 9,10-dimethoxy-3-2

oA'kN ~ Imethyipropyb)
1H,2H,3H,4H,6H7H.1IbH
pyrido[2,1-a]isoquinolin-2

5-20 y~mtovcroy)iio- 490.3 491.2 
4-nethylpentanoic acid 

o [(2R.3S,11bR)-9,10
N dimethoxy-3-(2

methylpropyl)
N 1H 2H 3H,4H,6H,7H,I1bH

o pyrido[2,1-aIsoqinoli-2
a v1Amethyln2-ethyl-3

5-21 473.29 474.2 
oxopiperazinle-1-carboxylate 47.9 4, 
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Cpd. -0-R'   Name Calc mass Obs mass 
, 3-[({[(2R.3S,1ibR)-9, 10

dimethoxy-3-(2
methylpropyl)
4H,2H,3H,4H,6H;7H.IibH

opyrido[2,1-a]isoquinolin-2

5-22Imethoxycarbonyl)amino 476.29 477.1 
3-methylbutnolc acid 

-0 1-[({[(2R,3S,1lbR)-9,.10
dimethoxy-3-(2

IH,2H,3H,4H,6H;7H,IlbH

o ido[2 -a]isoquinolin-2
yl]methoxy) carbonlylainoc 

5-23 3hca n inoic 502.3 503.2 
yclohexane-1-carboxylic acid 

[(2R,3S,11bR)-9.10
dimethoxy-3-(2
methylpropyl)

N 1H,2H,3H,4H,6H,7H,I1bH
pyTido[2,1-a]isoquinolin-2
yl]methyl (1S,4S)-2-oxa-5

5-24 azabicyclo[2.2,1]heptane-5- 458.28 459.2 
carboxylate 

0l 4-[({[(2R,3S.11bR)-9,10

odirhetioxy-3
methylpropyl)
1H,2H,3H,4H,6H.7H.1IbH
pyrido[2,1-a]isoquinolin-2

5-25 lethoxy}ca y methy 4 9 47.1 
)amino]butanoic acid 

0 3-[({([(2R3SIIbR)-9,10

dimethoxy-3-(2
0 N CAh-p-opy-)

1H 2H,3H,4H,6H,7H,I11bH
pyrido[2 I-a]isoquinolin-2

5-26 yl]methoxyicarbonl)aminol] 462.27 463.15 butanoic acid 
o -HI-({[(.2R3S,11bR)-9,10

= dimethoxy-3-(2
nethylpropyl)
1H,2H,3H,4H,6H.7H.1IbH
pyrido[2,1-a]isoquinolin-2

5-27 0d yl]methoxy}carbonyl)azetidin 
5-27 ______________e-3-carboxylic acid 460.26 461.0 
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pd. -0i-R'   Name Calc mass Obs mass 
o 2-[({[(2R 3S,1ibR)-9,10

0-r dimethoxy-3-(2
o N methylpropyl)

1H2H,3H4H,6H7H,IibH
pyido[21-a]isoquinolin-2

5-28 yIl]methoxyIcarbonyl)(methy1 4622 4632 
)amiojpropanoic acid 

0 [(2R,3S,1ibR)-9,10
dimethoxy-3-(2

O N Imethylpropyl)
IH,2H,3H,4H,6H;7H,I1bH
pyrido[2,I-a]isoquiinolin-2
yl]methyl NN

5-29 dimethylcabmae40427 405.32 dimethylcarbamate 
2-[({[(2R,3S,IIbR)-9,10

O - dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H,7H,IIbH
pyrido[2,1-a]isoquiolin-2

yl]methoxylcarbonyl)amino]a 434.24 435.1 
cetic acid 
[(2R,3S,1bR)-9,10
dimethoxy-3-(2
methylpropyl)
IH,2H,3H,4H,6H;7H,IbH

pyrido[2,1-a]isoquinolin-2

5-31 yl~iethy1 487.34 488.2 yl)piperazine-L-carboxylate 
2-[({[(2R,3S,1IbR)-9,10

o 0 dimethoxy-3-(2
04o methylpropyl)
N 1H,2H,3H,4H,6H,7H,IibH

pyridO[2,1-a]isoquiinolin-2
/ yl]methoxyycarbonyl)(methyl 

5-32 )amino]-3-metliyibutanoic 490.3 491.2 
acid 

0 (2S)-2-[({[(2R,3SJ1bR)

o _ ,10-dimethoxy-3-(2
o N- methylpropyl)

o 1H,2H,3H4H,6H7H,1IbH
pyrido[21-a]isoquinolin-2

-33 yl]methoxy}carbonyl)(methyi 462.27 463.1 
)amnino]propanoic acid 
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pd. -0i-R'   Name Calc mass Obs mass 

dimethoxy-3-(2
methylpropyl

1H,2H,3H4H,6H7H,IbH
i-s pyido[21-a]isoquinolin-2

-34yimethoxyIcarbonyl)amino 530.34 531 2 
methyl}cyclohexyl)acetic acid 

o (1R,2R)-2-[({[(2R,3S,1IbR)
9,10-dimiethoxy-3-(2

" -Q methylpropyl)
N IH,2H3H.4H,6H,7HI1bH

pyrido[2,I-a]isoquinolin-2
yl]methoxy}carbony aminoc -5 

5-3:> 3 )ilc 502. 3 03. 2 
yelohexane-1-carboxylic acid 

-- 4-[({[(2R,3S,11bR)-9,10
'I dimethioxy-3-(2

methylpropyl)
- 1H.2H,3H,4H,6H,7HIIbH

/ pyrido[2,1-a]isoquinolin-2
ymethoxy}carbony)amino- 4903 491.2 5-36 3,3-dimethylbutanoic acid 

[(2R,3S,1ibR)-9,10
dimethoxy-3-(2
methylpropyl)

a IH,2H,3H,4H,6H;7HIbH
pyrido[2,1-a]isoquinolin-2
yl]methyl (2R)-2

-37 methylmorpholine-4- 460.29 461.1 
carboxylate 
3-[({[(2R,3S,1IbR)-9,10

-- dimethoxy-3-(2
methylpropvl)
1H2H,3H.4H,6H,7H,11bH
pyrido[2,I-a]isoquinolin-2
yl]methoxy}carbonybaminol- 4 

5-38 , lo 476.29 477.1 
22-dinethylpropanoic acid 

H -o1-[({[(2R,3S,11IbR)-9,10
dimethoxy-3-(2

0 / nethylpropyl)
N 1H,2H,3H,4H,6H.7H.1IbH

pyrido[2.1-a]isoquinolin-2
5 yl]methoxy}carbonyIl)amino]c 488.29 489.3 

5-39_________yclopentane-1-carboxylic acid 488.29_ 489_3 
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pd. -0)-R'   Name Calc mass Obs mass 
3-[({[(2R.3S,1ibR)-9,10
dimethoxy-3-(2
methylpropyl)
1H,21H,3H,4H,6H7H,IibH
pyido[21-a]isoquinolin-2
yI~methoxycarboy)amino] 
bicyclo[2.2.1]heptane-2- 14 
carboxylic acid 

0 

2-[({[(2R,3S.1IbR)-9,10
/0dimethoxy-3-(2

N methylpropyl)
0 1H,2H,3H4H,6H;7H,1IbH

pyrdo[21-a]isoquinolin-2
yI~methoxy}carbony1)amino~c 503 532 

5-41 502.3 5032 
velohexane-I-carboxylic acid 
2-[({[(2R,3S,IlbR)-9,10

o- dimethoxy3 -(2
O methylpropl)

o IH,2H,3H,4H,6H;7H,I1bH
pyrido[2,I-a]isoquinolin-2

5-42 y1ln-etioxyinbuiixI)(inetbi1 448.26 449.1 
)amino]acetic acid 

S1-({[2R,3SIIbR)-9,10
dimtnhoxy-3-(2
methylpropyl)
1H.2H,3H,4H,6H,7H,IibH

o pyrido[2,1-a]isoquinolin-2
yl]methoxyjcarbonyl)-4
(dimethylamino)pipeiidine-4- 5313 

5-43 51.33 5-3 2. 3 
carboxylic acid 
[(2R,3S,11bR)-9,10

o dimethoxy-3-2

methylpropyl)
N 1H,2H,3H,4H,6H7H,IIbH

0 pyrido[2.1-a]isoquinolin-2
yl]methyi (2S)-2

5-44 'methylnorpholne-4- 460.29 461.1 
carboxylate 

0 - (2R)-2-[({[(2R,3S,IibR)
o _,l0-dimnethoxy-3(2

0 N' methylpropyl) 

o IH,2H,3H,4H,6H;7H,I1bH
pyrido[2,I-a]isoquinolin-2
yl1]m-eth-oxy~icarbonyl)ainoil] 5-45oyc ov1ain1 448.26 449.1 

5-45_ ________________propanoic acid 
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Cpd. -0-R'   Name Calc mass Obs mass 

a a -[({(2R S,1bR)-9, 10
o dimethoxy-3-(2

NT'_" methylpropyl)
1H,2H,3H.4H,6H;7H,1IbH
pyido[21-a]isoquinolin-2
yIimethoxyIcarbonyl)(methy1 

546 )~~amino]-4-methylpentanoic 543 0.  5-46 5 04.32 505.2 acid 
0 (2S)-2-[({[(2R,3S,1IbR)

o _10-dimethoxy-3-(2
' N~ methylpropyl)

o IH,2H,3H,4H,6H;7H,11bH
pyrido[2,1-a]isoquinolin-2
7l]ymethoxy}carbonyl)ainio] 
propanoic acid 

r,-- [(2R,3S,11hR)-9,10
dimethoxy-3-(2
methylpropyl)
S 1H. 2H,3H,4H,6H,7H,11bH
pyrido[2,1-a]isoquinolin-2

yl~methyl 
5-48 decahydropiperazino[1,2- 513.36 514.2 

a]azepine-2-carboxylate 
--0 o 1-({[(2R,3i1bR)-9,10

dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H,7H,1IbH
pyrido[2.1-a]isoquinolin-2

5-49 n yiiethoxylcarbonyl)pyrrohld 474.27 475.2 ine-3-carboxvlic acid 
[(2R,3S,1IbR)-9,10

N dimethoxv-3-(2

methyipropyl)
N IH,2H,3H,4H,6H;7H,IlbH

o pyrido[2,1-a]isoquinolin-2

o yl]methyl (2R)-2,4
5-50 dimethylpipeazulne-- 47333 474.2 

carboxylate 
fl-C 0-o 2-[([(2R,3S,11bR)-9,10

dimethoxy-3-(2
methylpropyl)

O 1H,2H.3H,4H,6H,7H,I11bH
0 pyrido[2,1-a]isoquinolin-2

5-51 y]methoxy}carbonyl)aino] 462.27 463.2 
2-methylpropanoic acid 
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cpd. -0-R'   Name Calc mass Obs mass 

/--" 1-({[(2R,3S,11bR)-9,10
4 \ dimethoxy-3-(2

methylpropyl)
1H,2H,3H4H,6H;7H,I1bH

7\o pyrdo[2,-a]isoquinon2
5-52 yiieio-yer-i 11ped 488.29 4892 

ne-4-carboxylic acid 
[(2R,3S,.ibR)-9,10

/0 dimethoxy-3-(2
methylpropyl)

N IH,2H3H4H,6HJ7H,IlbH
0 pyrido[2,I-a]isoquinolin-2

yl]methyl (2R,6S)-2,6
5-53 dimethylmopholine-4- 4741 475.2 

carboxylate 
H--) (3R)-1-({[(2R 3S,11bR)-9,10

C) dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H,7H,11bH
pyTidt42,1-Isounln 

-- l]methoxycarbony)pipeiidi 
5-54 ie-3-carboxylic acid 488.29 489.2 

o 0 3-[({[(2R,3S,lIbR)-9,10

C <dmethoxy-3-(2

metthylpropyl)
1H,2H,3H,4H,6H.7H,1IbH
pyrido[21-a]isoquinolin-2
vljmethoxy}carbonl)(methyl 422 6.  

5-55 - 6 2 42. 27 463.2 )amnino]propanoicacid 
o (2S)-4-[({[(2R,3S,11bR)

9,10-dimethoxy-3-(2
methylpropyl)
1H*2H,3H,4H,6H,7H,11bH
pyrido[2,I-a]isoquinolin-2

5-56 478.27 479.1 2-hydroxybutanoic acid 
3[({[(2R,3SIibR)-9,10

¾A, ~ _dimethoxy-3-(2
methylpropyl)
1H,2H,3H4H,6H7H,IbH
pyido[2,1-a]isoquinolin-2

yl]methoxy}carbonyl)amino]- 4622 5-5746. 462 2-nethylpropanoic acid 
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EXAMPLE 6 

(2R35.1 1bR)-9,10-dimethoxy-3-(2-mehylpropyl -IH2H.3H.4H,61.71tHi

uyrido[2, 1-aIsoquinolin-2-vlmnethyl piverazine-I-carboxylate 

o 6-1 

-~ NO, 

Step 6A: 

[(2R,3S,I1bR)-9 10-dimetlioxy-3-(2-methylpropyl)

IH.2H,3H,4H,6HP7H1lbH-pyrido[2.1-a]isoquinolin-2-yl]methyl 4-nitrophenyl 

carbonate 5a (12 mg. 0.025 minol), tert-butyl piperazinle-1-carboxylate (6.0 mg, 0.030 

10 nunol) and ethylbis(propan-2-yl)amnine (0017 mL, 0.10 nunol) were dissolvedin DCM 

(0.5 mL) and allowed to stir ovemight. Next, TFA (0.050 mL) was added and stirred 

for 4 hours. The crude reactions were then diluted with MeOH (0.5 mL) and purified 

by HPLC yielding [(2R,3S.11bR)-9,10-dinethoxy-3-(2-imethylpropl)

IH.2H,3H,4H,6H 7H,11bH-pyrido[2.1-a]isoquinoiin-2-yl]iethyl piperazine-1

15 carboxylate 6-1 (mi/z 446.2 [iMHl]).  

Table 6 below provides the observed (Obs) ion m/z ratio of the other 

compounds that were made according to the procedure as described in this example.  
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Table 6 

MeO 

MeoN' N 

'OR' 

Cale Obs 
Cpd. -0-k Name mass Mass 

[(2R,3SI1bR)-9,10-dimethoxy
3-(2-methylpropyl)
NH2 {.34HH,6H,7HI1bH
pyrido[2,I-a]isoquinolin-2

U vl]metlw piperazine-1
6-1 carboxylae 44529 446.2 

N- [(2RiS3,IibR)-910-dimethoxy
3-(2-methylpropyl)
IH,2H,3H.4H,6H;7H11IbH

0 pyrido[2,1-a]isoquinoiin-2
0 yl]methyl (2R,5S)-2,5

6-2 dimethylpiperazine-1- 47333 474.2 
carboxylate 47333 74 

N [(2R,3S,11bR)-9,I0-dimethoxv

- /3-(2-methylpropyl)
N 1H 2H.3H4H,6H,7HIIbH

t o pyrido[2,1-a]isoquinolin-2
o' vl]methy,,l (2R)-2

6-3 459.31 460.2 
methylpiperazine-I-carboxylate 

N [(2R,3SibR)-9,10-dimethoxy

/ 3-(2-methylpropyl)
IH,2H,3H,4H,6H;7H,IlbH

N pyrido[2,1-a]isoquinolin-2

yI]methyl 3,8

6-4 0 0 diazabieyclo[3.2.1]octane-3- 471.1 472.  
carboxylate 

- [(2R,3S,11bR)-9,I0-dimethoxy
3-(2-methylpropyl)
1H,2H,3H,4H,6H,7H,IibH

S pyido[2,1-a]isoquinolin-2

6-5 lmet459.31 460.2 
6-5 ________ _ n__methylpiperazine-I-carboxylate 

71



WO 2016/127133 PCT/US2016/016892 

n1 Cale Obis 
Cpd. -O-R1  NameCaOh mass mass 

[N2R, [3S_ 1bR)-9,10-dimethoxy
N 3-(2-methylpropyl)

N 1H,2H,3H,4H,6H 7H,11H
pyrido[2,1-aisoquinoiin-2
yl]methyl (3R,5S)-3,5

6-6 dimethylpiperazine-1- 47333 4743 
carboxylate 

N - [(2R,3S,1lbR)-9,10-dimethoxv
3-(2-imethylpropy)

N - 1H 2H,3H,4H,6H,7H,11bH

pyrido[2,1-a]isoquinolin-2
0' y1~methyl1(2R)-2

6-7 I(hydroxymehylpiperazine-1 441 
carboxylate 

N-oi 

o(2R)-4-({[(2R,3S,1IlIbR)-9, 10
dimethoxy-3-(2-methylpropyl)

IH,2H3H.4H,6H;7HIbH
'-N d[, 

pyrid[2,1-a]isoqinolin-2

6-8 / yljmethoxy}carbonyi)piperazie 489.28 490.2 -2-carboxyhe acid 

N [(2R,3S,11bR)-9,10-dimethoxv
N 3-(2-imethylpropyl)

S/ 1H. 2H3H,4H,6H,7H,11bH
pyrido[2,1-Ioqini-

0 v1]methy1 (3S)-3
6-9 01470.29 471.2 

cyanopiperazine-1-carboxylate 
[(2R,3S,1ibR)-9,10-dimethoxy
3-(2-meithylpropyl)
IH,2H,3H.4H,6H.7,11H

N pyridc{2,1-a,]isoquiiolii-2
yi~methyi (IS.4S)-2.5
diazabicyclo[2.2.1]heptane-2

6-10 457.29 458.2 
carboxylatle 

[(2R,3S,1lbR)-9,10-dimethoxv
3-(2-methlpropyl)
1H,2H,3H4H,6H.,7HIIbH
pyrido[2,1-afIsoquinoiin-2

-- " ylmethyl 35
dimethylpiperazme-1

6-11 47333 474.2 carboxylate 
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n1 Cale Obis 
Cpd. -0-R   Name mas Ohs mass mass 

[(2R3S,1I1bR)-9,10-dimethoxy
3-(2-methylpropyl)
1H,2H,3H,4H,6H 7H,1IbH

- pyrido[2,I-a]isoquinolin-2
ylmethyl (2R6S)-2,6

6412 dimethylpiperazine-1- 47333 
carboxylate 

[(2R,3SIhbR)-9,10-dimethoxy
3- 2-methylpropyl)
1H, 2H,3H,4H,6H;7H. IibH

pyrido[2 ,1-a]isoquinolin-2

6-13 yliethy(R)3 459 31 460.1 methylpiperazine-I-carboxylate 
/ IN[(2R,3S,11bR)-9,10-dimethoxy

3-(2-methylpropyl)

1H,2H,3H,4H,6H,7H,IIbH

o pyTido[2,1-a]isoqnolin-2
yl]methy1 2,5
dimethylpiperazme-1

6-14 473. 3 3 474.2 
carboxylate 

EXAMPLE 7 

[(2R,3S.1lbR)-9 10-dimethoxy-3-(2-methyipropy-vliH,2H,3H4H6H7H,1IbH

pyrido[2.1-alisoguinolin-2-vllmethvl diethyl phosphate 

0 

¾ o o 

7-1 

Step 7A: 

[(2R,3S,11bR)-9,10-Dimethoxy-3-(2-methylpropy)

IH,2H,3H,4H,6H27H.1IbH-pyrido[2.1-a]isoquinolin-2-yl]methanol HC1 salt (100 mg 

0.27 nunol) and diethyl chlorophosphonate (140 mg. 0.81 mniol) were dissolved in 
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DCM (2 mL) then ethybis(propan-2-yl)amine (0.18 mL 1 1 mmo) was addedand the 

reaction mixture stirred overnight. The crude reaction mixture was diluted with DCM 

(10 mL), washed with sat. NH 4C1 (5 mL) then sat. NaHC03 (5 mL) dried over MgSU.  

filtered and concentrated. The crude mixture was purified by column chromatography 

5 (0% to 5% MeOH in DCM) to afford [(2R,381IbR)-9,10-dimethoxy-3-(2

methylpropyl)-1H 2H,3H,4H,6H,7HIbH-pyTido[2,1-a]isoquinolin-2-ylmethyl diethyl 

phosphate7-1(69.0rmg,0.15 nunol)in a56% yield. Next the HCL salt was made 

using IN HCI in ether (0.16 mL. 0.16 mnol) (m/z 470.8[MH]).  

10 EXAMPLE 8 

[(2R,3S.11bR)-9.10-dimethoxy-3-(2-methylpropyl)-1H,2H,3H.4H6H,7H.11bH

pyridof2,1-alisoquinolin-2-yllmethyl propan-2-yl carbonate 

NN 

8-1 

Step SA: 

15 [(2R,3S.IlbR)-9,10-Dimethoxy-3-(2-methylpropl)

IH.2H;3H,4H,6H,7HllbH-pyrido[2,I-a]isoquinolin-2-yl]methanol HC1 salt (150 mg, 

0.41 mnol) was dissolved in pyridine (12 mL) and cooled to -50°C. Next, propan-2-yl 

chlorofonnate (IM) (8.1 mL, 8.1 nmol) was added dropwise. The reaction was stirred 

at OC for three hours. Thec mde reaction mixture was diluted with EtOAc (50 iL), 

20 washed with sat. NH4 CI (20 mL), dried with MgSO4, filtered and concentrated. The 

crude reaction mixture was purified by column chromatography (0% to 5% MeOH in 

DCM) to afford [(2R,3S.11bR)-9,10-dimethoxy-3-(2-nethylpropyl)

1H,2H,3H.4H,6H,7HI1bH-pyrido[2,I-a]isoquinolin-2-yl]methyl propan-2-yl 

carbonate (100 mg, 0.24 nnol) in a 59% yield (m/z 420.3 [MW]) 
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EXAMPLE 9 

(2R,3S.1 lbR)9.10-Dimethoxy-2-(methoxymethl)-3-(2-methlropl

IH,213H4H6HH.7.1 lbH-pyridof2.1-alisoquinoline 

N >1 N 
0 N 

0 

9-1 

Step 9A: 

[(2R,3S,i1bR)-9,10-Diiethoxy-3-(2-methylpropy)

10 1H,2H,3H,4H,6H27H,1lbH-pyrido[2.1-a]isoquinolin-2-yl]methanol HCI salt (15 mg, 

0.041 unol) was dissolved in anhydrous DMF (0.5 mL) and NaH (32 mg 0.82 nnol) 

was added and heated to 80 °C. The mixture was cooled to 0 'C and Mel (0.003 mL, 

0.041 rol) was added andstirred for 1 hour. The reaction was quenched with sat.  

NH4C (0.5 ml) and extracted with EtOAc (10 mL), the crude reaction mixture was 

15 concentrated, redissolved in MeOH (1I mL) and purified by HPLC (m/z 348.1 [MW]) 

yielding(2R3S,1bR)-9,10-dimethoxy-2-(methoxymethyl)-3-2-methylpropy)

1H.2H;3H,4H,6H,7HIllbH-pyrido[2,1-a]isoquinoline 9-1.  

Table 7 below provides the observed (Obs) ion m/z ratio of the other 

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

20 
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Table 7 

MeO

OR" 

Calc Obs 
Cpd. -0-k Name CaL Ohs mass mass 
9-1 (2R,3S,1ibR)-9,10

dimethoxy-2
(methoxvmethyl)-3-(2

/ methylpropy1)
IH,2H.3H,4H,6H 7H,I1bH
pyido[2 1-alisoqmnohne 

9-2 (2R,3SIIbR)-2-[(2
fluoroethoxy)methy]-9,10
dimethoxy-3-(2
nethylpropyl)

F 1H,2H,3HF4H,6H.7H,1IbH
pyoido[21-a]isoqtunoline 

9-3 2-{[(2R,3S,1bR)-9,10
dimefioxy-3-(2

- methylpropyl)
1H,2H,3H,4H,6H,7H,IibH
pyrido[21-a]isoquinoiin-2

yl]methoxy}-1-(4- 49,2 470.15 fluorophenyl)ethan-I-one 

9-4 (2R,3 S,11 IbR)-9, 10
dimiethoxy-2

2n [(jH)methoxymethyl]-3-(2
/ mlethylpropyl)

2H 1H,2H,3H,4H,6H.7H.1IbH
pyido[2.1-alisoqiunoline 350.26 351.3 

9-5 (2R,3S,11lbR)-9,10
dimethoxy-2
[(methoxymethoxy)methiyl]
3-(2-methylpropyl)

IH,2H,3H,4H,6H,7H,1IbH0 1 3`77.26 3783 
pyrido[2,1I-a] isoquinoline 
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1l Cale Obs 
Cpd. -0-R   Name Cafe Obs mass mass 
9-6 (2R,3S,1lbR)-9,10

dimethoxy-3-(2

F niethylpropyl)-2 -[(2,2,2
F trifluoroethoxy)methyl]

1H2H,3H.4H,6H,7HII bH- 415,23 4162 
pyrido[2,1-a]isoqunoline 

9-7 (2R,3S11bR)-9,10
dimethoxy-3-(2

F methylpropyl)-2- [(3 3,3

F trifluoropropoxy)methyl
| IH,2H3H.4H,6H 7H,I1bH

F ~~ pvrido[2.I-aisomin le 492 3.  

9-8 (2R,3S,11bR)-2
(ethoxymethyl)-9,10
dimethoxy-3-(2
methylpropyl)
1H,2H,3H,4H,6H.7H.1ib- 361.26 3621 
pyrido[2,1-ajisoquinoline 

9-9 (2R,3S,IlbR)-9,.10
dimethoxy-2-[(2
methylpropoxy)methyl]-3

(2-methylpropyl)
I. 2 H3H.4H,6HI1IbH- 389.29 390.2 

_pyrido[2,1-a]isoquinoline 

EXAMPLE 10 

Benzv1l 4-(2-T(2R,3S,11bR)-9,10-dimethoxy-3-(2-methylpropvyl

5 1H2H,3H,4H,6H.7H.IlbH-ridof2.1-alisoquinolin-2-viimethoxyl

2-oxoethyl)piperidine-I-carboxylate 

10-1 

Step 10A: 

10 [(2R,3SI1bR)-9,10-Dimethoxy-3-(2-methylpropl)

1H,2H3H4H,6H,7H,11bH-pyrido[2,-a]isquiolin-2-yl]methanolCI salt (250 mg 
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0.68 mmol) was dissolved in DCM (5 mL) and 2-{1-[(benzyloxy)carbonyl]piperidin-4

yl}acetic acid (244 mg, 0,8 inmol) DCC (181 mg, 0.88 mmol) DMAP (83 ig068 

unnol) and TEA (0.38 mL 2.7 nunol) were added and the reaction stirred overnight.  

The crude reaction mixture was diluted with DCM (10 mL) and extracted from sat, 

5 NH4C (7mL),dried overMgSO4 filteredandconcentrated. The crude mixturewas 

purifiedby cohlunchromatoraphy(0% to 5% MeOH in DCM) to afford benzyl 

4-(2-{[(2R,3S,11bR)-9,10-dimethoxy-3-(2-mnetylpropy)-iH2H,3H,4H,6H,7H,1IbH-p 

yrido[2,1-a]isoquinolin-2-l]methoxy-2-oxoethyl)piperidine-1-carboxylate10a(270 

mg, 0.46 mmod) in a 67% yield.  
10 

Step 1OB: 

Benzyl4-(2-{[(2R,3S,11bR)-9,10-dimethoxy-3-(2-methylpropyl)

1H.2H,3H,4H,6HIH,1lbH-pyrido[2,1-a]isoquinolin-2-yl]methoxy)-2-oxoethyl)piperid 

ine-I-carboxylate IOa (220 mg, 0.37 mmol) was dissolved in1 DCM (10 mL) and heated 

15 to 60'C. Next, Et3SiH (0.29 mL, 186 mmol) was added followed by InBr3 (394 mg, 

1.11 miol) and the reaction was stirred at 60 'C for one hour. The reaction mixture 

was concentrated and redissolved in D F (5L), filtered and purified by HPLC to 

yield 4-(2-{[(2R,3S,11bR)-9,10-dimethoxy-3-(2-methylpropyl)

1H.2H,3H,4H,6HIH,1lbH-pyrido[2,1-a]isoquinolin-2-yl]methoxylethyljpiperidine 

20 10-1 (m/z 445.5 [MH]).  

Table 8 below provides the observed (Obs) ion m/z ratio of the other 

compounds that were made according to the procedure as described in this example.  
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Table 8 

MeO,, 

Me&O' ~ N 2 >N 

OR 

-0-k Calc Obs 
Cpd. Name mass mass 

4-(2-{[(2R.3S,I1bR)-9 10
dimethoxy-3-(2-methylpropyl)
1H,2H,3H,4H,6H.7H,1IbH
pyrido[2.1-a]isoquinolin-2

o yl]methoxy}ethyl)pipeidie 444.34 445 5 

10-2 N (3R)-3- ({[(2R,3S,1bR)-9,10
diethoxy-3-(2-methylpropyl)
1H. 2H3H,4H,6H,7H,1IbH
pyTido[21-a]isoqinolin-2

yxl]methoxylmethyl)pyiTolidine 416.3 417.4 

10-3 2-[(hexyioxy)methyl]-9,10

dimetlioxy-3-(2-methylpropyl)
IH,2H,3H,4H,6H;7H,IIbH
pyrido[2,1-ajisoquinoline 417.32 418.4 

10-4 (2S)-2-({[(2R,3S 11bR)-9,10
dimethoxy-3-(2-methylpropyl)
1H,2H,3H,4H,6H.7H,1IbH

pyrdo[21-a]isoquinolin-2
yI]methoxy~methyl)pyrrolidine 416.3 417.4 

10-5 4-({[(2R,3S,1IbR)-9,10
N dimethoXy-3-(2-methlpropyvl)

1H. 2 H,3H,4H,6H,7H,111bH
pyrido[2 I-a]isoquinolin-2

S yl]methoxy)nethyl)p1iperidine 430.32 431.3 

10-6 3-([(2R 38 11bR)-9,10
N dimethoXy-3-(2-methylpropyll

1H,2H,3H4H,6H.7H,1IbH
pyrido[2,1-a]isoquinoiin-2

o yljmethoxy}mnethyl)pyrolidine 416.3 417.4 

79



WO 2016/127133 PCT/US2016/016892 

-O-R   Calc Obs 
Cpd. Name mass mass 

10-7 (2R)2({[(2R,3S 11bR)-9,10
dimethoxy-3-(2-methvlpropvl)
1H,2'HH,3H4H6H,7H 11ibH
pydo[2 1-a]isoqninolin-2

0 yljmethoxy}methyl)pyrrolidine 416.3 417.4 

EXAMPLE 9 

Vmat2 Inhibitor-induced Reduction of Locomotor Activity 

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

5 locomotor activity (LMA) assay. Following a pre-treatment time 60 minutes, male 

Sprague-Dawley rats (200-250 g) are placed in a clear cage surrounded by photocell 

detectors (San Diego Instnunents). Rat locomotor activity is detected by breaks in the 

photocell beams and activity is defined as the number of beam breaks in30 nuin. Data 

were analyzed by one-way analysis of variance (ANOVA; SigmaStat version 3.0.1, 

10 SPSS. Chicago, IL) followed by the Student Newman Keuls post-hoc test for 

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

EXAMPLE 10 

Conditioned Avoidance Response Assay 

15 of Antipsvchotic Activity 

The conditioned avoidance response (CAR) test has been shown to be an 

effective and reliable preclinical model for assessing the antipsychotic activity of 

compounds. In the CAR paradigm, arat is trained in a two chamber shuttle box to 

respond to a conditioned stimulus (auditory) by negative reinforcement. If the animal 

20 fails to move to the other chamber upon presentation of an auditory stimulus, a mild 

foot shock is applied to the side where the rat is located. The rat learns to avoid the 

mild foot shock by moving to the other chamber upon initiation of the aditory signal, 

tenned a conditioned avoidance response. Crossing to the other chamber during 

administration of the shock is termed an escape response. If a rat fails to move to the 

25 other chamber even upon administration of the foot shock, the rat is considered to have 

80



WO 2016/127133 PCT/US2016/016892 

an escape failure. Numerous studies have shown that typical and atypical antipsychotic 

drugs selectively suppress CAR, thus making itan ideal assay to screen potential 

antipsychotic compounds (see, eg., WadenbergetaLBioehav.Rev. (1999) 23: 851

62).  

5 Male Wistar rats were trained every day for 3 to 4 weeks. In the training 

session, rats were placed in the CAR two-way shuttle box and the training period of 20 

trials ensued. A trial consisted 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 inter-trial interval 

ranged front 20-60 sec. The rat learned to avoid shock by moving from one 

10 compartment to the other when the conditioned stimulus was presented (a conditioned 

avoidance response). A rat was deemed sufficiently trained if it avoided the shock when 

presented with the conditioned stimulus at least 19 times out of the 20 trials. Rats that 

did not pass these criteria were not used.  

On test day, trained animals were acclimated in the test room for 30 

15 minutes prior to testing. They were then dosed with compound 1-1 HCI and placed in 

the CAR two-way shuttle box. In the test, 20 trials were performed on each rat. In each 

trial the conditioned stiilus was applied (10-sec presentation of 80 dB white noise), 

followed by the foot shock (a scrambled 0.6 mA foot shock lasting up to 20 see). If the 

animal moved to the other chamber on presentation of the conditioned stimulus, it was 

20 scored as a conditionedavoidance 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, it was scored as an escape failhire. Antipsychotic efficacy is evident by an 

increase in the nmnber of escapes. Data were analyzed by analysis of variance 

(ANOVA) followed by post-hoc comparisons with the Bonferroni Test when 

25 appropriate. An effect is considered significant if p < 0.05. Outliers defined as two 

standard deviations above or below the mean were detected and were removed from all 

analysis. Results are shown in Figure 2 and are reported as mean ±SEM for number of 

escapes.  
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EXAMPLE II 

Methods for Deternning Vmat2 Inhibitory Activity of a Compound 

Examples of techniques for determining the capability of a compound to 

5 inhibit VMAT2 are provided below. The procedure is adapted from that described 

previously (see. e.g, Near, (1986), Ao Pharmacol. 30:252-57; Teng, et al, J 

Neurochem. 71, 258-65, 1998). Homogenates from human platelets or Sprague-Dawley 

rat forebrain were prepared by homogenization and then washed by centrifigation as 

described previously (see, e.g, Hoare et al, (2003) Peptides 24:1881-97). In a total 

10 volue of0.2 mL in low-binding 96-well plates (Coming #3605), twelve 

concentrations of Compound 1-1 and R,RR-DHTBZ were competed against 6 nM 3 H

dihydrotetrabenezine (AmericanRadiolabeled Chemicals, Kd 2.6 nM) on rat forebrain 

homogenate (100 g membrane protein perxell)or human platelet homogenate (50 pg 

membrane protein per well) in VMAT2 binding buffer (Dulbecco's phosphate buffered 

15 saline, 1 mM EDTA, pH 7.4). Following 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 (PerkinEhner). Filter plates were pre-treated for 10 minutes with 

0.1% polyethylenimine, and following harvesting the filter plates were washed with 800 

pl VMAT2 binding buffer. Bound radioligand was quantified by scintillation counting 

20 using a Topcount NXT (PerkinEliner). The results of the competition binding studies 

are presented below in Table 9 and Table 10.  

Table 9 

Rat Forebrain VMAT2 Affinity from Competition Binding Studies 

Compound pKi (n) Ki (nM) 

Compound 1-1 8.6 0.1 (2) 2.6 

R,R.R-DHTBZ 8.7 0.2 (6) 1.9 
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Table 10 

Human Platelet VMAT2 Affinity from Competition Binding Studies 

Compound pKi (n) KI (nM) 

Compound 1-1 8. 3 0.1 (2) 5.2 

R,R.R-DHTBZ 8.6 0.3 (3) j 2.6 

The human Kis for the compounds listed in Table 11 were determined 

using slightly modified procedure shown below (see data in conmunder the heading 

"KinM). Ina total volume of015 iL in low-binding 96-well plates (Corning 

5 #3605), twelve concentrations of Compound 1-1 and R,R,R-DHTBZ were competed 

against 10 inMH-dihydrotetrabenezine (American Radiolabeled Chemicals, Kd 2.6 

nM) on rat forebrain homogenate (100 g membrane protein per well) or human 

platelet homogenate (15 pg membrane protein per well) in VMAT2 binding buffer 

(Dulbecco's phosphate bufferedsaline, I mM EDTA, pH 7A). Following incubation at 

10 25°C for 90 minutes, bound radioligand was collected by rapid filtration onto GF/B 

glass fiber filters usingaUnifilter-96 Harvester (PerkinEhner). Filter plates were pre

treated with 0.1% polyethylenimnine and allowed to dry overnight, and following 

harvesting the filter plates were washed with 800 pl VMAT2 binding buffer. Bound 

radioligand was quantified by scintillation counting using a Topcount NXT 

15 (PerkinElmer). In Table 11, compounds having a Ki of less than 10 nM are identified 

as"+++", compounds having a K of from 10 nM to 500 nM are identitied as"++"', and 

compounds having a Ki greater than 500 nM are identified as'-+" (NT = not tested).  

Table 11 
20 Activity Data for Representative Compounds 

Cpd. No. KiuM Human Rat 

(% max. bioavail.) (% max. bioavail.) 

2-1 

2-2 +++ ++ +++p-f 

2-3 +++ 
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CpdNo. KI ul Human Rat 

(%max, bioavail) (%max. bioavail.) 

2-4 +++ +++ ++ 

2-5 +++ +++ +++ 

2-6 -+11

2-7 +++ ++ ++ 

2-8 +++++ ++ 

2-9 

2-10 +++ + ++ 

2-11 +++++ +++ 

2-12 ++ 

2-13 +++++ 

2-14 +++++ ++ 

2-15 

2-16 t++++ 

2-17 ++ +++ +++ 

2-18 +++ +++ ++ 

2-19 +++ NT NT 

2-20 NT +++ +++ 

2-21 +++ ++ +++ 

2-22 +++ +++ +++ 

2-23 +++-++ +++ 

2-24 ++ +++ +++ 

2-25 +++ NT 

2-26 +++ +++ +++ 
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Cpd.No. KI uM Humian Rat 
(max, boaval) (%mx. bioavait.) 

2-27 ++- +++I ++i 

2-28 i-i iti 

2-29 11 111±4 

2-30 

2-31 -- ' 

2-32 ~---++ 

2-33 -- NT NT 

2-34iti--H 

2-35 

2-36 -i 

2-37---F----F 

2-38 ii ri Ff

2-39tii-F

3-1 +4 NT 

3-2 ++-- iti -Ff

3-3 -i--+ 

3-5 -- FNT NT 

3-6 ++ + 

3-7 +i 

3-8 +

3-9 +F

3-10 + i-.-.-
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Cpd.No. KI uM Humian Rat 
(max, boaval) (%max.bioavait.) 

3-12 +-i 4 

3-13 1 

4-1 

4-2 it-AH 

4-4 

4-5 NT NT NT 

4-6 ++1 1-H- -f-

4-7 +--- t 

4-8+ 

4-9 NT NT NT 

4-10 +-~' 

4-11 NT NT 

4412 i-i-i

4-13 --- NT 

4-14 ++- ~ -- ± 

4-15t 

4-16 

4-17 ±± -

4-19 ±NT NT 

4-20 NT NT 
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Cpd.No. KI uM Humian Rat 
(max, boaval) (%max.bioavait.) 

442 NT NT 

4-221T4 

4-223N 

4-24 NT NT 

4-25 ii 

4-26 -±+NT 

4-27 -

4-28 

4-29 I-i 

4-30 I--NT NT 

4-31 ± 

4-32 ~ --- Ii 

4-33 

4-34 -rj±NT NT 

4-3 NT NT 

4-36 ++i 

4-37 ± +i 

4-38 -

5-1+ 

52NT NT NT 

5-3+ 

5-4 +-± 

5-5 ~ +i-i
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Cpd.No. KIn lHuman Rat 

(%max bioavail) (%max. bioavail.) 

5-6 ++ 

5-7 

5-8 NT NT NT 

5-9 + 

5-10 NT NT 

5-11 ++ + 

5-12 NT NT NT 

5-13 NT NT NT 

5-14 + 

5-15 ++ +++ + 

5-16 NT NT NT 

5-17 ++ 

5-18 +++i+ ++ 

5-19 

5-20 ++ + 

5-21 

5-22 NT NT NT 

5-23 ++ + 

5-24 +++ ++ 

5-25 + 

5-26 ++ 

5-27 + 

5-28 + 
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Cpd.No. KI uM Humian Rat 
(max, boaval) (%max.bioavait.) 

5-29 ++i 

5-30 +-4 

5-31 +++-~ ++tA 

5-32 +-~' 

5-33 NT NT NT 

5-34 ++ + 

5-35 -- NT NT 

5-36 NT NT NT 

5-37 + 

5-38 NT NT NT 

5-39 + 

5-40 +-

5-41 +H 

5-42+ 

5-43 +v 

5-45 -vNT NT 

5-46 +v 

5-47 +-1 

5-48 --- I 

5-49 +--- NT 

5-50 -+---+ ++~-Pi

5-51 NT NT NT 
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CpdNo. KI ul Human Rat 

(%max bioavail) (%max. bioavail.) 

5-52 + + 

5-54+ 

5-55 NT NT NT 

5-56 ++ + 

5-57 

6-1 

6-2 

6-3 NT 

6-4 + 

6-5 + 

6-6 

6-7 + 

6-8 

6-9 

6-10 

6-11 + 

6-12 NT NT NT 

6-13 

6-14 

7-1 ++ ++ +++ 

8-1 +++ 

9-1 NT NT 
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CpdNo. KiuM Human Rat 

(%max, bioavail) (%max. bioavail.) 

9-2 NT NT NT 

9-3 NT NT 

9-4 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 +NT ++ 

10-2 + 

10-3 ++ +++ ++ 

10-4 +++++ +++ 

10-5 ++ NT NT 

10-6 +++ + ++ 

10-7 ++++++ 

Another technique that may be routinely performed to determine the 

capability of a compound to inhibit VMAT2 is provided below. The following 

procedure is adapted from a previously described method (see Teng, et al., J 

5 N'eurchem. 71.258-65, 1998).  

Preparation of rat striatal vesicles: Ratrstriata from threerats are pooled 

and homogenized in 0.32 M sucrose. The homogenate is then centrifuged at 2,000 x g 

for 10 min at 4 C and the resultingsupematant is centrifuged at 10,000 x g for 30 mn 

at 4 C. The resulting pellet containing the enriched synaptosomal fraction (2 mL) is 

10 subjectedto osmotic shock by addition of 7 mL of distilled H2 O, and subsequentlythe 

91



WO 2016/127133 PCT/US2016/016892 

suspension is homogenized. The osnolarity is restored by the addition of0.9 mL of 

0.25 M HEPES and 0,9 mIL of 1.0 M neutral L-(+)-tartaric acid dipotassiunsalt buffer 

(pH 7.5), followed by a 20 in centrifugation (20,000 x g at 4 °C). The supernatant is 

then centrifuged for 60 min (55,000 x g at 4 C)and the resulting superatant is 

5 centrifuged for 45 min (100,000xg at 4 'C). The resulting pellet is resuspended in 25 

mM HEPES, 100 mM L-(-)-tartaricacid dipotassium salt, 5 mM MgCl, 10 mM NaCl, 

0.05 mM EGTA, pH 7.5 to a protein concentration of 1-2 ing/mL and stored at -80C 

for up to 3 weeks without appreciable loss of binding activity. hImediately before use, 

the fial pellet is resuspended in binding buffer (25 mM HEPES, 100 mM L-(+)-tartaric 

10 acid dipotassiun salt, 5 mM MgC 2 , 10 mNM NaCl, 0.05 mM EGTA, 0.1 mM EDTA., 

1.7 mM ascorbic acid, pH 7.4).  

[JH]-dihydrotetrabenazine (DHTBZ) Binding: Aliquots of the vesicle 

suspension (0.16 mL, 15 pg of protein/mL) are incubated with competitor compounds 

(ranging from 10-6 to 10-" M) and 2 nM [H]-dihydrotetrabenazine (HTBZ; specific 

15 activity: 20 Ci/nunol, American Radiolabeled Chemicals, Inc.) for 1 h at room 

temperature in a total volume of 0.5 mL. The reaction is tenninated by rapid filtration 

of the samples onto Whatman GFiF filters using a Brandel cell harvester. Nonspecific 

binding is detennined using 20 M tetrabenazine (TBZ). Filters are previously soaked 

for 2 h with ice-coldpolyethyleneimine (0.5%). After the filters are washed three times 

20 with the ice-cold buffer, they are placed into scintillation vials with 10 mLscintillation 

cocktail. Bound radioactivity is determined by scintillation spectrometry.  

EXAMPLE 12 
Methods for Determining Metabolic Pathways of a Compound 

25 To investigatedifferencesinthemetabolismofCompound1-1and 

R,RR-DHTBZ in vitro both compounds were incubated with lunan hepatocytes and 

the amounts of metabolites formedvia the respective demethylation, oxidation, and 

glucuronidation pathways were deternined by LC-MS/MS. The instrument responses 

for all metabolites were assumed to be approximately equal. For both compounds the 

30 percentage of overall in vitro metabolism due to the respective pathways fictionn 
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metabolized, m) was calculated by dividing the LI/MS peak area of the metabolite(s) 

formed via a given pathway by the sum of the peak areas of all metabolites monitored.  

Results of this analysis indicated that RR,RDITBZ was primarily metabolized by 

demethylation. This demethylation is believed to be catalyzed by CYP2D6. II 

5 contrast, Compound 1-1 was primarily metabolized by glucuromidation. Figure 3 

illustrates the contribution of metabolic pathways to the overall in vitro metabolism of 

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

EXAMPLE 13 

10 Method to Determine stability of Compounds in Mammalian Liver Microsomes 

Test compound (luM) was incubated with pooled mixed gender liver 

mcrosomes from hunans (0.5mg/mL total protein) and SD rats (0.lmg/mL total 

protein) at37°CinthepresenceofanNADPH-generatiug system containing 50 mM, 

pH 7.4 potassium phosphate buffer, 3 niM magnesin chloride, imM EDTA, 1 nIM 

15 NADP, 5 mM glusose-6-phosphate, and I Unit/iL glucose-6-phosphate 

dehydrogenase. All concentrations were relative to the final incubation volume of 

250uL Incubations were conducted at 37°C for 0, 5, 10, 20, 40 and 60 minutes in a 

water bath and terminated by rapid mixing with 300 uL of ice-cold acetonitrile 

containing 0.1% formic acid. Internal standard was added and proteins were 

20 precipitated and removed by centrifugation prior to LC/MS analysis. Aliquots of the 

resulting supenatant fractions were analyzed by LC/MS monitoring for depletion of 

parent compound. The resultant peak area ratio versus time data was fitted to a non

linear regression using XLfit Scientific Curve Fitting Software (IDBS Ltd., Surrey, UK) 

and half-life was calculated from the slope. Pharmacokinetic parameters were predicted 

25 using the method described by Obach et al (J Pharmncol. Ep. Ther, 1997; 283: 46.58).  

Briefly, values for intrinsic clearance were calculated from the in vitro half-life data and 

were then scaled to represent the clearance expected in the entire animal (human or rat).  

Additional values calculated included predicted extraction ratio and predicted 

maximum bioavailability.  
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By the above procedures, the predicted maximum bioavailability (human 

and rat) for the compounds listed in Table I Iabove were calculated (see data in 

colunns under the headings "Human (% max. bioavail)""Rat (% max. bioavai)" 

respectively). In Table 11, compounds having a predicted maxiuibioavailability of 

5 less than 10% are identified as"+++"> compounds havinga predicted maximum 

bioavailability from 10% to 50% are identified as "++",- and compounds having a 

predicted maximin bioavailability of greater than 50% to 100% are identified as"+" 

(NT = not tested).  

10 EXAMPLE 14 

Method to Detenuine Hydrolytic Stability of Compounds in Manunalian Intestinal S9 

Compounds that demonstrated metabolic stability in the nnian liver 

microsomnal screening assay, defined as scaled intrinsic clearance of<20 mL/minikg 

15 (approximately >50% predicted bioavailability), were selected for further evaluation of 

hydrolytic stability in an in vitro intestinal S9 assay (SD rat and human). Compounds 

(luM) were incubated with pooled intestinal S9 subellular preparations (05mg/mnL 

total protein) hon SD rats and humans without the addition of protease inhibitor 

phenylmethylsulfonylflouride. Incubations were carried out in a potassium phosphate 

20 buffer (50 mM). All concentrations were relative to the final incubation volue of 125 

uL. Incubations were conducted at 37°C for 0. 5, 10, 20,40 and 60 minutes in a water 

bath and terminated by rapid mixing with 150 uL of ice-cold acetonitrile ontaining 1% 

formic acid. Internal standards added and proteins were precipitated and removed 

by centrifiugation prior to LCMS analysis. Aliquots of the resulting supernatant 

25 fractions were analyzed by LC/MS monitoing for depletion of the test compound and 

formation of compound 1-1. The results were used to categorize compounds based on 

their potential to hydrolyze to fonn compound I-I in the in vitro assay 

The results of this assay are presented in Table 12. To this end, the 

compounds listed in Table 12 were separated into three classes of compounds based on 

30 their ability to fonn compound I-1: high (identified as "+++");moderate (identitied as 

"+"),and low (identified as "+').  
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Table 120 
Activityv Data for in vitro Human itestinal S9 Hydrolysis Assay 

Compound S9 Assay Compound S9 Assay 

2-10 -FF5 -17 + 
2-25 -I-5-19 _______ 

3-1 -F 5-20 ++ 

33j -F--I 5-23 -H

3- 525 + 
3-6 5-26___ +__ _ _ 

3-7 ±-2 +_______ 

3-8 --- F5-28 +t 
395-30 +_______ 

3-10 5FF- -32 -F

3-11 5-- 34 +_______ 

3-12 5H-I 39 -H-

3-13 t--5-40 +_______ 

4-1 5:tz-41 + 
475-42 _________ 

4- + -43 +_______ 

4-10 jA 5-46 -F

4-13 +FH 5-47 +_______ 

4-15 + 5-49 +_______ 

4-16 +1 5-52 +_______ 

4-22 5-5t + 

4-26 t--5-56 +_______ 

4-28 -- +*5 

4-29 -I--F6-1 +_______ 

43 +6-3 +_______ 

4-36 -H-- 6-4 + 
4-38 ± 6-5 -H

5-1 + 6-6 + 
5-3 +1 6-7 +_______ 

5-4 +F 6-8 + 
5-5 +1 6-10 +_______ 

5-6 +F 6-11 + 
5-9 + 6-13 + 

5-11 + 
5-14 +F 

The disclosur-eof U. pro-visional patent application Serial No.  

62/11')3 16, fled Febituiy 6, 2015, is Incorporated hereinlInIits 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 variations 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): 

MeO 

MeO 

OR' 

(I) 

or a pharmaceutically acceptable salt or solvate thereof, 

wherein: 

R 1 is a) hydrogen; 

b) -P(=0)(OR')2; 

c) -C(=O)alkyl, wherein alkyl is optionally substituted with 

R 10 and/or R20; 

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

substituted with R10 and/or R 20; 

e) -C(=O)carbocyclyl, wherein carbocyclyl is optionally 

substituted with R10 and/or R 20; 

f) -C(=O)N(R3)alkyl, wherein alkyl is optionally substituted 

with R10 and/or R 20; 

g) -C(=O)N(R3)carbocyclyl, wherein carbocyclyl is 

optionally substituted with R10 and/or R20; 

h) -C(=O)Oalkyl, wherein alkyl is optionally substituted 

with R10 and/or R 20 ;or 

i) alkyl, wherein alkyl is optionally substituted with R10 

and/or R20 

and wherein, 

each R3 is independently hydrogen or alkyl; 
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each R10 is independently halo, haloalkyl, cyano, nitro, 

trimethylsilanyl, -OR30,

SR30,-OC(O)-R 30, -N(R30)2 , -C(O)R30, -C(O)OR30 , -C(O)N(R3 0)2 , -N(R3 )C(O)OR31,

N(R30)C(O)R 31, -N(R 30)C(=NR3 1)N(R 3 2 ) 2 , -N(R30)S(O)tR 31 (where t is 1 to 

2), -S(O)tOR 3 0 (where t is 1 to 2), -S(O)pR 30 (where p is 0 to 2) or -S(O)tN(R30)2 (where 

t is 1 to 2), -OP(=O)(OR 30)2, or when a single atom bears two R10 groups such two R10 

groups may be taken together to form oxo; 

each R2 0 is independently alkyl, alkenyl, aryl, aralkyl, cycloalkyl, 

cycloalkylalkyl, heterocyclyl, heterocyclalkyl, heteroaryl or heteroarylalkyl, or when a 

single atom bears two R20 groups such two R20 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 R10 and/or R22; 

each R2 2 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 10; and 

each R30 , R 31 and R32 is independently hydrogen or alkyl.  

2. The compound of claim 1, wherein the compound is 

[(2R,3S,1lbR)-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,1lbR)-9,10-dimethoxy-3-(2-methylpropyl)-1H,2H,3H,4H,6H,7H,11bH

pyrido[2,1-a]isoquinolin-2-yl]methanol HCl.  
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4. The compound of claim 1, or a pharmaceutically acceptable salt 

or solvate thereof, wherein R is -P(=O)(OR3)2.  

5. The compound of claim 1, or a pharmaceutically acceptable salt 

or solvate thereof, wherein R1 is -C(=O)alkyl, and wherein alkyl is optionally 

substituted with R10 and/or R 20.  

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

from one of the following: 

N 

O Hy "_ N H2 

0 2-1 O11 O 

N 

H 0 

O r,, N 

2-2 O 

N H 

O I H " 

2-3 O O 

N 

H0 00 

2-4 O O 
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N 

H H 0 
O N 

2-5 O 

N 

H 

2-7 O 

N 

|H 

2-8 

N 

|H 
O ~ ll N H2 

2-9 O O 

N 

|H 
O0 

0 0""^" N
2-10 /O O 

N 

H I 

2-13 /O O 
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00 

2-14 O 

N 

HI 1 

O r,, N 

2-15 O 

N 

H H 0 

2-16 O 

N, 

H 

2-17 O 

N 

H 
O0r N 

2-19 O 

N 

2-23 O_ __0 O 
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N, 

H O1/ 1H 

2-24OO N 

2-28OO 

2-29 O 

2-30 0 

N 

H 

Ol~ N 

2-2 O0 

N 

HIN 

2-33 0 
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N 

H 

O 

2-34 O 

N 

H 

° Y OH 
2-35 O O 

N 

H 

2-36 - O 

N 

3--O 

103 

2-39 O0 

N 

O O OH 

3-1 O11 O O 

N 

H 
O ,,,- OH 

3-2 O-1 O O 
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N 

H 

3-3 O O 

H 0, 0 

O AOH 

3-7 O O 

N 

H 

00 

O 0OH 

3-8 O-1 O O 

3-9 OO 

N 

0 

H OH 

3-10 /O O 0 

HO 
O OH 

3-11 /O __0 O 
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OOH 

3-12OOO 

00 

O OH 

3-13 O O 

4-2 

NH2 

4-9 

4-10 N 

OH 

4-12 
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H Y___NH2 

4-14 0 

4-16 0 H 

4-17 70 

4-19 0 

N 

4-23OOHN 

O N H2 

4-24OO 
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4-28 

4-29 

4-30 O NF 

NH2 

4-31 

4-33 

4-34 7 
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N 

H H 

4-36 

N 

H I r 

4-37 O 

N 

H 
0 /"' NH 

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 R1 is -C(=O)heterocyclyl, and wherein heterocyclyl is 

optionally substituted with R1 0 and/or R20 .  

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

from one of the following: 

N 

HN 

2-6 

108



2-11 O 

O N 

2-12 O 

ON 

2-18 O O 

O N 

2-21 O O 

ON 
00 

2-22 O O 

ON 

2-25 O 

109



N 

N N 
H 

1-11 0 

2-27 0 

O 0 

2-31OO 

Oj N 

2-37 

NH 

4-1 

00 

4-3 H 

110



N 

H " H/ 2 HN,% 0H oID 
0 0 

4-5 

N NH 

H NH 

0 N 

N 

NI H '1/iHN 
05 0 

4-11 0 

N1



O~ NH 
HN 

4-13 0 

N 

H INH 
00 

4-15 0 0 

ONH 

4-20 o 

4-22 
NH 

4-26 O 
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N  

O H O0N 

4-27 0 

O~ NH 

4-29 0 

0 

00 
0 0 N 

4-32 H O 

ONH 

4-35 

O0 
5-4 11 

O 0OH 
5-6 
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5-7 

O O 

5-8 

N 

H N 

0 0 N 
5-12 

OH NO 

5-13 O0 

O 
5-13 

0 O 

5-140 

N, 0 
's 

0,0 

5-150 
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N 

5-18 O 

N 0 

H NH 
0 ~ 0 yN,, 

5-21 0 

N 

H 

5-24 0 N 

0 N 

OOH 

5-27 11 

NN 

5-31 O 

O 'N 

5-37 O 
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NN 

O- NOH 

5-43 

5-44 

N 

H N 

0' 0 

ON N 

5-50 0 0 O N OH 00 

OH 

5-52 O 
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0 0 

5-530 

5-5N 

HN 

N 

H I NH 

0 0 y<N,,, 

6-2 

NN 

H rN 

0 0 0 

6-2 H 

11



N 

H IN 
N0  

0 N0 

6-5 _ 

NN 

6-46 

NH 

N N " 

H I NH 
N.0 N,, 

0 
6-5 0 H 

H rNH 

6-68 
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N 

H 6NH 

0-10 H 

O y 
N 

6-9 O0 

N 

H 

6- 1 
O N 

6-10 H 

OH 

6-11 N 

H 

6-12 H 

N 

H 

1o o 

O ** N 

6-13 

1 11



N 

H 
NH 

0 ~ 0 YN,,, 
6-14 0 

or a pharmaceutically acceptable salt or solvate thereof.  

9. The compound of claim 1, or a pharmaceutically acceptable salt 

or solvate thereof, wherein R1 is -C(=O)carbocyclyl, and wherein carbocyclyl is 

optionally substituted with R1 0 and/or R20 .  

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

from one of the following: 

N 

OH O 

2-20 O O 

N 

2-381110 

N 

HO HO A OH 

3-4 O O O 
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N 

H 
0 

3-5 O OH 

N 

H 
00 

3-6 O OOH 

N 

H NH2 

4-18 O0 

N 

N0  H 1 H 2N HH 

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 R1 -C(=O)N(R3)alkyl, and wherein alkyl is optionally 

substituted with R10 and/or R20 .  
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12. The compound of claim 1, wherein the compound is selected 

from one of the following: 

N 

JI H H 

5-1 0 0 

N 

II/V 0 
OH H H 

yN OH 
5-2 

N 

II/V 0 

H OH 
5-3 0 

N 

H "'I H 
yN2 OH 

5-5 1 0 

N 

OH OH 

5-10 O 

N 

'/ 1OH 

O H O N OH 

5-11 0 0 
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O OH 
5-16 O 

O OH 

5-17 O 

5-19OO 

5-20 0 OH 

N 

H H 

O N OH 
5-22 O0 

O~ OH 

0YN6 

5-23 O O 
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N 

H IOH 
5-25 

N 

H H 

O N_ OH 

5-26 

N 

H OH 
5-28 

N 

H 

5-29 O-1 O 

N 

OH OH0 

5-30 00 

N 

O yN OH 
5-32 O 
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O~ OH 

5-33 

O OH 

5-34 0 

O~ OH 

5-36 

O N OH 

5-38OOO 

H O 

Nj 0 YN&OH 

5-39 O 

5-42OO 
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N 

H 0OH 
5-45 

N0 

H 

5-46O51O O 

N 

Oj HO 
5-47 O-1 O ' m 

N 

OH OH0 

5-55 

N 

HO 

O N 'O H 

5-55 

N 

OH OHI 

5-56 O0 O 

12



O 10 H O N OH 

5-57 O O 

or a pharmaceutically acceptable salt or solvate thereof.  

13. The compound of claim 1, or a pharmaceutically acceptable salt 

or solvate thereof, wherein R1 is -C(=O)N(R3)carbocycle, and wherein carbocycle is 

optionally substituted with R1 0 and/or R20 .  

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

from one of the following: 

H 
H H 

OO N \ 
O0 OyN/ H 

5-9 

N 

H OO 
H H 

5-35 

N 

H H 
OyN 

OO 

5-40 O O 
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N 

-,, HO O 
H H 

5-41 10 O 

or a pharmaceutically acceptable salt or solvate thereof.  

15. The compound of claim 1, or a pharmaceutically acceptable salt 

or solvate thereof, wherein R1 -C(=O)Oalkyl, and wherein alkyl is optionally 

substituted with R10 and/or R20 .  

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

N, 

H 
0~ O, 

8-1 0 

or a pharmaceutically acceptable salt or solvate thereof.  

17. The compound of claim 1, or a pharmaceutically acceptable salt 

or solvate thereof, wherein -R 1 is alkyl, and wherein alkyl is optionally substituted with 

R 10 and/or R20 .  

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

9-1 

N 

H 

O 
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9-2 N 

H 

00 

10 
9-5 

OF F 

4 O F 9-4 

N 

//"OCD3 

H C 

9-5

9-6 

ojF F 

9-7 

O F 

F 
111 12 F 
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9-8 

H 

9-9 O 

10-1O 

HN 

10-2O 

O 

HN 

10-3 

10 

1-130



10-4 N 

H 

HN 

10-5 N 

H 

10-6 

N 
H 

10-6 N 

H 

HN 

10-7 N 

H 

H N 

or a pharmaceutically acceptable salt or solvate thereof.  

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

N 
MeO'C 

H 

OR1 

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 VMAT2 

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,

N 
MeO,*'C 

OH 

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

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

a) -P(=0)(OR')2; 

b) -C(=O)alkyl, wherein alkyl is optionally substituted with R10 

and/or R20; 

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

substituted with R10 and/or R20; 

d) -C(=O)carbocyclyl, wherein carbocyclyl is optionally substituted 

with R10 and/or R2 0; 

e) -C(=O)N(R3)alkyl, wherein alkyl is optionally substituted with 

R 10 and/or R20; 

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

with R10 and/or R2 0; 

g) -C(=O)Oalkyl, wherein alkyl is optionally substituted with R10 

and/or R20 ;or 

h) alkyl, wherein alkyl is optionally substituted with R10 and/or R2 0 

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 VMAT2 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






	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

