
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2017/0204088 A1 

Skolnick et al. (43) Pub. Date: 

US 20170204088A1 

Jul. 20, 2017 

(54) 

(71) 

(72) 

(21) 
(22) 

(63) 

NOVEL 
1-HETEROARYL-3-AZABICYCLO3.1.0) 
HEXANES, METHODS FOR THEIR 
PREPARATION AND THEIR USE AS 
MEDCAMENTS 

Applicant: EUTHYMICS BIOSCIENCE, INC., 
Cambridge, MA (US) 

Inventors: Phil Skolnick, Edgewater, NJ (US); 
Zhengming Chen, Belle Meade, NJ 
(US) 

Appl. No.: 15/420,961 
Filed: Jan. 31, 2017 

Related U.S. Application Data 
Continuation of application No. 14/802,802, filed on 
Jul. 17, 2015, now Pat. No. 9,597,315, which is a 
continuation of application No. 13/856,431, filed on 
Apr. 3, 2013, now Pat. No. 9,133,159, which is a 
continuation of application No. 13/669,438, filed on 
Nov. 5, 2012, now abandoned, which is a continu 
ation of application No. 13/425,371, filed on Mar. 20, 
2012, now abandoned, which is a continuation of 
application No. 13/221,892, filed on Aug. 30, 2011, 
now abandoned, which is a continuation of applica 
tion No. 13/048.852, filed on Mar. 15, 2011, now 

(60) 

(51) 

(52) 

(57) 

abandoned, which is a continuation of application No. 
12/895,788, filed on Sep. 30, 2010, now abandoned, 
which is a continuation of application No. 12/135, 
053, filed on Jun. 6, 2008, now abandoned. 
Provisional application No. 60/933,631, filed on Jun. 
6, 2007. 

Publication Classification 

Int. C. 
C07D 417/04 (2006.01) 
C07D 403/04 (2006.01) 
C07D 40/04 (2006.01) 
C07D 405/04 (2006.01) 
C07D 409/04 (2006.01) 
U.S. C. 
CPC ......... C07D 417/04 (2013.01); C07D 405/04 

(2013.01); C07D 409/04 (2013.01); C07D 
401/04 (2013.01); C07D 403/04 (2013.01) 

ABSTRACT 

The invention provides novel 1-heteroaryl-3-azabicyclo[3. 
1.0 hexanes, and related processes and intermediates for 
preparing these compounds, as well as compositions and 
methods employing these compounds for the treatment 
and/or prevention of central nervous system (CNS) disor 
ders, including but not limited to depression and anxiety. 
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NOVEL 
1-HETEROARYL-3-AZABICYCLO3.1.0) 
HEXANES, METHODS FOR THEIR 
PREPARATION AND THEIR USE AS 

MEDCAMENTS 

TECHNICAL FIELD 

0001. The present invention relates to novel 1-heteroaryl 
3-azabicyclo[3.1.0 hexanes, intermediates for the produc 
tion thereof and methods for preparing, formulating, and 
using 1-heteroaryl-3-azabicyclo3.1.0 hexanes. 

BACKGROUND OF THE INVENTION 

0002 Phenyl substituted-3-azabicyclo[3.1.0 hexanes, 
exemplified by bici fadine (p-toly-3-azabicyclo[3.1.0 
hexane) and 1-(3,4-dichlorophenyl)-3-azabicyclo[3.1.0 
hexane have been reported to inhibit the uptake of biogenic 
amines (serotonin, norepinephrine and dopamine) that serve 
as neurotransmitters in the central nervous system. Basile, 
A. S., et al., J. Pharmacol. Exp. Then, 321:1208-1225 
(2007); Skolnick, P. et al., Eur. J. Pharmacol. 461:99 (2003); 
Skolnick, P. et al., Life Sci. 73:3175-3179 (2003); Skolnick, 
P. et al., CNS Drug Reviews (2006). Related compounds 
have also been described in U.S. patent application Ser. No. 
11/371,178 filed on Mar. 7, 2006, which is related to and 
claims priority from U.S. Provisional Applications 60/661, 
662, filed on Mar. 8, 2005 and 60/701,562 filed on Jul 22, 
2005, the disclosures of which are incorporated herein by 
reference in their entirety. Biogenic amines are widely 
distributed throughout the central nervous system and have 
been implicated in a variety of neurological and psychiatric 
disorders ranging from acute and chronic pain syndromes, 
and neuropathic disorders, to affective disorders such as 
depression and anxiety. Briley, M., Hum. Psychopharma 
col. Clin. Exp. 19:S21-S25 (2004); Skolnick, P. in “Dop 
amine and glutamate in psychiatric disorders.” W. Schmidt, 
Editor; Humana Press, Totowa, Chapter 9, pp. 199-214 
(2005). Compounds inhibiting the uptake of these neu 
rotransmitters (resulting in increased concentrations of nor 
epinephrine, serotonin and/or dopamine in the synaptic 
cleft) may therefore be useful in treating these disorders. 
Skolnick, P., et al., CNS Drug Reviews (2006); Briley, M., 
Hum. Psychopharmacol. Clin. Exp. 19:S21-S25 (2004) 
0003. The effectiveness of a neurotransmitter uptake 
inhibitor in treating a neuropsychiatric disorder depends 
upon, at least in part, its relative potency as an inhibitor of 
serotonin versus norepinephrine versus dopamine uptake. 
For example, serotonin selective reuptake inhibitors (SSRIs) 
are commonly prescribed as antidepressants but are not very 
effective in treating pain Atkinson, J. H. et al., Pain 83:137 
145 (1999), while compounds that inhibit the uptake of 
norepinephrine and serotonin (NSRIs) are useful in treating 
both depression and pain. Compounds inhibiting the 
reuptake of all three biogenic amines may have certain 
therapeutic advantages (e.g., faster onset; Superior side 
effect profile) than single or dual uptake inhibitors. Skol 
nick, P. et al., Eur. J. Pharmacol. 461:99 (2003); Skolnick, P. 
et al., Life Sci. 73: 3175-3179 (2003); Skolnick, P. in 
"Dopamine and glutamate in psychiatric disorders.” W. 
Schmidt, Editor; Humana Press, Totowa, Chapter 9, pp. 
199-214 (2005) 
0004. The ability of phenyl substituted azabicyclo 
hexanes to inhibit biogenic amine uptake is effected through 
binding to a family of distinct but related transport proteins 
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that have been identified and can readily be expressed as 
recombinant proteins. Povlock, S. L. and Amara, S. G., in 
“Neurotransmitter transporters. Structure, function, and 
regulation.” Reith ME A, Editor, Humana Press, Totowa, 
pp. 1-28 (1997); Eshleman, A. J. et al., Journal of Pharma 
cology & Experimental Therapeutics 289:877-885 (1999) 
The potency of a compound to inhibit biogenic amine uptake 
can be measured by standard neurochemical techniques 
Skolnick, P. et al., Eur. J. Pharmacol. 461:99 (2003) 
including radioligand binding and HIbiogenic amine (e.g., 
serotonin) uptake using such recombinant proteins 
expressed in, for example, a mammalian cell line. Such 
techniques are well known to those skilled in the art. 
0005. Notwithstanding the foregoing, there remains a 
compelling need to identify additional compounds that 
inhibit the reuptake of one, two, or three of these biogenic 
amines for the treatment of a variety of neurological and 
psychiatric disorders. 

SUMMARY OF EXEMPLARY EMBODIMENTS 
OF THE INVENTION 

0006. It is therefore an object of the present invention to 
provide novel compounds capable of inhibiting the reuptake 
of multiple biogenic amines linked to neurological and 
psychiatric disorders, and to provide related compositions 
and methods for treating and managing a variety of neuro 
logical and psychiatric disorders, including depression and 
anxiety. 
0007. It is a further object of the present invention to 
produce and select novel 1-heteroaryl-3-azabicyclo3.1.0 
hexanes as therapeutic agents. 
0008. It is another object of the invention to provide new 
synthetic methods and compositions useful for producing 
1-heteroaryl-3-azabicyclo[3.1.0 hexanes and related com 
pounds. 
0009. It is an additional object of the invention to provide 
novel 1-heteroaryl-3-azabicyclo[3.1.0 hexane compositions 
and methods useful to treat or manage neurological and 
psychiatric disorders by modulating transport of one or more 
biogenic amines, for example to simultaneously inhibit or 
block the reuptake of norepinephrine and/or serotonin and/or 
dopamine. 
0010. The invention achieves these objects and satisfies 
additional objects and advantages by providing novel 1-het 
eroaryl-3-azabicyclo-3.1.0 hexanes that possess unex 
pected activities for modulating biogenic amine transport. 
0011. In exemplary embodiments, novel arylbicyclo[3.1. 
Ohexylamines are provided that have the following Formula 
I: 

Formula I 

N 

R 

0012 and enantiomers, polymorphs, Solvates, hydrates, 
prodrugs and pharmaceutically acceptable salts thereof, 
wherein: 
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0013 Ar is a heterocyclic aryl group selected from furan, 
thiophene, pyrrole, imidazole, pyrazole, triazole, tetrazole, 
thiazole, isothiazole, pyridine, pyridizine, pyrimidine, pyra 
Zine, triazine, indole, benzofuran, benzothiophene, benzo 
thiazole, quinoline, isoquinoline, cinnoline, phthalazine, 
quinazoline, quinoxaline, chromane and isochromane, and 
Ar is either unsubstituted or substituted with one or more 
substituents independently selected from fluoro, chloro, 
bromo, iodo, —NO. —CN, -NH carboxy, Cs alkyl, 
Cs alkenyl, Cs alkynyl, halo(Cs)alkyl, hydroxy, trifluo 
romethyl, C.s cycloalkyl, C- alkoxy, C alkoxy(C) 
alkyl, carboxy(C)alkyl, C- alkanoyl, halo(C)alkoxyl, 
Cs alkylamino, and di(Cs)alkylamino; and 
0014 R is selected from hydrogen, unsubstituted Co 
alkyl, Css cycloalkyl, Coalkenyl, and Cso alkynyl, and 
Substituted Co alkyl, Co alkenyl and Co alkynyl 
wherein the Substituent is one or more of hydroxy, cyano, 
halogen, C alkoxy, aryl Substituted C. alkoxy, aryloxy, 
aryloxy Substituted with one or more halogens, Ce alkyl, 
C. alkyl independently substituted with one or more of 
cyano and halogen, C. alkoxy, and Chaloalkoxy. 
0015 The invention also provides novel methods of 
making 1-heteroaryl-3-azabicyclo3.1.0 hexanes, including 
synthetic methods that form novel intermediate compounds 
of the invention for producing 1-heteroaryl-3-azabicyclo-3. 
1.0 hexanes. In related embodiments, the invention provides 
novel processes for preparing one or more 1-heteroaryl-3- 
aZabicyclo-3.1.0 hexanes, to yield novel compounds useful 
in biologically active and/or therapeutic compositions. 
0016 Useful 1-heteroaryl-3-azabicyclo[3.1.0 hexanes of 
the invention include the 1-heteroaryl-3-azabicyclo-3.1.0 
hexane compounds described herein, as well as their active, 
pharmaceutically acceptable salts, polymorphs, Solvates, 
hydrates and/or prodrugs, or combinations thereof. 
0017. In yet additional embodiments, the invention pro 
vides pharmaceutical compositions and methods for treating 
disorders of the central nervous system (CNS), including a 
wide array of serious neurological or psychiatric conditions, 
in mammals that are amenable to treatment using agents that 
inhibit or otherwise modulate biogenic amine transport. 
0018. The forgoing objects and additional objects, fea 

tures, aspects and advantages of the present invention are 
further exemplified and described in the following detailed 
description. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OF THE INVENTION 

0019. The instant invention provides novel, aryl-substi 
tuted and/or aza-substituted 1-heteroaryl-3-azabicyclo[3.1. 
0.hexanes, as well as compositions and processes for pro 
ducing these compounds. In exemplary embodiments, the 
invention provides compounds characterized in part by 
Formula II. 

Formula II 
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wherein Ar is a heterocyclic aryl group, optionally with or 
without Substitution groups on the aryl ring, and wherein R 
is H or an optional Substituent selected from, for example, 
hydrogen, Co alkyl, halo(C1-)alkyl, C-9 cycloalkyl, Cs 
alkoxy(C)alkyl, carboxy(C)alkyl, C. alkanoyl, car 
bamate, halo(C)alkoxy(C)alkyl, C- alkylamino(C) 
alkyl, di(C)alkylamino(C)alkyl and cyano(Ce)alkyl, 
more preferably, methyl, ethyl, trifluoromethyl, trifluoro 
ethyl and 2-methoxyethyl. 

0020. The instant invention also provides novel 1-het 
eroaryl-3-azabicyclo-3.1.0 hexanes having the following 
Formula I: 

Formula I 

N 

R 

0021 and enantiomers and pharmaceutically acceptable 
salts thereof, wherein: 
0022 Ar is a heterocyclic aryl group selected from furan, 
thiophene, pyrrole, imidazole, pyrazole, triazole, tetrazole, 
thiazole, isothiazole, pyridine, pyridizine, pyrimidine, pyra 
Zine, triazine, indole, benzofuran, benzothiophene, benzo 
thiazole, quinoline, isoquinoline, cinnoline, phthalazine, 
quinazoline, quinoxaline, chromane and isochromane, and 
Ar is either unsubstituted or substituted with one or more 

substituents independently selected from fluoro, chloro, 
bromo, iodo, —NO. —CN, -NH2 carboxy, Cs alkyl, 
Cs alkenyl, Cs alkynyl, halo(Cs)alkyl, hydroxy, trifluo 
romethyl, Css cycloalkyl, C- alkoxy, C- alkoxy(C1-) 
alkyl, carboxy(C)alkyl, C- alkanoyl, halo(C)alkoxyl, 
Cs alkylamino, and di(Cs)alkylamino; and 

0023 R is selected from hydrogen, unsubstituted Co 
alkyl, Css cycloalkyl, Coalkenyl, and Cso alkynyl, and 
Substituted Co alkyl, Cao alkenyl and Cao alkynyl 
wherein the Substituent is one or more of hydroxy, cyano, 
halogen, C alkoxy, aryl Substituted C. alkoxy, aryloxy, 
aryloxy Substituted with one or more halogens, Ce alkyl, 
C. alkyl independently substituted with one or more of 
cyano and halogen, C. alkoxy, and Chaloalkoxy. 

0024. In certain embodiments, Ar is furane, thiophene, 
methyl furane, pyridine, methoxypyridine, benzofurane, 
benzothiophene, chlorobenzothiophene, quinoline, indole or 
methylindole and R is hydrogen or unsubstituted Co 
alkyl. 

0025. In additional embodiments, R 
methyl, ethyl, propyl or isopropyl. 
0026. An illustrative assemblage of 1-heteroaryl-3-azabi 
cyclo-3.1.0 hexanes within this aspect of the invention is 
provided in Table 1. 

is hydrogen, 
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TABLE 1-continued 
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Exemplary 1-Heteroaryl-3-azabicyclo[3.1.0 hexanes 

N N 

- -N 

/ 
N 

2-(3-ethyl-3-azabicyclo[3.1.0 hexan-1-yl)- 2-(3-isopropyl-3-azabicyclo[3.1. Olhexan-1-yl)- 
N,N-dimethylbenzobthiophen-6-amine 

0027. The 1-heteroaryl-3-azabicyclo[3.1.0 hexanes of 
the invention are provided in any of a variety of forms, 
including pharmaceutically acceptable, active salts, Sol 
Vates, hydrates, polymorphs, and/or prodrugs of the com 
pounds disclosed herein, or any combination thereof. 
0028. It will be understood that the exemplary com 
pounds identified in Table 1 are illustrative, and that the 
heteroaryl ring can be varied to comprise other Substituents, 
and/or can include yet additional Substituents (i.e., three or 
more Substitutions on the heteroaryl ring), combined with 
one another, or additionally combined with or without 
Substitutions on the nitrogen atom as described herein, to 
yield yet additional compounds within the invention for 
treating CNS disorders (including a range of neuropsychi 
atric disorders, such as depression and anxiety). For 
example, the invention provides an illustrative assemblage 
of novel 1-heteroaryl-3-azabicyclo[3.1.0 hexanes amines 
having multiple Substitutions on the aryl ring, combined 
with or without substitution(s) on the nitrogen atom. Addi 
tionally, useful 1-heteroaryl-3-azabicyclo[3.1.0 hexanes of 
the invention include the substituted 1-heteroaryl-3-azabi 
cyclo3.1.0 hexanes compounds described herein, as well as 
their pharmaceutically acceptable salts, enantiomers, poly 
morphs, Solvates, hydrate or prodrugs or combinations 
thereof. 
0029. Within related aspects of the invention, enantio 
meric forms of the novel 
0030 compounds described herein, having chiral sym 
metric structures, are provided, which provide yet additional 
drug candidates for treating CNS disorders. In certain 
embodiments, the invention provides enantiomers, diaste 
reomers, and other stereoisomeric forms of the disclosed 
compounds, including racemic and resolved forms and 
mixtures thereof. The individual enantiomers may be sepa 
rated according to methods that are well known to those of 
ordinary skill in the art. In other embodiments, the 
enantiomers, diastereomers and other stereoisomeric forms 
of the disclosed compounds contain no more than about 
10%, about 5%, about 2% or about 1% of the corresponding 
enantiomers, diastereomers and stereoisomers. When the 
compounds described herein contain olefinic double bonds 
or other centers of geometric asymmetry, and unless speci 
fied otherwise, it is intended to include both E and Z 
geometric isomers. All tautomers are intended to be encom 
passed by the present invention as well. 
0031. As noted above, the compounds of the present 
invention can be can be prepared as both acid addition salts 
formed from an acid and the basic nitrogen group of 

N,N-dimethylbenzobthiophen-6-amine 

1-heteroaryl-3-azabicyclo[3.1.0.hexanes and base salts. As 
further noted above, the methods of the present invention 
can be used to prepare compounds as both acid addition salts 
formed from an acid and the basic nitrogen group of 
1-heteroaryl-3-azabicyclo[3.1.0.hexanes and base salts. 
Suitable acid addition salts include, for example, hydrochlo 
ride, hydrobromide, hydroiodide, Sulphate, hydrogen Sul 
phate, nitrate, phosphate, and hydrogen phosphate salts. 
Other examples of pharmaceutically acceptable acid addi 
tion salts include inorganic and organic acid addition salts. 
Additional pharmaceutically acceptable salts include, but 
are not limited to, metal salts such as sodium salt, potassium 
salt, cesium salt and the like: alkaline earth metals such as 
calcium salt, magnesium salt and the like; organic amine 
salts such as triethylamine salt, pyridine salt, picoline salt, 
ethanolamine salt, triethanolamine salt, dicyclohexylamine 
salt, N,N'-dibenzylethylenediamine salt and the like; organic 
acid salts such as acetate, citrate, lactate. Succinate, tartrate, 
maleate, fumarate, mandelate, acetate, dichloroacetate, trif 
luoroacetate, oxalate, formate and the like; Sulfonates Such 
as methanesulfonate, benzenesulfonate, p-toluenesulfonate 
and the like; and amino acid salts such as arginate, aspar 
ginate, glutamate, tartrate, gluconate and the like. Suitable 
base salts are formed from bases, which form non-toxic salts 
and include, for example, aluminum, calcium, lithium, mag 
nesium, potassium, Sodium, Zinc and diethanolamine salts. 
The hydrochloride salt formed with hydrochloric acid is an 
exemplary useful salt. 
0032. In other detailed embodiments, the invention pro 
vides prodrugs of the disclosed compounds. Prodrugs are 
considered to be any covalently bonded carriers which 
release the active parent drug in vivo. Examples of prodrugs 
include esters or amides of a compound of the present 
invention with hydroxyalkyl or aminoalkyl as a Substituent. 
These may be prepared by reacting such compounds with 
anhydrides Such as Succinic anhydride. 
0033. The invention disclosed herein will also be under 
stood to encompass in vivo metabolic products of the 
disclosed compounds. Such products may result for example 
from the oxidation, reduction, hydrolysis, amidation, esteri 
fication and the like of the administered compound, primar 
ily due to enzymatic processes. Accordingly, the invention 
includes compounds produced by a process comprising 
contacting a compound of this invention with a mammal for 
a period of time sufficient to yield a metabolic product 
thereof. Such products typically are identified by preparing 
a radiolabelled compound of the invention, administering it 
parenterally in a detectable dose to an animal Such as rat, 
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mouse, guinea pig, monkey, or to man, allowing Sufficient 
time for metabolism to occur and isolating its conversion 
products from the urine, blood or other biological samples. 
0034. The invention disclosed herein will also be under 
stood to encompass the disclosed compounds isotopically 
labelled by having one or more atoms replaced by an atom 
having a different atomic mass or mass number. Examples of 
isotopes that can be incorporated into the disclosed com 
pounds include isotopes of hydrogen, carbon, nitrogen, 
oxygen, phosphorous, fluorine and chlorine, such as H. H. 
13C, 14C, 15N, 18O, 17O, 3P. 32p, 35S, 18F and 36C1, 
respectively. 
0035. The compounds of the instant invention may be 
prepared using methods known to those skilled in the art, 
and in other embodiments by employing novel synthetic 
schemes as provided herein, which, along with the exem 
plified intermediate compounds, also fall within the scope of 
the invention. Accordingly, the present invention also pro 
vides novel methods and compositions for producing the 
compounds of the present invention as well as other 1-het 
eroaryl-3-azabicyclo[3.1.0 hexanes. 
0036. In certain embodiments, the present invention pro 
vides methods of making a 1-heteroaryl-3-azabicyclo[3.1.0 
hexane of the following Formula III, 

Formula III 

N 
H 

wherein Ar is a heterocyclic aryl group selected from furan, 
thiophene, pyrrole, imidazole, pyrazole, triazole, tetrazole, 
thiazole, isothiazole, pyridine, pyridizine, pyrimidine, pyra 
Zine, triazine, indole, benzofuran, benzothiophene, benzo 
thiazole, quinoline, isoquinoline, cinnoline, phthalazine, 
quinazoline, quinoxaline, chromane and isochromane, and 
Ar is either unsubstituted or substituted with one or more 
substituents independently selected from fluoro, chloro, 
bromo, iodo, —NO. —CN, -NH2 carboxy, Cs alkyl, 
Cs alkenyl, Cs alkynyl, halo(Cs)alkyl, hydroxy, trifluo 
romethyl, Css cycloalkyl, C- alkoxy, C- alkoxy(C1-) 
alkyl, carboxy(C)alkyl, C- alkanoyl, halo(C)alkoxyl, 
Cs alkylamino, and di(Cs)alkylamino, comprising the 
steps of 
0037 (a) reacting a compound of the following formula 

(i), 

A1NcN, 

wherein Ar is defined as above, with epichlohydrin or an 
enantiomer thereof, to produce a compound of the following 
formula (ii), 

Ar, 
HO 

CN 

or an enantiomer or diastereomer thereof. 
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0038 (b) reducing the compound of formula (ii) to pro 
duce a compound of the following formula (iii). 

HO 

HN 

or an enantiomer or diastereomer thereof, and 
0039 (c) causing cyclization of the compound of formula 
(iii) to produce the 1-heteroaryl-3-azabicyclo[3.1.0 hexane, 
or an enantiomer or diastereomer thereof. 

0040. In other embodiments, the present invention pro 
vides methods of making a 1-heteroaryl-3-azabicyclo3.1.0 
hexane of the following Formula I, 

Formula 1 

N 

R 

wherein Ar is a heterocyclic aryl group selected from furan, 
thiophene, pyrrole, imidazole, pyrazole, triazole, tetrazole, 
thiazole, isothiazole, pyridine, pyridizine, pyrimidine, pyra 
Zine, triazine, indole, benzofuran, benzothiophene, benzo 
thiazole, quinoline, isoquinoline, cinnoline, phthalazine, 
quinazoline, quinoxaline, chromane and isochromane, and 
Ar is either unsubstituted or substituted with one or more 
substituents independently selected from fluoro, chloro, 
bromo, iodo. —NO. —CN, -NH carboxy, Cs alkyl, 
Cs alkenyl, Cs alkynyl, halo(Cs)alkyl, hydroxy, trifluo 
romethyl, Css cycloalkyl, C- alkoxy, C- alkoxy(C1-) 
alkyl, carboxy(C)alkyl, C. alkanoyl, halo(C)alkoxyl, 
Cs alkylamino, and di(Cs)alkylamino and R is selected 
from hydrogen, unsubstituted Co alkyl, Css cycloalkyl, 
Coalkenyl, and Coalkynyl, and Substituted Co alkyl, 
Coalkenyl and Co alkynyl wherein the Substituent is 
one or more of hydroxy, cyano, halogen, C alkoxy, aryl 
Substituted C. alkoxy, aryloxy, aryloxy Substituted with 
one or more halogens, Ce alkyl, Ce alkyl independently 
Substituted with one or more of cyano and halogen, Ca 
alkoxy, and Chaloalkoxy, comprising the steps of 
0041 
(iv), 

(a) reacting a compound of the following formula 

Br 
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wherein R is as defined above, with 

HO Ar, 
B 

OH 

wherein Ar is as defined above, to produce a compound of 
the following formula (v), 

0.042 (b) causing cyclopropanation of the compound of 
formula (v) to produce a compound of the following formula 
(vi), 

and 

0043 (c) reducing the compound of formula (vi) to 
produce the 1-heteroaryl-3-azabicyclo[3.1.0 hexane. 
0044. In additional embodiments, the present invention 
provides methods of making a 1-heteroaryl-3-azabicyclo3. 
1.0 hexane of the following Formula III, 

Formula III 

N 
H 

wherein Ar is a heterocyclic aryl group selected from furan, 
thiophene, pyrrole, imidazole, pyrazole, triazole, tetrazole, 
thiazole, isothiazole, pyridine, pyridizine, pyrimidine, pyra 
Zine, triazine, indole, benzofuran, benzothiophene, benzo 
thiazole, quinoline, isoquinoline, cinnoline, phthalazine, 
quinazoline, quinoxaline, chromane and isochromane, and 
Ar is either unsubstituted or substituted with one or more 
substituents independently selected from fluoro, chloro, 
bromo, iodo, —NO. —CN, -NH carboxy, Cs alkyl, 
Cs alkenyl, Cs alkynyl, halo(Cs)alkyl, hydroxy, trifluo 
romethyl, C.s cycloalkyl, C- alkoxy, C alkoxy(C) 
alkyl, carboxy(C)alkyl, C- alkanoyl, halo(C)alkoxyl, 
Cs alkylamino, and di(Cs)alkylamino, comprising the 
steps of 
0045 
(vii), 

(a) coupling a compound of the following formula 
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Br 

O N O 

OMe 

OMe, 

0046 with 

HO Ar, n 

OH 

wherein Ar is as defined above, to produce a compound of 
the following formula (viii), 

Air 

--- 
l - 

OMe: 

0047 (b) causing cyclopropanation of the compound of 
formula (viii) to produce a compound of the following 
formula (ix), 

Air 

- S. 
l - 

OMe: 

0048 (c) reducing the compound of formula (ix) to 
produce a compound of the following formula (X), 

t Air 
N 

l - 
OMe: 
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and 

0049 (d) deprotecting the compound of formula (x) to 
produce the 1-heteroaryl-3-azabicyclo[3.1.0 hexane. 
0050. In practicing the methods of the present invention 
for making 1-heteroaryl-3-azabicyclo[3.1.0 hexanes, vari 
ous reagents may be utilized for the different reaction steps. 
In general, Suitable reagents for the various reaction steps 
may be selected by one of ordinary skill in the art based on 
the present disclosure. 
0051 Suitable reducing agents and methodologies 
include, for example, lithium aluminum hydride (LAH), 
sodium aluminum hydride (SAH), NaBH with ZnCl2 and 
catalytic hydrogenation. 
0052 Suitable nitrogen protecting groups include, for 
example, benzyl, allyl, tert-butyl and 3,4-dimethoxy-benzyl 
groups. In general, nitrogen protecting groups are well 
known to those skilled in the art, see for example, "Nitrogen 
Protecting Groups in Organic Synthesis”, John Wiley and 
Sons, New York, N.Y., 1981, Chapter 7: “Nitrogen Protect 
ing Groups in Organic Chemistry. Plenum Press, New 
York, N.Y., 1973, Chapter 2: T. W. Green and P. G. M. Wuts 
in “Protective Groups in Organic Chemistry', 3rd edition, 
John Wiley & Sons, New York, N.Y., 1999. 
0053 When the nitrogen protecting group is no longer 
needed, it may be removed by methods well known in the 
art. For example, benzyl or 3,4-dimethoxy-benzyl groups 
may be removed by catalytic hydrogenation. In general, 
methods of removing nitrogen protecting groups are well 
known to those skilled in the art, see for example, "Nitrogen 
Protecting Groups in Organic Synthesis”, John Wiley and 
Sons, New York, N.Y., 1981, Chapter 7: “Nitrogen Protect 
ing Groups in Organic Chemistry. Plenum Press, New 
York, N.Y., 1973, Chapter 2: T. W. Green and P. G. M. Wuts 
in “Protective Groups in Organic Chemistry', 3rd edition, 
John Wiley & Sons, Inc. New York, N.Y., 1999. 
0054 Suitable reagents for causing cyclization include, 
for example, SOCl, POCl, oxalyl chloride, phosphorous 
tribromide, triphenylphosphorous dibromide and oxalyl bro 
mide. 

0055 Exemplary synthetic methods, starting materials, 
and intermediates useful in various aspects of the invention 
for producing novel compounds of the present invention are 
described below and in the examples. 
0056 Reaction Scheme 1 below generally sets forth an 
exemplary process for preparing 1-heteroaryl-3-azabicyclo 
3.1.0 hexanes. 

Reaction Scheme 1 

1) NaNH/THF 
ArCH2CN - -- 

2) epichloro 
hydrin 

A LAH/THF Air 
-- 

0° C. 2-3 h 
HO CN HO CH-NH2 

SOC1/DCE 
rt, 3 h 
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-continued 

1) CH2O, 
Air NaBH(OAc)3 Air 

DCE 
a 

2) HCI 
N oHCI N 

N1 -HCI 
H 

Ar = pyridinyl, thiophenyl, benzofuranyl, benzothiophenyl, benzothiazolyl, etc. 

0057 Reaction Scheme 2 below generally sets forth 
another exemplary process for preparing 1-heteroaryl-3- 
azabicyclo[3.1.0 hexanes. 

Reaction Scheme 2 

Br 
ArB(OH)2 

o PdCl2(dppf) 

CsF, dioxane 
Her 

O N O 40-60° C. 
1-6 h 

R 

Air 

o MeSOCI 

THF 
-e- 

O N O n-BuLi 
50° C., 3 h 

R 

Air 

1) LAH/THF 
-e- 

O N O 2) HCI 

R 

Air 

oHCI 

R = Me, Ethyl, Isopropyl, etc. 
Ar = Indolyl, quinolinyl, etc. 

0.058 Reaction Scheme 3 below generally sets forth an 
additional exemplary process for preparing 1-heteroaryl-3- 
azabicyclo[3.1.0 hexanes. 
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Reaction Scheme 3 

Br ArB(OH)2 
PdCl2(dppf) 

o CsF, dioxane 
H 

40-60° C. 
O N O 1-6 h 

lsAir' 
Air 

MeSOCI 
o THF 

-as 

n-BuLi 
O N O 50° C., 3 h 

lsAir' 
Air Air 

LAHATHF 
-e- 

O N O N 

lsAir' lsAir' 
1) ACE Cl 
2) MeOH 

1) CH2O, 
Air NaBH(OAc)3 Air 

DCE 
2) HCI 
-a- 

oHC 
N N 

H 

Air 

oHCI 
N 
H 

Ar' = 3,4-dimethoxyphenyl 
Ar = benzothiophenyl, quinolinyl, etc. 

0059 Reaction Scheme 4 below generally sets forth an 
additional exemplary process for preparing chiral 1-het 
eroaryl-3-azabicyclo[3.1.0 hexanes. 

Reaction Scheme 4 

O 
Cyclopropanantion 

A1 NoN -- N-A He 
8. 
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-continued 

wAr 
HO w 

CN 

cis 

Air 
HO • Reduction wAr 

2. -- HO 8 
CN b 

trans 
HN 

wAr 1. cord ... C. Oil 
2. HC Cyclization 

O NH 

Ar = heterocycles 
Reagents: (a)NaHMDS; (b) LAH or catalytic hydrogenation; (c) SOCl2; (d) POCl3 

0060 Reaction Scheme 5 below generally sets forth an 
additional exemplary process for preparing chiral 1-het 
eroaryl-3-azabicyclo[3.1.0 hexanes. 

Reaction Scheme 5 

O 
Cyclopropanantion 

A1 NoN + Cl -as 
Nws 8. 

A1 HO 

cis 

wAr 
HO w 8 Reduction A1 
N -o- HO 

CN b No 2 
trans / 

HN 
Air 

i." Cyclization 
O NH 

H Air 

N HCI 
H 

Ar = heterocycles 
Reagents: (a)NaHMDS; (b) LAH or catalytic hydrogenation; (c) SOCl2; (d) POCl3 

0061 For the purposes of further describing the inven 
tion, including the novel compounds and synthetic methods 
disclosed herein, the following terms and definitions are 
provided by way of example. 
0062. The term “halogen as used herein refers to bro 
mine, chlorine, fluorine or iodine. In one embodiment, the 
halogen is chlorine. In another embodiment, the halogen is 
bromine. 
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0063. The term “hydroxy” as used herein refers to OH 
or - O. 

0064. The term “alkyl as used herein refers to straight 
or branched-chain aliphatic groups containing 1-20 carbon 
atoms, preferably 1-7 carbon atoms and most preferably 1-4 
carbon atoms. This definition applies as well to the alkyl 
portion of alkoxy, alkanoyl and aralkyl groups. In one 
embodiment, the alkyl is a methyl group. 
0065. The term “alkoxy” includes substituted and unsub 
stituted alkyl, alkenyl, and alkynyl groups covalently linked 
to an oxygen atom. In one embodiment, the alkoxy group 
contains 1 to 4 carbon atoms. Embodiments of alkoxy 
groups include, but are not limited to, methoxy, ethoxy, 
isopropyloxy, propoxy, butoxy, and pentoxy groups. 
Embodiments of Substituted alkoxy groups include haloge 
nated alkoxy groups. In a further embodiment, the alkoxy 
groups can be substituted with groups such as alkenyl, 
alkynyl, halogen, hydroxyl, alkylcarbonyloxy, phenylcarbo 
nyloxy, alkoxycarbonyloxy, phenyloxycarbonyloxy, car 
boxylate, alkylcarbonyl, phenylcarbonyl, alkoxycarbonyl, 
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, 
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phos 
phinato, cyano, amino (including alkylamino, dialkylamino, 
phenylamino, diphenylamino, and alkylphenylamino), acy 
lamino (including alkylcarbonylamino, phenylcarbo 
nylamino, carbamoyl and ureido), amidino, imino, Sulfhy 
dryl, alkylthio, phenylthio, thiocarboxylate, sulfates, 
alkylsulfinyl, Sulfonato, Sulfamoyl, Sulfonamido, nitro, trif 
luoromethyl, cyano, azido, heterocyclyl alkylphenyl, or 
aromatic or heteroaromatic moieties. Exemplary halogen 
Substituted alkoxy groups include, but are not limited to, 
fluoromethoxy, difluoromethoxy, trifluoromethoxy, chlo 
romethoxy, dichloromethoxy, and trichloromethoxy. 
0066. The term “aryl' as used herein refers to monocyclic 
or bicyclic aromatic hydrocarbon groups having from 6 to 
12 carbon atoms in the ring portion, for example, phenyl, 
naphthyl, biphenyl and diphenyl groups, each of which may 
be substituted with, for example, one to four substituents 
Such as alkyl, Substituted alkyl as defined above, halogen, 
trifluoromethyl, trifluoromethoxy, hydroxy, alkoxy, 
cycloalkyloxy, alkanoyl, alkanoyloxy, amino, alkylamino, 
dialkylamino, nitro, cyano, carboxy, carboxyalkyl, car 
bamyl, carbamoyl and aryloxy. Specific embodiments of 
aryl groups in accordance with the present invention include 
phenyl, Substituted phenyl, naphthyl, biphenyl, and diphe 
nyl. 
0067. The term “nitro', as used herein alone or in com 
bination refers to a —NO group. 
0068. The term “amino” as used herein refers to the 
group —NRR", where R and R' may independently be 
hydrogen, alkyl, phenyl, alkoxy, or heterophenyl. The term 
“aminoalkyl as used herein represents a more detailed 
selection as compared to "amino” and refers to the group 
—NRR", where R and R' may independently be hydrogen or 
(C-C)alkyl. 
0069. The term “trifluoromethyl as used herein refers to 
—CF. 
0070. The term “trifluoromethoxy” as used herein refers 
to —OCF. 
(0071. The term “cycloalkyl as used herein refers to a 
saturated cyclic hydrocarbon ring system containing from 3 
to 7 carbon atoms that may be optionally substituted. Exem 
plary embodiments include, but are not limited to, cyclo 
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propyl, cyclobutyl, cyclopenty1 and cyclohexyl. In certain 
embodiments, the cycloalkyl group is cyclopropyl. 
0072. In another embodiment, the (cycloalkyl)alkyl 
groups contain from 3 to 7 carbon atoms in the cyclic portion 
and 1 to 4 carbon atoms in the alkyl portion. In certain 
embodiments, the (cycloalkyl)alkyl group is cyclopropylm 
ethyl. The alkyl groups are optionally substituted with from 
one to three Substituents selected from the group consisting 
of halogen, hydroxy and amino. 
0073. The terms “alkanoyl and "alkanoyloxy” as used 
herein refer, respectively, to —C(O)-alkyl groups and 
—O—C(O)-alkyl groups, each optionally containing 2-5 
carbon atoms. Specific embodiments of alkanoyl and 
alkanoyloxy groups are acetyl and acetoxy, respectively. 
0074 The term “aroyl,” as used alone or in combination 
herein, refers to a phenyl radical derived from an aromatic 
carboxylic acid, such as optionally Substituted benzoic or 
naphthoic acids. 
(0075. The term “aralkyl as used herein refers to a phenyl 
group bonded to an alkyl group, preferably one containing 
1-4 carbon atoms. A preferred aralkyl group is benzyl. 
(0076. The term “nitrile' or “cyano” as used herein refers 
to the group —CN. 
(0077. The term “pyrrolidine-1-yl” as used herein refers to 
the structure: 

K) 
pyrrollidine-1-yl 

(0078. The term “morpholino” as used herein refers to the 
Structure: 

O O 

morpholino 

007.9 The term “dialkylamino” refers to an amino group 
having two attached alkyl groups that can be the same or 
different. 
0080. The term “alkenyl refers to a straight or branched 
alkenyl group of 2 to 10 carbon atoms having 1 to 3 double 
bonds. Preferred embodiments include ethenyl, 1-propenyl, 
2-propenyl, 1-methylethenyl, 1-butenyl, 2-butenyl, 3-bute 
nyl, 2-methyl-2-propenyl, 1-pentenyl, 2-pentenyl, 4-pente 
nyl, 3-methyl-2-butenyl, 1-hexenyl, 2-hexenyl, 1-heptenyl, 
2-heptenyl, 1-octenyl, 2-octenyl, 1.3-octadienyl 2-nonenyl, 
1.3-nonadienyl, 2-decenyl, etc. 
I0081. The term “alkynyl as used herein refers to a 
straight or branched alkynyl group of 2 to 10 carbon atoms 
having 1 to 3 triple bonds. Exemplary alkynyls include, but 
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are not limited to, ethynyl, 1-propynyl, 2-propynyl, 1-buty 
nyl, 2-butynyl, 3-butynyl, 1-pentynyl, 2-pentynyl, 4-penty 
nyl, 1-octynyl, 6-methyl-1-heptynyl, and 2-decynyl. 
0082. The term “hydroxyalkyl alone or in combination, 
refers to an alkyl group as previously defined, wherein one 
or several hydrogen atoms, preferably one hydrogen atom 
has been replaced by a hydroxyl group. Examples include 
hydroxymethyl, hydroxyethyl and 2-hydroxyethyl. 
0083. The term “aminoalkyl and “alkylamino” as used 
herein refers to the group —NRR", where R and R' may 
independently be hydrogen or (C-C)alkyl. 
0084. The term “alkylaminoalkyl refers to an alky 
lamino group linked via an alkyl group (i.e., a group having 
the general structure -alkyl-NH-alkyl or -alkyl-N(alkyl) 
(alkyl)). Such groups include, but are not limited to, mono 
and di-(C-C alkyl)aminoC-C alkyl, in which each alkyl 
may be the same or different. 
0085. The term “dialkylaminoalkyl refers to alkylamino 
groups attached to an alkyl group. Examples include, but are 
not limited to, N,N-dimethylaminomethyl N,N-dimethyl 
aminoethyl, N,N-dimethylaminopropyl, and the like. The 
term dialkylaminoalkyl also includes groups where the 
bridging alkyl moiety is optionally Substituted. 
I0086. The term “haloalkyl refers to an alkyl group 
Substituted with one or more halo groups, for example 
chloromethyl, 2-bromoethyl, 3-iodopropyl, trifluoromethyl, 
perfluoropropyl, 8-chlorononyl and the like. 
I0087. The term “carboxyalkyl as used herein refers to 
the substituent —R-COOH wherein R is alkylene; and 
carbalkoxyalkyl refers to —R' COOR wherein R' and R 
are alkylene and alkyl respectively. In certain embodiments, 
alkyl refers to a saturated Straight- or branched-chain hydro 
carbyl radical of 1-6 carbon atoms Such as methyl, ethyl, 
n-propyl, isopropyl. n-butyl, t-butyl, n-pentyl, 2-methylpen 
tyl, n-hexyl, and so forth. Alkylene is the same as alkyl 
except that the group is divalent. 
0088. The term “alkoxyalkyl refers to an alkylene group 
Substituted with an alkoxy group. For example, methoxy 
ethyl CHOCHCH- and ethoxymethyl 
(CHCHOCH are both C. alkoxyalkyl groups. 
0089. The term “carboxy’, as used herein, represents a 
group of the formula —COOH. 
0090 The term “alkanoylamino” refers to alkyl, alkenyl 
or alkynyl groups containing the group —C(O)—followed 
by —N(H)—, for example acetylamino, propanoylamino 
and butanoylamino and the like. 
0091. The term “carbonylamino” refers to the group 
—NR CO CH R', where R and R' may be indepen 
dently selected from hydrogen or (C-C)alkyl. 
0092. The term “carbamoyl” as used herein refers to 
—O C(O)NH2. 
0093. The term “carbamyl” as used herein refers to a 
functional group in which a nitrogen atom is directly bonded 
to a carbonyl, i.e., as in NRC(=O)R’ or - C(=O)NRR', 
wherein R and R' can be hydrogen, alkyl, substituted alkyl, 
alkenyl, Substituted alkenyl, alkoxy, cycloalkyl, phenyl, 
heterocyclo, or heterophenyl. 
0094. The terms “heterocyclo” or “heterocyclic” refers to 
an optionally Substituted, unsaturated, partially saturated, or 
fully saturated, aromatic or nonaromatic cyclic group that is 
a 4 to 7 membered monocyclic, or 7 to 11 membered 
bicyclic ring system that has at least one heteroatom in at 
least one carbon atom-containing ring. The Substituents on 
the heterocyclo rings may be selected from those given 
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above for the aryl groups. Each ring of the heterocyclogroup 
containing a heteroatom may have 1, 2 or 3 heteroatoms 
selected from nitrogen atoms, oxygen atoms and Sulfur 
atoms. Plural heteroatoms in a given heterocyclo ring may 
be the same or different. 
(0095. The term “heteroaryl” refers to an optionally sub 
stituted monocyclic or bicyclic heterocyclic aryl group (ie., 
an aromatic heterocyclic group) that is a 4 to 7 membered 
monocyclic, or 7 to 11 membered bicyclic ring system that 
has at least one heteroatom in at least one carbon atom 
containing ring. Each ring of the heteroaryl group containing 
a heteroatom may have 1, 2 or 3 heteroatoms selected from 
nitrogen atoms, oxygen atoms and Sulfur atoms. Plural 
heteroatoms in a given heteroaryl group may be the same or 
different. Specific embodiments of heteroaryl groups in 
accordance with the present invention include furan, thio 
phene, pyrrole, imidazole, pyrazole, triazole, tetrazole, thi 
azole, isothiazole, pyridine, pyridizine, pyrimidine, pyra 
Zine, triazine, indole, benzofuran, benzothiophene, 
benzothiazole, quinoline, isoquinoline, cinnoline, phthala 
Zine, quinazoline, quinoxaline, chromane and isochromane 
groups. 
(0096. The term “alkylsulfonylamino” refers to refers to 
the group —NHS(O).R, wherein R is an alkyl as defined 
above. 
0097. As used herein, the term “stereoisomers’ is a 
general term for all isomers of individual molecules that 
differ only in the orientation of their atoms in space. It 
includes enantiomers and isomers of compounds with more 
than one chiral center that are not mirror images of one 
another (diastereomers). 
0098. The term “chiral center refers to a carbon atom to 
which four different groups are attached. 
0099. The term “enantiomer or “enantiomeric' refers to 
a molecule that is nonsuperimposable on its mirror image 
and hence optically active wherein the enantiomer rotates 
the plane of polarized light in one direction and its mirror 
image rotates the plane of polarized light in the opposite 
direction. 

0100. The term “racemic refers to a mixture of equal 
parts of enantiomers and which is optically inactive. 
0101 The term “resolution” refers to the separation or 
concentration or depletion of one of the two enantiomeric 
forms of a molecule. 
0102 The compositions and methods of the instant 
invention comprising a 1-heteroaryl-3-azabicyclo[3.1.0 
hexane are effective for treating or preventing a variety of 
central nervous system (CNS) disorders in mammals. In 
certain embodiments, pharmaceutical compositions and 
methods are provided for treating a CNS disorder in a 
mammalian Subject. Mammalian Subjects amenable for 
treatment using these compositions and methods include, 
but are not limited to, human and other mammalian Subjects 
suffering from a CNS disorder that responds positively to 
intervention by inhibition of biogenic amine transport. In 
related embodiments, therapeutic compositions and methods 
are provided which employ an effective amount of one or 
more 1-heteroaryl-3-azabicyclo[3.1.0 hexane(s) described 
herein to treat or prevent a selected CNS disorder in a 
Subject, wherein administration of the composition to the 
subject effectively inhibits the function of one or more, and 
in certain embodiments all three, norepinephrine, serotonin, 
and/or dopamine transport proteins in the Subject, thereby 
preventing, or reducing the occurrence or severity of symp 
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toms of the targeted CNS disorder. Suitable forms of the 
compounds of the invention for use in biologically active 
compositions and methods of the invention include the 
compounds exemplified herein, as well as their pharmaceu 
tically acceptable salts, polymorphs, Solvates, hydrates and 
prodrugs. 
0103) In related embodiments, a biogenic amine transport 
inhibitory-effective amount of a 1-heteroaryl-3-azabicyclo 
3.1.0.hexane of the invention is administered to treat or 
prevent a CNS disorder, including neurological or psychi 
atric conditions, in a mammalian Subject responsive to 
inhibition of biogenic amine transport. In more detailed 
aspects, administration of an active compound of the inven 
tion provides a therapeutic or prophylactic benefit by inhib 
iting or blocking reuptake of one or more, including any 
combination of two, or all three, biogenic amines selected 
from norepinephrine, serotonin, and dopamine. 
0104. Within more detailed treatment methods of the 
invention, administration of the active 1-heteroaryl-3-azabi 
cyclo[3.1.0.hexane(s) mediates a therapeutic effect via the 
active compound inhibiting reuptake of norepinephrine, 
serotonin, and/or dopamine. Biogenic amine reuptake inhi 
bition in this context can optionally be determined and 
selected by using one or more 1-heteroaryl-3-azabicyclo[3. 
1.0.hexane(s) of the invention to achieve variable selectiv 
ity and potency of transporter inhibition, wherein one or any 
combination of norepinephrine, serotonin and/or dopamine 
transporters can be inhibited, at pre-determined levels or 
ratios among or between different transporters. In this con 
text, the various 1-heteroaryl-3-azabicyclo[3.1.0.hexanes 
of the invention exhibit a wide range of potencies as 
inhibitors of one, two, or all three of the norepinephrine, 
serotonin and dopamine transporters—rendering them use 
ful in a broad array of therapeutic applications. 
0105. In accordance with the invention, compounds dis 
closed herein, optionally formulated with additional ingre 
dients in a pharmaceutically acceptable composition, are 
administered to mammalian Subjects, for example a human 
patient, to treat or prevent one or more symptom(s) of a CNS 
disorder alleviated by inhibiting dopamine reuptake, and/or 
norepinephrine reuptake, and/or serotonin reuptake. In cer 
tain embodiments, “treatment” or “treating refers to ame 
lioration of one or more symptom(s) of a CNS disorder, 
whereby the symptom(s) is/are alleviated by inhibiting dop 
amine and/or norepinephrine and/or serotonin reuptake. In 
other embodiments, “treatment” or “treating” refers to an 
amelioration of at least one measurable physical parameter 
associated with a CNS disorder. In yet another embodiment, 
“treatment” or “treating refers to inhibiting or reducing the 
progression or severity of a CNS disorder (or one or more 
symptom(s) thereof) alleviated by inhibiting dopamine and/ 
or norepinephrine and/or serotonin reuptake, e.g., as dis 
cerned based on physical, physiological, and/or psychologi 
cal parameters. In additional embodiments, “treatment” or 
“treating refers to delaying the onset of a CNS disorder (or 
one or more symptom(s) thereof) alleviated by inhibiting 
dopamine and/or norepinephrine and/or serotonin reuptake. 
0106. In certain embodiments, a compound of the present 
invention or a pharmaceutically acceptable salt thereof is 
administered to a mammalian Subject, for example a human 
patient, as a preventative or prophylactic treatment against a 
CNS disorder (or one or more symptom(s) thereof) allevi 
ated by inhibiting dopamine and/or norepinephrine and/or 
serotonin reuptake. As used herein, “prevention”, “prevent 
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ing, and prophylaxis refers to a reduction in the risk or 
likelihood that the subject will acquire a CNS disorder or 
one or more symptom(s) thereof, which risk or likelihood is 
reduced in the Subject by inhibiting dopamine and/or nor 
epinephrine and/or serotonin reuptake. Alternatively, pre 
vention and prophylaxis may correlate with a reduced risk of 
recurrence of the CNS disorder or symptom(s) thereof in the 
Subject once the Subject has been cured, restored to a normal 
state, or placed in remission from the subject CNS disorder. 
In related embodiments, a compound or pharmaceutical 
composition of the invention is administered as a preventa 
tive measure to the Subject. Exemplary Subjects amenable to 
prophylactic treatment in this context may have a genetic 
predisposition to a CNS disorder amenable to treatment by 
inhibiting dopamine, and/or serotonin, and/or norepineph 
rine reuptake. Such as a family history of a biochemical 
imbalance in the brain, or a non-genetic predisposition to a 
disorder alleviated by inhibiting dopamine and/or norepi 
nephrine and/or serotonin reuptake. 
0107. A compound of the present invention and pharma 
ceutically acceptable salts thereof are useful for treating or 
preventing endogenous disorders alleviated by inhibiting 
dopamine and/or norepinephrine and/or serotonin reuptake. 
Such disorders include, but are not limited to, attention 
deficit disorder, depression, anxiety, obesity, Parkinson's 
disease, tic disorders, and addictive and Substance abuse 
disorders. 

0.108 Disorders alleviated by inhibiting dopamine and/or 
norepinephrine and/or serotonin reuptake are not limited to 
the specific disorders described herein, and the compositions 
and methods of the invention will be understood or readily 
ascertained to provide effective treatment agents for treating 
and/or preventing a wide range of additional CNS disorders 
and associated symptoms. For example, the compounds of 
the invention will provide promising candidates for treat 
ment and/or prevention of attention deficit hyperactivity 
disorder and related symptoms, as well as forms and Symp 
toms of alcohol abuse, drug abuse, cognitive disorders, 
obsessive compulsive behaviors, learning disorders, reading 
problems, gambling addiction, manic symptoms, phobias, 
panic attacks, oppositional defiant behavior, conduct disor 
der, academic problems in School, Smoking, abnormal 
sexual behaviors, Schizoid behaviors, Somatization, depres 
Sion, sleep disorders, general anxiety, Stuttering, and tic 
disorders (See, for example, U.S. Pat. No. 6,132,724). Other 
disorders for which the compounds of the present invention 
may be useful include irritable bowel syndrome; inflamma 
tory bowel disease; urinary tract disorders, such as stress 
urinary incontinence; PMDD (Premenstrual dysphoric dis 
order), degenerative diseases, including Alzheimers disease, 
and amyotrophic lateral Sclerosis; and pyretic conditions 
(including fevers, and post- and peri-menopausal hot 
flashes). These and other symptoms, regardless of the under 
lying CNS disorder, are each targets for the novel compo 
sitions and methods of the invention that mediate therapeutic 
benefits by inhibiting dopamine and/or norepinephrine and/ 
or serotonin reuptake. Additional CNS disorders contem 
plated for treatment employing the compositions and meth 
ods of the invention are described, for example, in the Quick 
Reference to the Diagnostic Criteria From DSM-IV (Diag 
nostic and Statistical Manual of Mental Disorders, Fourth 
Edition). The American Psychiatric Association, Washing 
ton, D.C., 1994, 358 pages. Cognitive disorders for treat 
ment and/or prevention according to the invention, include, 
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but are not limited to, Attention-Deficit/Hyperactivity Dis 
order, Predominately Inattentive Type: Attention-Deficit/ 
Hyperactivity Disorder, Predominately Hyperactivity-Im 
pulsive Type: Attention-Deficit/Hyperactivity Disorder, 
Combined Type: Attention-Deficit/Hyperactivity Disorder 
not otherwise specified (NOS); Conduct Disorder: Opposi 
tional Defiant Disorder; and Disruptive Behavior Disorder 
not otherwise specified (NOS). 
0109) Depressive disorders amenable for treatment and/ 
or prevention according to the invention include, but are not 
limited to, Major Depressive Disorder, Recurrent; Dysthy 
mic Disorder; Depressive Disorder not otherwise specified 
(NOS); and Major Depressive Disorder. Single Episode. 
0110. Addictive disorders amenable for treatment and/or 
prevention employing the methods and compositions of the 
invention include, but are not limited to, eating disorders, 
impulse control disorders, alcohol-related disorders, nico 
tine-related disorders, amphetamine-related disorders, can 
nabis-related disorders, cocaine-related disorders, halluci 
nogen use disorders, inhalant-related disorders, and opioid 
related disorders, all of which are further sub-classified as 
listed below. 

0111 Eating disorders include, but are not limited to, 
Bulimia Nervosa, Nonpurging Type; Bulimia Nervosa, 
Purging Type; and Eating Disorder not otherwise specified 
(NOS). 
0112 Impulse control disorders include, but are not lim 
ited to, Intermittent Explosive Disorder, Kleptomania, Pyro 
mania, Pathological Gambling, Trichotillomania, and 
Impulse Control Disorder not otherwise specified (NOS). 
0113 Alcohol-related disorders include, but are not lim 
ited to, Alcohol-Induced Psychotic Disorder, with delusions: 
Alcohol Abuse; Alcohol Intoxication; Alcohol Withdrawal; 
Alcohol Intoxication Delirium; Alcohol Withdrawal 
Delirium; Alcohol-Induced Persisting Dementia; Alcohol 
Induced Persisting Amnestic Disorder; Alcohol Depen 
dence; Alcohol-Induced Psychotic Disorder, with hallucina 
tions; Alcohol-Induced Mood Disorder; Alcohol-Induced 
Anxiety Disorder; Alcohol-Induced Sexual Dysfunction; 
Alcohol-Induced Sleep Disorders; Alcohol-Related Disor 
ders not otherwise specified (NOS); Alcohol Intoxication; 
and Alcohol Withdrawal. 

0114. Nicotine-related disorders include, but are not lim 
ited to, Nicotine Dependence, Nicotine Withdrawal, and 
Nicotine-Related Disorder not otherwise specified (NOS). 
0115 Amphetamine-related disorders include, but are not 
limited to, Amphetamine Dependence, Amphetamine 
Abuse, Amphetamine Intoxication, Amphetamine With 
drawal, Amphetamine Intoxication Delirium, Amphet 
amine-Induced Psychotic Disorder with delusions, Amphet 
amine-Induced Psychotic Disorders with hallucinations, 
Amphetamine-Induced Mood Disorder, Amphetamine-In 
duced Anxiety Disorder, Amphetamine-Induced Sexual 
Dysfunction, Amphetamine-Induced Sleep Disorder, 
Amphetamine Related Disorder not otherwise specified 
(NOS), Amphetamine Intoxication, and Amphetamine With 
drawal. 

0116 Cannabis-related disorders include, but are not 
limited to, Cannabis Dependence; Cannabis Abuse; Can 
nabis Intoxication; Cannabis Intoxication Delirium, Can 
nabis-Induced Psychotic Disorder, with delusions; Canna 
bis-Induced Psychotic Disorder with hallucinations: 
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Cannabis-Induced Anxiety Disorder; Cannabis Related Dis 
order not otherwise specified (NOS); and Cannabis Intoxi 
cation. 
0117 Cocaine-related disorders include, but are not lim 
ited to, Cocaine Dependence, Cocaine Abuse, Cocaine 
Intoxication, Cocaine Withdrawal, Cocaine Intoxication 
Delirium, Cocaine-Induced Psychotic Disorder with delu 
sions, Cocaine-Induced Psychotic Disorders with hallucina 
tions, Cocaine-Induced Mood Disorder, Cocaine-Induced 
Anxiety Disorder, Cocaine-Induced Sexual Dysfunction, 
Cocaine-Induced Sleep Disorder, Cocaine Related Disorder 
not otherwise specified (NOS), Cocaine Intoxication, and 
Cocaine Withdrawal. 
0118 Hallucinogen-use disorders include, but are not 
limited to, Hallucinogen Dependence, Hallucinogen Abuse, 
Hallucinogen Intoxication, Hallucinogen Withdrawal, Hal 
lucinogen Intoxication Delirium, Hallucinogen-Induced 
Psychotic Disorder with delusions, Hallucinogen-Induced 
Psychotic Disorders with hallucinations, Hallucinogen-In 
duced Mood Disorder, Hallucinogen-Induced Anxiety Dis 
order, Hallucinogen-Induced Sexual Dysfunction, Halluci 
nogen-Induced Sleep Disorder, Hallucinogen Related 
Disorder not otherwise specified (NOS), Hallucinogen 
Intoxication, and Hallucinogen Persisting Perception Disor 
der (Flashbacks). 
0119. Inhalant-related disorders include, but are not lim 
ited to, Inhalant Dependence; Inhalant Abuse; Inhalant 
Intoxication; Inhalant Intoxication Delirium; Inhalant-In 
duced Psychotic Disorder, with delusions; Inhalant-Induced 
Psychotic Disorder with hallucinations; Inhalant-Induced 
Anxiety Disorder; Inhalant Related Disorder not otherwise 
specified (NOS); and Inhalant Intoxication. 
I0120 Opioid-related disorders include, but are not lim 
ited to, Opioid Dependence, Opioid Abuse, Opioid Intoxi 
cation, Opioid Intoxication Delirium, Opioid-Induced Psy 
chotic Disorder, with delusions, Opioid-Induced Psychotic 
Disorder with hallucinations, Opioid-Induced Anxiety Dis 
order, Opioid Related Disorder not otherwise specified 
(NOS), Opioid Intoxication, and Opioid Withdrawal. 
0121 Tic disorders include, but are not limited to, 
Tourette’s Disorder, Chronic Motor or Vocal Tic Disorder, 
Transient Tic Disorder, Tic Disorder not otherwise specified 
(NOS), Stuttering, Autistic Disorder, and Somatization Dis 
order. 
I0122. By virtue of their multiple reuptake inhibitory 
activity, the novel compounds of the present invention are 
thus useful in a wide range of veterinary and human medical 
applications, in particular for treating and/or preventing a 
wide array of CNS disorders and/or associated symptom(s) 
alleviated by inhibiting dopamine and/or norepinephrine 
and/or serotonin reuptake. 
I0123. Within additional aspects of the invention, combi 
natorial formulations and coordinate administration methods 
are provided which employ an effective amount of a com 
pound of the invention (or a pharmaceutically effective 
enantiomer, salt, Solvate, hydrate, polymorph, or prodrug 
thereof), and one or more additional active agent(s) that 
is/are combinatorially formulated or coordinately adminis 
tered with the compound of the invention yielding a com 
binatorial formulation or coordinate administration method 
that is effective to modulate, alleviate, treat or prevent a 
targeted CNS disorder, or one or more symptom(s) thereof, 
in a mammalian Subject. Exemplary combinatorial formu 
lations and coordinate treatment methods in this context 
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comprise a therapeutic compound of the invention in com 
bination with one or more additional or adjunctive treatment 
agents or methods for treating the targeted CNS disorder or 
symptom(s), for example one or more antidepressant or 
anxiolytic agent(s) and/or therapeutic method(s). 
0124. In related embodiments of the invention, the com 
pounds disclosed herein can be used in combination therapy 
with at least one other therapeutic agent or method. In this 
context, compounds of the invention can be administered 
concurrently or sequentially with administration of a second 
therapeutic agent, for example a second agent that acts to 
treat or prevent the same, or different, CNS disorder or 
symptom(s) for which the compound of the invention is 
administered. The compound of the invention and the sec 
ond therapeutic agent can be combined in a single compo 
sition or adminstered in different compositions. The second 
therapeutic agent may also be effective for treating and/or 
preventing a CNS disorder or associated symptom(s) by 
inhibiting dopamine and/or norepinephrine and/or serotonin 
reuptake. The coordinate administration may be done simul 
taneously or sequentially in either order, and there may be a 
time period while only one or both (or all) active therapeutic 
agents, individually and/or collectively, exert their biologi 
cal activities and therapeutic effects. A distinguishing aspect 
of all Such coordinate treatment methods is that the com 
pound of the invention exerts at least some detectable 
therapeutic activity toward alleviating or preventing the 
targeted CNS disorder or symptom(s), as described herein, 
and/or elicit a favorable clinical response, which may or may 
not be in conjunction with a secondary clinical response 
provided by the secondary therapeutic agent. Often, the 
coordinate administration of a compound of the invention 
with a secondary therapeutic agent as contemplated herein 
will yield an enhanced therapeutic response beyond the 
therapeutic response elicited by either or both the compound 
of the invention and/or secondary therapeutic agent alone. 
0.125. As many of the CNS disorders and symptoms 
treatable or preventable using compounds of the present 
invention are chronic, in one embodiment combination 
therapy involves alternating between administering a com 
pound of the present invention and a second therapeutic 
agent (i.e., alternating therapy regimens between the two 
drugs, e.g., at one week, one month, three month, six month, 
or one year intervals). Alternating drug regimens in this 
context will often reduce or even eliminate adverse side 
effects, such as toxicity, that may attend long-term admin 
istration of one or both drugs alone. 
0126. In certain embodiments of combinatorial formula 
tions and coordinate treatment methods of the invention, the 
secondary therapeutic is a norepinephrine reuptake inhibitor. 
Examples of norepinephrine reuptake inhibitors useful in 
this context include tertiary amine tricyclics such as ami 
triptyline, clomipramine, doxepin, imipramine, (+)-trimip 
ramine, and secondary amine tricyclics including amoxap 
ine, atomoxetine, desipramine, maprotiline, nortriptyline, 
and protriptyline. 
0127. In certain embodiments of combinatorial formula 
tions and coordinate treatment methods of the invention, the 
secondary therapeutic is a serotonin reuptake inhibitor. 
Examples of other serotonin reuptake inhibitors useful in 
this context include citalopram, fluoxetine, fluvoxamine, 
(-)-paroxetine, Sertraline, and Venlafaxine. 
0128. In other embodiments of combinatorial formula 
tions and coordinate treatment methods provided herein, the 
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secondary therapeutic agent is an anti-attention-deficit-dis 
order treatment agent. Examples of useful anti-attention 
deficit-disorder agents for use in these embodiments include, 
but are not limited to, methylphenidate; dextroamphetamine; 
tricyclic antidepressants, such as imipramine, desipramine, 
and nortriptyline; and psychoStimulants, such as pemoline 
and deanol. 
0129. In additional embodiments of combinatorial for 
mulations and coordinate treatment methods provided 
herein, the secondary therapeutic agent is an anti-addictive 
disorder agent. Examples of useful anti-addictive-disorder 
agents include, but are not limited to, tricyclic antidepres 
sants; glutamate antagonists, such as ketamine HCl, dex 
tromethorphan, dextrorphan tartrate and dizocilpine 
(MK801); degrading enzymes, such as anesthetics and 
aspartate antagonists; GABA agonists, such as baclofen and 
muscimol HBr, reuptake blockers; degrading enzyme block 
ers; glutamate agonists, such as D-cycloserine, carboxyphe 
nylglycine, L-glutamic acid, and cis-piperidine-2,3-dicar 
boxylic acid; aspartate agonists; GABA antagonists such as 
gabazine (SR-95531), saclofen, bicuculline, picrotoxin, and 
(+) apomorphine HCl; and dopamine antagonists, such as 
spiperone HCl, haloperidol, and (-) Sulpiride. 
0.130. In other embodiments of combinatorial formula 
tions and coordinate treatment methods provided herein, the 
secondary therapeutic agent is an anti-alcohol agent. 
Examples of useful anti-alcohol agents include, but are not 
limited to, disulfiram and naltrexone. 
0131. In other embodiments of combinatorial formula 
tions and coordinate treatment methods provided herein, the 
secondary therapeutic agent is an anti-nicotine agent. 
Examples of useful anti-nicotine agents include, but are not 
limited to, clonidine. 
(0132. In other embodiments of combinatorial formula 
tions and coordinate treatment methods provided herein, the 
secondary therapeutic agent is an anti-opiate agent. 
Examples of useful anti-opiate agents include, but are not 
limited to, methadone, clonidine, lofexidine, levomethadyl 
acetate HCl, naltrexone, and buprenorphine. 
0133. In other embodiments of combinatorial formula 
tions and coordinate treatment methods provided herein, the 
secondary therapeutic agent is anti-cocaine agent. Examples 
of useful anti-cocaine agents include, but are not limited to, 
desipramine, amantadine, fluoxidine, and buprenorphine. 
0.134. In other embodiments of combinatorial formula 
tions and coordinate treatment methods provided herein, the 
secondary therapeutic agent is an anti-lysergic acid diethyl 
amide (“anti-LSD) agent. Examples of useful anti-LSD 
agents include, but are not limited to, diazepam. 
0.135. In other embodiments of combinatorial formula 
tions and coordinate treatment methods provided herein, the 
secondary therapeutic agent is an anti-phencyclidine ("anti 
PCP) agent. Examples of useful anti-PCP agents include, 
but are not limited to, haloperidol. 
0.136. In other embodiments of combinatorial formula 
tions and coordinate treatment methods provided herein, the 
secondary therapeutic agent is an appetite Suppressant. 
Examples of useful appetite Suppressants include, but are 
not limited to, fenfluramine, phenylpropanolamine, and 
mazindol. 

0.137 In yet additional embodiments of combinatorial 
formulations and coordinate treatment methods provided 
herein, the secondary therapeutic agent is an anti-Parkin 
sons-disease agent. Examples of useful anti-Parkinson’s- 
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disease agents include, but are not limited to dopamine 
precursors, such as levodopa, L-phenylalanine, and L-tyro 
sine; neuroprotective agents; dopamine agonists; dopamine 
reuptake inhibitors; anticholinergics such as amantadine and 
memantine; and 1,3,5-trisubstituted adamantanes, such as 
1-amino-3,5-dimethyl-adamantane. (See, U.S. Pat. No. 
4,122,193) Administration of an effective amount of a 
1-heteroaryl-3-azabicyclo[3.1.0.hexane of the invention to 
a mammalian Subject presenting with one or more symptoms 
of a CNS disorder or other neurological or psychiatric 
condition will detectably decrease, eliminate, or prevent the 
targeted CNS disorder and/or associated symptom(s). In 
exemplary embodiments, administration of a 1-heteroaryl 
3-azabicyclo[3.1.0.hexane composition to a suitable test 
Subject will yield a reduction in one or more target symptom 
(s) associated with a selected CNS disorder, such as pain, by 
at least 10%, 20%, 30%, 50% or greater, up to a 75-90%, or 
95% or greater, reduction in the targeted CNS disorder or 
one or more target symptom(s), compared to placebo-treated 
or other suitable control subjects. Comparable levels of 
efficacy are contemplated for the entire range of CNS 
disorders, including all contemplated neurological and psy 
chiatric disorders, and related conditions and symptoms, for 
treatment or prevention using the compositions and methods 
of the invention. 

0.138. The active compounds of the invention may be 
optionally formulated with a pharmaceutically acceptable 
carrier and/or various excipients, vehicles, stabilizers, buf 
fers, preservatives, etc. An "effective amount,” “therapeutic 
amount,” “therapeutically effective amount,” or “effective 
dose' is an effective amount or dose of an active compound 
as described herein sufficient to elicit a desired pharmaco 
logical or therapeutic effect in a mammalian Subject— 
typically resulting in a measurable reduction in an occur 
rence, frequency, or severity of one or more symptom(s) of 
a CNS disorder, including any combination of neurological 
and/or psychological symptoms, diseases, or conditions, 
associated with or caused by the targeted CNS disorder, in 
the Subject. In certain embodiments, when a compound of 
the invention is administered to treat a CNS disorder, for 
example a pain disorder, an effective amount of the com 
pound will be an amount sufficient in vivo to delay or 
eliminate onset of symptoms of the targeted condition or 
disorder. Therapeutic efficacy can alternatively be demon 
strated by a decrease in the frequency or severity of Symp 
toms associated with the treated condition or disorder, or by 
altering the nature, recurrence, or duration of symptoms 
associated with the treated condition or disorder. Therapeu 
tically effective amounts, and dosage regimens, of the 1-het 
eroaryl-3-azabicyclo[3.1.0.hexane compositions of the 
invention, including pharmaceutically effective salts, Sol 
Vates, hydrates, polymorphs or prodrugs thereof, will be 
readily determinable by those of ordinary skill in the art, 
often based on routine clinical or patient-specific factors. 
0139 Suitable routes of administration for a 1-het 
eroaryl-3-azabicyclo[3.1.0.hexane of the invention include, 
but are not limited to, oral, buccal, nasal, aerosol, topical, 
transdermal, mucosal, injectable, slow release, controlled 
release, iontophoresis, Sonophoresis, and other conventional 
delivery routes, devices and methods. Injectable delivery 
methods are also contemplated, including but not limited to, 
intravenous, intramuscular, intraperitoneal, intraspinal, 
intrathecal, intracerebroventricular, intraarterial, and Subcu 
taneous injection. 
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0140) Suitable effective unit dosage amounts of a 1-het 
eroaryl-3-azabicyclo[3.1.0.hexane of the invention for 
mammalian Subjects may range from about 25 to 1800 mg. 
50 to 1000 mg, 75 to 900 mg, 100 to 750 mg. or 150 to 500 
mg. In certain embodiments, the effective dosage will be 
selected within narrower ranges of, for example, 10 to 25 
mg, 30-50 mg, 75 to 100 mg, 100 to 250 mg, or 250 to 500 
mg. These and other effective unit dosage amounts may be 
administered in a single dose, or in the form of multiple 
daily, weekly or monthly doses, for example in a dosing 
regimen comprising from 1 to 5, or 2-3, doses administered 
per day, per week, or per month. In exemplary embodiments, 
dosages of 10 to 25 mg, 30-50 mg, 75 to 100 mg, 100 to 250 
mg, or 250 to 500 mg, are administered one, two, three, or 
four times per day. In more detailed embodiments, dosages 
of 50-75 mg, 100-200 mg, 250-400 mg, or 400-600 mg are 
administered once or twice daily. In alternate embodiments, 
dosages are calculated based on body weight, and may be 
administered, for example, in amounts from about 0.5 mg/kg 
to about 20 mg/kg per day, 1 mg/kg to about 15 mg/kg per 
day, 1 mg/kg to about 10 mg/kg per day, 2 mg/kg to about 
20 mg/kg per day, 2 mg/kg to about 10 mg/kg per day or 3 
mg/kg to about 15 mg/kg per day. 
0.141. The amount, timing and mode of delivery of com 
positions of the invention comprising an effective amount of 
a 1-heteroaryl-3-azabicyclo[3.1.0.hexane of the invention 
will be routinely adjusted on an individual basis, depending 
on Such factors as weight, age, gender, and condition of the 
individual, the acuteness of the condition to be treated and/or 
related symptoms, whether the administration is prophylac 
tic or therapeutic, and on the basis of other factors known to 
effect drug delivery, absorption, pharmacokinetics, includ 
ing half-life, and efficacy. An effective dose or multi-dose 
treatment regimen for the compounds of the invention will 
ordinarily be selected to approximate a minimal dosing 
regimen that is necessary and Sufficient to Substantially 
prevent or alleviate one or more symptom(s) of a neurologi 
cal or psychiatric condition in the Subject, as described 
herein. Thus, following administration of a 1-heteroaryl-3- 
azabicyclo[3.1.0.hexane of the invention according to the 
formulations and methods herein, test subjects will exhibit a 
10%, 20%, 30%, 50% or greater reduction, up to a 75-90%, 
or 95% or greater, reduction, in one or more symptoms 
associated with a targeted CNS disorder or other neurologi 
cal or psychiatric condition, compared to placebo-treated or 
other suitable control subjects. 
0.142 Pharmaceutical dosage forms of the 1-heteroaryl 
3-azabicyclo[3.1.0.hexanes of the present invention may 
optionally include excipients recognized in the art of phar 
maceutical compounding as being Suitable for the prepara 
tion of dosage units as discussed above. Such excipients 
include, without limitation, binders, fillers, lubricants, emul 
sifiers, Suspending agents, Sweeteners, flavorings, preserva 
tives, buffers, wetting agents, disintegrants, effervescent 
agents and other conventional excipients and additives. 
0143. The compositions of the invention for treating CNS 
disorders, including depression, anxiety, and/or pain, can 
thus include any one or combination of the following: a 
pharmaceutically acceptable carrier or excipient; other 
medicinal agent(s); pharmaceutical agent(s); adjuvants; buf 
fers; preservatives; diluents; and various other pharmaceu 
tical additives and agents known to those skilled in the art. 
These additional formulation additives and agents will often 
be biologically inactive and can be administered to patients 
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without causing unacceptable deleterious side effects or 
serious adverse interactions with the active agent. 
0144. If desired, the substituted 1-heteroaryl-3-azabicy 
clo3.1.0.hexanes of the invention can be administered in a 
controlled release form, for example by use of a slow release 
carrier Such as a hydrophilic, slow release polymer. Exem 
plary controlled release agents in this context include, but 
are not limited to, hydroxypropyl methyl cellulose, having a 
viscosity in the range of about 100 cps to about 100,000 cps. 
0145 1-heteroaryl-3-azabicyclo[3.1.0.hexane composi 
tions of the invention will often be formulated and admin 
istered in an oral dosage form, optionally in combination 
with a carrier or other additive(s). Suitable carriers common 
to pharmaceutical formulation technology include, but are 
not limited to, microcrystalline cellulose, lactose, Sucrose, 
fructose, glucose, dextrose, or other Sugars, di-basic calcium 
phosphate, calcium Sulfate, cellulose, methylcellulose, cel 
lulose derivatives, kaolin, mannitol, lactitol, maltitol. Xyli 
tol, Sorbitol, or other Sugar alcohols, dry starch, dextrin, 
maltodextrin or other polysaccharides, inositol, or mixtures 
thereof. Exemplary unit oral dosage forms for use in this 
invention include tablets, which may be prepared by any 
conventional method of preparing pharmaceutical oral unit 
dosage form. Oral unit dosage forms, such as tablets, may 
contain one or more conventional additional formulation 
ingredients, including, but not limited to, release modifying 
agents, glidants, compression aides, disintegrants, lubri 
cants, binders, flavors, flavor enhancers, Sweeteners and/or 
preservatives. 
0146 Suitable lubricants include stearic acid, magnesium 
Stearate, talc, calcium Stearate, hydrogenated vegetable oils, 
Sodium benzoate, leucine carbowax, magnesium lauryl Sul 
fate, colloidal silicon dioxide and glyceryl monostearate. 
Suitable glidants include colloidal silica, fumed silicon 
dioxide, silica, talc, fumed silica, gypsum and glyceryl 
monostearate. Substances which may be used for coating 
include hydroxypropyl cellulose, titanium oxide, talc, Sweet 
eners and colorants. The aforementioned effervescent agents 
and disintegrants are useful in the formulation of rapidly 
disintegrating tablets known to those skilled in the art. These 
typically disintegrate in the mouth in less than one minute, 
and preferably in less than thirty seconds. By effervescent 
agent is meant a couple, typically an organic acid and a 
carbonate or bicarbonate. Such rapidly acting dosage forms 
would be useful, for example, in the prevention or treatment 
of acute attacks of panic disorder. 
0147 Additional 1-heteroaryl-3-azabicyclo[3.1.0. 
hexane compositions of the invention can be prepared and 
administered in any of a variety of inhalation or nasal 
delivery forms known in the art. Devices capable of depos 
iting aerosolized substituted 1-heteroaryl-3-azabicyclo[3.1. 
0.hexane formulations in the sinus cavity or pulmonary 
alveoli of a patient include metered dose inhalers, nebuliz 
ers, dry powder generators, sprayers, and the like. Pulmo 
nary delivery to the lungs for rapid transit across the alveolar 
epithelium into the blood stream may be particularly useful 
in treating impending episodes of seizures or panic disorder. 
Methods and compositions suitable for pulmonary delivery 
of drugs for systemic effect are well known in the art. 
Suitable formulations, wherein the carrier is a liquid, for 
administration, as for example, a nasal spray or as nasal 
drops, may include aqueous or oily solutions of a 1-het 
eroaryl-3-azabicyclo3.1.0.hexane, and any additional 
active or inactive ingredient(s). 
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0148 Intranasal and pulmonary delivery permits the pas 
sage of active compounds of the invention into the blood 
stream directly after administering an effective amount of 
the compound to the nose or lung. In the case of intranasal 
delivery, this mode of administration can achieve direct, or 
enhanced, delivery of the active compound to the CNS. For 
intranasal and pulmonary administration, a liquid aerosol 
formulation will often contain an active compound of the 
invention combined with a dispersing agent and/or a physi 
ologically acceptable diluent. Alternatively, dry powder 
aerosol formulations may contain a finely divided Solid form 
of the Subject compound and a dispersing agent allowing for 
the ready dispersal of the dry powder particles. With either 
liquid or dry powder aerosol formulations, the formulation 
must be aerosolized into Small, liquid or Solid particles in 
order to ensure that the aerosolized dose reaches the mucous 
membranes of the nasal passages or the lung. The term 
“aerosol particle' is used herein to describe a suitable liquid 
or solid particle of a Sufficiently small particle diameter, e.g., 
in a range of from about 2-5 microns, for nasal or pulmonary 
distribution to targeted mucous or alveolar membranes. 
Other considerations include the construction of the delivery 
device, additional components in the formulation, and par 
ticle characteristics. These aspects of nasal or pulmonary 
administration of drugs are well known in the art, and 
manipulation of formulations, aerosolization means, and 
construction of delivery devices, is within the level of 
ordinary skill in the art. 
0149. Yet additional compositions and methods of the 
invention are provided for topical administration of 1-het 
eroaryl-3-azabicyclo[3.1.0.hexanes for treating CNS disor 
ders, including pain. Topical compositions may comprise a 
1-heteroaryl-3-azabicyclo[3.1.0.hexane and any other 
active or inactive component(s) incorporated in a dermato 
logical or mucosal acceptable carrier, including in the form 
of aerosol sprays, powders, dermal patches, sticks, granules, 
creams, pastes, gels, lotions, syrups, ointments, impregnated 
sponges, cotton applicators, or as a solution or Suspension in 
an aqueous liquid, non-aqueous liquid, oil-in-water emul 
Sion, or water-in-oil liquid emulsion. These topical compo 
sitions may comprise a 1-heteroaryl-3-azabicyclo3.1.0. 
hexane dissolved or dispersed in a portion of a water or other 
Solvent or liquid to be incorporated in the topical composi 
tion or delivery device. Transdermal administration may be 
enhanced by the use of dermal penetration enhancers known 
to those skilled in the art. 

(O150 Yet additional 1-heteroaryl-3-azabicyclo[3.1.0. 
hexane formulations are provided for parenteral administra 
tion, including aqueous and non-aqueous sterile injection 
Solutions which may optionally contain anti-oxidants, buf 
fers, bacteriostats and/or solutes which render the formula 
tion isotonic with the blood of the mammalian subject; and 
aqueous and non-aqueous sterile Suspensions which may 
include Suspending agents and/or thickening agents. The 
formulations may be presented in unit-dose or multi-dose 
containers. 

0151 1-heteroaryl-3-azabicyclo[3.1.0.hexane formula 
tions of the invention may also include polymers for 
extended release following parenteral administration. 
Extemporaneous injection Solutions, emulsions and Suspen 
sions may be prepared from sterile powders, granules and 
tablets of the kind previously described. Preferred unit 
dosage formulations are those containing a daily dose or 
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unit, daily Sub-dose, as described herein above, or an appro 
priate fraction thereof, of the active ingredient(s). 
0152. In more detailed embodiments, 1-heteroaryl-3- 
azabicyclo[3.1.0.hexanes may be encapsulated for delivery 
in microcapsules, microparticles, or microspheres, prepared, 
for example, by coacervation techniques or by interfacial 
polymerization, for example, hydroxymethylcellulose or 
gelatin-microcapsules and poly(methylmethacylate) micro 
capsules, respectively, in colloidal drug delivery systems 
(for example, liposomes, albumin microspheres, microemul 
sions, nano-particles and nanocapsules) or in macroemul 
S1O.S. 

0153. The invention also provides pharmaceutical packs 
or kits comprising one or more containers holding a 1-het 
eroaryl-3-azabicyclo3.1.0.hexane, or any composition 
comprising a 1-heteroaryl-3-azabicyclo3.1.0.hexane as 
described herein, including pharmaceutically acceptable 
salts and other forms of 1-heteroaryl-3-azabicyclo[3.1.0. 
hexanes as described, in a pharmaceutically acceptable, 
stable form. Optionally packaged with these packs and kits 
can be a notice, e.g., in a form prescribed by a governmental 
agency regulating pharmaceuticals or biological products, 
reflecting approval by the agency of the manufacture, use 
and/or sale of the product contained in the pack or kit for 
human administration (optionally specifying one or more 
approved treatment indications as described herein). 
0154 The pharmaceutical agents of the invention may be 
administered parenterally, e.g. intravenously, intramuscu 
larly, Subcutaneously or intraperitoneally. The parenteral 
preparations may be solutions, dispersions or emulsions 
Suitable for Such administration. The Subject agents may also 
be formulated into polymers for extended release following 
parenteral administration. Pharmaceutically acceptable for 
mulations and ingredients will typically be sterile or readily 
sterilizable, biologically inert, and easily administered. Such 
polymeric materials are well known to those of ordinary 
skill in the pharmaceutical compounding arts. Parenteral 
preparations typically contain buffering agents and preser 
vatives, and may be lyophilized to be re-constituted at the 
time of administration. 

0155 Compounds and compositions of the present inven 
tion are also useful in a variety of in vitro applications, 
including a range of diagnostic uses. In exemplary in vitro 
assays, compounds and compositions of the invention can be 
used as CNS imaging agents. In other embodiments, the 
compounds of the invention can be used in a variety of 
conventional, clinical assays to determine whether it is 
desired to administer a compound of the present invention, 
or a particular dosage form or quantity of the compound, to 
a particular patient as a therapeutic agent. For example, 
assays employing cell cultures, tissue cultures, or animal 
model systems can be used to demonstrate safety and 
efficacy of the compounds and pharmaceutical formulations 
described herein. Additional uses of the compounds of the 
invention, e.g., in radiolabeled or other labeled form, can be 
used to study biochemical mechanisms, metabolic pro 
cesses, pharmacokinetics, etc. of the Subject compounds 
and/or their targets in a diverse array of in vitro, ex vivo, and 
in vivo assays. Each of the foregoing general applications of 
the subject compounds will be understood by those skilled 
in the art to have many corresponding embodiments and 
modified formats following conventional methods and pro 
cedures widely known in the art. 
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0156 The following examples illustrate certain embodi 
ments of the present invention, and are not to be construed 
as limiting the present disclosure. 

Example I 

Preparation of 
1-heteroaryl-3-azabicyclo[3.1.0 hexanes using 

Reaction Scheme 1 

A. Synthesis of 
1-(pyridine-2-yl)-3-azabicyclo[3.1.0 hexane, 

dihydrochloride 

O157 

21 

N 
N 

N HCI 
H 

0158. A cooled (-25°C.) stirred suspension of sodium 
amide (0.43 g, 11 mmol) in anhydrous THF (20 mL) under 
nitrogen was treated with a solution of pyridine-2-acetoni 
trile (591 mg, 5.0 mmol) in anhydrous THF (5 mL) and 
stirred at room temperature for 3 h. The mixture was cooled 
(-25° C.) and treated with a solution of epichlorohydrin 
(0.52 mL, 6.0 mmol) in anhydrous THF (2 mL) in one 
portion, then stirred at room temperature for 1.5 h. Reaction 
was incomplete, so the solution was heated to 35°C. for 1.5 
h, then cooled on an ice bath. Saturated aqueous ammonium 
chloride (5 mL) was added, followed by ethyl acetate (70 
mL). The organic layer was separated, the aqueous extracted 
with more ethyl acetate (30 mL), and the combined organic 
layers dried (MgSO) and concentrated in vacuo. The resi 
due was dissolved in methylene chloride and loaded onto a 
silica gel column (~150 cc) and eluted with 1:1 methylene 
chloride/ethyl acetate to afford the intermediate cyanocyclo 
propanemethanol (447 mg, 51%) as a 4:1 E/Z mixture of 
isomers (by NMR). 
0159. An ice-cooled (3° C.) stirred solution of lithium 
aluminum hydride/THF (3.0 mL, 3.0 mmol) under nitrogen 
was treated dropwise with a solution of the above cyano 
cyclopropanemethanol (348 mg, 2.0 mmol) in THF (3 mL), 
and the mixture stirred on an ice bath for 2 h and carefully 
quenched dropwise by successive addition of water (0.115 
mL), 15% aqueous sodium hydroxide (0.115 mL), and water 
(0.35 mL). The suspension was diluted with THF to loosen 
it up, stirred a few minutes, filtered, and the filtrate concen 
trated in vacuo (toluene added to ensure water removal). The 
residual oil was dissolved in anhydrous 1,2-dichloroethane 
(DCE, 12 mL), cooled (3° C.), and treated with thionyl 
chloride (0.175 mL, 2.4 mmol). The mixture was warmed to 
room temperature, stirred 3 h, concentrated in vacuo, and the 
residue taken up in water (10 mL). The aqueous Solution was 
made basic with 5N NaOH (-2 mL), extracted with meth 
ylene chloride containing a little 2-propanol (5x15 mL), and 
the combined extracts dried (NaSO) and concentrated in 
vacuo. The residue was dissolved in methylene chloride and 
loaded onto a silica gel column (~50 cc) and eluted with 
80:18:2 methylene chloride/ethanol/ammonium hydroxide 
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to afford 1-(pyridine-2-yl)-3-azabicyclo[3.1.0 hexane (225 
mg, 70%) as a pale amber oil. MS (M+1) 1610. "H NMR 
(CDC1) & 8.48 (m. 1H), 7.56 (m, 1H), 7.03-7.12 (m, 2H), 
3.40 (m, 1H), 3.31 (d. 1H, J–11 Hz), 3.11 (dd. 1H, J=11 Hz, 
3 Hz), 3.04 (d. 1H, J=11 Hz), 1.98 (m. 1H), 1.31 (m, 1H), 
0.97 (t, 1H, J=5 Hz). 
0160 The above free base (190 mg, 1.18 mmol) was 
dissolved in methanol (5 mL) and treated with 2N HCl/ether 
(1.5 mL, 3 mmol) and the resulting Solution was concen 
trated in vacuo. The residue was triturated from a mixture of 
ethanol and acetonitrile to afford 1-(pyridine-2-yl)-3-azabi 
cyclo[3.1.0-hexane, dihydrochloride (184 mg. 67%) as a 
pale tan solid. MS (M+1) 1610. "H NMR (DMSO-d) & 
10.21 (brs, 1H), 9.98 (brs, 1H), 8.64 (m, 1H), 8.24 (t, 1H, 
J=8 Hz), 7.75 (d. 1H, J=8 Hz), 7.67 (t, 1H, J=7 Hz), 3.73 (m, 
2H), 3.45-3.57 (m. 1H), 3.38 (m, 1H), 2.51 (m, 1H), 1.74 (t, 
1H, J=6 Hz), 1.50 (dd. 1H, J=6 Hz, 9 Hz). 'C NMR 
(DMSO-d) & 155.19, 144,08, 142.81, 124.12, 123.87, 
47.84, 46.34, 30.39, 25.75, 16.55. 

Synthesis of 3-methyl-1-(pyridine-2-yl)-3-azabicy 
clo3.1.0 hexane, dihydrochloride 

(0161 

21 

Sa 
N 

N HCI 

0162. A solution of 1-(pyridine-2-yl)-3-azabicyclo[3.1.0 
hexane (240 mg, 1.5 mmol) in anhydrous methylene chlo 
ride (10 mL) was treated with di-tert-butyl dicarbonate (382 
mg, 1.75 mmol), stirred for 2 h, and concentrated in vacuo 
(with toluene added late). An ice-cooled stirred solution of 
1N LAH/THF (4.5 mL, 4.5 mmol) under nitrogen was 
treated dropwise with a solution of the above residue in 
anhydrous THF (3.5 mL), then the mixture was stirred for 1 
hat room temperature and for 5 hat reflux, cooled on an ice 
bath, and carefully quenched dropwise Successively with 
water (0.17 mL), 15% aqueous sodium hydroxide (0.17 
mL), and water (0.50 mL). The suspension was diluted with 
THF to loosen it up, stirred a few minutes, filtered, and the 
filtrate concentrated in vacuo. The residue was dissolved in 
methylene chloride, loaded onto a silica gel column (-75 
cc), and eluted with 95:4.5:0.5, then 90:9:1 methylene 
chloride/ethanol/ammonium hydroxide to afford a colorless 
oil. This was dissolved in methanol (5 mL), treated with 2N 
HCl/ether (1.5 mL, 3.0 mL), and concentrated in vacuo to a 
solid. Trituration from ether afforded 3-methyl-1-(pyridine 
2-yl)-3-azabicyclo[3.1.0 hexane, dihydrochloride (214 mg. 
58%) as a white solid. MS (M+1) 175.1. "H NMR (DMSO 
d) & 11.63 (brs, 1H), 8.64 (m. 1H), 8.23 (t, 1H, J=8 Hz) 
7.73 (d. 1H, J=8 Hz), 7.66 (t, 1H, J=7 Hz), 3.82-3.97 (m, 
2H), 3.61 (m, 2H), 2.81 (brs, 3H), 2.45 (m, 1H), 2.03 (t, 1H, 
J=6 Hz), 1.52 (m, 1H). 'C NMR (DMSO-d) & 154.90, 
144.42, 142.52, 123.94, 57.18, 55.65, 30.25, 25.69, 15.93. 
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Synthesis of 
1-(pyridine-3-yl)-3-azabicyclo[3.1.0 hexane.d 

dihydrochloride 

(0163 

21 

N N 

N HCI 
H 

0164. A cooled (-25°C.) stirred solution of pyridine-3- 
acetonitrile (1.18 g. 10 mmol) in anhydrous THF (25 mL) 
under nitrogen was treated with 1.0N sodium bis(trimeth 
ylsilyl)amide (11 mL, 11 mmol), warmed to room tempera 
ture, stirred 10 min, then recooled (-25°C.). More base (12 
mL, 12 mmol) was added, followed by epichlorohydrin 
(1.04 mL, 12 mmol) in one portion, and the mixture was 
stirred at room temperature for 2 h, cooled on an ice bath, 
and quenched (10 mL Saturated aqueous ammonium chlo 
ride), followed by dilution with ethyl acetate (100 mL). The 
organic layer was separated and the aqueous extracted with 
ethyl acetate (25 mL). The combined organic Solution was 
dried (MgSO4) and concentrated in vacuo, and the residual 
brown solid dissolved in methylene chloride and loaded onto 
a silica gel column (-250 cc). This was eluted with ethyl 
acetate, then 5% ethanol/ethyl acetate, then 10% ethanol/ 
ethyl acetate to afford an orange Solid, which was recrys 
tallized from ethyl acetate?heptane to afford the intermediate 
cyanocyclopropanemethanol (625 mg, 36%) as a 3.5:1 E/Z 
mixture of isomers (by NMR). An ice-cooled (3°C.) stirred 
solution of lithium aluminum hydride/THF (4.1 mL, 4.1 
mmol) under nitrogen was treated dropwise with a solution 
of the above cyanocyclopropanemethanol (470 mg, 2.7 
mmol) in THF (4 mL), and the mixture stirred on an ice bath 
for 2 h and carefully quenched dropwise successively with 
water (0.16 mL), 15% aqueous sodium hydroxide (0.16 
mL), and water (0.48 mL). The suspension was diluted with 
THF/isopropanol to loosen it up, stirred a few minutes, 
filtered, and the filtrate concentrated in vacuo (toluene added 
to ensure water removal). The residual oil was dissolved in 
anhydrous 1,2-dichloroethane (DCE, 12 mL), cooled (3 
C.), and treated with thionyl chloride (0.22 mL, 3.0 mmol). 
The mixture was warmed to room temperature, stirred 3 h, 
concentrated in vacuo, and the residue taken up in water (10 
mL). The aqueous solution was basified with 5N NaOH (-3 
mL), extracted with methylene chloride containing a little 
2-propanol (4x25 mL), and the combined extracts dried 
(MgSO) and concentrated in vacuo. The residue was dis 
Solved in methylene chloride and loaded onto a silica gel 
column (~50 cc) and eluted with 80:18:2 methylene chlo 
ride/ethanol/ammonium hydroxide to afford 1-(pyridine-3- 
yl)-3-azabicyclo[3.1.0 hexane (156 mg, 36%) as a pale 
yellow oil. The above free base (68 mg, 0.424 mmol) was 
dissolved in methanol (2 mL) and treated with 2N HCl/ether 
(1.0 mL, 2.0 mmol), then the solution was concentrated in 
vacuo. The residue was rinsed with ether and triturated from 
acetonitrile to afford 1-(pyridine-3-yl)-3-azabicyclo[3.1.0- 
hexane, dihydrochloride (67 mg, 68%) as a pale tan solid. 
MS (M+1) 1610. "H NMR (DMSO-d) & 10.20 (brs, 1H), 



US 2017/0204088 A1 

9.95 (brs, 1H), 8.87 (im, 1H), 8.74 (d. 1H, J=5 Hz), 8.41 (m, 
1H), 7.94 (dd. 1H, J=6 Hz, 9 Hz), 3.74 (m, 1H), 3.42-3.60 
(m. 2H), 3.37 (m. 1H), 2.37 (m, 1H), 1.64 (t, 1H, J=6 Hz), 
1.30 (m, 1H). 'C NMR (DMSO-d) & 143.15, 141.00, 
140.31, 139.35, 126.38, 48.27, 46.41, 28.42, 24.30, 16.15. 

D. Synthesis of 3-Methyl-1-(pyridine-3-yl)-3-azabi 
cyclo[3.1.0 hexane, dihydrochloride 

(0165 

21 

S N 

N HCI 

0166 A solution of 1-(pyridine-3-yl)-3-azabicyclo[3.1.0 
hexane (81.7 mg, 0.51 mmol) in anhydrous methylene 
chloride (3 mL) was treated with di-tert-butyl dicarbonate 
(120 mg 0.55 mmol), stirred for 2 h, and concentrated in 
vacuo (with toluene added late). An ice-cooled stirred solu 
tion of 1N LAH/THF (1.5 mL, 1.5 mmol) under nitrogen 
was treated dropwise with a solution of the above residue in 
anhydrous THF (1.5 mL), then the mixture was stirred for 1 
hat room temperature and for 5 hat reflux, cooled on an ice 
bath, and carefully quenched dropwise Successively with 
water (0.07 mL), 15% aqueous sodium hydroxide (0.07 
mL), and water (0.22 mL). The suspension was diluted with 
THF/isopropanol to loosen it up, stirred a few minutes, 
filtered, and the filtrate concentrated in vacuo. The residue 
was dissolved in methylene chloride, loaded onto a silica gel 
column (-70 cc), and eluted with 95:4.5:0.5, then 90:9:1 
methylene chloride/ethanol/ammonium hydroxide to afford 
a paletan oil. This was dissolved in methanol (5 mL), treated 
with 2N HCl/ether (0.75 mL, 1.5 mL), and concentrated in 
vacuo to a solid. Trituration from ether afforded 3-methyl 
1-(pyridine-3-yl)-3-azabicyclo[3.1.0 hexane, dihydrochlo 
ride (73 mg, 58%) as a pale tan solid. MS (M+1) 175.0. "H 
NMR (DMSO-d) & 11.59 (brs, 1H), 8.91 (m, 1H), 8.76 (d. 
1H, J=5 Hz), 8.43 (m, 1H), 7.94 (dd. 1H, J=6 Hz, 9 Hz), 3.93 
(m. 1H), 3.58-3.70 (m, 2H), 3.50 (m. 1H), 2.79 (brs, 3H), 
2.33 (m. 1H), 1.97 (t, 1H, J=6 Hz), 1.34 (m, 3H). 'C NMR 
(DMSO-d) & 143.13, 141.39, 140.63, 138.89, 126.34, 
57.54, 55.71, 28.27, 24.37, 15.39. 

E. Synthesis of 
1-(pyridine-4-yl)-3-azabicyclo[3.1.0 hexane, 

dihydrochloride 

(0167 

21 

N 

HCI N 
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0168 A cooled (-25°C.) stirred solution of pyridine-4- 
acetonitrile (1.83 g, 15.5 mmol) in anhydrous THF (40 mL) 
under nitrogen was treated with 1.0N sodium bis(trimeth 
ylsilyl)amide (16 mL, 16 mmol), warmed to room tempera 
ture, stirred 15 min, then recooled (-25°C.). More base (17 
mL, 17 mmol) was added, followed by epichlorohydrin 
(1.56 mL, 18 mmol) in one portion, and the mixture was 
stirred at room temperature for 18 h, cooled on an ice bath, 
and quenched (15 mL Saturated aqueous ammonium chlo 
ride), followed by dilution with ethyl acetate (200 mL). The 
organic layer was separated and the aqueous extracted with 
ethyl acetate (50 mL). The combined organic solution was 
dried (MgSO4) and concentrated in vacuo, and the residual 
brown oil dissolved in methylene chloride and loaded onto 
a silica gel column (-300 cc). This was eluted with 10% 
ethanol/methylene chloride to afford the intermediate cya 
nocyclopropanemethanol (750 mg, 28%) as a viscous amber 
oil, a 5:1 E/Z mixture of isomers (by NMR). 
0169. An ice-cooled (3°C.) stirred solution of lithium 
aluminum hydride/THF (6.5 mL, 6.5 mmol) under nitrogen 
was treated dropwise with a solution of the above cyano 
cyclopropanemethanol (740 mg, 4.25 mmol) in THF (6 mL), 
and the mixture stirred on an ice bath for 2 h and carefully 
quenched dropwise successively with water (0.25 mL), 15% 
aqueous sodium hydroxide (0.25 mL), and water (0.75 mL). 
The suspension was diluted with THF/isopropanol to loosen 
it up, stirred a few minutes, filtered, and the filtrate concen 
trated in vacuo (toluene added to ensure water removal). The 
residual oil was dissolved in anhydrous 1,2-dichloroethane 
(DCE, 20 mL), cooled (3° C.), and treated with thionyl 
chloride (0.33 mL, 4.5 mmol). The mixture was warmed to 
room temperature, stirred 3 h, concentrated in vacuo, and the 
residue taken up in water (10 mL). The aqueous Solution was 
basified with 5N NaOH (~4 mL), extracted with methylene 
chloride containing a little 2-propanol (5x25 mL), and the 
combined extracts dried (Na2SO) and concentrated in 
vacuo. The residue was dissolved in methylene chloride and 
loaded onto a silica gel column (~100 cc) and eluted with 
90:9:1, then 85:13.5:1.5 methylene chloride/ethanol/ammo 
nium hydroxide to afford 1-(pyridine-4-yl)-3-azabicyclo[3. 
1.0 hexane (175 mg, 26%) as an amber oil. 
(0170 The above free base (101 mg, 0.63 mmol) was 
dissolved in methanol (5 mL) and treated with 2N HCl/ether 
(1.0 mL, 2.0 mmol), then the solution was concentrated in 
vacuo. The residue was triturated from ether to afford 
1-(pyridine-4-yl)-3-azabicyclo[3.1.0 hexane, dihydrochlo 
ride (130 mg, 88%) as a white solid. MS (M+1) 1610. H 
NMR (DMSO-d) & 10.33 (brs, 1H), 10.10 (brs, 1H), 8.79 
(d. 2H, J=7 Hz), 7.82 (d. 2H, J=7 Hz), 3.78 (m. 1H), 3.64 (m, 
1H), 3.41 (m, 2H), 2.58 (m, 1H), 1.94 (t, 1H, J=6 Hz), 1.49 
(m. 1H). ''C NMR (DMSO-d) & 161.21, 141.84, 124.18, 
47.35, 46.78, 31.72, 28.81, 21.28. 

F. Synthesis of 3-methyl-1-(pyridine-4-yl)-3-azabi 
cyclo[3.1.0 hexane, dihydrochloride 

0171 

21 

S 

HCI 
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0172 Astirred solution of 1-(pyridine-4-yl)-3-azabicyclo 
3.1.0 hexane (272 mg, 1.7 mmol) in DCE (50 mL) was 
treated with 37% aqueous formaldehyde (1.02 mL, 13.6 
mmol), then with sodium triacetoxyborohydride (1.44 g. 6.8 
mmol) and stirred at room temperature for 3 h. 1N sodium 
hydroxide (25 mL) was added, stirring continued for 15 min, 
the organic layer was separated, and the aqueous Solution 
extracted with methylene chloride (2x50 mL). The com 
bined organic extracts were dried (MgSO), concentrated in 
vacuo, dissolved in methylene chloride, and loaded onto a 
silica gel column (~100 cc). This was eluted with 95:4.5:0.5, 
then 90:10:1 methylene chloride/ethanol/ammonium 
hydroxide to afford product free base as a colorless oil. This 
was dissolved in methanol, treated with 2N HCl/ether (2 
mL, 4 mmol), concentrated in vacuo, and the residual Solid 
triturated from ether to afford 3-methyl-1-(pyridine-4-yl)-3- 
azabicyclo[3.1.0 hexane, dihydrochloride (285 mg, 68%) as 
a white solid. MS (M+1) 175.0. "H NMR (DMSO-d) & 
11.76 (brs, 1H), 8.80 (d. 2H, J=7 Hz), 7.78 (d. 2H, J=7 Hz), 
3.99 (m. 1H), 3.76 (m, 1H), 3.64 (m, 1H), 3.46 (m. 1H), 2.79 
(brs, 3H), 2.57 (m, 1H), 2.25 (t, 1H, J=6 Hz), 1.49 (m. 1H). 
'C NMR (DMSO-d) & 159.52, 141.58, 123.31, 55.82, 
55.29, 30.63, 27.94, 19.99. 

G. Synthesis of 1-(6-methoxypyridine-3-yl)-3- 
azabicyclo[3.1.0 hexane, dihydrochloride 

0173 

21 On 

N N 

N HCI 
H 

0.174. A cooled (-25°C.) stirred solution of 6-methoxy 
pyridine-3-acetonitrile (1.48 g, 10.0 mmol) in anhydrous 
THF (25 mL) under nitrogen was treated with 1.0N sodium 
bis(trimethylsilyl)amide (11 mL, 11 mmol), warmed to room 
temperature, stirred 15 min, then recooled (-25° C.). More 
base (12 mL, 12 mmol) was added, followed by epichloro 
hydrin (1.04 mL, 12 mmol) in one portion, and the mixture 
was stirred at room temperature for 2 h, cooled on an ice 
bath, and quenched (10 mL Saturated aqueous ammonium 
chloride), followed by dilution with ethyl acetate (100 mL). 
The organic layer was separated and the aqueous extracted 
with ethyl acetate (25 mL). The combined organic solution 
was dried (MgSO4) and concentrated in vacuo, and the 
residue dissolved in ethyl acetate and loaded onto a silica gel 
column (~150 cc). This was eluted with ethyl acetate to 
afford the intermediate cyanocyclopropanemethanol (970 
mg, 47%) as a viscous pale yellow oil, a 5:2 E/Z mixture of 
isomers (by NMR). 
(0175. An ice-cooled (3°C.) stirred solution of the above 
cyanocyclopropanemethanol (960 mg, 4.7 mmol) in anhy 
drous THF (8 mL) under nitrogen was treated dropwise with 
1N LAH/THF (7.1 mL, 7.1 mmol) at a rate to keep pot 
temp-8° C., then stirred at 3° C. for 2 h and carefully 
dropwise quenched with water (0.27 mL), 15% aqueous 
sodium hydroxide (0.27 mL), and water (0.80 mL). The 
thick suspension was diluted with THF to facilitate stirring, 
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stirred for 15 min, then filtered through Celite R (filter cake 
rinsed with THF). The filtrate was concentrated in vacuo and 
the residue was dissolved in methylene chloride and loaded 
onto a column of silica gel (~130 cc), then eluted with 
80:18:2 methylene chloride/ethanol/ammonium hydroxide 
to afford the intermediate aminomethylcyclopropanemetha 
nol (496 mg, 51%) as a pale yellow oil. 
0176 An ice-cooled (3°C.) stirred solution of the above 
aminomethylcyclopropanemethanol (489 mg, 2.35 mmol) in 
anhydrous DCE (12 mL) under nitrogen was treated drop 
wise with thionyl chloride (0.205 mL, 2.8 mmol), then 
stirred for 3 h at room temperature and concentrated in 
vacuo. The residue was taken up in water (10 mL), stirred for 
15 min, basified with 5N NaOH (3 mL), and extracted with 
methylene chloride containing a little isopropanol (4x25 
mL). The combined organic solution was rinsed with water 
(30 mL), dried (MgSO), and concentrated in vacuo. The 
residue was dissolved in methylene chloride, loaded onto a 
silica gel column (-75 cc), and eluted with 90:9:1, then 
80:18:2 methylene chloride/ethanol/ammonium hydroxide 
to afford bicyclic amine free base (192 mg, 43%) as a pale 
yellow viscous oil. 
0177. A solution of the above bicyclic amine free base 
(70 mg, 0.368 mmol) in methanol (5 mL) was treated with 
2N HCl/ether (0.5 mL, 1.0 mmol), the solution concentrated 
in vacuo, and the residual solid triturated successively with 
ether and acetonitrile to afford 1-(6-methoxypyridine-3-yl)- 
3-azabicyclo[3.1.0 hexane, dihydrochloride (82 mg. 85%) 
as a white solid. MS (M+1) 1909. "H NMR (DMSO-d) & 
9.96 (brs, 1H), 9.71 (brs, 1H), 8.11 (m. 1H), 7.67 (m. 1H), 
6.81 (m. 1H), 3.82 (s, 3H), 3.61 (m. 1H), 3.45 (m. 1H), 
3.28-3.40 (m, 2H), 2.05 (m, 1H), 1.39 (m, 1H), 1.04 (m, 1H). 
'C NMR (DMSO-d) & 162.27, 144.91, 138.90, 128.04, 
110.23, 53.49, 49.40, 46.68, 27.93, 22.48, 14.45. 

H. Synthesis of 1-(6-methoxypyridine-3-yl)-3- 
methyl-3-azabicyclo[3.1.0 hexane, dihydrochloride 

0178 

21 N 

N 

HCI 

0179 A stirred solution of 1-(6-methoxypyridine-3-yl)- 
3-azabicyclo[3.1.0 hexane (90 mg, 0.473 mmol) in DCE (15 
mL) was treated with 37% aqueous formaldehyde (0.29 mL, 
3.8 mmol), followed by sodium triacetoxyborohydride 
(0.403 g, 1.9 mmol), and stirred at room temperature for 3 
h. 1N sodium hydroxide (6 mL) was added, stirring contin 
ued for 15 min, and the organic layer was separated and the 
aqueous solution extracted with methylene chloride (3x15 
mL). The combined organic extracts were dried (NaSO), 
concentrated in vacuo, dissolved in methylene chloride, and 
loaded onto silica gel (~50 cc). This was eluted with 
95:4.5:0.5, then 85:13.5:1.5 methylene chloride/ethanol/am 
monium hydroxide to afford the above free base as a 
colorless oil, which was dissolved in methanol (5 mL). The 
stirred solution was treated with 2N HC1/ether (0.5 mL, 1.0 



US 2017/0204088 A1 

mmol), concentrated in vacuo, and the residual Solid tritu 
rated with ether to afford 1-(6-methoxypyridine-3-yl)-3- 
methyl-3-azabicyclo[3.1.0 hexane, dihydrochloride (101 
mg, 77%) as a white solid. MS (M+1) 204.9. "H NMR 
(DMSO-d) & 11.36 (brs, 1H), 8.12 (m, 1H), 7.71 (m. 1H), 
6.82 (m. 1H), 3.82 (s.3H), 3.77-3.87 (m. 1H), 3.57 (m. 1H), 
3.45 (m, 2H), 2.76 (brs, 3H), 2.04 (m. 1H), 1.76 (m, 1H), 
1.05 (m. 1H). ''C NMR (DMSO-d) & 162.36, 145.07, 
138.91, 127.78, 110.21, 58.50, 55.93, 53.47, 27.78, 22.54, 
14.13. 

I. Synthesis of 
1-(5-methylfuran-2-yl)-3-azabicyclo[3.1.0 hexane, 

hydrochloride 

0180 

O 

N HCI 
H 

0181. A cooled (3° C.) stirred suspension of sodium 
amide (1.37 g., 35 mmol) in anhydrous THF (40 mL) under 
nitrogen was treated with a solution of 5-methylfuran-2- 
acetonitrile (1.82 g, 15 mmol) in anhydrous THF (20 mL), 
stirred 1.5 h at room temperature, and recooled (3° C.). 
Epichlorohydrin (1.53 mL, 19.5 mmol) was added, and the 
mixture stirred at room temperature for 2 h, then cooled on 
an ice bath and quenched with Saturated aqueous ammonium 
chloride (15 mL). After stirring for 15 min, the mixture was 
taken up in ethyl acetate (150 mL) and the organic layer 
separated. The aqueous solution was extracted with ethyl 
acetate (30 mL) and the combined organic Solution was 
dried (MgSO) and concentrated in vacuo. The residue was 
dissolved in methylene chloride and loaded onto a silica gel 
column (~150 cc) and eluted with methylene chloride, 5% 
ethyl acetate/methylene chloride, and 10% ethyl acetate/ 
methylene chloride to afford the intermediate cyanocyclo 
propanemethanol (1.25 g, 47%) as an amber oil, a 2:1 E/Z 
mixture of isomers (by NMR). 
0182. A cooled (-25°C.) stirred solution of the interme 
diate cyanocyclopropanemethanol (1.24 g, 7.00 mmol) in 
anhydrous THF (15 mL) was carefully treated dropwise with 
1.ON LAH/THF (14 mL, 14 mmol), then stirred for 3 h on 
an ice bath. The solution was cooled (-25°C.) and carefully 
treated dropwise with water (0.53 mL), 15% NaOH (0.53 
mL), and water (1.6 mL), diluted with THF to facilitate 
stirring, stirred 15 min, and filtered through Celite(R) (filter 
cake rinsed with THF). The filtrate was concentrated in 
vacuo and the residue dissolved in methylene chloride and 
loaded onto a silica gel column (~150 cc). This was eluted 
with 9:1 methylene chloride/ethanol, 95:4.5:0.5 methylene 
chloride/ethanol/ammonium hydroxide, and 90:9:1 methyl 
ene chloride/ethanol/ammonium hydroxide to afford the 
intermediate aminomethylcyclopropanemethanol (453 mg, 
38%) as a pale amber oil. MS (M+1) 1819. "H NMR 
(CDC1) & 5.91 (m, 1H), 5.83 (m, 1H), 4.08 (dd. 1H, J=12 
Hz, 5 Hz), 3.67 (d. 1H, J=13 Hz), 3.28 (dd. 1H, J=13 Hz, 11 
Hz), 2.48 (d. 1H, J=12 Hz), 2.23 (s, 3H), 1.78 (m, 1H), 1.08 
(dd. 1H, J=9 Hz, 5 Hz), 0.68 (t, 1H, J=5 Hz). 
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0183. A cooled (3°C.) stirred solution of the intermediate 
aminomethylcyclopropanemethanol (435 mg, 2.4 mmol) in 
anhydrous DCE (15 mL) was treated dropwise with thionyl 
chloride (0.22 mL, 3.0 mmol). The solution was stirred 3 h 
at room temperature, then concentrated in vacuo, taken up in 
water (15 mL), stirred 15 min, and basified (3 mL of 5N 
NaOH). The dark aqueous mixture was extracted with 
methylene chloride (3x40 mL) and the combined extracts 
washed with brine (50 mL), dried (NaSO) and concen 
trated in vacuo. The residue was dissolved in methylene 
chloride, loaded onto a silica gel column (~75 cc), and eluted 
with 90.9:1 methylene chloride/ethanol/ammonium hydrox 
ide to afford the bicyclic amine free base (158 mg, 40%) as 
an amber glass. MS (M+1) 163.9. 
0184. A solution of the bicyclic amine free base (70 mg. 
0.429 mmol) in methylene chloride (5 mL) was treated with 
2N HCl/ether (0.25 mL, 0.50 mmol), stirred a few minutes, 
then concentrated in vacuo. The residue was triturated from 
ether to afford 1-(5-methylfuran-2-yl)-3-azabicyclo[3.1.0 
hexane, hydrochloride (65 mg, 76%) as a brown solid. MS 
(M+1) 163.9. "H NMR (CDC1) & 10.26 (brs, 1H), 9.75 (br 
s, 1H), 5.90 (m, 2H), 3.45-3.75 (m, 4H), 2.23 (s, 3H), 1.89 
(m. 1H), 1.50 (m, 1H), 1.36 (m, 1H). 'C NMR (CDC1,) & 
151.59, 149.26, 106.89, 106.28, 48.37, 47.26, 25.71, 23.46, 
13.45, 13.35. 

J. Synthesis of 
1-(benzofuran-3-yl)-3-azabicyclo[3.1.0 hexane, 

hydrochloride 

0185 

S O 

N HCI 
H 

0186. A cooled (3° C.) stirred suspension of sodium 
amide (1.37 g., 35 mmol) in anhydrous THF (45 mL) under 
nitrogen was treated with a solution of benzofuran-3-ac 
etonitrile (2.36 g. 15 mmol) in anhydrous THF (15 mL), 
stirred 1 h at room temperature, and recooled (3° C.). 
Epichlorohydrin (1.53 mL, 19.5 mmol) was added, and the 
mixture stirred at room temperature for 1 h, then cooled on 
an ice bath and quenched with Saturated aqueous ammonium 
chloride (15 mL). After stirring for 15 min, the mixture was 
taken up in ethyl acetate (150 mL) and the organic layer 
separated. The aqueous Solution was extracted with ethyl 
acetate (2x20 mL) and the combined organic solution was 
dried (MgSO) and concentrated in vacuo. The residue was 
dissolved in methylene chloride and loaded onto a silica gel 
column (~150 cc) and eluted with 5% ethyl acetate/meth 
ylene chloride, then 10% ethyl acetate/methylene chloride to 
afford the intermediate cyanocyclopropanemethanol (1.83 g, 
57%) as a pale amber oil, a 2:1 E/Z mixture of isomers (by 
NMR). 
0187. A cooled (-25°C.) stirred solution of the interme 
diate cyanocyclopropanemethanol (1.80 g, 8.44 mmol) in 
anhydrous THF (15 mL) was carefully treated dropwise with 
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1.ON LAH/THF (14.8 mL, 14.8 mmol), then stirred for 3 h 
on an ice bath. The solution was carefully treated dropwise 
with water (0.60 mL), 15% NaOH (0.60 mL), and water (1.7 
mL), diluted with THF to facilitate stirring, stirred 15 min, 
and filtered through Celite R (filter cake rinsed with THF). 
The filtrate was concentrated in vacuo and the residue 
dissolved in methylene chloride and loaded onto a silica gel 
column (-125 cc). This was eluted with 90:9:1, then 85:13. 
5:1.5 methylene chloride/ethanol/ammonium hydroxide to 
afford the intermediate aminomethylcyclopropanemethanol 
(1.06 g, 58%) as a viscous colorless oil. MS (M+1) 217.9. 
H NMR (CDC1) & 7.76 (m, 1H), 7.59 (s, 1H), 7.47 (m, 
1H), 7.23-7.33 (m, 2H), 4.16 (dd. 1H, J=13 Hz, 5 Hz), 3.57 
(d. 1H, J–12 Hz), 3.38 (dd. 1H, J=13 Hz, 11 Hz), 2.59 (d. 
1H, J=12 Hz), 1.76 (m, 1H), 0.99 (dd. 1H, J=9 Hz, 5 Hz), 
0.80 (t, 1H, J=5 Hz). 
0188 A cooled (3°C.) stirred solution of the intermediate 
aminomethylcyclopropanemethanol (1.03 g, 4.75 mmol) in 
anhydrous DCE (25 mL) was treated dropwise with thionyl 
chloride (0.44 mL, 6.0 mmol). The solution was stirred 3 h 
at room temperature, then concentrated in vacuo, taken up in 
water (15 mL), stirred 25 min, and basified (6 mL of 5N 
NaOH). The aqueous mixture was extracted with methylene 
chloride (4x50 mL) and the combined extracts washed with 
brine (50 mL), dried (Na2SO) and concentrated in vacuo. 
The residue was dissolved in methylene chloride, loaded 
onto a silica gel column (~150 cc), and eluted with 95:4.5: 
0.5, then 90:9:1, then 85:13.5:1.5 methylene chloride/etha 
nol/ammonium hydroxide to afford the bicyclic amine free 
base (709 mg, 75%) as a paletan solid. MS (M+1) 1800. "H 
NMR (CDC1) & 7.55 (m. 1H), 7.46 (m, 1H), 7.44 (s, 1H), 
7.20-7.32 (m, 2H), 3.15-3.26 (m,3H), 3.09 (d. 1H, J=11 Hz), 
1.76 (m, 1H), 1.05 (dd. 1H, J=8 Hz, 5 Hz), 0.83 (t, 1H, J=5 
Hz). 
0189 A stirred solution of the above bicyclic amine free 
base (240 mg, 1.205 mmol) in anhydrous ether (5 mL) was 
treated with 2.0N HCl/ether (1.0 mL, 2.0 mmol), stirred until 
a solid formed and for a few minutes more, filtered, and the 
solid rinsed with ether, collected, and dried in vacuo to 
afford 1-(benzofuran-3-yl)-3-azabicyclo[3.1.0 hexane, 
hydrochloride (266 mg, 94%) as a white solid. MS (M+1) 
1999. "H NMR (CDC1) & 10.35 (brs, 1H), 9.89 (brs, 1H), 
7.53 (d. 1H, J=8 Hz), 7.50 (s, 1H), 7.48 (d. 1H, J=8 Hz), 
723-7.35 (m, 2H), 3.60-3.80 (m, 4H), 2.01 (m. 1H), 1.62 
(m. 1H), 1.32 (d. 1H, J=8 Hz). ''C NMR (CDC1) & 155.49, 
142.93, 126.52, 124.93, 123.04, 119.43, 117.80, 111.98, 
49.98, 47.56, 22.74, 21.54, 13.44. 

K. Synthesis of 1-(benzofuran-3-yl)-3-methyl-3- 
azabicyclo[3.1.0 hexane, hydrochloride 

0190. 

HCI N 
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0191) A stirred solution of 1-(benzofuran-3-yl)-3-azabi 
cyclo[3.1.0 hexane (199 mg, 1.00 mmol) in DCE (25 mL) 
was treated with 37% aqueous formaldehyde (0.61 mL, 8.0 
mmol), then with sodium triacetoxyborohydride (850 mg. 
4.0 mmol), and stirred at room temperature for 3 h. 1N 
Sodium hydroxide (15 mL) was added, stirring was contin 
ued for a few minutes, and the organic layer was separated. 
The aqueous layer was extracted with methylene chloride 
(2x25 mL) and the combined organic solution was washed 
with brine (50 mL), dried (NaSO) and concentrated in 
vacuo. The residue was dissolved in methylene chloride, 
loaded onto a silica gel column (~60 cc), and eluted with 
95:4.5:0.5 methylene chloride/ethanol/ammonium hydrox 
ide to afford the bicyclic amine free base. This was dissolved 
in anhydrous ether (5 mL) and treated with 2N HCl/ether 
(0.8 mL, 1.6 mmol) and stirred until several minutes after a 
solid formed, then filtered, rinsed with ether, and the solid 
collected and dried in vacuo to afford 1-(benzofuran-3-yl)- 
3-methyl-3-azabicyclo[3.1.0 hexane, hydrochloride (226 
mg, 94%) as a white solid. MS (M+1) 213.9. "H NMR 
(CDC1) & 12.64 (brs, 1H), 7.45-7.55 (m,3H), 723-7.25 (m, 
2H), 4.08 (m, 1H), 3.96 (m. 1H), 3.41 (m. 1H), 3.29 (m, 1H), 
2.92 (brs, 3H), 2.23 (m. 1H), 2.06 (m, 1H), 1.27 (t, 1H, J=8 
Hz). 'C NMR (CDC1) & 155.45, 143.01, 126.44, 125.03, 
123.05, 119.11, 117.61, 112.09, 59.57, 57.09, 41.24, 22.65, 
21.45, 13.87. 

L. Synthesis of 1-(5-methylthiophen-2-yl)-3-azabi 
cyclo[3.1.0 hexane, hydrochloride 

(0192 

S 

HCI N 

0193 A cooled (3° C.) stirred suspension of sodium 
amide (1.25 g, 32 mmol) in anhydrous THF (35 mL) under 
nitrogen was treated with a solution of 5-methylthiophen 
2-acetonitrile" (1.85g. 13.5 mmol) in anhydrous THF (15 
mL), stirred 1.5 hat room temperature, and recooled (3°C.). 
Epichlorohydrin (1.40 mL, 17.8 mmol) was added, and the 
mixture stirred at room temperature for 2 h, then cooled on 
an ice bath and quenched with Saturated aqueous ammonium 
chloride (15 mL). After stirring for 15 min, the mixture was 
taken up in ethyl acetate (125 mL) and the organic layer 
separated. The aqueous Solution was extracted with ethyl 
acetate (25 mL) and the combined organic Solution was 
dried (MgSO) and concentrated in vacuo. The residue was 
dissolved in methylene chloride and loaded onto a silica gel 
column (~150 cc) and eluted with 10% ethyl acetate/meth 
ylene chloride, then 20% ethyl acetate/methylene chloride to 
afford the intermediate cyanocyclopropanemethanol (1.74g. 
67%) as an amber oil, a 2:1 E/Z mixture of isomers (by 
NMR). 
0.194. A cooled (-20°C.) stirred solution of the interme 
diate cyanocyclopropanemethanol (1.64 g., 8.50 mmol) in 
anhydrous THF (15 mL) was carefully treated dropwise with 
1.ON LAH/THF (17 mL, 17 mmol), then stirred for 3 h on 
an ice bath. The solution was cooled (-20°C.) and carefully 
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treated dropwise with water (0.65 mL), 15% NaOH (0.65 
mL), and water (2.0 mL), diluted with THF to facilitate 
stirring, stirred 15 min, and filtered through Celite(R) (filter 
cake rinsed with THF). The filtrate was concentrated in 
vacuo and the residue dissolved in methylene chloride and 
loaded onto a silica gel column (~125 cc). This was eluted 
with 90:9:1 methylene chloride/ethanol/ammonium hydrox 
ide to afford the intermediate aminomethylcyclopro 
panemethanol (584 mg., 35%) as a pale yellow oil. MS 
(M+1) 198.1. "H NMR (CDC1) 6.73 (m, 1H), 6.54 (m. 1H), 
4.09 (dd. 1H, J=12 Hz, 5 Hz), 3.52 (d. 1H, J=13 Hz), 3.29 
(dd. 1H, J=13 HZ, 1 Hz), 2.56 (d. 1H, J=12 Hz), 2.42 (brs, 
3H), 1.84 (m. 1H), 1.03 (dd. 1H, J=9 Hz, 5 Hz), 0.77 (t, 1H, 
J=5 Hz). 
(0195 A cooled (3°C.) stirred solution of the intermediate 
aminomethylcyclopropanemethanol (572 mg, 2.90 mmol) in 
anhydrous DCE (15 mL) was treated dropwise with thionyl 
chloride (0.27 mL, 3.7 mmol). The solution was stirred 3 h 
at room temperature, then concentrated in vacuo, taken up in 
water (15 mL), stirred 15 min, and basified (4 mL of 5N 
NaOH). The aqueous mixture was extracted with methylene 
chloride (4x30 mL) and the combined extracts washed with 
brine (50 mL), dried (NaSO) and concentrated in vacuo. 
The residue was dissolved in methylene chloride, loaded 
onto a silica gel column (~150 cc), and eluted with 95:4.5: 
0.5, then 90:9:1 methylene chloride/ethanol/ammonium 
hydroxide to afford the bicyclic amine free base (308 mg, 
59%) as a brown oil. MS (M+1) 1800. "H NMR (CDC1) 
6.59 (m. 1H), 6.54 (m, 1H), 3.10-3.22 (m, 3H), 2.99 (d. 1H, 
J=12 Hz), 2.41 (s, 3H), 1.61 (m, 1H), 1.04 (m. 1H), 0.88 (t, 
1H, J=5 Hz). 
0196. A solution of the bicyclic amine free base (163 mg, 
0.909 mmol) in anhydrous ether (5 mL) was treated with 2N 
HCl/ether (0.75 mL, 1.50 mmol), stirred a few hours, the 
solid filtered, rinsed with ether, collected, and dried in vacuo 
to afford 1-(5-methylthiophen-2-yl)-3-azabicyclo[3.1.0 
hexane, hydrochloride (174 mg. 89%) as a pale gray solid. 
MS (M+1) 179.9. "H NMR (CDC1) & 10.22 (brs, 1H), 9.74 
(brs, 1H), 6.65 (m. 1H), 6.55 (m. 1H), 3.50-3.75 (m, 4H), 
2.41 (s, 3H), 1.87 (im, 1H), 1.59 (m. 1H), 1.30 (m. 1H). 'C 
NMR (CDC1) & 139.00, 138.98, 125.15, 125.04, 50.83, 
47.40, 27.39, 24.89, 15.97, 15.26. 

M. Synthesis of 1-(5-methylthiophen-2-yl)-3- 
methyl-3-azabicyclo[3.1.0 hexane hydrochloride 

0197) 

S 

HCI 

0198 A stirred solution of 1-(5-methylthiophen-2-yl)-3- 
azabicyclo[3.1.0 hexane (126 mg, 0.70 mmol) in DCE (15 
mL) was treated with 37% aqueous formaldehyde (0.43 mL, 
5.0 mmol), then with sodium triacetoxyborohydride (594 
mg, 2.8 mmol), and stirred at room temperature for 3 h. 1N 
Sodium hydroxide (12 mL) was added, stirring was contin 
ued for a few minutes, and the organic layer was separated. 
The aqueous layer was extracted with methylene chloride 
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(2x15 mL) and the combined organic solution was washed 
with brine (20 mL), dried (NaSO) and concentrated in 
vacuo. The residue was dissolved in methylene chloride, 
loaded onto a silica gel column (-50 cc), and eluted with 
95:4.5:0.5 methylene chloride/ethanol/ammonium hydrox 
ide to afford the bicyclic amine free base. This was dissolved 
in anhydrous ether (5 mL) and treated with 2N HCl/ether 
(0.6 mL, 1.2 mmol) and stirred for 2 h, then filtered, rinsed 
with ether, and the solid collected and dried in vacuo to 
afford 1-(5-methylthiophen-2-yl)-3-methyl-3-azabicyclo[3. 
1.0 hexane, hydrochloride (133 mg, 82%) as a pale tan solid. 
MS (M+1) 193.9. "H NMR (CDC1) & 12.51 (brs, 1H), 6.65 
(m. 1H), 6.55 (m. 1H), 4.02 (m, 1H), 3.85 (m. 1H), 3.18-3.36 
(m. 2H), 2.87 (brs, 3H), 2.40 (s.3H), 2.21 (m. 1H), 1.91 (m, 
1H), 1.28 (m, 1H). 'C NMR (CDC1) & 139.22, 138.64, 
125.35, 125.09, 60.54, 57.06, 41.31, 27.43, 24.91, 16.54, 
15.25. 

N. Synthesis of 
1-(benzothiazol-2-yl)-3-azabicyclo[3.1.0 hexane, 

hydrochloride 

0199. 

S 

HCI 
N 
H 

0200. An ice-cooled (3°C.) stirred suspension of sodium 
amide (1.80 g, 46 mmol) in anhydrous THF (50 mL) under 
nitrogen was treated with a solution of benzothiazole-2- 
acetonitrile (3.49 g, 20 mmol) in anhydrous THF (20 mL), 
then stirred at room temperature for 2.5 h. The mixture was 
recooled (3°C.), treated in one portion with epichlorohydrin 
(2.1 mL, 26.9 mmol), and stirred at room temperature for 20 
h, then cooled on an ice bath and quenched with Saturated 
aqueous ammonium chloride (20 mL). The mixture was 
extracted with ethyl acetate (200 mL, then 50 mL), and the 
combined extracts were dried (MgSO) and concentrated in 
vacuo. The residue was dissolved in methylene chloride, 
loaded onto a silica gel column (-250 cc), and eluted with 
4:1 methylene chloride/ethyl acetate to afford the interme 
diate cyanocyclopropanemethanol (1.00 g, 22%) as a pale 
tan foam, a Somewhat still crude mixture of isomers (by 
NMR). MS (M+1) 231.7. 
0201 A cooled (-25°C.) stirred solution of the interme 
diate cyanocyclopropanemethanol (1.00 g, 4.34 mmol) in 
anhydrous THF (7 mL) under nitrogen was treated dropwise 
with 1N LAH/THF (6.5 mL, 6.5 mmol), stirred at 3° C. for 
2 h, recooled (-25° C.), and carefully quenched dropwise 
with water (0.25 mL), 15% NaOH (0.25 mL), and water 
(0.75 mL). Extra THF was added to facilitate stirring, and 
after a few minutes the mixture was filtered through Celite(R) 
(filter cake rinsed with THF). The filtrate was concentrated 
in vacuo, and the residue dissolved in methylene chloride 
and loaded onto a silica gel column (~125 cc) and eluted 
with 90:9:1, then 85:13.5:1.5 methylene chloride/ethanol/ 
ammonium hydroxide to afford the intermediate aminom 
ethylcyclopropanemethanol (137 mg, 13%) as an orange 
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viscous oil. MS (M+1) 234.7. "H NMR (CDC1) & 7.88 (d. 
1H, J=8 Hz), 7.77 (d. 1H, J=8 Hz), 7.41 (t, 1H, J=8 Hz), 7.30 
(t, 1H, J=8 Hz), 4.10-4.18 (m, 2H), 3.37 (t, 1H, J=12 Hz), 
2.58 (d. 1H, J=12 Hz), 2.02 (m. 1H), 1.43 (dd. 1H, J=9 Hz, 
5 Hz), 1.12 (t, 1H, J=6 Hz). 
0202 An ice-cooled (3°C.) stirred solution of the inter 
mediate aminomethylcyclopropanemethanol (137 mg, 0.585 
mmol) in anhydrous DCE (3 mL) under nitrogen was treated 
with thionyl chloride (87 mg, 0.73 mmol) and stirred at room 
temperature for 3 h, then concentrated in vacuo. Water (2 
mL) was added, stirring continued for 15 min, then the 
solution was basified with 5N sodium hydroxide (1 mL) and 
extracted with 5:1 methylene chloridefisopropanol (3x15 
mL). The combined extracts were dried (MgSO), concen 
trated in vacuo, and the residue dissolved in methylene 
chloride and loaded onto a silica gel column (-50 cc). This 
was eluted with 90:9:1, then 85:13.5:1.5 methylene chloride/ 
ethanol/ammonium hydroxide to afford 1-(benzothiazol-2- 
yl)-3-azabicyclo[3.1.0 hexane (88 mg, 70%) as an amber 
solid. This was dissolved in ether containing a little metha 
nol (5 mL), treated with 2.0N HC1/ether (0.40 mL, 0.80 
mmol), the solvent evacuated from the flask, and the residual 
solid triturated from ether to afford 1-(benzothiazol-2-yl)- 
3-azabicyclo[3.1.0 hexane, hydrochloride (99 mg, 96% 
from free base) as a pale brick-colored powder. MS (M+1) 
216.8. 'H NMR (DMSO-d) & 10.20 (brs, 1H), 9.95 (brs, 
1H), 8.05 (d. 1H, J=8 Hz), 7.91 (d. 1H, J=8 Hz), 7.48 (t, 1H, 
J=8 Hz), 7.39 (t, 1H, J=8 Hz), 3.88 (m. 1H), 3.73 (m. 1H), 
3.50 (m, 1H), 3.38 (m. 1H), 2.35 (m, 1H), 1.88 (t, 1H, J=6 
Hz), 1.59 (m. 1H). CNMR (DMSO-d) & 170.19, 152.52, 
133.73, 126.46, 125.09, 122.20, 121.98, 47.52, 46.39, 31.07, 
28.61, 18.23. 

O. Synthesis of 1-(5-chlorothiophen-3-yl)-3-azabi 
cyclo[3.1.0 hexane, hydrochloride 

0203 

C 

N S 

HCI 
N 
H 

0204. A cooled (3° C.) stirred suspension of sodium 
amide (0.90g, 23 mmol) in anhydrous THF (30 mL) under 
nitrogen was treated with a solution/suspension of 5-chlo 
robenzothiophen-3-acetonitrile (2.08 g, 10 mmol) in anhy 
drous THF (10 mL), stirred 1 h at room temperature, and 
recooled (3°C.). Epichlorohydrin (1.04 mL, 12 mmol) was 
added, and the mixture stirred at room temperature for 4 h. 
then cooled on an ice bath and quenched with Saturated 
aqueous ammonium chloride (10 mL). After stirring for 15 
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min, the mixture was taken up in ethyl acetate (100 mL) and 
the organic layer separated. The aqueous solution was 
extracted with ethyl acetate (50 mL) and the combined 
organic solution was dried (MgSO4) and concentrated in 
vacuo. The residue was dissolved in methylene chloride and 
loaded onto a silica gel column (~150 cc) and eluted with 
10% ethyl acetate/methylene chloride to afford the interme 
diate cyanocyclopropane-methanol (1.51 g, 57%) as a tan 
solid, a 4:1 E/Z mixture of isomers (by NMR). 

(0205 A ice-cooled (3°C.) stirred solution of 1.0N LAH/ 
THF (5.25 mL, 5.25 mmol) under nitrogen was treated 
dropwise with a solution of the intermediate cyanocyclo 
propanemethanol (932 mg, 3.5 mmol) in anhydrous THF (5 
mL), and the mixture was stirred 2 hat 3° C. Water (0.2 mL), 
15% NaOH (0.2 mL), and water (0.6 mL) were carefully 
added dropwise, and the mixture was diluted with THF and 
stirred 15 min at room temperature, filtered through Celite(R) 
(filter cake rinsed with THF), and the filtrate concentrated in 
vacuo. The residue was dissolved in methylene chloride, 
loaded onto a silica gel column (~60 cc), and eluted with 
10% EtOH/CHC1, then 90:9:1 methylene chloride/etha 
nol/ammonium hydroxide to afford the intermediate amin 
omethylcyclopropanemethanol (650 mg, 69%) as a white 
solid. MS (M+1)267.7. "H NMR (CDC1) & 7.94 (d. 1H, J-2 
Hz), 7.76 (d. 1H, J=9 Hz), 7.46 (s, 1H), 7.32 (dd. 1H, J=9 
Hz, 2 Hz), 4.18 (dd. 1H, J=12 Hz, 5.5 Hz), 3.54 (d. 1H, J=12 
Hz), 3.39 (t, 1H, J=11 Hz), 2.60 (d. 1H, J=12 Hz), 1.80 (m, 
1H), 1.01 (dd. 1H, J=9 Hz, 5 Hz), 0.89 (t, 1H, J=5 Hz). 
0206. A cooled (3°C.) stirred solution of the intermediate 
aminomethylcyclopropanemethanol (0.65 g, 2.43 mmol) in 
anhydrous DCE (12 mL) was treated dropwise with thionyl 
chloride (0.20 mL, 2.70 mmol). The solution was stirred 3 
hat room temperature, then concentrated in vacuo, taken up 
in water (10 mL), stirred 15 min, and basified (3 mL of 5N 
NaOH). The aqueous mixture was extracted with methylene 
chloride (4x25 mL) and the combined extracts washed with 
brine (30 mL), dried (Na2SO) and concentrated in vacuo. 
The residue was dissolved in methylene chloride, loaded 
onto a silica gel column (-75 cc), and eluted with 95:4.5:0.5, 
then 90:9:1 methylene chloride/ethanol/ammonium hydrox 
ide to afford the bicyclic amine free base (435 mg, 72%) as 
a white solid. MS (M+1)249.7. "H NMR (CDC1,) & 7.79 (d. 
1H, J-2 Hz), 7.75 (d. 1H, J=9 Hz), 7.30 (dd. 1H, J=9 Hz, 2 
Hz), 7.27 (s, 1H), 3.33 (dd. 1H, J=12 Hz, 2.5 Hz), 3.24 (d. 
1H, J=11 Hz), 3.14 (d. 1H, J=12 Hz), 3.09 (d. 1H, J=12 Hz), 
1.71 (m. 1H), 0.96 (m. 1H), 0.89 (t, 1H, J–5 Hz). 
0207. A stirred solution of the above bicyclic amine free 
base (150 mg. 0.60 mmol) in anhydrous ether (6 mL) was 
treated with 2.0N HC1/ether (0.5 mL, 1.0 mmol), stirred for 
2 h, filtered, and the solid rinsed with ether, collected, and 
dried in vacuo to afford 1-(5-chlorothiophen-3-yl)-3-azabi 
cyclo[3.1.0 hexane, hydrochloride (166 mg, 97%) as a white 
solid. MS (M+1)249.7. "H NMR (CDC1,) & 10.23 (brs, 
1H), 9.83 (brs, 1H), 7.69 (d. 1H, J=9 Hz), 7.67 (d. 1H, J-2 
Hz), 7.33 (s, 1H), 7.27 (dd. 1H, J=9 Hz, 2 Hz), 3.74 (m, 2H), 
3.65 (m. 1H), 3.45 (m, 1H), 1.97 (m, 1H), 1.61 (m. 1H), 1.17 
(m. 1H). 'C NMR (CDC1) & 139.41, 138.71, 132.01, 
131.09, 127.97, 125.36, 124.22, 121.37, 50.52, 47.64, 26.29, 
21.50, 13.68. 
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P. Synthesis of 1-(5-chlorothiophen-3-yl)-3-methyl 
3-azabicyclo[3.1.0 hexane, hydrochloride 

0208 

C 

N S 

HCI 

0209. A stirred solution of 1-(5-chlorothiophen-3-yl)-3- 
azabicyclo[3.1.0 hexane (150 mg 0.60 mmol) in DCE (20 
mL) was treated with 37% aqueous formaldehyde (0.37 mL, 
4.8 mmol), then with sodium triacetoxyborohydride (510 
mg, 2.4 mmol), and stirred at room temperature for 3 h. 1N 
Sodium hydroxide (8 mL) was added, stirring was continued 
for 15 min, and the organic layer was separated. The 
aqueous layer was extracted with methylene chloride (2x25 
mL) and the combined organic Solution was washed with 
brine (50 mL), dried (Na2SO) and concentrated in vacuo. 
The residue was dissolved in methylene chloride, loaded 
onto a silica gel column (-75 cc), and eluted with 95:4.5:0.5 
methylene chloride/ethanol/ammonium hydroxide to afford 
the bicyclic amine free base. This was dissolved in anhy 
drous ether (5 mL) and treated with 2N HCl/ether (0.5 mL, 
1.0 mmol) and stirred for 30 min, then filtered, rinsed with 
ether, and the solid collected and dried in vacuo to afford 
1-(5-chlorothiophen-3-yl)-3-methyl-3-azabicyclo[3.1.0 
hexane, hydrochloride (153 mg. 85%) as a white solid. MS 
(M+1) 263.8. 'H NMR (CDC1) & 12.68 (brs, 1H), 7.77 (d. 
1H, J=9 Hz), 7.70 (d. 1H, J=2 Hz), 7.44 (s, 1H), 7.34 (dd. 
1H, J=9 Hz, 2 Hz), 4.10 (dd. 1H, J–11 Hz, 5 Hz), 4.02 (dd. 
1H, J=1 Hz, 5 Hz), 3.50 (m. 1H), 3.20 (t, 1H, J=10 Hz), 2.94 
(brs, 3H), 2.30 (m, 1H), 2.08 (m, 1H), 1.21 (t, 1H, J–8 Hz). 
'C NMR (CDC1) & 139.22, 138.75, 131.64, 131.12, 128. 
30, 125.41, 124.38, 121.05, 59.88, 57.15, 41.26, 26.24, 
21.49, 13.96. 

Example II 
0210 Preparation of 1-heteroaryl-3-methyl-3-azabicyclo 
3.1.0 hexanes using Reaction Scheme 2 

A. Synthesis of 3-methyl-1-(1-methylindol-2-yl)-3- 
azabicyclo[3.1.0 bicyclohexane, hydrochloride 

0211 

HCI 

27 
Jul. 20, 2017 

0212. A stirred solution of N-methylbromomaleimide 
(1.9 g 10 mmol) and 1-methyl-2-(tributhyltin)indole (5.25 g, 
12.5 mmol) in anhydrous dioxane (60 mL) was degassed 
under a stream of nitrogen for 10 minutes, then treated with 
cesium fluoride (3.6 g. 23.6 mmol) and ClPd(PPh3) (0.4g 
0.6 mmol), stirred at room temperature for 0.5 h, then at 40° 
C. for 1 h and at 50° C. for 2 h. Then the reaction mixture 
was cooled to room temperature, methylene chloride (100 
ml) added, and the mixture was filtered through celite, 
concentrated and purified by silica gel chromatography (2% 
ethyl acetate/methylene chloride) to afford maleimide inter 
mediate (1.2g, 98%). H NMR (CDC1) & 7.72-7.68 (m, 
1H), 7.62-7.61 (m, 1H), 7.36-7.33 (m, 2H), 7.17-7.12 (m, 
1H) 6.59-6.57 (m, 1H), 3.89 (s.3H) 3.11 (s, 3H). 
0213. A cooled (-20°C.) stirred solution of trimethyl 
sulfoxonium chloride (0.892 g. 6.96 mmol) in anhydrous 
tetrahydrofuran (30 mL) under nitrogen was treated with 
n-butyllithium/hexane (2.5N, 2.2 mL, 5.5 mmol) and 
warmed to 50° C. over 30 minutes. A solution of the above 

maleimide intermediate (1.2g, 5 mmol) in anhydrous tet 
rahydrofuran (25 mL) was warmed to 50° C. and added all 
at once. After 2 h at 50° C., the mixture was cooled on ice 
and quenched with Saturated aqueous ammonium chloride (2 
mL). The mixture was stirred at room temperature for 15 
minutes, then it was added to methylene chloride (100 mL) 
and the organic solution was dried (NaSO) and concen 
trated in vacuo. The residue was dissolved in methylene 
chloride, loaded onto a silica gel column and eluted with 2% 
ethyl acetate/methylene chloride to afford diimide interme 
diate (140 mg, 12%). "H NMR (CDC1) & 7.59-7.54 (m. 1H), 
7.35-7.30 (m. 1H), 7.28-7.23 (m, 1H), 7.14-7.08 (m, 1H), 
6.46-6.43 (m. 1H), 3.82 (s, 3H), 2.96 (s, 3H), 2.83-2.78 (m, 
1H), 1.99-1.96 (m, 1H) 1.92-1.87 (m. 1H). 
0214) A stirred, ice-cooled (2°C.) solution of 1N lithium 
aluminum hydride/THF (3.43 mL, 3.43 mmol) under nitro 
gen was treated dropwise with a solution of the above 
diimide intermediate (140 mg, 0.55 mmol) in anhydrous 
tetrahydrofuran (20 mL), stirred for 1 h at room temperature 
and 7 hat reflux, then cooled on an ice bath. Water (0.30 
mL), 15% NaOH (0.30 mL) and water (0.90 mL) were 
added dropwise together with more tetrahydrofuran to facili 
tate stirring. The mixture was stirred at room temperature for 
15 minutes, filtered through celite, and the filtrate concen 
trated in vacuo. The residue was dissolved in methylene 
chloride, loaded onto a silica gel column, and eluted with 3:1 
methylene chloride/ethyl acetate to afford 3-methyl-1-(1- 
methylindol-2-yl)-3-azabicyclo[3.1.0 bicyclohexane (100 
mg, 80%), which was then converted to the hydrochloride 
salt by treating with 2N HC1/ether (82 mg, 80%). MS (M+1) 
226.8 H NMR (DMSO-d) & 11.35-11.12 (bris, 1H), 
7.52-7.34 (m, 2H), 7.15-6.93 (m, 2H), 6.45-6.34 (m, 1H), 
3.92-3.84 (m, 1H), 3.79-3.75 (s, 3H), 3.71-3.64 (m. 1H), 
3.63-3.56 (m, 1H), 3.39-3.26 (m, 1H), 2.81 (d. 3H), 2.24 
2.16 (m. 1H), 1.91-1.83 (m. 1H), 1.11-1.01 (m. 1H). 'C 
NMR (DMSO-d) & 138.06, 137.98, 127.38, 122.00, 14.21, 
120.67, 119.98, 110.28, 102.01, 59.38, 56.47, 40.36, 30.96, 
24.26, 22.51. 
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B. Synthesis of 3-methyl-1-(1-methylindol-5-yl)-3- 
azabicyclo[3.1.0 bicyclohexane, hydrochloride 

0215 

HCI 

0216 A stirred solution of N-methylbromomaleimide 
(1.8 g., 9.5 mmol) and 1-methylindole-5-boronic acid (2 g, 
11.4 mmol) in dioxane (50 mL) was degassed under a stream 
of nitrogen for 10 minutes, then treated with cesium fluoride 
(3.8 g. 24.7 mmol) and ClPd(dppf). CHCl (0.475 g, 0.58 
mmol), then stirred at room temperature for 1 hour and at 
40° C. for 1 h. The mixture was cooled and diluted with 
methylene chloride, stirred a few minutes and filtered 
through celite. The filtrate was concentrated in vacuo and 
purified by silica gel chromatography using 2% ethyl 
acetate/methylene chloride as an eluting solvent to afford 
maleimide intermediate (2.17 g.95%). "H NMR (CDC1) & 
8.43 (d. 1H, J=1.5 Hz), 7.74 (dd. 1H, J=8.5 Hz, 1.5 Hz), 7.37 
(d. 1H, J=9 Hz), 6.66 (s, 1H), 6.60 (d. 1H, 0.1=3 Hz), 3.83 
(s, 3H), 3.10 (s, 3H). 
0217. A cooled (-20°C.) stirred solution of trimethyl 
Sulfoxonium chloride (1.4g, 11.25 mmol) in anhydrous 
tetrahydrofuran (40 mL) under nitrogen was treated with 
n-butyllithium/hexane (2.5N, 3.6 mL, 9 mmol) and warmed 
to 50° C. over 30 minutes. A solution of the above maleimide 
intermediate (2 g, 8.3 mmol) in anhydrous tetrahydrofuran 
(40 mL) was warmed to 50° C. and added all at once. After 
2 h at 50° C., the mixture was cooled on ice and quenched 
with Saturated aqueous ammonium chloride. The mixture 
was stirred at room temperature for 15 minutes, then it was 
added to methylene chloride (150 mL) and the organic 
Solution was dried (Na2SO4) and concentrated in vacuo. The 
residue was purified by silica gel chromatography, using 
ethyl acetate/methylene chloride to afford bicyclic diimide 
intermediate (500 mg, 25%). H NMR (CDC1) & 7.61-7.65 
(m. 1H), 7.30-7.34 (m. 1H), 7.23-7.26 (m, 1H), 7.07 (d. 1H, 
J=3 Hz), 6.46 (dd. 1H, J=3 HZ, 1 Hz), 3.79 (s, 1H), 2.94 (s, 
3H), 1.90 (dd. 1H, J=8 Hz, 4.5 Hz), 1.84-1.87 (n, 1H). 
0218. A stirred, ice-cooled (2°C.) solution of 1N lithium 
aluminum hydride/THF (12 mL, 12 mmol) under nitrogen 
was treated dropwise with a solution of the above bicyclic 
diimide intermediate (0.5 g, 1.96 mmol) in anhydrous tet 
rahydrofuran (10 mL), stirred for 1 h at room temperature 
and 2 hat reflux, then cooled on an ice bath. Water (0.4 mL), 
15% NaOH (0.4 mL), and water (1.2 mL) were added 
dropwise together with more tetrahydrofuran to facilitate 
stirring. The mixture was stirred at room temperature for 15 
minutes, filtered through celite, and the filtrate concentrated 
in vacuo. The residue was purified by silica gel chromatog 
raphy, using methylene chloride/methanol as an eluting 
solvent to afford 3-methyl-1-(1-methylindol-5-yl)-3-azabi 
cyclo[3.1.0 bicyclo-hexane, hydrochloride (0.262 g. 60%), 
which was converted to the hydrochloride salt by treating 
with 2N HC1/ether (270 mg.90%). MS (M+1)227. 'H NMR 
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(CDC1) & 12.21 (brs, 1H), 7.45 (s, 1H), 7.22-7.28 (m. 1H), 
7.02-7.07 (m, 2H), 6.40 (d. 1H, J=2.5 Hz), 4.05 (dd. 1H, 
J=10.5 Hz, 5 Hz), 3.88 (dd. 1H, J=10 Hz, 4.5 Hz), 3.74 (s, 
3H), 3.62-3.71 (m, 1H), 3.32-3.40 (m. 1H), 3.27 (t, 1H, 
J=9.5 Hz), 2.87 (d. 3H, J=4 Hz), 2.06-2.11 (m, 1H), 1.93 
1.99 (m, 1H). 'C NMR (CDC1) & 136.19, 130.17, 128.82, 
128.50, 121.34, 120.10, 109.91, 100.99, 61.73, 57.75, 41.43, 
33.17, 32.18, 22.95, 15.68. 

C. Synthesis of 1-(cquinolin-5-yl)-3-methyl-3-azabi 
cyclo[3.1.0 hexane, hydrochloride 

0219) 

HCI 

0220. A stirred solution/suspension of N-methylbro 
momaleimide (0.78 g. 4.1 mmol) and quinoline-5-boronic 
acid (1.1 g, 2.6 mmol) in dioxane (15 mL) under nitrogen 
was degassed with a stream of nitrogen for 10 min, treated 
with cesium fluoride (1.6 g., 10.8 mmol) and ClPd(dppf). 
CHCl (0.25 g, 0.3 mmol), then stirred at room temperature 
for 0.5 h and at 45° C. for 30 min then at 65° C. for 45 min. 
The mixture was cooled and diluted with methylene chloride 
(50 mL). The mixture was filtered through Celite(R) (rinse 
filter cake with methylene chloride) and the brown filtrate 
concentrated in vacuo. The residue was dissolved in meth 
ylene chloride and filtered through a column of silica gel 
(eluted with methylene chloride 60% and ethyl acetate 40%) 
to afford a yellowish solid, which was triturated from cold 
petroleum ethers to afford the arylmaleimide intermediate 
(0.48 g. 50%) as a pale yellow solid. 
0221) A cooled (-20°C.) stirred solution of trimethyl 
sulfoxonium chloride (290 mg, 2.2 mmol) in anhydrous 
tetrahydrofuran (15 mL) under nitrogen was treated drop 
wise with n-butyllithium/hexane (2.4N, 1.1 mL 2.03 mmol) 
and gradually warmed to 50° C. over 30 minutes. Mean 
while, a solution of the intermediate arylmaleimide (0.690 g, 
2.6 mmol) in anhydrous THF (10 mL) was heated to 50° C. 
then added quickly in one portion to the above heated 
suspension, and the mixture was stirred at 50° C. for 2 h, 
then cooled on an ice bath. Saturated aqueous ammonium 
chloride (1 mL) was added to quench, and the mixture was 
diluted with methylene chloride (75 mL), dried (MgSO), 
filtered through Celite(R) (rinse with methylene chloride), 
and concentrated in vacuo. The residue was dissolved in 
methylene chloride, loaded onto a silica gel column, and the 
product eluted with 3% ethyl acetate/methylene chloride to 
afford the intermediate bicyclic diimide (120 mg, 24%) as a 
very pale yellow viscous oil. 
0222. A stirred ice-cooled solution of 1.ON borane/THF 
(10.5 mL, 10.5 mmol) under nitrogen was treated dropwise 
with a solution of the above bicyclic diimide intermediate 
(120 mg, 0.48 mmol) in anhydrous THF (10 mL). The 
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solution was stirred at room temperature for 15 min, refluxed 
for 4 h, cooled on an ice bath, and carefully treated dropwise 
with 6N HCl (10 mL. vigorous evolution of gas). The 
Solution was concentrated to a white Solid, which was 
partitioned between 5N sodium hydroxide (25 mL) and ether 
(50 mL). The organic layer was separated and the aqueous 
extracted with ether (50 mL). The combined organic solu 
tion was washed with water (25 mL), dried (MgSO), and 
concentrated in vacuo. The residue was dissolved in metha 
nol (23 mL), treated with 4N HCl/dioxane (7 mL), then 
stirred at room temperature for 16 h and at 55° C. for 4 h. 
The solution was concentrated in vacuo and the residue 
triturated from ether to afford 1-(cquinolin-5-yl)-3-methyl-3- 
azabicyclo[3.1.0 hexane, hydrochloride (50 mg, 20%) as a 
white solid. MS (M+1)225.1. "H NMR (CDC1) & 7.23 (dd, 
1H, J=6.5 Hz, 2 Hz), 701-7.15 (m, 2H), 4.10 (dd. 1H, J=11 
Hz, 5 Hz), 3.92 (dd. 1H, J=11 Hz, 5 Hz), 2.95-3.30 (m, 4H), 
2.36 (dd. 1H, J=6.5 Hz, 4.5 Hz), 1.93-2.02 (m, 1H), 1.51 (t, 
3H, J=7 Hz), 1.13-1.20 (m, 1H). ''C NMR (DMSO-d) & 
146.98, 141.45, 140.98, 137.01, 133.53, 131.50, 128.73, 
127.46, 123.07, 61.39, 60.37, 56.60, 29.59, 22.58, 14.35. 

D. Synthesis of 1-(cquinolin-3-yl)-3-methyl-3-azabi 
cyclo[3.1.0 hexane, hydrochloride 

0223 

N 
2 

N 

HCI 

0224. A stirred solution/suspension of 3-bromo-1-meth 
ylmaleimide (2.0 g, 10.5 mmol) and quinoline-3-boronic 
acid (2.2g, 12.6 mmol) in dioxane (50 mL) under nitrogen 
was degassed with a stream of nitrogen for 10 min, treated 
with cesium fluoride (3.5g, 22.0 mmol) and ClPd(dppf). 
CHCl (0.5 g., 0.6 mmol), then stirred at room temperature 
for 0.5 h, at 45° C. for 30 min, and at 65° C. for 45 min. The 
mixture was cooled and diluted with methylene chloride (50 
mL). The mixture was filtered through Celite(R) (rinse filter 
cake with methylene chloride) and the brown filtrate con 
centrated in vacuo. The residue was dissolved in methylene 
chloride and filtered through a column of silica gel (eluted 
with methylene chloride 60% and ethyl acetate 40%) to 
afford a tan solid, which was triturated from cold petroleum 
ethers to afford arylmaleimide intermediate (880 mg, 15%) 
as a tan Solid. 
0225. A cooled (-20°C.) stirred solution of trimethyl 
sulfoxonium chloride (261 mg, 2.03 mmol) in anhydrous 
tetrahydrofuran (15 mL) under nitrogen was treated drop 
wise with n-butyllithium/hexane (2.4N, 1.1 mL 2.03 mmol) 
and gradually warmed to 50° C. over 30 minutes. Mean 
while, a solution of the intermediate arylmaleimide (0.350 g, 
1.5 mmol) in anhydrous THF (10 mL) was heated to 50° C., 
then added quickly in one portion to the above heated 
suspension, and the mixture was stirred at 50° C. for 2 h, 
then cooled on an ice bath. Saturated aqueous ammonium 
chloride (1 mL) was added to quench, and the mixture was 
diluted with methylene chloride (75 mL), dried (MgSO), 
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filtered through Celite(R) (rinse with methylene chloride), 
and concentrated in vacuo. The residue was dissolved in 
methylene chloride, loaded onto a silica gel column, and the 
product eluted with 3% ethyl acetate/methylene chloride to 
afford the intermediate bicyclic diimide (148 mg, 50%) as a 
very pale yellow viscous oil. "H NMR (CDC1) & 7.74-7.90 
(m, 3H), 7.38-7.5:5 (m, 3H), 4.54 (dd, 2H), 3.86 (d. 6H, 
J=4.5 Hz), 2.81 (dd. 1H, J=8 Hz, 3.5 Hz), 1.91 (dd. 1H, J=8 
Hz, 4.5 Hz), 1.78 (dd. 1H, J=4.5, 3.5 Hz). 
0226. A stirred ice-cooled solution of 1.ON borane/THF 
(10.5 mL, 10.5 mmol) under nitrogen was treated dropwise 
with a solution of the above bicyclic diimide intermediate 
(560 mg, 2.1 mmol) in anhydrous THF (10 mL). The 
solution was stirred at room temperature for 15 min, refluxed 
for 4 h, cooled on an ice bath, and carefully treated dropwise 
with 6N HCl (10 mL. vigorous evolution of gas). The 
Solution was concentrated to a white solid, which was 
partitioned between 5N sodium hydroxide (25 mL) and ether 
(50 mL). The organic layer was separated and the aqueous 
extracted with ether (50 mL). The combined organic solu 
tion was washed with water (25 mL), dried (MgSO), and 
concentrated in vacuo. The residue was dissolved in metha 
nol (23 mL), treated with 4N HCl/dioxane (7 mL), then 
stirred at room temperature for 16 h and at 55° C. for 4 h. 
The solution was concentrated in vacuo and the residue 
triturated from ether to afford 1-(cquinolin-3-yl)-3-methyl-3- 
azabicyclo[3.1.0 hexane, hydrochloride (100 mg, 20%) as a 
white solid. MS (M+1)240.1. "H NMR (CDC1) & 7.23 (dd. 
1H, J=6.5 Hz, 2 Hz), 7.01-7.15 (m, 2H), 4.10 (dd. 1H, J=1 
Hz, 5 Hz), 3.92 (dd. 1H, J=11 Hz, 5 Hz), 2.95-3.30 (m, 4H), 
2.36 (dd. 1H, J=6.5 Hz, 4.5 Hz), 1.93-2.02 (m, 1H), 1.51 (t, 
3H, J=7 Hz, 3 Hz), 1.13-1.20 (m. 1H). ''C NMR (DMSO 
d) & 146.98, 141.45, 140.98, 137.01, 133.53, 131.50, 128. 
73, 127.46, 123.07, 61.39, 60.37, 56.60, 29.59, 22.58, 14.35. 

Example III 

Preparation of 
1-heteroaryl-3-ethyl-3-azabicyclo[3.1.0 hexanes 

using Reaction Scheme 2 

A. Synthesis of 3-bromo-1-ethylmaleimide 

0227 

Br 

O N O 

0228. A cooled (5° C.) solution of N-ethylmaleimide (20 
g, 0.16 mole) in carbon tetrachloride (20 mL) under nitrogen 
was treated dropwise over 45 min with bromine (23 g, 0.14 
mole) at a rate to keep the pottemp <10°C. The mixture was 
stirred at 5° C. for 2 hours. Dichloromethane (20 mL) was 
added to the reaction and N was bubbled through the 
reaction for 15 minto remove excess bromine. The reaction 
was blown dry with a steady stream of N and then brought 
up in ethanol. Anhydrous Sodium acetate (12.3 g, 0.15 mole) 
was added and the reaction was refluxed for 4 hours. The 
mixture was concentrated in vacuo and the residue taken up 



US 2017/0204088 A1 

in methylene chloride (300 mL), filtered and concentrated in 
vacuo to yield an orange oil. Pure 3-bromo-1-ethylmaleim 
ide was obtained from recrystallization in chloroform to 
yield a yellowish solid (26g, 82%). "H NMR (CDC1) & 1.20 
(t, J–7.22 Hz, 3H)3.62 (q, J=7.22 Hz, 2H) 6.85 (s, 1H). 

B. Synthesis of 1-(cquinolin-3-yl)-3-ethyl-3-azabicy 
clo3.1.0 hexane, hydrochloride 

0229 

N 
21 

N 

HCI 

u 
0230. A stirred solution/suspension of 3-bromo-1-ethyl 
maleimide (2.4 g, 5.9 mmol) and 3-quinolineboronic acid 
(2.2 g. 6.5 mmol) in dioxane (15 mL) under nitrogen was 
degassed with a stream of nitrogen for 10 min, treated with 
cesium fluoride (3.2g, 10.8 mmol) and POPd (Combiphos, 
cati AC1000) (0.500 g, 0.5 mmol), then stirred at room 
temperature for 0.5 h and at 45° C. for 30 min then at 65° 
C. for 45 min. The mixture was cooled and diluted with 
methylene chloride (50 mL). The mixture was filtered 
through Celite(R) (rinse filter cake with methylene chloride) 
and the brown filtrate concentrated in vacuo. The residue 
was dissolved in methylene chloride and filtered through a 
column of silica gel (eluted with methylene chloride 60% 
and ethyl acetate 40%) to afford a light gray solid, which was 
triturated from cold petroleum ethers to afford the arylma 
leimide intermediate (300 mg, 10%) as a gray solid. 
0231. A stirred solution of sodium hydride oil dispersion 
(60%, 140 mg, 3.5 mmol) in anhydrous tetrahydrofuran (30 
mL) under nitrogen was treated with trimethyl-sulfoxonium 
chloride (0.55 g, 4.25 mmol), then refluxed for 2.5 h and 
cooled (50° C.). The above arylmaleimide (937 mg, 3.5 
mmol) was added in one portion and the mixture stirred at 
50° C. for 3 h, cooled on an ice bath, and quenched with 
saturated ammonium chloride (10 mL). The product mixture 
was extracted with ether (2x50 mL), and the combined 
extracts washed with water (30 mL), dried (MgSO), and 
concentrated in vacuo. The residual solid was dissolved in 
1:1 methylene chloride/heptane and loaded onto a silica gel 
column and eluted with 1:1, 2:1, then 3:1 methylene chlo 
ride/heptane to afford the bicyclic diimide intermediate (250 
mg, 64%) as a very pale yellow oil. "H NMR (CDC1) & 1.18 
(t, 3H) 1.89-1.96 (m, 2H) 2.91 (dd, J=6.44, 5.47 Hz, 1H) 
3.46-3.59 (m, 2H) 7.55-7.65 (m, 1H) 7.69-7.81 (m, 1H) 7.84 
(d. J=8.20 Hz, 1H) 8.16 (d. J=8.40 Hz, 1H) 8.30 (d. J=1.76 
HZ, 1H) 8.92 (d. J=2.34 Hz, 1H). 
0232 A stirred ice-cooled solution of 2.0N LAH/THF 
(1.9 mL, 3.76 mmol) under nitrogen was treated dropwise 
with a solution of the above bicyclic diimide intermediate 
(250 mg. 0.94 mmol) in anhydrous THF (10 mL). The 
solution was stirred at room temperature for 15 min, refluxed 
for 4 h, cooled on an ice bath, and carefully treated dropwise 
with 30% NaOH (1.3 mL, vigorous evolution of gas). The 
solution was filtered and the filtrate was reduced to a clear 
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oil. The residue was dissolved in methanol (23 mL), treated 
with 4N HCl/dioxane (7 mL), then stirred at room tempera 
ture for 3 h. The solution was concentrated in vacuo and the 
residue triturated from ether to afford 1-(cquinolin-3-yl)-3- 
ethyl-3-azabicyclo3.1.0 hexane, hydrochloride (105 mg. 
43%) as a white solid. MS (M+1) 239. "H NMR (CDC1) & 
7.25 (m. 1H), 7.08 (m, 2H), 4.04 (m, 1H), 3.85 (m. 1H), 3.35 
(m. 2H), 3.21 (m, 1H), 2.39 (m. 1H), 1.97 (m. 1H), 1.50 (d. 
6H, J=7 Hz), 1.10 (m. 1H). ''C NMR (CDC1,) & 158.83, 
156.34, 135.62, 129.93, 127.57, 121.54, 117.17, 59.78, 
57.35, 53.99, 30.68, 23.06, 19.05, 16.29. 

C. Synthesis of 1-(1-methyl-1H-indol-5-yl)-3-ethyl 
3-azabicyclo[3.1.0 hexane, hydrochloride 

0233 

N 

/ 

N HCI 

- 
0234. A stirred solution/suspension of 3-bromo-1-ethyl 
maleimide (0.7 g., 3.43 mmol) and 1-methyl-1H-indol-5- 
ylboronic acid (0.65 g, 3.7 mmol) in dioxane (15 mL) under 
nitrogen was degassed with a stream of nitrogen for 10 min, 
treated with cesium fluoride (1.6 g. 10.8 mmol) and ClPd 
(dppf)..CHCl (0.25 g, 0.3 mmol), then stirred at room 
temperature for 0.5 h and at 45° C. for 30 min then at 65° 
C. for 45 min. The mixture was cooled and diluted with 
methylene chloride (50 mL). The mixture was filtered 
through Celite R (rinse filter cake with methylene chloride) 
and the brown filtrate concentrated in vacuo. The residue 
was dissolved in methylene chloride and filtered through a 
column of silica gel (eluted with methylene chloride 60% 
and ethyl acetate 40%) to afford an orange solid, which was 
triturated from cold petroleum ethers to afford arylmaleim 
ide intermediate (585 mg, 67%) as an orange solid. 
0235 A stirred suspension of sodium hydride oil disper 
sion (60%, 140 mg, 3.5 mmol) in anhydrous tetrahydrofuran 
(30 mL) under nitrogen was treated with trimethyl-sulfoxo 
nium chloride (0.55 g, 4.25 mmol), then refluxed for 2.5 h 
and cooled (50° C.). The above arylmaleimide (93.7 mg, 3.5 
mmol) was added in one portion and the mixture stirred at 
50° C. for 3 h, cooled on an ice bath, and quenched with 
saturated ammonium chloride (10 mL). The product mixture 
was extracted with ether (2x50 mL), and the combined 
extracts washed with water (30 mL), dried (MgSO), and 
concentrated in vacuo. The residual solid was dissolved in 
1:1 methylene chloride/heptane and loaded onto a silica gel 
column and eluted with 1:1, 2:1, then 3:1 methylene chlo 
ride/heptane to afford the bicyclic diimide intermediate (628 
mg, 64%) as a very pale yellow oil. "H NMR (CDC1) & 1.14 
(t,3H) 1.79 (dd, J–4.39, 3.61 Hz, 1H) 1.89 (dd, J=8.10, 4.39 
HZ, 1H) 2.70 (dd, J=8.10, 3.61 Hz, 1H) 3.42-3.56 (m, 2H) 
3.78-3.81 (m, 1H) 6.46 (dd, J=3.12, 0.78 Hz, 1H) 7.07 (d. 
J=2.93 Hz, 1H) 7.26 (d. J=1.76 Hz, 1H) 7.29-7.37 (m. 1H) 
7.63 (d. J=0.98 Hz, 1H). 
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0236. A stirred ice-cooled solution of 2.0N LAH/THF 
(2.2 mL. 2.23 mmol) under nitrogen was treated dropwise 
with a solution of the above bicyclic diimide intermediate 
(150 mg, 0.6 mmol) in anhydrous THF (10 mL). The 
solution was stirred at room temperature for 15 min, refluxed 
for 4 h, cooled on an ice bath, and carefully treated dropwise 
with 30% NaOH (1.3 mL, vigorous evolution of gas). The 
solution was filtered and the filtrate was reduced to a clear 
oil. The residue was dissolved in methanol (23 mL), treated 
with 4N HCl/dioxane (7 mL), then stirred at room tempera 
ture for 3 h. The solution was concentrated in vacuo and the 
residue triturated from ether to afford 1-(1-methyl-1H-indol 
5-yl)-3-ethyl-3-azabicyclo[3.1.0 hexane, hydrochloride (76 
mg, 53%) as a white solid. MS (M+1) 241. "H NMR 
(CDC1) & 1.10 (d. J=6.44 Hz, 1H) 1.48 (t,3H) 1.92-2.02 (m, 
1H) 2.19 (dd, J=6.54, 4.59 Hz, 1H) 3.13-3.25 (m, 3H) 
3.25-3.36 (m, 1H)3.74-3.79 (m, 3H)3.91 (dd, J=11.03, 5.37 
HZ, 1H) 4.10 (dd, J=10.84, 5.37 Hz, 1H) 6.38-6.47 (m, 1H) 
6.98-7.12 (m, 2H) 7.26-7.33 (m, 1H) 7.40-7.54 (m. 1H). 'C 
NMR (CDC1) SD111.12, 22.47, 31.79, 33.16, 51.48, 55.69, 
59.78, 66.05, 100.44, 109.10, 120.10, 121.37, 122.56, 123. 
34, 129.62. 

D. Synthesis of 2-(3-ethyl-3-azabicyclo[3.1.0 hex 
1-yl)-1-methyl-1H-indole, hydrochloride 

0237) 

N 

\ HCI 

u 
0238 A stirred solution/suspension of 3-bromo-1-ethyl 
maleimide (1.0 g, 4.9 mmol) and 1-methyl-2-tributylstan 
nylindole (2.3 g, 5.4 mmol) in dioxane (15 mL) under 
nitrogen was degassed with a stream of nitrogen for 10 min, 
treated with cesium fluoride (1.6 g. 10.8 mmol) and ClPd 
(dppf)..CHC1 (0.25 g, 0.3 mmol), then stirred at room 
temperature for 0.5 h and at 45° C. for 30 min then at 65° 
C. for 45 min. The mixture was cooled and diluted with 
methylene chloride (50 mL). The mixture was filtered 
through Celite(R) (rinse filter cake with methylene chloride) 
and the brown filtrate concentrated in vacuo. The residue 
was dissolved in methylene chloride and filtered through a 
column of silica gel (eluted with methylene chloride 60% 
and ethyl acetate 40%) to afford a yellowish solid, which 
was triturated from cold petroleum ethers to afford the 
arylmaleimide intermediate (1.32 g, 87%) as a yellowish 
solid. 
0239 A stirred suspension of sodium hydride oil disper 
sion (60%, 140 mg, 3.5 mmol) in anhydrous tetrahydrofuran 
(30 mL) under nitrogen was treated with trimethyl-sulfoxo 
nium chloride (0.495 g, 3.85 mmol), then refluxed for 2.5 h 
and cooled (50° C.). The above arylmaleimide (900 mg, 3.5 
mmol) was added in one portion and the mixture stirred at 
50° C. for 3 h, cooled on an ice bath, and quenched with 
saturated ammonium chloride (10 mL). The product mixture 
was extracted with ether (2x50 mL), and the combined 
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extracts washed with water (30 mL), dried (MgSO), and 
concentrated in vacuo. The residual solid was dissolved in 
1:1 methylene chloride/heptane and loaded onto a silica gel 
column and eluted with 1:1, 2:1, then 3:1 methylene chlo 
ride/heptane to afford the bicyclic diimide intermediate (370 
mg, 40%) as a very pale yellow oil. "H NMR (CDC1) & 1.15 
(t,3H) 1.86 (dd, J=4.88, 3.71 Hz, 1H) 1.93 (dd, J=8.20, 4.88 
HZ, 1H) 2.57 (dd, J=8.30, 3.81 Hz, 1H) 3.44-3.53 (m, 2H) 
7.29 (d. J=1.17 Hz, 2H) 7.45 (t, J=1.17 Hz, 1H). 
0240. A stirred ice-cooled solution of 2.0N LAH/THF 
(6.0 mL, 5.8 mmol) under nitrogen was treated dropwise 
with a solution of the above bicyclic diimide intermediate 
(370 mg, 1.45 mmol) in anhydrous THF (10 mL). The 
solution was stirred at room temperature for 15 min, refluxed 
for 4 h, cooled on an ice bath, and carefully treated dropwise 
with 30% NaOH (1.3 mL, vigorous evolution of gas). The 
solution was filtered and the filtrate was reduced to a clear 
oil. The residue was dissolved in methanol (23 mL), treated 
with 4N HCl/dioxane (7 mL), then stirred at room tempera 
ture for 3 h. The solution was concentrated in vacuo and the 
residue triturated from ether to afford 2-(3-ethyl-3-aza 
bicyclo[3.1.0 hex-1-yl)-1-methyl-1H-indole, hydrochloride 
(262 mg, 75%) as a white solid. MS (M+1)241. H NMR 
(CDC1) & 1.12-1.19 (m. 1H) 1.48 (t, J=7.13 Hz, 3H) 
2.1.0-2.20 (m, 1H) 2.39 (dd, J=6.25, 4.69 HZ, 1H)3.04-3.26 
(m, 3H) 3.28-3.42 (m. 1H) 3.78 (s, 3H)3.93 (dd, J=10.93, 
5.27 Hz, 1H) 4.10 (dd, J=10.93, 5.27 Hz, 1H) 6.36 (s, 1H) 
7.02-7.15 (m, 1H) 7.15-7.31 (m, 2H) 7.52 (d. J=8.00 Hz, 
1H). 'C NMR (CDC1,) ÖD 11.11, 15.28, 22.42, 24.24, 
30.74, 51.55, 54.91, 58.62, 101.39, 109.43, 120.30, 120.78, 
122.50, 127.21, 136.70, 137.94. 

E. Synthesis of 1-(cquinolin-5-yl)-3-ethyl-3-azabicy 
clo3.1.0 hexane, hydrochloride 

0241 

NN 

HCI 

u 
0242 A stirred solution/suspension of 3-bromo-1-ethyl 
maleimide (0.7 g, 3.43 mmol) and 5-quinolineboronic acid 
(1.2 g, 5.9 mmol) in dioxane (15 mL) under nitrogen was 
degassed with a stream of nitrogen for 10 min, treated with 
cesium fluoride (1.6 g. 10.8 mmol) and ClPd(dppf). CHCl 
(0.25 g, 0.3 mmol then stirred at room temperature for 0.5 
h and at 45° C. for 30 min then at 65° C. for 45 min. The 
mixture was cooled and diluted with methylene chloride (50 
mL). The mixture was filtered through Celite(R) (rinse filter 
cake with methylene chloride) and the brown filtrate con 
centrated in vacuo. The residue was dissolved in methylene 
chloride and filtered through a column of silica gel (eluted 
with methylene chloride 60% and ethyl acetate 40%) to 
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afford a tan solid, which was triturated from cold petroleum 
ethers to afford the arylmaleimide intermediate (430 mg. 
30%) as a tan solid. 
0243 A stirred suspension of sodium hydride oil disper 
sion (60%, 140 mg, 3.5 mmol) in anhydrous tetrahydrofuran 
(30 mL) under nitrogen was treated with trimethyl-sulfoxo 
nium chloride (0.55 g, 4.25 mmol), then refluxed for 2.5 h 
and cooled (50° C.). The above arylmaleimide (93.7 mg, 3.5 
mmol) was added in one portion and the mixture stirred at 
50° C. for 3 h, cooled on an ice bath, and quenched with 
saturated ammonium chloride (10 mL). The product mixture 
was extracted with ether (2x50 mL), and the combined 
extracts washed with water (30 mL), dried (MgSO), and 
concentrated in vacuo. The residual solid was dissolved in 
1:1 methylene chloride/heptane and loaded onto a silica gel 
column and eluted with 1:1, 2:1, then 3:1 methylene chlo 
ride/heptane to afford bicyclic diimide intermediate (628 
mg, 64%) as a very pale yellow oil. "H NMR (CDC1) & 1.19 
(t, 3H) 1.85-1.95 (m, 1H) 1.97-2.08 (m, 1H) 2.82 (dd. 
J=8.40, 3.51 Hz, 1H)3.47-3.64 (m, 2H) 7.35-7.87 (m, 4H) 
8.17 (dd, J=8.49, 3.81 Hz, 1H) 8.82-9.03 (m, 1H). 
0244. A stirred ice-cooled solution of 2.0N LAH/THF 
(0.58 mL, 1.1 mmol) under nitrogen was treated dropwise 
with a solution of the above bicyclic diimide intermediate 
(77 mg, 0.29 mmol) in anhydrous THF (10 mL). The 
solution was stirred at room temperature for 15 min, refluxed 
for 4 h, cooled on an ice bath, and carefully treated dropwise 
with 30% NaOH (1.3 mL, vigorous evolution of gas). The 
solution was filtered and the filtrate was reduced to a clear 
oil. The residue was dissolved in methanol (23 mL), treated 
with 4N HCl/dioxane (7 mL), then stirred at room tempera 
ture for 3 h. The solution was concentrated in vacuo and the 
residue triturated from ether to afford 1-(cquinolin-5-yl)-3- 
ethyl)-3-azabicyclo[3.1.0 hexane, hydrochloride (55 mg. 
81%) as a white solid. MS (M+1) 239. H NMR (CDC1) & 
1.07 (t, J=7.03 Hz, 1H) 1.27 (t, J=7.22 Hz, 3H) 1.31-1.38 (m, 
1H) 1.61-1.82 (m, 1H) 3.24 (s, 1H) 3.48-3.57 (m, 1H) 
3.62-3.79 (m, 2H)4.06 (dd, J=11.13, 5.27 Hz, 1H) 7.66 (t, 
J=7.61 Hz, 1H) 7.69-7.83 (m, 1H) 7.97 (s, 1H) 8.06 (d. 
J=8.79 Hz, 1H) 8.41 (s, 1H) 8.95 (d. J=2.34 Hz, 1H). 'C 
NMR (CDC1) & 10.96, 29.17, 30.13, 42.07, 51.27, 55.11, 
58.82, 122.30, 122.55, 123.77, 128.09, 131.10, 131.49, 
134.91, 138.88, 143.98. 

Example IV 

Preparation of 1-heteroaryl-3-isopropyl-3-azabicy 
clo3.1.0 hexanes using Reaction Scheme 2 

A. Synthesis of 3-bromo-1-isopropylmaleimide 

0245 

Br 

0246 A cooled (5° C.) stirred solution of maleic anhy 
dride (29.4g, 0.30 mole) in anhydrous ether (150 mL) under 
nitrogen was treated dropwise over 45 min with a solution 
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of isopropylamine (35.5 g., 0.60 mole) in anhydrous ether 
(100 mL) at a rate to keep the pot temp <20° C., then the 
mixture was stirred at 10° C. for 15 min, filtered, and the 
filter cake rinsed with anhydrous ether and dried in vacuo to 
afford a white solid. This was taken up in acetic anhydride 
(250 mL), treated with anhydrous sodium acetate (12.3 g, 
0.15 mole), and heated to 75° C. with stirring for 4.5 h, then 
at 100° C. for 1.5 h. The mixture was concentrated in vacuo 
and the residue taken up in methylene chloride (300 mL), 
washed with saturated aqueous sodium bicarbonate (200 
mL), water (200 mL), dried (MgSO), and concentrated in 
vacuo. The residue was distilled (approx. 5 mm pressure) to 
afford two products: N-isopropylmaleimide at 82°C. (13.0 
g) and an acetate adduct of N-isopropylmaleimide at 154°C. 
(12.9 g). The acetate adduct was dissolved in 4:1 acetoni 
trile/triethylamine (100 mL), heated to 65° C. for 4 h, then 
concentrated in vacuo. The residue was dissolved in meth 
ylene chloride and filtered through a pad of silica gel (eluted 
with methylene chloride) to afford an additional 3.5 g of 
N-isopropylmaleimide. Total yield was 16.5 g of N-isopro 
pylmaleimide (40%). 
0247 A stirred ice-cold solution of N-isopropylmaleim 
ide (16.4 g., 0.118 mole) in carbon tetrachloride (12 mL) 
under nitrogen was treated dropwise with bromine (6.41 mL. 
0.25 mole) at a rate to keep the pottemp <9°C., then stirred 
at 3° C. for 2 h, during which time the mixture formed a solid 
cake. The cake was maintained under a stream of nitrogen to 
allow excess bromine and CC1 to evaporate, then the 
reaction mixture was placed under vacuum to remove the 
remaining solvent. Ethanol (100 mL) was added to the flask, 
followed by sodium acetate (11 g, 0.134 mole), and the 
mixture was refluxed for 16 h with stirring. The cooled 
solution was filtered through Celite R (filter cake rinsed with 
methylene chloride), and the filtrate concentrated in vacuo, 
dissolved in methylene chloride, filtered through a pad of 
alumina (eluted with methylene chloride), and re-concen 
trated in vacuo. The residue was dissolved in 2:1 petroleum 
ether/methylene chloride, loaded onto a column of silica gel. 
and eluted successively with 2:1 petroleum ethers/CHCl, 
1:1 petroleum ethers/CHCl, and CHCl2 alone to afford 
the subject compound (16.45 g. 64% yield) as a pale yellow, 
low melting solid. No MS (M+1) peak observed. "H NMR 
(CDC1) & 6.78 (s, 1H), 4.30-440 (m, 1H), 1.37 (d. 6H, J=8 
Hz). 

B. Synthesis of 1-(cquinolin-3-yl)-3-isopropyl-3- 
azabicyclo[3.1.0 hexane, hydrochloride 

0248 

2 

HCI 

-N 
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0249. A stirred solution/suspension of 3-bromo-1-methy 
lethylmaleimide (0.7g, 3.43 mmol) and 3-quinoline boronic 
acid (1.2 g, 5.9 mmol) in dioxane (15 mL) under nitrogen 
was degassed with a stream of nitrogen for 10 min, treated 
with cesium fluoride (1.6 g. 10.8 mmol) and ClPd(dppf). 
CHCl (0.25 g, 0.3 mmol) then stirred at room temperature 
for 0.5 h and at 45° C. for 30 min then at 65° C. for 45 min. 

The mixture was cooled and diluted with methylene chloride 
(50 mL). The mixture was filtered through Celite(R) (rinse 
filter cake with methylene chloride) and the brown filtrate 
concentrated in vacuo. The residue was dissolved in meth 

ylene chloride and filtered through a column of silica gel 
(eluted with methylene chloride 60% and ethyl acetate 40%) 
to afford a tan solid, which was triturated from cold petro 
leum ethers to afford arylmaleimide intermediate (120 mg. 
30%) as a tan solid. 
0250) A stirred suspension of trimethyl-sulfoxonium 
chloride (0.062 g, 0.48 mmol) under nitrogen was treated 
with 2.5M n-butyl lithium (0.19 mL, 0.48 mmol) in anhy 
drous tetrahydrofuran (30 mL), then refluxed for 2.5 h and 
cooled (50° C.). The above arylmaleimide (115 mg, 0.43 
mmol) was added in one portion and the mixture stirred at 
50° C. for 3 h, cooled on an ice bath, and quenched with 
saturated ammonium chloride (10 mL). The product mixture 
was extracted with ether (2x50 mL), and the combined 
extracts washed with water (30 mL), dried (MgSO), and 
concentrated in vacuo. The residual solid was dissolved in 
1:1 methylene chloride/heptane and loaded onto a silica gel 
column and eluted with 1:1, 2:1, then 3:1 methylene chlo 
ride/heptane to afford the bicyclic diimide intermediate (75 
mg, 62%) as a very pale yellow oil. "H NMR (CDC1) & 
1.31-1.43 (m, 6H) 1.80-1.91 (m, 2H) 2.87 (dd, J=7.61, 4.30 
HZ, 1H) 4.17-4.37 (m. 1H) 7.51-7.62 (m, 1H) 7.68-7.77 (m, 
1H) 7.81 (d. J=8.00 Hz, 1H) 8.11 (d. J=8.59 Hz, 1H) 8.25 (d. 
J=1.95 Hz, 1H) 8.89 (d. J=1.17 Hz, 1H). 
0251 A stirred ice-cooled solution of 2.0N LAH/THF 
(0.58 mL, 1.1 mmol) under nitrogen was treated dropwise 
with a solution of the above bicyclic diimide intermediate 
(72 mg, 0.27 mmol) in anhydrous THF (10 mL). The 
solution was stirred at room temperature for 15 min, refluxed 
for 4 h, cooled on an ice bath, and carefully treated dropwise 
with 30% NaOH (0.5 mL, vigorous evolution of gas). The 
solution was filtered and the filtrate was reduced to a clear 

oil. The residue was dissolved in methanol (23 mL), treated 
with 4N HCl/dioxane (7 mL), then stirred at room tempera 
ture for 3 h. The solution was concentrated in vacuo and the 
residue triturated from ether to afford 1-(cquinolin-3-yl)-3- 
(2-propyl)-3-azabicyclo[3.1.0 hexane, hydrochloride (50 
mg, 65%) as a white solid. MS (M+1) 253. "H NMR 
(CDOD) & 1.37-145 (m, 1H) 1.49 (d. J=5.94 Hz, 6H) 1.59 
(t, J=7.73 Hz, 1H) 1.81 (dd, J=6.74, 4.76 Hz, 1H)2.46-2.60 
(m. 1H) 3.79-3.87 (im, 1H) 3.88-3.95 (m, 2H) 4.26 (d. 
J=11.10 Hz, 1H) 7.99 (t, J=7.73 Hz, 1H) 8.16 (t, J=7.33 Hz, 
1H) 8.26 (d. J=8.32 Hz, 1H) 8.33 (d. J=8.32 Hz, 1H) 9.22 (s, 
1H) 9.37 (d. J=1.98 Hz, 1H). ''C NMR (CDOD) & 16.44, 
19.42, 25.07, 29.93, 55.59, 57.94, 61.11, 121.95, 129.64, 
131.44, 135.91, 138.94, 146.66. 
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C. Synthesis of 1-(1-methyl-1H-indol-5-yl)-3-iso 
propyl-3-azabicyclo[3.1.0 hexane, hydrochloride 

0252) 

HCI 
N 

-N 
0253) A stirred solution/suspension of 3-bromo-1-methy 
lethylmaleimide (0.7g, 3.43 mmol) and 5-quinoline-boronic 
acid (1.2 g, 5.9 mmol) in dioxane (15 mL) under nitrogen 
was degassed with a stream of nitrogen for 10 min, treated 
with cesium fluoride (1.6 g. 10.8 mmol) and ClPd(dppf). 
CHCl (0.25 g, 0.3 mmol) then stirred at room temperature 
for 0.5 h and at 45° C. for 30 min then at 65° C. for 45 min. 
The mixture was cooled and diluted with methylene chloride 
(50 mL). The mixture was filtered through Celite(R) (rinse 
filter cake with methylene chloride) and the brown filtrate 
concentrated in vacuo. The residue was dissolved in meth 
ylene chloride and filtered through a column of silica gel 
(eluted with methylene chloride 60% and ethyl acetate 40%) 
to afford a tan solid, which was triturated from cold petro 
leum ethers to afford arylmaleimide intermediate (430 mg. 
30%) as a tan solid. 
0254 Astirred suspension of trimethylsulfoxonium chlo 
ride (0.290 g, 2.28 mmol) under nitrogen was treated with 
2.5M n-butyllithium (0.95 mL, 2.18 mmol) in anhydrous 
tetrahydrofuran (30 mL), then refluxed for 2.5 h and cooled 
(50° C.). The above arylmaleimide (530 mg, 1.98 mmol) 
was added in one portion and the mixture stirred at 50° C. 
for 3 h, cooled on an ice bath, and quenched with Saturated 
ammonium chloride (10 mL). The product mixture was 
extracted with ether (2x50 mL), and the combined extracts 
washed with water (30 mL), dried (MgSO), and concen 
trated in vacuo. The residual solid was dissolved in 1:1 
methylene chloride/heptane and loaded onto a silica gel 
column and eluted with 1:1, 2:1, then 3:1 methylene chlo 
ride/heptane to afford bicyclic diimide intermediate (120 
mg, 21%) as a very pale yellow oil. "H NMR (CDC1) & 
1.22-1.39 (m, 6H) 1.73 (dd, J–4.21, 3.48 Hz, 1H) 1.83 (dd. 
J=8.14, 4.30 Hz, 1H)2.67 (dd, J=8.05, 3.48 Hz, 1H)3.79 (s. 
3H) 4.14-4.31 (m, 1H) 6.43-6.47 (m. 1H) 7.04-7.08 (m, 1H) 
723-7.27 (m, 1H) 728-7.35 (m, 1H) 7.63 (d. J=1.10 Hz, 
1H). 
0255. A stirred ice-cooled solution of 2.0N LAH/THF 
(0.820 mL, 1.6 mmol) under nitrogen was treated dropwise 
with a solution of the above bicyclic diimide intermediate 
(116 mg, 0.41 mmol) in anhydrous THF (10 mL). The 
solution was stirred at room temperature for 15 min, refluxed 
for 4 h, cooled on an ice bath, and carefully treated dropwise 
with 30% NaOH (0.5 mL, vigorous evolution of gas). The 
solution was filtered and the filtrate was reduced to a clear 
oil. The residue was dissolved in methanol (23 mL), treated 
with 4N HCl/dioxane (7 mL), then stirred at room tempera 
ture for 3 h. The solution was concentrated in vacuo and the 
residue triturated from ether to afford 1-(1-methyl-1H-indol 
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5-yl)-3-(2-propyl)-3-azabicyclo[3.1.0-hexane, hydrochlo 
ride (60 mg, 62%) as a white solid. MS (M+1)255. "H NMR 
(CDC1) & 1.10-1.20 (m, 1H) 1.51 (t, J=6.54 Hz, 6H) 
1.89-2.00 (m. 1H)2.29 (dd, J=6.44, 4.49 HZ, 1H)3.17-3.40 
(m, 3H)3.74-3.79 (m, 3H)3.86 (dd, J=10.84, 5.56 Hz, 1H) 
4.06 (dd, J=10.93, 5.47 Hz, 1H) 6.41 (d. J=3.12 Hz, 1H) 
7.00-7.10 (m, 2H) 7.21-7.29 (m. 1H) 7.46 (d. J=1.37 Hz, 
1H). 'C NMR (CDC1) & 15.95, 18.97, 22.62, 31.96, 33.16, 
54.32, 58.59, 59.54, 109.88, 120.14, 121.45, 128.84, 129.06, 
130.15, 136.18. 

D. Synthesis of 1-(1-Methyl-2-indolyl)-3-isopropyl 
3-azabicyclo[3.1.0 hexane, hydrochloride 

0256 

N 

-N HCI 

0257. A stirred solution/suspension of 3-bromo-1-(1- 
methylethyl)maleimide (1.09 g, 5 mmol) and (1-methylin 
dol-2-yl)tributyltin (2.63 g. 6.25 mmol) in dioxane (30 mL) 
under nitrogen was degassed with a stream of nitrogen for 10 
min, then treated with cesium fluoride (1.8 g., 11.8 mmol) 
and ClPd(PPh), (0.21 g, 0.3 mmol), stirred at room tem 
perature for 30 min, 40° C. for 30 min, and 60° C. for 1.5 
h. The mixture was cooled to room temperature, taken up in 
methylene chloride (100 mL), and filtered through Celite(R) 
(rinse filter cake with methylene chloride) and the filtrate 
concentrated in vacuo. The residue was dissolved in meth 
ylene chloride and filtered through a column of silica gel 
(eluted with methylene chloride) to afford a dark solid, 
which was triturated from ether to afford the arylmaleimide 
intermediate (1.236 g. 92%) as a yellow solid. MS (M+1) 
269.2. "H NMR (CDC1) & 7.69 (m, 1H), 7.59 (s, 1H), 7.34 
(m. 2H), 7.14 (m. 1H), 6.52 (s, 1H), 4.44 (m. 1H), 3.87 (s. 
3H), 1.46 (d. 6H, J=7 Hz). 
0258. A stirred suspension of sodium hydride oil disper 
sion (60%, 160 mg. 4.0 mmol) in anhydrous tetrahydrofuran 
(35 mL) under nitrogen was treated with trimethylsulfoxo 
nium chloride (0.643 g, 5.0 mmol), then refluxed for 2.5 h 
and cooled (50° C.). The above arylmaleimide (1.073 g, 4.0 
mmol) was added in one portion and the mixture stirred at 
50° C. for 3 h, cooled on an ice bath, and quenched with 
saturated ammonium chloride (12 mL). The product mixture 
was extracted with ether (2x50 mL), and the combined 
extracts washed with water (35 mL), dried (MgSO), and 
concentrated in vacuo. The residue was dissolved in meth 
ylene chloride and loaded onto a silica gel column and eluted 
with methylene chloride to afford the bicyclic diimide 
intermediate (640 mg, 57%) as a pale orange solid. MS 
(M+1) 283.1. "H NMR (CDC1) & 7.56 (m, 1H), 7.32 (m, 
1H), 7.20-7.27 (m, 2H), 7.10 (m, 1H), 4.28 (m, 1H), 3.80 (s, 
3H), 2.72 (m. 1H), 1.87 (n, 2H), 1.37 (m, 6H). 
0259. A stirred cooled (5° C.) mixture of 2.0N lithium 
aluminum hydride/THF (5.2 mL, 10.4 mmol) in a 3-neck 
100 mL round bottom flask under nitrogen was treated 
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dropwise with a solution of the above bicyclic diimide 
intermediate (0.367 g, 1.30 mmol) in anhydrous THF (5 
mL), and the mixture was stirred 1 h at room temperature 
and 3 hat reflux, then recooled on an ice bath. Water (0.4 
mL), 15% sodium hydroxide (0.4 mL), and water (1.2 mL) 
were carefully added dropwise, and the mixture was stirred 
for a few minutes and filtered (rinse filter cake with meth 
ylene chloride). The filtrate was concentrated in vacuo and 
the residue dissolved in methylene chloride and loaded onto 
a silica gel column and eluted with 5% (9:1 ethanol/ammo 
nia)/methylene chloride, then 10% (9:1 ethanol/ammonia)/ 
methylene chloride to afford the free base of the title 
compound as a colorless oil. This was dissolved in ether (15 
mL) and treated with 2.0N HCl/ether (1.25 mL, 2.5 mmol), 
the suspension diluted with a few mL of methylene chloride, 
stirred a few minutes, and the solid filtered, collected and 
dried in vacuo to afford 1-(1-methyl-2-indolyl)-3-(2-pro 
pyl)-3-azabicyclo[3.1.0 hexane, hydrochloride (321 mg, 
85%) as a white solid. MS (M+1) 255.2. "H NMR (CDC1) 
& 7.52 (d. 1H, J=8 Hz), 7.20-7.30 (m, 2H), 7.09 (m, 1H), 
6.35 (brs, 1H), 4.08 (m. 1H), 3.91 (m, 1H), 3.79 (s, 3H), 
3.41 (m. 1H), 3.30 (m, 1H), 3.15 (m, 1H), 2.52 (m. 1H), 2.13 
(m. 1H), 1.52 (m, 6H), 1.14 (m. 1H). 'C NMR (CDC1) & 
137.93, 136.96, 127.22, 122.49, 120.76, 120.30, 109.43, 
101.26, 59.71, 57.36, 53.55, 30.77, 24.43, 22.61, 18.97, 
15.36. 

E. Synthesis of 1-(cquinolin-5-yl)-3-isopropyl-3- 
azabicyclo[3.1.0 hexane, hydrochloride 

0260 

| N 

N 

-N HCI 

0261) A stirred solution/suspension of 3-bromo-1-methy 
lethylmaleimide (0.7g, 3.43 mmol) and 5-quinolineboronic 
acid (1.2 g, 5.9 mmol) in dioxane (15 mL) under nitrogen 
was degassed with a stream of nitrogen for 10 min, treated 
with cesium fluoride (1.6 g. 10.8 mmol) and ClPd(dppf). 
CHCl (0.25 g, 0.3 mmol) then stirred at room temperature 
for 0.5 h and at 45° C. for 30 min then at 65° C. for 45 min. 
The mixture was cooled and diluted with methylene chloride 
(50 mL). The mixture was filtered through Celite(R) (rinse 
filter cake with methylene chloride) and the brown filtrate 
concentrated in vacuo. The residue was dissolved in meth 
ylene chloride and filtered through a column of silica gel 
(eluted with methylene chloride 60% and ethyl acetate 40%) 
to afford a tan solid, which was triturated from cold petro 
leum ethers to afford the arylmaleimide intermediate (430 
mg, 30%) as a tan Solid. 
0262 Astirred suspension of trimethylsulfoxonium chlo 
ride (0.062 g, 0.48 mmol) under nitrogen was treated with 
2.5M n-butyllithium (0.19 mL, 0.48 mmol) in anhydrous 
tetrahydrofuran (30 mL), then refluxed for 2.5 h and cooled 
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(50° C.). The above arylmaleimide (115 mg, 0.43 mmol) 
was added in one portion and the mixture stirred at 50° C. 
for 3 h, cooled on an ice bath, and quenched with Saturated 
ammonium chloride (10 mL). The product mixture was 
extracted with ether (2x50 mL), and the combined extracts 
washed with water (30 mL), dried (MgSO), and concen 
trated in vacuo. The residual solid was dissolved in 1:1 
methylene chloride/heptane and loaded onto a silica gel 
column and eluted with 1:1, 2:1, then 3:1 methylene chlo 
ride/heptane to afford the bicyclic diimide intermediate (75 
mg, 62%) as a very pale yellow oil. "H NMR (CDC1) & 
1.31-1.43 (m, 6H) 1.80-1.91 (m, 2H) 2.87 (dd, J=7.61, 4.30 
HZ, 1H) 4.17-4.37 (m. 1H) 7.51-7.62 (m, 1H) 7.68-7.77 (m, 
1H) 7.81 (d. J=8.00 Hz, 1H) 8.11 (d. J=8.59 Hz, 1H) 8.25 (d. 
J=1.95 Hz, 1H) 8.89 (d. J=1.17 Hz, 1H). 
0263. A stirred ice-cooled solution of 2.0N LAH/THF 
(0.58 mL, 1.1 mmol) under nitrogen was treated dropwise 
with a solution of the above bicyclic diimide intermediate 
(68 mg, 0.24 mmol) in anhydrous THF (10 mL). The 
solution was stirred at room temperature for 15 min, refluxed 
for 4 h, cooled on an ice bath, and carefully treated dropwise 
with 30% NaOH (0.5 mL, vigorous evolution of gas). The 
solution was filtered and the filtrate was reduced to a clear 
oil. The residue was dissolved in methanol (23 mL), treated 
with 4N HCl/dioxane (7 mL), then stirred at room tempera 
ture for 3 h. The solution was concentrated in vacuo and the 
residue triturated from ether to afford 1-(cquinolin-5-yl)-3- 
(2-propyl)-3-azabicyclo[3.1.0 hexane, hydrochloride (50 
mg, 75%) as a white solid. MS (M+1) 254. "H NMR 
(CDOD) & 1.37-1.45 (m, 1H) 1.49 (d. J=5.94 Hz, 6H) 1.59 
(t, J=7.73 Hz, 1H) 1.81 (dd, J=6.74, 4.76 Hz, 1H)2.46-2.60 
(m. 1H) 3.79-3.87 (im, 1H) 3.88-3.95 (m, 2H) 4.26 (d. 
J=11.10 Hz, 1H) 7.99 (t, J=7.73 Hz, 1H) 8.16 (t, J=7.33 Hz, 
1H) 8.26 (d. J=8.32 Hz, 1H) 8.33 (d. J=8.32 Hz, 1H) 9.22 (s, 
1H) 9.37 (d. J=1.98 Hz, 1H). 'C NMR (CDOD) & 15.24, 
18.91, 22.07, 29.31, 29.63, 54.20, 57.34, 60.05, 121.83, 
122.56, 129.41, 131.70, 135.21, 136.73, 138.52, 143.76, 
144.49. 

Example V 

Preparation of 
1-heteroaryl-3-azabicyclo[3.1.0 hexanes using 

Reaction Scheme 3 

A. Synthesis of 
1-(benzothiophen-2-yl)-3-azabicyclo[3.1.0 hexane 

hydrochloride 

0264 

S 

HCI 
N 
H 

0265 A stirred solution of 3-bromo-1-(3,4-dimethoxy 
benzyl)maleimide (3.26 g. 10 mmol) and thionaphthene-2- 
boronic acid (2.13 g, 12 mmol) in dioxane (30 mL) was 
degassed under a stream of nitrogen for 10 minutes, then 
treated with cesium fluoride (4g, 26 mmol) and ClPd(dppf) 
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CHCl (0.5 g., 0.61 mmol), then stirred at room temperature 
for 1 hour and at 40°C. for 2 h. The mixture was cooled and 
diluted with methylene chloride, stirred a few minutes and 
filtered through celite. The filtrate was concentrated in vacuo 
and purified by silica gel chromatography using 2% ethyl 
acetate/methylene chloride as the eluting solvent to afford 
the arylmaleimide intermediate (3.3 g, 87.3%). "H NMR 
(CDC1) & 8.34-8.27 (m, 1H), 7.92-7.81 (m, 2H), 7.48-7.36 
(m. 2H), 7.07-6.80 (m, 3H), 6.66-6.60 (m. 1H), 4.73-4.65 
(m. 2H), 3.89 (s.3H), 3.86 (s, 3H). 
0266. A cooled (-20°C.) stirred solution of trimethyl 
sulfoxonium chloride (964 mg, 7.5 mmol) in anhydrous 
tetrahydrofuran (30 mL) under nitrogen was treated with 
n-butyllithium/hexane (2.5N, 2.4 mL, 6.0 mmol) and 
warmed to 50° C. over 30 minutes. A solution of the 
arylmaleimide intermediate (2 g, 5.4 mmol) in anhydrous 
tetrahydrofuran (20 mL) was warmed to 50° C. and added all 
at once. After 2 h at 50° C., the mixture was cooled on ice 
and quenched with Saturated aqueous ammonium chloride (2 
mL). The mixture was stirred at room temperature for 15 
minutes, then it was added to methylene chloride (100 mL) 
and the organic Solution was dried (Na2SO4) and concen 
trated in vacuo. The residue was dissolved in methylene 
chloride, loaded onto a silica gel column and eluted with 2% 
ethyl acetate/methylene chloride to afford the bicyclic dim 
ide intermediate (702 mg, 33%). "H NMR (CDC1) & 
7.80-7.76 (m. 1H), 7.73-7.69 (m, 1H), 737-7.30 (m, 3H), 
6.94-6.89 (m, 2H), 6.81-6.77 (m, 1H), 4.54 (q, 2H), 3.86 (s, 
3H), 3.84 (s, 3H), 2.88-2.84 (m. 1H), 1.96-1.92 (m. 1H), 
1.87-1.83 (m. 1H). 
0267 A stirred, ice-cooled (2°C.) solution of 1N lithium 
aluminum hydride/THF (16 mL, 16 mmol) under nitrogen 
was treated dropwise with a solution of the above bicyclic 
diimide (1.014g, 2.58 mmol) in anhydrous tetrahydrofuran 
(20 mL), stirred 3 hat room temperature and 1 h at reflux, 
then cooled on an ice bath. Water (0.60 mL), 15% NaOH 
(0.60 mL), and water (1.80 mL) were added dropwise 
together with more tetrahydrofuran to facilitate stirring. The 
mixture was stirred at room temperature for 15 minutes, 
filtered through celite and the filtrate concentrated in vacuo. 
The residue was dissolved in methylene chloride, loaded 
onto a silica gel column, and eluted with 3:1 methylene 
chloride/ethyl acetate to afford the bicyclic intermediate 
(754 mg., 80%). H NMR (CDC1) & 7.74-7.59 (m, 2H), 
7.31-7.19 (m, 2H), 6.99-6.97 (m, 1H), 6.90-6.78 (m, 3H), 
3.90 (s, 3H), 3.85 (s, 3H), 3.65-3.60 (m, 2H), 3.30 (d. 1H), 
3.05 (d. 1H), 2.75 (d. 1H), 2.60-2.54 (m, 1H), 1.77-1.71 (m, 
1H), 1.68-1.62 (m, 1H), 1.08-103 (m, 1H). 
0268 A solution of the above bicyclic intermediate (365 
mg, 1 mmol) and anhydrous potassium carbonate (276 mg, 
2 mmol) in anhydrous methylene chloride (6 mL) in a 
pressure tube was treated with 1-chloroethyl chloroformate 
(0.3 mL, 3 mmol). The tube was closed under nitrogen flow, 
stirred at 40° C. for 4 h, then cooled and uncapped. The 
contents were filtered and the filtrate concentrated in vacuo, 
dissolved in methanol (12 mL), refluxed for 1 h, then cooled 
to room temperature and treated with DOWEX 550A-OH. 
The mixture was filtered and the filtrate concentrated in 
vacuo to debenzylated free base of 1-(benzothiophen-2-yl)- 
3-azabicyclo[3.1.0 hexane (120 mg, 56%). 45 mg of com 
pound was converted to the hydrochloride salt by treating 
with 2N HC1/ether. MS (M+1) 215.8. 'H NMR (MeOH-d) 
& 7.82-7.67 (m, 2H), 7.36-7.23 (m, 3H), 3.85-3.66 (m, 3H), 
3.57-3.49 (m. 1H), 3.32-3.27 (m, 1H), 2.24-2.17 (m, 1H), 
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1.54-1.47 (m, 1H), 1.37-1.31 (m, 1H). 'C NMR (MeOD-d) 
& 142.58, 140.10, 138.95, 124.52, 124.35, 123.14, 121.95, 
121.76, 50.52, 47.69, 28.06, 25.82, 16.16. 

B. Synthesis of 1-(benzothiophen-2-yl)-3-methyl-3- 
azabicyclo[3.1.0 hexane hydrochloride 

0269 

HCI 

0270. A stirred solution of 1-(benzothiophen-2-yl)-3- 
azabicyclo[3.1.0 hexane (72 mg 0.348 mmol) in 1,2-dichlo 
roethane (7 ml) was treated with 37% formaldehyde (0.21 
mL, 2.8 mmol), then with sodium triacetoxyborohydride 
(294.5 mg, 1.39 mmol) and this reaction mixture was stirred 
at room temperature for 3 h. 1N sodium hydroxide (7 mL) 
was then added, stirring continued for a few minutes, and the 
organic layer was separated. The aqueous layer was washed 
with methylene chloride, and the organic layers were com 
bined, washed with brine, dried (Na2SO), filtered and 
concentrated in vacuo. The residue was chromatographed on 
a silica gel column (eluted with 90:9:1 methylene chloride/ 
ethanol/ammonia). The oily 1-(benzothiophen-2-yl)-3- 
methyl-3-aza-bicyclo3.1.0 hexane (71.6 mg, 90%) was 
converted to the hydrochloride salt by treating with 2N 
HC1/ether (49 mg, 53%). MS (M+1) 229.79. "H NMR 
(MeOD-d) & 7.84-7.66 (m, 2H), 7.39-7.23 (m, 3H), 4.11 
4.02 (m. 1H), 3.85-3.71 (m, 2H), 3.68-3.60 (m, 1H), 3.07 
2.97 (s, 3H), 2.31-2.21 (m. 1H), 1.56-1.44 (m. 2H). 'C 
NMR (METHANOL-d) & 142.20, 140.06, 138.95, 124.56, 
124.41, 123.18, 121.96, 121.92, 59.69, 57.19, 40.00, 27.81, 
25.6, 16.21. 

C. Synthesis of 
1-(cquinolin-5-yl)-3-azabicyclo[3.1.0 hexane, 

hydrochloride 

0271 

f Y 

N HCI 

0272. A stirred solution/suspension of 3-bromo-1-(3,4- 
dimethoxybenzyl)maleimide (3.8 g., 11.57 mmol) and qui 
noline-5-boronic acid (2 g, 11.56 mmol) in dioxane (15 mL) 
under nitrogen was degassed with a stream of nitrogen for 10 
min, treated with cesium fluoride (3.8 g. 25.4 mmol) and 
ClPd(dppf).CHCl (0.50 g, 0.6 mmol), then stirred at room 
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temperature for 0.5 h and at 45° C. for 30 min then at 65° 
C. for 45 min. The mixture was cooled and diluted with 
methylene chloride (50 mL). The mixture was filtered 
through Celite R (rinse filter cake with methylene chloride) 
and the brown filtrate concentrated in vacuo. The residue 
was dissolved in methylene chloride and filtered through a 
column of silica gel (eluted with methylene chloride 60% 
and ethyl acetate 40%) to afford a pale yellow solid, which 
was triturated from cold petroleum ethers to afford the 
arylmaleimide intermediate (3.3 g 77%) as pale yellow 
solid. 

(0273. A cooled (-20° C.) stirred solution of trimethyl 
sulfoxonium chloride (1.25 g, 9.7 mmol) in anhydrous 
tetrahydrofuran (15 mL) under nitrogen was treated drop 
wise with n-butyllithium/hexane (2.4N, 3.9 mL, 9.73 mmol) 
and gradually warmed to 50° C. over 30 minutes. Mean 
while, a solution of the intermediate arylmaleimide (3.3 g, 
8.8 mmol) in anhydrous THF (10 mL) was heated to 50°C., 
then added quickly in one portion to the above heated 
suspension, and the mixture was stirred at 50° C. for 2 h, 
then cooled on an ice bath. Saturated aqueous ammonium 
chloride (1 mL) was added to quench, and the mixture was 
diluted with methylene chloride (75 mL), dried (MgSO), 
filtered through Celite(R) (rinse with methylene chloride), 
and concentrated in vacuo. The residue was dissolved in 
methylene chloride, loaded onto a silica gel column, and the 
product eluted with 3% ethyl acetate/methylene chloride to 
afford the intermediate bicyclic diimide (300 mg, 10%) as a 
very pale yellow viscous oil. 
(0274. A cooled (5° C.) stirred solution of 1N lithium 
aluminum hydride/THF (3.1 mL, 3.1 mmol) under nitrogen 
was treated slowly with a solution of the above intermediate 
bicyclic diimide (300 mg. 0.77 mmol) in anhydrous THF (7 
mL), stirred 1 h at room temperature, refluxed for 6 h, and 
cooled (5° C.). Water (0.4 mL), 15% sodium hydroxide (0.4 
mL), and water (1.2 mL) were carefully added dropwise, 
followed by additional THF to facilitate stirring. The sus 
pension was stirred 15 min, filtered through Celite R (filter 
cake rinsed with THF), and the filtrate concentrated in 
vacuo. The residue was dissolved in methylene chloride, 
loaded onto a silica gel column, and eluted with 3:1 meth 
ylene chloride/ethyl acetate to afford the intermediate dime 
thoxybenzyl bicyclic amine (110 mg, 40%) as a colorless 
Viscous oil. 

0275 A mixture of the intermediate dimethoxybenzyl 
bicyclic amine (100 mg, 0.3 mmol) and anhydrous potas 
sium carbonate (83 mg, 0.6 mmol) in anhydrous methylene 
chloride (5 mL) in a pressure tube equipped with a stirbar 
was treated with 1-chloroethyl chloroformate (0.130 mL, 0.9 
mmol), closed, and stirred at 45° C. for 4 h. The tube was 
cooled, opened, and the contents filtered (rinse with meth 
ylene chloride), and the filtrate concentrated in vacuo. The 
residue was dissolved in methanol (7 mL), refluxed for 1 h, 
cooled, treated with DOWEXR 550A-OH resin (2.0 g, 
prerinsed with methanol), stirred a few minutes, filtered, and 
the filtrate concentrated in vacuo. The residue was taken up 
in ether, filtered through Celite R, and the filtrate treated with 
2N HCl/ether (0.6 mL, 1.2 mmol). The suspension was 
stirred a few minutes, the solid salt collected by filtration, 
rinsed with ether, and dried in vacuo to afford 1-(cquinolin 
5-yl)-3-azabicyclo[3.1.0-hexane, hydrochloride (70 mg. 
47%) as a light beige solid. MS (M+1) 225.1. "H NMR 
(DMSO-d) & 9.33 (s, 1H), 8.94 (s, 1H), 8.36 (d. 1H, J–8.5 
Hz), 8.17 (d. 1H, J=8 Hz), 8.01 (t, 1H, J=7.5 Hz), 7.86 (t, 1H, 
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J=7.5 Hz), 3.97 (dd. 1H, J=11 Hz, 5 Hz), 3.42-3.86 (m, 3H), 
2.24-2.43 (m, 1H), 1.74-2.14 (m, 1H), 1.44 (t, 1H, J–7.5 
Hz). 'C NMR (DMSO-d) & 147.12, 142.14, 134.04, 133. 
52, 129.91, 129.10, 128.57, 123.24, 58.85, 56.63, 29.36, 
24.70, 15.32. 

D. Synthesis of 
1-(cquinolin-3-yl)-3-azabicyclo[3.1.0 hexane, 

hydrochloride 

0276 

2N 

N HCI 
H 

0277. A stirred solution of 3-bromo-1-(3,4-dimethoxy 
benzyl)maleimide (1.0 g, 3.06 mmol) and quinoline-3-bo 
ronic acid (0.52g, 3.4 mmol) in anhydrous dioxane (10 mL) 
under nitrogen was degassed over 10 min with a stream of 
nitrogen, then treated with cesium fluoride (1.3 g, 8.5 mmol) 
and ClPd(dppf)..CHCl (Aldrich, 0.17 g., 0.21 mmol), 
stirred 1 h at room temperature, then 2 h at 40° C. The 
mixture was cooled, diluted with methylene chloride (50 
mL), stirred a few minutes, filtered through Celite(R) (rinse 
with methylene chloride), and the filtrate concentrated in 
vacuo. The residue was dissolved in methylene chloride and 
loaded onto a silica gel column and the product eluted with 
3% ethyl acetate/methylene chloride to afford a yellow solid, 
which was triturated from petroleum ethers to afford the 
intermediate arylmaleimide (940 g, 79%) as a pale yellow 
solid. 
0278 A cooled (-20°C.) stirred solution of trimethyl 
sulfoxonium chloride (370 mg, 2.86 mmol) in anhydrous 
tetrahydrofuran (15 mL) under nitrogen was treated drop 
wise with n-butyllithium/hexane (2.4N, 1.1 mL 2.03 mmol) 
and gradually warmed to 50° C. over 30 minutes. Mean 
while, a solution of the intermediate arylmaleimide (0.94 g. 
2.6 mmol) in anhydrous THF (10 mL) was heated to 50° C. 
then added quickly in one portion to the above heated 
suspension, and the mixture was stirred at 50° C. for 2 h, 
then cooled on an ice bath. Saturated aqueous ammonium 
chloride (1 mL) was added to quench, and the mixture was 
diluted with methylene chloride (75 mL), dried (MgSO), 
filtered through Celite R (rinse with methylene chloride), 
and concentrated in vacuo. The residue was dissolved in 
methylene chloride, loaded onto a silica gel column, and the 
product eluted with 3% ethyl acetate/methylene chloride to 
afford the intermediate bicyclic diimide (400 mg, 50%) as a 
very pale yellow viscous oil. 
(0279. A cooled (5° C.) stirred solution of 1N lithium 
aluminum hydride/THF (3.6 mL, 10 mmol) under nitrogen 
was treated slowly with a solution of the above intermediate 
bicyclic diimide (400 mg, 1.2 mmol) in anhydrous THF (7 
mL), stirred 1 h at room temperature, refluxed for 6 h, and 
cooled (5° C.). Water (0.4 mL), 15% sodium hydroxide (0.4 
mL), and water (1.2 mL) were carefully added dropwise, 
followed by additional THF to facilitate stirring. The sus 
pension was stirred 15 min, filtered through Celite R (filter 
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cake rinsed with THF), and the filtrate concentrated in 
vacuo. The residue was dissolved in methylene chloride, 
loaded onto a silica gel column, and eluted with 3:1 meth 
ylene chloride/ethyl acetate to afford the intermediate dime 
thoxybenzyl bicyclic amine (280 mg, 58%) as a colorless 
Viscous oil. 

0280 A mixture of the intermediate dimethoxybenzyl 
bicyclic amine (280 mg, 0.76 mmol) and anhydrous potas 
sium carbonate (215 mg, 1.55 mmol) in anhydrous methyl 
ene chloride (5 mL) in a pressure tube equipped with a 
stirbar was treated with 1-chloroethyl chloroformate (0.221 
mL, 1.55 mmol), closed, and stirred at 45° C. for 4 h. The 
tube was cooled, opened, and the contents filtered (rinse 
with methylene chloride), and the filtrate concentrated in 
vacuo. The residue was dissolved in methanol (7 mL), 
refluxed for 1 h, cooled, treated with DOWEXR 550A-OH 
resin (2.0 g, prerinsed with methanol), stirred a few minutes, 
filtered, and the filtrate concentrated in vacuo. The residue 
was taken up in ether, filtered through Celite(R), and the 
filtrate treated with 2N HCl/ether (0.6 mL, 1.2 mmol). The 
Suspension was stirred a few minutes, the Solid salt collected 
by filtration, rinsed with ether, and dried in vacuo to afford 
1-(cquinolin-3-yl)-3-azabicyclo-3.1.0 hexane, hydrochlo 
ride (100 mg. 47%) as a light beige solid. MS (M+1) 192.1. 
"H NMR (DMSO-d) & 9.33 (s, 1H), 8.94 (s, 1H), 8.36 (d. 
1H, J=8.5 Hz), 8.17 (d. 1H, J=8 Hz), 8.01 (t, 1H, J–7.5 Hz), 
7.86 (t, 1H, J–7.5 Hz), 3.97 (dd. 1H, J=11 Hz, 5 Hz), 
3.42-3.86 (m, 3H), 2.24-2.43 (m, 1H), 1.74-2.14 (m, 1H) 
1.44 (t, 1H, J=7.5 Hz). 'C NMR (DMSO-d) & ppm 147.12, 
142.14, 134.04, 133.52, 129.91, 129.10, 128.57, 123.24, 
58.85, 56.63, 29.36, 24.70, 15.32. 

Synthesis of 
6-fluoro-benzobthiophene-2-carboxylic acid ethyl 

ester 

(0281 

N O 

F S ( 

0282. To a mixture of 2,5-difluorobenzaldehyde (280 g, 
1.97 mol), potassium carbonate (272 g, 1.97 mol) and 
anhydrous DMF (1260 ml) was added mercaptoacetic acid 
ethyl ester (236 g, 1.97 mol). The mixture was stirred at 90° 
C. for 4 h. After cooling water (4200 ml) was added and the 
solution was extracted with ethyl acetate (3x1500 ml), the 
combined extracts dried over sodium sulfate and the solvent 
was removed to give crude product, which was flash 
chromatographed (eluent—ethyl acetate (1):hexane (9). 
Yield of 6-fluoro-benzobthiophene-2-carboxylic acid ethyl 
ester 96.49 g (21.8%) as a yellow solid. 'H-NMR (400 MHz, 
CDC1): 8 (ppm): 1.40 (t, 3H), 4.40 (q, 2H), 7.15 (t, 1H), 
7.52 (d. 1H), 7.81 (dd. 1H), 8.00 (s, 1H). 



US 2017/0204088 A1 

Synthesis of 
6-fluoro-benzobthiophen-2-yl)-methanol 

0283 

N OH 

F S 

0284. To a suspension of lithium aluminum hydride (15.5 
g, 0.43 mol) in dry THF (600 ml) was added a solution of 
6-fluoro-benzobthiophene-2-carboxylic acid ethyl ester 
(96.49 g, 0.43 mol) in dry THF (960 ml), the mixture was 
stirred for 3 hat 20°C. The reaction was carefully quenched 
by the dropwise addition of water (15.5 ml), 15% NaOH 
(15.5 ml) and water (46.5 ml), stirred for 0.5 h, then filtered 
and washed with THF: water (1:1) (100 ml). The filtrate was 
concentrated to give 58.25 g (74%) of 6-fluoro-benzob. 
thiophen-2-yl)-methanol as white powder. H-NMR (400 
MHz, DMSO-d6): 8 (ppm): 4.67 (s. 2H), 5.51 (s, 1H), 7.17 
(t, 1H), 7.22 (s, 1H), 7.72-7.80 (m, 2H). 

Synthesis of 
2-chloromethyl-6-fluoro-benzobthiophene 

0285 

0286 To a solution of 6-fluoro-benzobthiophen-2-yl)- 
methanol (60.89 g, 0.33 mol) in dry dioxane (30 ml) was 
added thionyl chloride (39 ml, 0.53 mol) while keeping the 
temperature below 15° C. and stirred at for 4 hours (TLC 
control). The mixture was evaporated at 40° C. under 
reduced pressure to give 2-chloromethyl-6-fluoro-benzob. 
thiophene as white solid in essentially quantitative yield. 

Synthesis of 
6-fluoro-benzobthiophen-2-yl)-acetonitrile 

0287 

0288 To a solution of NaCN (21.8 g., 0.446 mol) in 
DMSO (600 ml) was added portionwise 2-chloromethyl-6- 
fluoro-benzobthiophene (71.5 g., 0.357 mol) while keeping 
the temperature below 15° C. and stirred for 1.5 h at 40-45° 
C. (TLC 7:3; Heptane: ethyl acetate), then diluted with cold 
water (2 L), which lead to the formation of a precipitate. The 
precipitate was filtered off, washed with water and dried in 
vacuo at 50° C. for 12 hours. The crude material was still 
very wet and dissolved in dichloromethane (IL) and dried 
over magnesium Sulfate. The crude product was isolated by 
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removal of the solvent under reduced pressure, yielding 28.1 
g (41%) of 6-fluorobenzobthiophen-2-yl)-acetonitrile as a 
light yellow powder. 'H-NMR (400 MHz, CDC1): 8 (ppm): 
3.95 (s. 2H), 7.11 (t, 1H), 7.26 (s, 1H), 7:45 (d. 1H), 7.67 
(dd. 1H). 

Synthesis of (1S,5S)-1-(6-fluoro-benzobthiophen 
2-yl)-3-aza-bicyclo3.1.0 hexane hydrochloride 

(scheme 4) 

0289 

W F 
w 

S 

N 
H 

0290. To a stirring solution of 6-fluoro-benzobthio 
phen-2-yl)-acetonitrile (8 g., 0.0418 mol) in anhydrous THF 
(42 ml) at -30°C. under nitrogen was added 20.9 ml (0.0418 
mmol) of NaHMDS (2M in THF) slowly while keeping the 
temperature below -20°C. The resulting mixture was stirred 
for 0.5 hr between -15° C. and -25° C. (S)-(+)-Epichloro 
hydrin (5.03 g, 0.0418 mol) was added at -25° C., the 
mixture was stirred between -15° C. and -25° C. for 0.5 h 
then NaHMDS (25.1 ml, 0.0502 mol) was added at -25°C. 
The mixture was stirred for 1 hr between -10° and -20°C., 
then for 2 hr between -10° and 5° C., quenched with 2N HC1 
(60 ml) and the layers were separated. The aqueous layer 
was re-extracted with EtOAc (1x50 ml). The organics were 
combined, washed with saturated NaCl (50 ml), dried over 
NaSO filtered and concentrated to provide crude product 
as a brown oil. 

0291. The brown oil was dissolved in THF (42 ml) and 10 
Mborane dimethylsulfide (9.3 ml, 0.0836) was added drop 
wise via syringe. The mixture was heated to reflux for 2 hr. 
The mixture was cooled to <40° C. and quenched with 4N 
HCl (85 ml). The organic portion was separated and dis 
carded. The aqueous portion was re-extracted with ethyl 
acetate (3x50 ml) and organic portion discarded. The aque 
ous portion was basified with ammonium hydroxide (35 ml) 
and then extracted with ethyl acetate (2x50 ml). The com 
bined organic portion was washed with 5% sodium phos 
phate dibasic (1x50 ml) and brine (1x50 ml). The organic 
portion was dried over magnesium sulfate, filtered and 
concentrated under reduced pressure to a yellow oil (5.24 g). 
The oil was purified by column chromatography with 
dichloromethane (93):MeOH (6):NHOH (1) and the major 
product (cis isomer) was isolated (1S,2S)-2-aminomethyl 
2-(6-fluoro-benzobthiophen-2-yl)-2-cyclopropyl-metha 
nol 2.13 g (20%) as an off white solid. MS m/z 252 (MH+). 
0292. The hydrochloride salt was prepared with 2-amin 
omethyl-2-(6-fluoro-benzobthiophen-2-yl)-2-cyclopro 
pyl-methanol (170 mg) by dissolving in isopropanol (2 ml) 
and adding 5M isopropanolic HCl (2 ml) and blowing dry 
with nitrogen. The hydrochloride salt was dried in vacuo at 
50° C. for 12 hours to yield (1S,2S)-2-aminomethyl-2-(6- 
fluoro-benzobthiophen-2-yl)-2-cyclopropyl-methanol 
hydrochloride which was 98.8% pure by HPLC. MS m/z 252 
(MH+). 1H NMR (400 MHz, DMSO-d) 8 ppm 1.03 (d) 
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1.19-1.25 (m) 1.23 (t) 1.20-1.25 (m) 1.20-1.25 (m) 1.28 (dd) 
1.59-1.70 (m) 3.20-3.39 (m) 3.42 (dd) 3.89 (dd) 7.23 (td) 
7.77 (dd) 7.84 (dd) 8.07 (br. s.) 
0293 To a stirring solution of 2-aminomethyl-2-(6- 
fluoro-benzobthiophen-2-yl)-2-cyclopropyl-methanol 
(1.96 g, 7.8 mmol) in dry dioxane (130 ml) at 15° C. was 
added slowly thionyl chloride (1.88 ml, 25.7 mmol). After 
2.5 hr at room temperature TLC (9:1; Dichloromethane: 
methanol) showed the reaction was complete. The mixture 
was evaporated at 40°C., dissolved in dichloromethane (200 
ml) and stirred vigorously with aqueous Sodium carbonate 
until LC/MS showed that the compound was completely 
cyclized (0.5 hr). The layers were separated and the organic 
portion dried over magnesium sulfate and concentrated 
under reduced pressure. The crude product was Suspended in 
diethyl ether (100 ml), added 5M isopropanolic HCl (5 ml), 
and stirred for 30 min. The precipitate was filtered, washed 
with diethyl ether to give (1S, 5S)-1-(6-fluoro-benzob. 
thiophen-2-yl)-3-aza-bicyclo3.1.0 hexane hydrochloride as 
an off white solid. Yield 1.2 g (57%) and 100% pure by 
HPLC. Chiral Purity 100%. MS m/z 234 (MH+) H-NMR 
(400 MHz, DMSO-d6): 8 (ppm): 1.32 (t, 1H), 1.60 (t, 1H), 
2.11 (m. 1H), 3.30-3.75 (m, 411), 7.22 (t, 1H), 7.35 (s, 1H), 
7.76 (dd. 1H), 7.82 (d. 1H), 9.80 (br. s. 2H). ''C NMR (101 
MHz, DMSO-d) 8 ppm 16.39, 25.98, 27.63, 49.15, 108.49, 
108.75, 113.23, 113.47, 120.88, 124.36, 124.45, 136.34, 
138.91, 139.02, 143.63, 143.66, 158.38, 160.78. 

Synthesis of (1R, 5R)-1-(6-fluoro-benzobthio 
phen-2-yl)-3-aza-bicyclo[3.1.0 hexane hydrochlo 

ride (scheme 5) 
0294 

N 
H 

0295 Procedure as described above except (R)-(-)- 
epichlorohydrin used. 
0296 (1R, 2R)-2-aminomethyl-2-(6-fluoro-benzob. 
thiophen-2-yl)-2-cyclopropyl-methanol 2.13 g (20%) as an 
off white solid. MS m/z 252 (MH+). The hydrochloride salt 
was prepared with (1R, 2R)-2-aminomethyl-2-(6-fluoro 
benzobthiophen-2-yl)-2-cyclopropyl-methanol (111 mg) 
by dissolving in isopropanol (2 ml) and adding 5M isopro 
panolic HCl (2 ml) and blowing dry with nitrogen. The 
hydrochloride salt was dried in vacuo at 50° C. for 12 hours 
to yield (1R,2R)-2-aminomethyl-2-(6-fluoro-benzobthio 
phen-2-yl)-2-cyclopropyl-methanol hydrochloride which 
was 98.4% pure by HPLC. MS m/z 252 (MH+). 1H NMR 
(400 MHz, DMSO-d) 8 ppm 1.03 (d) 1.19-1.25 (m) 1.23 (t) 
1.20-1.25 (m) 1.20-1.25 (m) 1.28 (dd) 1.59-1.70 (m) 3.20 
3.39 (m) 3.42 (dd) 3.89 (dd) 7.23 (td) 7.77 (dd) 7.84 (dd) 
8.07 (br. s.) 
0297 (1R, 5R)-1-(6-fluoro-benzobthiophen-2-yl)-3- 
aza-bicyclo[3.1.0 hexane hydrochloride as an off white 
solid. Yield 1.0 g (48%) and 100% pure by HPLC. Chiral 
purity 99.6%. MS m/z 234 (MH+). 'H-NMR (400 MHz, 
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DMSO-d6): 8 (ppm): 1.32 (t, 1H), 1.60 (t, 1H), 2.11 (m, 1H), 
3.30-3.75 (m, 4H), 7.22 (t, 1H), 7.35 (s, 1H), 7.76 (dd. 1H), 
7.82 (d. 1H), 9.80 (br. s. 2H). 'C NMR (101 MHz, 
DMSO-d) & ppm 16.39, 25.98, 27.63, 49.15, 108.49, 108. 
75, 113.23, 113.47, 120.88, 124.36, 124.45, 136.34, 138.91, 
139.02, 143.63, 143.66, 158.38, 160.78. 

1. Preparation of 
6-bromo-benzobthiophene-2-carboxylic acid ethyl 

ester 

0298 

0299 
0300. The substance was obtained according to the gen 
eral procedure, yielding the title compound as a light yellow 
solid (70%). 
(0301 'H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.34 (t, 
3H), 4.34 (dd, 2H), 7.62 (d. 1H), 7.96 (d. 1H), 7.18 (s, 1H), 
7.37 (s, 1H) 

(a) Ethyl thioglycolate, Et N, DMSO, 95°C., 2 h 

2. Preparation of 
5-bromo-benzobthiophene-2-carboxylic acid ethyl 

ester 

0302) 

Br 

Br 

O303 
0304. The substance was obtained according to the gen 
eral procedure, yielding the title compound as a off-white 
crystals (75%). 
0305 H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.33 (t, 
3H), 4.36 (dd, 2H), 7.63 (d. 1H), 8.04 (d. 1H), 7.13 (s, 1H), 
7.25 (s, 1H) 

(a) Ethyl thioglycolate, EtN, DMSO, 95°C., 2 h 
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3. Preparation of 
(6-bromo-benzobthiophen-2-yl)-methanol 

0306 

Br \ O 

0307 (a) tetrahydrofuran, LiBH, 60° C., 3 h 
0308 The substance was obtained according to the gen 
eral procedure, yielding the title compound as a white Solid 
(96%) 

4. Preparation of 
(5-bromo-benzobthiophen-2-yl)-methanol 

0309 

Br 

8. 
-- 

\ O-N/ 
S 

O 
Br 

\ O 
S 

0310 (a) Tetrahydrofuran, LiBH, 60° C., 3 h 
0311. The substance was obtained according to the gen 
eral procedure, yielding the title compound as a white Solid 
(73%) 

5. Preparation of 
(6-bromo-benzobthiophen-2-yl)-acetonitrile 

0312 

Br \ O 

Br \ C 
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0313 SOCl, dichloromethane, RT, 2 h 
0314) 
0315. The substance was obtained according to the gen 
eral procedure. Overall yield of (6-bromo-benzobthio 
phen-2-yl)-acetonitrile (30% on three previous steps). Light 
yellow solid. 

0316 H-NMR (400 MHz, DMSO-d): 8 (ppm): 4.39 (s. 
2H), 7.4 (s, 1H), 7.53 (d. 1H), 7.78 (d. 1H), 8.23 (s, 1H) 

NaCN, acetonitrile, 18-crown-6, RT, overnight 

6. Preparation of 
(5-bromo-benzobthiophen-2-yl)-acetonitrile 

0317 

Br 

Br 

SOCl, dichloromethane, RT, 2 h 
NaCN, acetonitrile, 18-crown-6, RT, overnight 

0318 
0319 
0320. The substance was obtained according to the gen 
eral procedure. Overall yield of (6-bromo-benzobthio 
phen-2-yl)-acetonitrile (26% on three previous steps). Light 
yellow solid. 
0321) H-NMR (400 MHz, DMSO-d): 8 (ppm): 4.43 (s, 
211), 7.39 (s, 1H), 7.48 (d. 1H), 7.9 (d. 1H), 8.06 (s, 1H) 

7. Preparation of 1-(6-bromo-benzobthiophen-2- 
yl)-2-hydroxymethyl-cyclopropanecarbonitrile and 
5-(6-bromo-benzobthiophen-2-yl)-3-oxa-bicyclo[3. 

1.0 hexan-2-one 

0322 

N 
/ a, b, c 

Br \ 
S 

4 
Br \ O 

S 
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-continued 
Br 

0323 
0324 
0325 
night 
0326. The substances were obtained according to the 
general procedure. 
0327. Yield of the lactone 17%. Light brown crystalline 
solid. 

0328 

a) NaHMDS, THF, -20° C., 1 h 
b) Epibromohydrin, -20° C. 1 h 
c) NaHMDS, THF, from -20° C. to 5° C., over 

Yield of the nitrile 39%. Dark brown liquid. 

8. Preparation of 1-(5-bromo-benzobthiophen-2- 
yl)-2-hydroxymethyl-cyclopropanecarbonitrile and 
5-(5-bromo-benzobthiophen-2-yl)-3-oxa-bicyclo[3. 

1.0 hexan-2-one 

0329 

Br 
N 

A. a, b, c 
\ 

S 
Br 

N 

\ / O 

S 

Br 

4 - 
O 

0330 a) NaHMDS, THF, -20° C. 1 h 
0331 b) Epibromohydrin, -20°C., 1 h 
0332 c) NaHMDS, THF, from -20° C. to 5° C., over 
night 
0333. The substances were obtained according to the 
general procedure. 
0334 Yield of the lactone 20%. Light brown crystalline 
solid. 

0335) 
0336 
0337 

Cl MS m/z 308.8, 310.78 (MH+). 
Yield of the nitrile 37%. Dark brown liquid. 
Cl MS m/z 307.89, 309.86 (MH+). 
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9. Preparation of -2-aminomethyl-2-(6-bromo-benzo 
bithiophen-2-yl)-cyclopropyl-methanol 

0338 

Br 

Br 

NH2 
OH 

0339 

0340. The substances were obtained according to the 
general procedure, yielding the title compound as a light 
yellow liquid (42%). 

BH-THF complex, from RT to 50° C., 1.5 h 

10. Preparation of 2-aminomethyl-2-(5-bromo 
benzobthiophen-2-yl)-cyclopropyl-methanol 

Method A: 

0341 

Br 

N 

/ 8. 
S O 

Br 

NH2 
S OH 

(0342 BH-THF complex, from RT to 50° C., 1.5 h 
0343. The substance was obtained according to the gen 
eral procedure, yielding the title compound as a light yellow 
liquid (40%). 
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Method B: 

0344 

(0345 a) NH/MeOH, 50° C., 12 h 
0346) b) BH-THF complex, reflux, 8 h 
0347 The substance was obtained according to the gen 
eral procedure. Overall yield of the title compound 41%. A 
light yellow liquid 
0348 C1 MS m/z. 311.89, 313.87 (MH+). 

11. Preparation of 1-(6-bromo-benzobthiophen-2- 
yl)-3-aza-bicyclo[3.1.0 hexane 

0349 

8. 
H 

NH2 B r \ OH 
S 

/ Br 
S 

N 
H 

0350 SOCl, dioxane, from 0° C. to RT, 1.5 h 
0351. The substance and its hydrochloride salt were 
obtained according to the general procedure. Overall yield of 
the title compound as a white crystalline solid (60%). 
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0352 C1 MS m/z 293.97, 295.95 (MH+). 
0353 'H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.33 (t, 
1H), 1.61 (t, 1H), 2.15 (m. 1H), 3.35-3.76 (m, 4H), 7.38 (s, 
1H), 7.51 (d. 1H), 7.69 (d. 1H), 8.2 (s, 1H), 9.80 (br. s. 2H). 
0354 HPLC (Column C183.9x150 mm 5 mkm)—mo 
bile phase: acetonitrile/water+TFA 5/95 (0 min)-100/0(18 
min)-100/0(25 min); flow 1.0 ml/min: RT: Detection UV at 
220 nm: First Peak with Retention Time of 10.123 min, area 
98.9%; Second Peak with Retention Time of 10.892 min, 
area 0.6%. Third Peak with Retention Time of 11.058, area 
04%: Fourth Peak with Retention Time of 11.752, area 01%. 

12. Preparation of 1-(5-bromo-benzobthiophen-2- 
yl)-3-aza-bicyclo[3.1.0 hexane 

0355 

Br 

8. 
-e- 

\ NH2 
OH 

S 

Br 

S 

N 
H 

0356) SOCl, dioxane, from 0° C. to RT, 1.5 h 
0357 The substance and its hydrochloride salt were 
obtained according to the general procedure. Overall yield of 
the title compound as a white crystalline solid (72%). 
0358 C1 MS m/z 293.96, 295.94 (MH+). 
0359 'H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.35 (t, 
1H), 1.69 (t, 1H), 2.15 (m. 1H), 3.33-3.80 (m, 4H), 7.35 (s, 
1H), 7.44 (d. 1H), 7.87 (d. 1H), 7.94 (s, 1H), 9.70 (br. s. 2H). 
0360 HPLC (Column C183.9x150 mm 5 mkm)—mo 
bile phase: acetonitrile/water+TFA 5/95 (0 min)-100/0(18 
min)-100/0(25 min); flow 1.0 ml/min: RT: Detection UV at 
254 nm: First Peak with Retention Time of 9.127 min, area 
1.8%; Second Peak with Retention Time of 10.113 min, area 
98.2% 

13. Preparation of 1-(6-bromo-benzobthiophen-2- 
yl)-3-methyl-3-aza-bicyclo[3.1.0 hexane 

0361 

N 
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-continued 

0362) 40% CHO aqueous solution, EtN, CHCOOH, 
NaBH(OAc), CHCN, RT, overnight 
0363 The substance and its hydrochloride salt were 
obtained according to the general procedure. Overall yield of 
the title compound as a white crystalline solid (80%). 
0364 C1 MS m/z 307.95, 309.95 (MH+). 
0365 H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.31 (s, 
1H), 1.97 (s, 1H), 2.24 (m, 1H), 2.82 (t, 3H), 3.45-3.98 (m, 
4H), 7.35 (s, 1H), 7.50 (d. 11H), 7.70 (d. 1H), 8.20 (s, 1H), 
11.30 (br. s. 1H). 
0366 HPLC (Column C18 3.9x150 mm 5 mkm)—mo 
bile phase: acetonitrile/water+TFA 5/95 (0 min)-100/0(18 
min)-100/0(25 min); flow 1.0 ml/min: RT: Detection UV at 
254 nm: First Peak with Retention Time of 9.294 min, area 
0.13%; Second Peak with Retention Time of 10.231 min, 
area 99.87%. 

14. Preparation of 1-(5-bromo-benzobthiophen-2- 
yl)-3-methyl-3-aza-bicyclo[3.1.0 hexane 

0367 

Br 

W 8. 
-e- 

S 

N 
H 

Br 

S 

0368 40% CHO aqueous solution, EtN, CHCOOH, 
NaBH(OAc), CHCN, RT, overnight 
0369. The substance and its hydrochloride salt were 
obtained according to the general procedure. Overall yield of 
the title compound as a white crystalline solid (75%). 
0370 C1 MS m/z 307.96, 309.95 (MH+). 
0371 'H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.30 (s, 
1H), 1.96 (s, 1H), 2.18 (m, 1H), 2.82 (t, 3H), 3.46-4.00 (m, 
4H), 7.33 (s, 1H), 7.44 (d. 1H), 7.87 (d. 1H), 7.86 (s, 1H), 
11.25 (br. s. 1H). 
0372 HPLC (Column C18 3.9x150 mm 5 mkm)—mo 
bile phase: acetonitrile/water+TFA 5/95 (0 min)-100/0(18 
min)-100/0(25 min); flow 1.0 ml/min: RT: Detection UV at 
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254 nm: First Peak with Retention Time of 9.242 min, area 
1.4%; Second Peak with Retention Time of 10.169 min, area 
98.6% 

15. Preparation of 1-(6-bromo-benzobthiophen-2- 
yl)-3-aza-bicyclo[3.1.0 hexane-3-carboxylic acid 

tert-butyl ester 

0373 

W Br 8. 
-- 

S 

N 
H 

W Br 
S 

N 

0374 Boc-O, dichloromethane, RT, overnight 
0375. The substance was obtained according to the gen 
eral procedure and was used on the next step without any 
purification. 

16. Preparation of 1-(5-Bromo-benzobthiophen-2- 
yl)-3-aza-bicyclo[3.1.0 hexane-3-carboxylic acid 

tert-butyl ester 

0376 

Br 

/ 8. 
-e- 

S 

N 
H 

Br 

/ 
S 

N 
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0377 
0378. The substance was obtained according to the gen 
eral procedure and was used on the next step without any 
purification. 

BocO, dichloromethane, RT, overnight 

17. Preparation of 2-(3-Aza-bicyclo[3.1.0 hex-1- 
yl)-benzobthiophen-6-yl)-dimethyl-amine dihydro 

chloride 

0379 

W Br 
S a, b 

N 

W / N 

N 

0380 Dimethylamine solution in THF (20%), NaO(i- 
Am), bis(tri-tert-butyl-phosphine)palladium(0) 6-8 mole %, 
microwave irradiation at 100° C., 3 h. 

0381 

0382 Boc derivative and the title compound was 
obtained according to the general procedure. 
0383. Yield of the Boc-derivative (87%). Light yellow 
liquid. 

0384 Yield of the title compound (86%). White crystal 
line solid. 

0385 C1 MS m/z 259.17 (MH+). 
0386 H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.34 (t, 
1H), 1.64 (t, 1H), 2.12 (m. 1H), 3.07 (s, 6H), 3.32-3.72 (m, 
4H), 7.31 (s, 1H), 7.46 (s, 1H), 7.75 (d. 1H), 7.94 (m. 1H), 
9.78 (br. s. 1H), 10.08 (br. s. 1H) 
(0387 HPLC (Column C18 3.9x150 mm 5 mkm)—mo 
bile phase: acetonitrile/water+TFA 5/95 (0 min)-100/0(18 
min)-100/0(25 min); flow 1.0 ml/min: RT: Detection UV at 
254 nm: First Peak with Retention Time of 5.348 min, area 
96.9%; Second Peak with Retention Time of 8.537 min, area 
2.4%; Third Peak with Retention Time of 9.162 min, area 
O8%. 

5-6 M HCl solution in isopropanol 
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18. Preparation of 2-(3-aza-bicyclo[3.1.0 hex-1- 
yl)-benzobthiophen-5-yl)-dimethyl-amine dihydro 

chloride 

0388 

Br 

S 
a, b 

N 

N 

S 

N 
H 

(0389 Dimethylamine solution in THF (20%), NaO(i- 
Am), bis(tri-tert-butyl-phosphine)palladium(0) 6-8 mole %, 
microwave irradiation at 100° C., 3 h. 

0390 

0391 The Boc derivative and the title compound were 
obtained according to the general procedure. 

0392 Yield of the Boc-derivative (63%). Light yellow 
liquid. 

0393. Yield of the title compound (80%). White crystal 
line solid. 

0394 C1 MS m/z 259.00 (MH+). 
0395 H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.35 (t, 
1H), 1.68 (s, 1H), 2.17 (m, 1H), 3.12 (s, 6H), 3.33-3.72 (m, 
4H), 7.4 (s, 1H), 7.54 (s, 1H), 7.88 (m, 1H), 8.00 (d. 1H), 
9.80 (br. s. 1H), 10.05 (br. s. 1H) 
0396 "C-NMR (100 MHz, DMSO-d6) RT: 8 (ppm): 
16.71, 26.14, 27.59, 44.63, 46.41, 49.05, 113.20, 115.62, 
121.07, 123.42, 135.75, 139.93, 142.23, 146.22. 

0397. HPLC (Column C183.9x150 mm 5 mkm)—mo 
bile phase: acetonitrile/water+TFA 5/95 (0 min)-100/0(18 
min)-100/0(25 min); flow 1.0 ml/min: RT: Detection UV at 
220 nm: First Peak with Retention Time of 5.404 min, area 
95.9%; Second Peak with Retention Time of 8.992 min, area 
4.1%. 

5-6 M HCl solution in isopropanol 
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19. Preparation of dimethyl-2-(3-methyl-3-aza 
bicyclo[3.1.0 hex-1-yl)-benzobthiophen-6-yl)- 

amine dihydrochloride 

0398 

N 

0399 40% CHO aqueous solution, EtN, CHCOOH, 
NaBH(OAc), CHCN, RT, overnight 
0400. The title compound was obtained according to the 
general procedure, yielding the title compound as a white 
crystalline solid (77%). 
04.01 C1 MS m/z 273.00 (MH+). 
0402 'H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.30 (t, 
1H), 2.02 (m. 1H), 2.17 (m, 1H), 2.84 (s, 3H), 3.08 (s, 6H), 
3.5-3.97 (m, 4H), 7.4 (s, 1H), 7.43 (s, 1H), 7.75 (d. 1H), 7.90 
(m. 1H), 11.40 (br. s. 1H) 
0403 HPLC (Column C18 3.9x150 mm 5 mkm)—mo 
bile phase: acetonitrile/water+TFA 5/95 (0 min)-100/0(18 
min)-100/0(25 min); flow 1.0 ml/min: RT: Detection UV at 
254 nm: First Peak with Retention Time of 5.383 min, area 
96.5%: Second Peak with Retention Time of 8.813 min, area 
2.1%: Third Peak with Retention Time of 16.781, area 1.4%. 

20. Preparation of 2-(3-isopropyl-3-aza-bicyclo[3. 
1.0 hex-1-yl)-benzobthiophen-6-yl)-dimethyl 

amine dihydrochloride 

04.04 

N 
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04.05 acetone, EtN, CHCOOH, NaBH(OAc), dichlo 
roethane, RT, overnight 
0406. The title compound was obtained according to the 
general procedure, yielding the title compound as a white 
crystalline solid (75%). 
0407 C1 MS m/z 301.04 (MH+). 
0408. 'H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.20-1. 
38 (m, 7H), 2.05-2.02 (m, 2H), 3.04 (s, 6H), 3.15-4.00 (m, 
4H), 7.28-7.48 (m, 2H), 7.67-7.94 (m, 2H), 11.35 (br. s. 1H) 
04.09 HPLC (Column C183.9x150 mm 5 mkm)—mo 
bile phase: acetonitrile/water+TFA 5/95 (0 min)-100/0(18 
min)-100/0(25 min); flow 1.0 ml/min: RT: Detection UV at 
254 nm: First Peak with Retention Time of 5.946 min, area 
98.0%; Second Peak with Retention Time of 9.650 min, area 
2.0%. 21. Preparation 2-(3-isopropyl-3-aza-bicyclo[3.1.0 
hex-1-yl)-benzobthiophen-5-yl)-dimethyl-amine dihydro 
chloride 

N 

0410 acetone, EtN, CHCOOH, NaBH(OAc), dichlo 
roethane, RT, overnight 
0411. The title compound was obtained according to the 
general procedure, yielding the title compound as a white 
crystalline solid (65%). 
0412 C1 MS m/z 301.07 (MH+). 
0413 'H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.20-1. 
42 (m, 8H), 2.02 (s, 1H), 3.04 (s, 6H), 3.48-4.05 (m, 4H), 
7.38-7.59 (m, 2H), 7.75-7.99 (m, 2H), 11.28 (br. s. 1H) 
0414 HPLC (Column C183.9x150 mm 5 mkm)—mo 
bile phase: acetonitrile/water+TFA 5/95 (0 min)-100/0(18 
min)-100/0(25 min); flow 1.0 ml/min: RT: Detection UV at 
254 nm: First Peak with Retention Time of 5.888 min, area 
97.9%; Second Peak with Retention Time of 9.917 min, area 
2.1%. 
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22. Preparation of 2-(3-ethyl-3-aza-bicyclo[3.1.0 
hex-1-yl)-benzobthiophen-6-yl)-dimethyl-amine 

dihydrochloride 
0415 

W a, b, c Br -- 

S 

N 
H 

N 

- 
acetyl chloride, EtsN, methylene chloride, RT, 20 min 
0416) Dimethylamine solution in THF (20%), NaO(i- 
Am), bis(tri-tert-butyl-phosphine)palladium(0) 6-8 mole %, 
microwave irradiation at 100° C., 3 h. 
0417. LiAlH, THF, RT, 2 h 
0418. The title compound was obtained according to the 
general procedure, yielding the title compound as a white 
crystalline solid (62%). 
0419 C1 MS m/z 287.13 (MH+). 
0420 H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.02-1. 
50 (m, 7H), 2.12 (m, 2H), 3.03 (s, 6H), 3.31-4.1 (m, 4H), 
7.28-7.51 (m, 2H), 7.69-7.98 (m, 2H), 11.28 (br. s. 1H) 
0421 HPLC (Column C18 3.9x150 mm 5 mkm)—mo 
bile phase: acetonitrile/water+TFA 5/95 (0 min)-100/0(18 
min)-100/0(25 min); flow 1.0 ml/min: RT: Detection UV at 
254 nm: First Peak with Retention Time of 4.079 min, area 
96.2%; Second Peak with Retention Time of 8.990 min, area 
3.8%. 23. Preparation 2-(3-Ethyl-3-aza-bicyclo[3.1.0 hex 
1-yl)-benzobthiophen-5-yl)-dimethyl-amine dihydrochlo 
ride 

ASE 22130163 

0422 

a, b, c 
W Br. -- 

N 
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0423 acetyl chloride, Et N. methylene chloride, RT, 20 
1. 

0424 Dimethylamine solution in THF (20%), NaO(i- 
Am), bis(tri-tert-butyl-phosphine)palladium(0) 6-8 mole %, 
microwave irradiation at 100° C., 3 h. 
0425 LiAlH, THF, RT, 2 h 
0426. The title compound was obtained according to the 
general procedure, yielding the title compound as a white 
crystalline solid (68%). 
0427 C1 MS m/z 287.03 (MH+). 
0428 H-NMR (400 MHz, DMSO-d): 8 (ppm): 1.22-1. 
34 (m, 5H), 2.04 (d. 1H), 2.18 (s, 1H), 3.04 (s, 6H), 
3.15-3.98 (m, 4H), 7.36 (s, 1H), 7.49 (s, 1H), 7.73-7.92 (m, 
1H), 7.98 (d. 1H), 11.38 (br. s. 1H) 

Example VI 
Activity, Selectivity, and Potency of 

1-heteroaryl-3-azabicyclo[3.1.0 hexanes for 
Inhibiting Monoamine Neurotransmitter Transport 

0429. The ability of the 1-heteroaryl-3-azabicyclo[3.1.0. 
hexane of the invention for inhibiting transport of norepi 
nephrine (NE) and/or dopamine (DA) and/or serotonin 
(5-HT) were evaluated using cell lines (such as the HEK 293 
cell line) that stably express recombinant human NE, DA, 
and 5-HT transporters, respectively. The techniques for 
stably transfecting mammalian cell lines with neurotrans 
mitter transporters and measuring the effects of drugs on 
amine uptake have been described in the literature (e.g., Gu, 
H., et al. J. Biol. Chem. 269:7124-7 130, 1994: Eshleman A 
J, J Pharmacol Exp Ther 289:877-885, 1999) and well 
known to those skilled in the art. 
0430. A basic technique for measuring the ability of a 
compound to inhibit HINE, DA, and 5-HT uptake in cell 
lines recombinantly expressing human transporters has been 
described (Eshleman, et al., 1999). In brief, cell suspensions 
(HEK 293 cells expressing the 5-HT transporter: MDCK 
cells expressing the NE transporter, and CHO-K1 cells 
expressing the DA transporter, respectively) can be prepared 
for assay by removing the medium from cells grown on 
tissue culture dishes, then washing the plates with buffered 
medium. Cells can then be gently scraped from the plates 
and cell clusters separated by trituration with a pipette for 
5-10 aspiration/ejection cycles. To these cell Suspensions 
were added test drugs (final concentrations generally from 
0.01-5 uM) and Tris/Hepes buffer, pH 7.1 (also containing 
120 mM. NaCl, 1.2 mM CalCl, 1.2 mM MgSO 5 mM 
D-glucose, and 1 mMascorbic acid). Following a preincu 
bation of the isolated cells at 25° C., either HIDA. H. 
5-HT, or HINE was added and the incubation continued an 
additional 10 minutes. Radiolabelled neurotransmitter 
uptake was terminated by vacuum filtration and washing 
through Whatman glass fiber filters (GF/C), and the radio 
activity retained on the filters was measured by liquid 
Scintilation spectrometry. Specific uptake was defined as the 
difference in uptake observed in the absence and presence of 
a large molar excess of nomifensine, desipramine, or fluox 
etine (for HIDA, HINE or H5-HT, respectively. 
0431. The results of these assays are shown in Table 2, 
below, which indicates, for each of the exemplary com 
pounds, the structure of the substituent, and levels of 
observed uptake inhibition percentage for each of the indi 
cated neurotransmitters at a fixed concentration of com 
pound, or the ICso value, defined as that concentration of 
compound necessary to inhibit uptake by 50%. These are 
standard terms known to those skilled in the art. 
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TABLE 2 

Inhibition of Biogenic Amine Uptake By Exemplary 
Substituted 1-Aryl-3-AZabicyclo[3.1.0.hexanes 

Uptake inh. % Uptake inh. % Uptake inh. % Uptake Uptake Uptake 

at 1 IM at 1 IM at 1 IM IC50 (nM) IC50 (nM) IC50 (nM) 
Structure NE 5-HT DA NE 5-HT DA 

c 400 340 630 

77 57 63 82 188 770 

82 45 67 138 1450 475 

O 

A 
\ 59 35 2O 

S 

N 

HCI 

64 14 10 

O 

N HCI 

N 
H 

HC 

N 

HC 

N 
H 

e 

N 

N HCI 
H 

\ 
N 

S 

N HCI 
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TABLE 2-continued 

Inhibition of Biogenic Amine Uptake By Exemplary 
Substituted 1-Aryl-3-AZabicyclo[3.1.0.hexanes 

Uptake inh. % Uptake inh. % Uptake inh. % Uptake Uptake Uptake 
at 1 IM at 1 IM at 1 IM IC50 (nM) IC50 (nM) IC50 (nM) 

Structure NE 5-HT DA NE 5-HT DA 

\ 29 65 32 

ACO 

H 

N C 

W 50 18 13 

N C 
H 

S 39 50 1 

C 

C 

W 

H 

HCI 

H 

C 

53 71 45 186 154 811 / 

/ 

N 

/ 39 59 65 138 3O8 215 

N 

/ 

\ 13 83 7 

ACO 
N 

- 

N 

S 

HCI 

C 

C 

N 

-N 
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TABLE 2-continued 

Inhibition of Biogenic Amine Uptake By Exemplary 
Substituted 1-Aryl-3-Azabicyclo3.1.0.lhexanes 

Uptake inh. % Uptake inh. % Uptake inh. % Uptake Uptake Uptake 
at 1 IM at 1 IM at 1 IM IC50 (nM) IC50 (nM) IC50 (nM) 

Structure NE 5-HT DA NE 5-HT DA 

72 7 5 

N 

A. N HCI 
H 

90 66 91 2O 88 82 

71 92 88 60 34 98 

97 96 90 14 193 52 

84 76 90 99 481 149 

89 99 82 71 S4 224 

75 89 83 107 263 195 
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Inhibition of Biogenic Amine Uptake By Exemplary 
Substituted 1-Aryl-3-AZabicyclo[3.1.0.lhexanes 

Uptake inh. % Uptake inh. % Uptake inh. % Uptake Uptake Uptake 
at 1 IM at 1 IM at 1 IM IC50 (nM) IC50 (nM) IC50 (nM) 

Structure NE 5-HT DA NE 5-HT DA 

99 98 100 

W F 
S 

N 
H HCI 

88 99 

W F 
S 

N 
HCI 

68 63 
N 
N 

le 

N 
H HCI 

N 13 93 

N 

le 

N 
HCI 

F 91 98 

S 

N 
H HCI 

F 70 94 

S 

N 
HCI 

0432 Readily discernable from the foregoing results is 
the high degree of diversity with respect to the biological 
activity changes that were achieved by differentially altering 
N-substituents to yield novel 1-heteroaryl-3-azabicyclo[3.1. 
0.hexanes according to the invention—whereby the abso 
lute potency at any one transporter may be altered dramati 

94 

17 

12 

78 

63 

cally, and in distinct patterns among the exemplified 
compounds. These different relative potencies at the three 
transporters yield profound and distinct therapeutic poten 
tials among the different, novel compounds of the invention. 
Both the absolute changes in potency and the changes in 
relative potency among the three transporters described 
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herein for exemplary compounds of the invention would not 
have been expected or predictable with a reasonable expec 
tation of Success by persons of ordinary skill in the art 
0433. The data provided in Table 2 demonstrate that 
several of the 1-heteroaryl-3-azabicyclo[3.1.0.hexanes of 
the invention are potent (nM) inhibitors of norepinephrine 
and/or serotonin and/or dopamine uptake. As such, the 
compounds and related formulations and methods of the 
invention provide neurobiologically active tools for modu 
lating biogenic amine transport in mammalian Subjects. 
These subjects may include in vitro or ex vivo mammalian 
cell, cell culture, tissue culture, or organ explants, as well as 
human and other mammalian individuals presenting with, or 
at heightened risk for developing, a central nervous system 
(CNS) disorder, such as pain, anxiety, or depression. 
0434 In certain embodiments, neurobiologically active 
compositions comprising a 1-heteroaryl-3-azabicyclo3.1. 
0.hexane of the invention are effective to inhibit cellular 
uptake of norepinephrine in a mammalian Subject. In other 
embodiments, these compositions will effectively inhibit 
cellular uptake of serotonin in mammals. Other composi 
tions of the invention will be effective to inhibit cellular 
uptake of dopamine in mammalian Subjects. 
0435. As illustrated by the foregoing examples, addi 
tional neurobiologically active compositions of the inven 
tion will be effective to inhibit cellular uptake of multiple 
biogenic amine neurotransmitters in mammalian Subjects, 
for example, norepinephrine and serotonin, norepinephrine 
and dopamine, or serotonin and dopamine. In additional 
embodiments, the compositions of the invention are effec 
tive to inhibit cellular uptake of norepinephrine, serotonin 
and dopamine in mammalian Subjects. 
0436. In further-detailed embodiments, as exemplified by 
the results presented in Table 2, neurobiologically active 
compositions of the invention Surprisingly inhibit cellular 
reuptake of two, or three, biogenic amines selected from 
norepinephrine, serotonin and dopamine in a mammalian 
subject “non-uniformly across the affected range of mul 
tiple targets. The distinct double and triple reuptake inhibi 
tion activity profiles demonstrated herein for exemplary 
compounds of the invention illustrate the powerful and 
unpredictable nature of structural variations for the com 
pounds, and further evince the ability to follow the teachings 
of the present disclosure to produce, select, and employ 
other Substituted candidates according to the invention hav 
ing distinct activity profiles to fulfill additional therapeutic 
uses within the invention for treating diverse CNS disorders. 
0437. In exemplary embodiments, this differential inhi 
bition may yield a profile of reuptake inhibition activities for 
all three neurotransmitters, norepinephrine, serotonin, and 
dopamine, respectively, in approximate reuptake inhibition 
profiles as determined in Table 2 selected from the following 
relative potencies: (1:1:10): (1:1:6): (1:2:1); (1:0.5:2): (1:1: 
3); (1:3:3); (1:1:2); and (1:1:1)—which values will correlate 
in a measurable way with novel in vivo reuptake inhibition 
profiles/ratios as will be readily determined by those skilled 
in the art. 
0438. In related embodiments, neurobiologically active 
compositions of the invention inhibit cellular uptake of two, 
or three, biogenic amine neurotransmitters non-uniformly, 
for example by inhibiting uptake of at least one member of 
a group of transmitters including norepinephrine, serotonin, 
and dopamine by a factor of two- to ten-fold greater than a 
potency of the same composition to inhibit uptake of one or 
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more different neurotransmitter(s). In exemplary embodi 
ments, compositions of the invention comprising a 1-het 
eroaryl-3-azabicyclo[3.1.0.hexane inhibit cellular uptake of 
serotonin by a factor of at least approximately two-fold, or 
three-fold, greater than a potency of the same composition 
to inhibit uptake of norepinephrine, dopamine, or both 
norepinephrine and dopamine. In other exemplary embodi 
ments, different 1-heteroaryl-3-azabicyclo[3.1.0.hexanes of 
the invention inhibit cellular uptake of dopamine by a factor 
of at least approximately two-fold, six-fold, or ten-fold, 
greater than a potency of the composition for inhibiting 
uptake of norepinephrine, serotonin, or both norepinephrine 
and serotonin. In additional exemplary embodiments, the 
compositions described herein inhibit cellular uptake of 
norepinephrine by a factor of at least approximately two 
fold greater than a potency of the same composition for 
inhibiting uptake of serotonin. In different exemplary 
embodiments, compositions are provided that inhibit cellu 
lar uptake of dopamine by a factor of at least approximately 
two-fold greater than potency of the composition for inhib 
iting uptake of serotonin. In yet additional embodiments, 
neurobiologically active compositions are provided that 
exhibit approximately equivalent potency for inhibiting cel 
lular uptake of norepinephrine and serotonin, while at the 
same time inhibiting dopamine uptake by a factor of at least 
approximately two-fold, or six-fold, greater than the potency 
for inhibiting uptake of norepinephrine and serotonin. In still 
other exemplary embodiments, compositions of the inven 
tion exhibit approximately equivalent potency for inhibiting 
cellular uptake of serotonin and dopamine, while at the same 
time inhibiting norepinephrine by a factor of no greater than 
approximately half the potency for inhibiting uptake of 
serotonin and dopamine. In certain embodiments, composi 
tions of the invention exhibit approximately equivalent 
potency for inhibiting cellular uptake of norepinephrine, 
serotonin, and dopamine. 
0439 Compounds of the invention that inhibit the uptake 
of norepinephrine, serotonin, and/or dopamine have a wide 
range of therapeutic uses, principally to treat CNS disorders 
as described above. Certain CNS disorders contemplated 
herein will be more responsive to a compound of the 
invention that preferentially inhibits, for example, dopamine 
uptake relative to norepinephrine and/or serotonin uptake, as 
in the case of some forms of depression. Other disorders, for 
example pain, will be determined to be more responsive to 
compounds of the invention that more potently inhibit 
norepinenephrine reuptake relative to serotonin reuptake 
and dopamine reuptake. Other CNS disorders, for example, 
attention deficit hyperactivity disorder (ADHD), may 
respond better to compounds of the invention that prefer 
entially inhibit dopamine and norepinephrine reuptake rela 
tive to serotonin reuptake. Thus, the host of exemplary 
compounds described herein, which provide a range of 
reuptake inhibition profiles/ratios, will provide useful drug 
candidates for a diverse range of CNS disorders, and will 
effectively treat specific disorders with lower side effect 
profiles than currently available drugs. 
0440. It is to be understood that this invention is not 
limited to the particular formulations, process steps, and 
materials disclosed herein as such formulations, process 
steps, and materials may vary somewhat. It is also to be 
understood that the terminology employed herein is used for 
the purpose of describing particular embodiments only and 
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is not intended to be limiting since the scope of the present 
invention will be limited only by the appended claims and 
equivalents thereof. 
0441 All publications and patents mentioned herein are 
incorporated herein by reference for the purpose of describ 
ing and disclosing, for example, the constructs and meth 
odologies that are described in the publications, which might 
be used in connection with the presently described inven 
tion. The publications discussed above and throughout the 
text are provided solely for their disclosure prior to the filing 
date of the present application. Nothing herein is to be 
construed as an admission that the inventors are not entitled 
to antedate such disclosure by virtue of prior invention. 
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72. A method of making a 1-heteroaryl-3-azabicyclo[3.1. 

Ohexane of the following Formula III, 
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Formula III 

N 

or a pharmaceutically acceptable salt thereof, wherein Aris 
a heterocyclic aryl group selected from furan, methylfuran, 
pyrrole, imidazole, pyrazole, triazole, tetrazole, thiazole, 
isothiazole, methoxypyridine, pyridazine, pyrazine, triazine, 
indole, methylindole, benzofuran, benzothiophene, benzo 
thiazole, isoquinoline, cinnoline, phthalazine, quinazoline, 
chromane and isochromane, and Aris either unsubstituted or 
substituted with one or more substituents independently 
selected from fluoro, chloro, bromo, iodo, NO. —CN, 
—NH, carboxy, Casalkenyl, Cs alkynyl, halo(Cs)alkyl, 
hydroxy, trifluoromethyl, Css cycloalkyl, C- alkoxy, C. 
alkoxy(C)alkyl, carboxy(C)alkyl, C. alkanoyl, halo 
(C1-)alkoxyl, Cs alkylamino, and di(Cs)alkylamino, 
comprising: 

(a) reacting a compound of the following formula (i), 

Air CN, 

wherein Ar is defined as above, with epichlorohydrin or an 
enantiomer thereof, to produce a compound of the following 
formula (ii), 

Ar, 
HO 

CN 

or an enantiomer or diastereomer thereof, wherein Aris as 
defined above; 

(b) reducing the compound of formula (ii) to produce a 
compound of the following formula (iii). 

HO 

HN 

or an enantiomer or diastereomer thereof, wherein Ar is as 
defined above; and 

(c) causing cyclization of the compound of formula (iii) to 
produce the 1-heteroaryl-3-azabicyclo[3.1.0 hexane, or 
an enantiomer or diastereomer thereof. 

73. The method according to claim 72 further comprising: 
(d) alkylating the 1-heteroaryl-3-azabicyclo[3.1.0 hexane 

produced in (c) to produce a compound of the follow 
ing Formula I, 
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Formula I 

or a pharmaceutically acceptable salt thereof, wherein Aris 
as defined in claim 72 and R is selected from hydrogen, 
unsubstituted Co alkyl, Css cycloalkyl, Coalkenyl, and 
Cao alkynyl, and Substituted Co alkyl, Coalkenyl and 
Co alkynyl wherein the Substituent is one or more of 
hydroxy, cyano, halogen, C. alkoxy, aryl Substituted C 
alkoxy, aryloxy, aryloxy Substituted with one or more halo 
gens, Ce alkyl, Ce alkyl independently substituted with 
one or more of cyano and halogen, C. alkoxy, and Ca 
haloalkoxy. 

74. A method of making a 1-heteroaryl-3-azabicyclo[3.1. 
Ohexane of the following Formula I, 

Formula I 

N 

R 

or a pharmaceutically acceptable salt thereof, wherein Aris 
a heterocyclic aryl group selected from furan, methylfuran, 
pyrrole, imidazole, pyrazole, triazole, tetrazole, thiazole, 
isothiazole, methoxypyridine, pyridazine, pyrazine, triazine, 
indole, methylindole, benzofuran, benzothiophene, benzo 
thiazole, isoquinoline, cinnoline, phthalazine, quinazoline, 
chromane and isochromane, and Aris either unsubstituted or 
substituted with one or more substituents independently 
selected from fluoro, chloro, bromo, iodo, NO. —CN, 
—NH, carboxy, C.s alkenyl, Cs alkynyl, halo(Cs)alkyl, 
hydroxy, trifluoromethyl, Cs cycloalkyl, C- alkoxy, C. 
alkoxy(C)alkyl, carboxy(C)alkyl, C- alkanoyl, halo 
(C)alkoxyl, Cs alkylamino, and di(Cs)alkylamino and 
R is selected from hydrogen, unsubstituted Co alkyl, Cs 
cycloalkyl, Coalkenyl, and Co alkynyl, and Substituted 
Co alkyl, Cao alkenyl and Cao alkynyl wherein the 
Substituent is one or more of hydroxy, cyano, halogen, C. 
alkoxy, aryl Substituted C. alkoxy, aryloxy, aryloxy Sub 
stituted with one or more halogens, Ce alkyl, Ce alkyl 
independently Substituted with one or more of cyano and 
halogen, C. alkoxy, and Chaloalkoxy, comprising: 

(a) reacting a compound of the following formula (iv), 

Br 
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wherein R is as defined above, with 

HO Ar, 
N1 
OH 

wherein Ar is as defined above, to produce a compound of 
the following formula (v), 

wherein R and Arare as defined above: 
(b) causing cyclopropanation of the compound of formula 

(v) to produce a compound of the following formula 
(vi), 

wherein R and Arare as defined above; and 
(c) reducing the compound of formula (vi) to produce the 

1-heteroaryl-3-azabicyclo[3.1.0 hexane. 
75. A method of making a 1-heteroaryl-3-azabicyclo[3.1. 

Ohexane of the following Formula III, 

Formula III 

N 

or a pharmaceutically acceptable salt thereof, wherein Aris 
a heterocyclic aryl group selected from furan, methylfuran, 
pyrrole, imidazole, pyrazole, triazole, tetrazole, thiazole, 
isothiazole, methoxypyridine, pyridazine, pyrazine, triazine, 
indole, methylindole, benzofuran, benzothiophene, benzo 
thiazole, isoquinoline, cinnoline, phthalazine, quinazoline, 
chromane and isochromane, and Aris either unsubstituted or 
substituted with one or more substituents independently 
selected from fluoro, chloro, bromo, iodo, NO. —CN, 
—NH, carboxy, Casalkenyl, Cs alkynyl, halo(Cs)alkyl, 
hydroxy, trifluoromethyl, Css cycloalkyl, C- alkoxy, C. 
alkoxy(C)alkyl, carboxy(C)alkyl, C. alkanoyl, halo 
(C1-)alkoxyl, Cs alkylamino, and di(Cs)alkylamino, 
comprising: 
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(a) coupling a compound of the following formula (vii), 

Br 

O N O 

OMe 

OMe, 

with 

HO Ar, 
n B1 

OH 

wherein Ar is as defined above, to produce a compound of 
the following formula (viii), 

Air 

C. 
l - 

OMe, 

wherein Ar is as defined above; 
(b) causing cyclopropanation of the compound of formula 

(viii) to produce a compound of the following formula 
(ix), 

OMe 

OMe, 

wherein Ar is as defined above; 
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(c) reducing the compound of formula (ix) to produce a 
compound of the following formula (X), 

OMe 

OMe, 

wherein Ar is as defined above; and 
(d) deprotecting the compound of formula (X) to produce 

the 1-heteroaryl-3-azabicyclo[3.1.0 hexane. 
76. The method according to claim 75 further comprising: 
(e) alkylating the 1-heteroaryl-3-azabicyclo[3.1.0 hexane 

produced in (d) to produce a compound of the follow 
ing Formula I, 

Formula I 

or a pharmaceutically acceptable salt thereof, wherein Aris 
as defined in claim 75 and R is selected from hydrogen, 
unsubstituted Co alkyl, Css cycloalkyl, Coalkenyl, and 
Cao alkynyl, and Substituted Coalkyl, Coalkenyl and 
Co alkynyl wherein the Substituent is one or more of 
hydroxy, cyano, halogen, Calkoxy, aryl Substituted C 
alkoxy, aryloxy, aryloxy Substituted with one or more halo 
gens, C alkyl, C. alkyl independently substituted with 
one or more of cyano and halogen, C. alkoxy, and C. 
haloalkoxy. 

77. A method of making a 1-heteroaryl-3-azabicyclo[3.1. 
Ohexane of the following Formula III, 

Formula III 

N 
H 

or a pharmaceutically acceptable salt thereof, wherein Aris 
a heterocyclic aryl group selected from furan, methylfuran, 
pyrrole, imidazole, pyrazole, triazole, tetrazole, thiazole, 
isothiazole, methoxypyridine, pyridazine, pyrazine, triazine, 
indole, methylindole, benzofuran, benzothiophene, benzo 
thiazole, isoquinoline, cinnoline, phthalazine, quinazoline, 
chromane and isochromane, and Aris either unsubstituted or 
substituted with one or more substituents independently 
selected from fluoro, chloro, bromo, iodo, NO. —CN, 
—NH, carboxy, Cls alkenyl, Cs alkynyl, halo(Cs)alkyl, 
hydroxy, trifluoromethyl, Css cycloalkyl, C- alkoxy, C. 
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alkoxy(C)alkyl, carboxy(C)alkyl, C- alkanoyl, halo 
(C1-)alkoxyl, Cs alkylamino, and di(Cs)alkylamino, 
comprising: 

causing cyclization of a compound of formula (iii) 

HO 

HN 

wherein Ar is as defined above, to produce the 1-heteroaryl 
3-azabicyclo[3.1.0 hexane, or an enantiomer or diaste 
reomer thereof. 

78. The method according to claim 77, wherein the 
compound of formula (iii) is prepared by reducing a com 
pound of formula (ii) 

Ar, 
HO 

CN 

wherein Ar is as defined in claim 77. 
79. The method according to claim 72 further comprising 

isolating the 1-heteroaryl-3-azabicyclo[3.1.0 hexane of For 
mula III or pharmaceutically acceptable salt thereof. 

80. The method according to claim 73 further comprising 
isolating the compound of Formula I or pharmaceutically 
acceptable salt thereof. 

81. The method according to claim 74 further comprising 
isolating the 1-heteroaryl-3-azabicyclo[3.1.0 hexane of For 
mula I or pharmaceutically acceptable salt thereof. 

82. The method according to claim 75 further comprising 
isolating the 1-heteroaryl-3-azabicyclo[3.1.0 hexane of For 
mula III or pharmaceutically acceptable salt thereof. 

83. The method according to claim 76 further comprising 
isolating the compound of Formula I or pharmaceutically 
acceptable salt thereof. 

84. The method according to claim 77 further comprising 
isolating the 1-heteroaryl-3-azabicyclo[3.1.0 hexane of For 
mula III or pharmaceutically acceptable salt thereof. 

85. The method according to claim 72, wherein the 
1-heteroaryl-3-azabicyclo[3.1.0 hexane of Formula III is: 
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1-(6-methoxypyridin-3-yl)-3-azabicyclo[3.1.0 hexane: 
1-(5-methylfuran-2-yl)-3-azabicyclo[3.1.0 hexane: 
1-(benzofuran-3-yl)-3-azabicyclo3.1.0 hexane: 
1-(benzothiazol-2-yl)-3-azabicyclo[3.1.0 hexane: 
1-(5-chlorobenzobthiophen-3-yl)-3-azabicyclo[3.1.0 
hexane: 

(1S,5S)-1-(6-fluoro-benzobthiophen-2-yl)-3-azabicyclo 
3.1.0 hexane; or 

(1R, 5R)-1-(6-fluoro-benzobthiophen-2-yl)-3-azabicy 
clo3.1.0 hexane; or 

a pharmaceutically acceptable salt thereof. 
86. The method according to claim 77, wherein the 

1-heteroaryl-3-azabicyclo[3.1.0 hexane of Formula III is: 
1-(6-methoxypyridin-3-yl)-3-azabicyclo[3.1.0 hexane: 
1-(5-methylfuran-2-yl)-3-azabicyclo[3.1.0 hexane: 
1-(benzofuran-3-yl)-3-azabicyclo3.1.0 hexane: 
1-(benzothiazol-2-yl)-3-azabicyclo[3.1.0 hexane: 
1-(5-chlorobenzobthiophen-3-yl)-3-azabicyclo[3.1.0 
hexane: 

(1S,5S)-1-(6-fluoro-benzobthiophen-2-yl)-3-azabicyclo 
3.1.0 hexane; or 

(1S,5S)-1-(6-fluoro-benzobthiophen-2-yl)-3-azabicyclo 
3.1.0 hexane; or 

a pharmaceutically acceptable salt thereof. 
87. The method according to claim 74, wherein the 

1-heteroaryl-3-azabicyclo[3.1.0 hexane of Formula I is: 
3-methyl-1-(1-methylindol-5-yl)-3-azabicyclo[3.1.0 

hexane; or 
1-(1-methyl-1H-indol-5-yl)-3-ethyl-3-azabicyclo[3.1.0 
hexane; or 

a pharmaceutically acceptable salt thereof. 
88. The method according to claim 75, wherein the 

1-heteroaryl-3-azabicyclo[3.1.0 hexane of Formula III is 
1-(benzothiophen-2-yl)-3-aza-bicyclo[3.1.0 hexane or a 
pharmaceutically acceptable salt thereof. 

89. The method according to claim 77, wherein the 
1-heteroaryl-3-azabicyclo[3.1.0 hexane of Formula III is 
(1S,5S)-1-(6-fluoro-benzobthiophen-2-yl)-3-azabicyclo[3. 
1.0 hexane or a pharmaceutically acceptable salt thereof. 

90. The method according to claim 77, wherein the 
1-heteroaryl-3-azabicyclo[3.1.0 hexane of Formula III is 
(1R,5R)-1-(6-fluoro-benzobthiophen-2-yl)-3-azabicyclo 
3.1.0 hexane or a pharmaceutically acceptable salt thereof. 
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