ARYLOXY- AND HETEROARYLOXY-SUBSTITUTED
TETRAHYDROBENZAZEPINES AND USE THEREOF TO BLOCK
REUPTAKE OF NOREPINEPHRINE, DOPAMANE, AND SEROTONIN

[0001] - This application claims the benefit of U.S. Provisional Patent
Application Serial No. 60/917,200, filed May 10, £007, which is hereby incorporated

by reference in its entirety.

[0002] The present invention relatfs to compounds, compositions, methods for
the treatment of various neurological and psychological disorders, and the use of the
compounds in combination therapy. If particular, the present invention relates to
such compbunds, compositions, and cthods, where the compounds are novel

aryloxy- and heteroaryloxy-substityfted tetrahydrobenzazepine derivatives.

BACKGROUND OF THE INVENTION

[0003) -~ Itis well kno n that the neurotransmitters, doparhine (DA), v
norepinephrine (NE), and Erotonin (S-HT), regulate 2 number of biological pi‘ocesses
and that.decrea'sed levelsof DA, NE, and 5-HT are associated with a number t_)f

neufd logical disorders v'd their physical manifestations. Significant effort has been
expended ohsdeyiéiﬁ ethods for adjusting the levels of thesc neurotransmitters in
order to produce a d sired pharmacological effect. Preventing the reuptake of these
neurotransmitters i ény combination of one, two, or all three of them is likely to bc
effective in treatihg these disorders. Targeting the dopamine transporter (DAT),
norepinephrineftransporter (NET), and the serotonin transporter (SERT) _prbteins has
proveri to be fn effective way of increasing the levels of the respective monoamines. '
[6004)] | Methylphenidate, cutrently used for the treatment of attention deficit-
Byperacti ity disorder, is known to be selective forinhibition of the DAT. Also, U.S. -
Patent No. 5,444,070 discloses selective inhibitors of the dopamine reuptake as
treatmgnts for Parkinson’s discase, drug addiction or abuse including cocaine and

. amplfetamines.




[0005] Selective norepinephrine reuptake inhibitors JNARI) have also been
disclosed. U.S. Patent No. 6,352,986 describes methods of freating attention deficit-
hyperactivity disorder (ADHD), addictive disorders, and gsychoactive substance use
disorders with Reboxetine. Also, Atomoxetine (STRAYTERA®) is currently
marketed as a selective NET reuptake inhibitor for ADHD.
[0006] The use of selective serotonin reuptalfe inhibitors (SSRI) has been
shown to be effective in treating depressive disordgrs. Sertraline, Citalopram, and
Paroxetine are well known examples of SSRIs uskd to treat disorders, such as
depression, obsessive compulsive disorder, and/panic attacks. There are several
known difficulties with the SSRI class of thetgpeutics, including the slow onset of
action, unwanted side effects, and the existefice of a significant subset of the
population that is not responsive to SSRI fherapy.
{0007] Sclective inhibitors of DAT, NET, and SERT reuptake may also be co-
administered with each other or with ofher drugs. U.S. Patent No. 5,532,244 discloses.
the use of serotonin reuptake inhibitofs in combination with a serotonin 1A antagonist
~ for'the treétment of obsessive-compulsive disorder, depression, and obesity. The use
of a serotonin or norepinephrine '1;ptake inhibitor in combination with a
" neurokinin-1 receptor antagéni has been disclosed in U.S. Patent No. 6,121,261 for
the Atreatment_of ADHD. U.S./Patent No. 4,843,071 discloses the use of a
rAnore_pinephrinc reuptake inhfbitor in combination with a norepinephrine precursor in
thé tréatmcnt of obesity, dfug abuse, or narcolepsy. U.S. Patent No. 6,596,741
discloses the use of a NE[ DA, or 5-HT inhibitor with either a neurokinin-1 receptor
antagbnisf ora seroton',q{l D antagonist for the treatment of a wide variety of
con_dit.ions. '_ ,
'[0008} Als fadvantageous is the use of compounds that inhibit one or moré of
the neur(_).transmit, rs at the same-time. The antidepressant qualities of the dual NET
and SERT reup ke inhibitor duloxetihe is disclosed in European Patent |
No. EP 27365§. Venlafaxine is disclosed in U.S. Patent No. 4,535,186 as a reuptake
| inhibitor of Woth NE and 5-HT for the treatment of depressive disorders. U.S. Patent
No. 6,635,475 discloses the use of the dual NE and 5-HT reuptake inhibitor
milnacip ,aﬂ for the treatment of chronic fatigue Syndrome and ﬁbrdmyalgia
syndroghe. In addition, dual NE and 5-HT reuptake inhibitors arc also disclosed in

U.S. Yatent No. 6,136,083 for the treatment of depression. 1t is also recognized that




compounds which inhibit the reuptake of NE, DA, and 5-H .in varying ratios not
specifically mentioned here would also be advantageous.
[06009] Treating illnesses by inhibiting the reuptake of all three of the -
monoamines either through combination therapy or “trjple inhibitors” may have
clinical benefit as well. Rationale for inclusion of a gopamine enhancing component
in anti-depressant therapy includes observed deficit . in dopaminergic function, the
success of combination therapy with dopamine a nists.and tr'aditional anti-
depressants, and an increased sensitivity in dopgimine receptors due to chronic anti—.
depressant administration (Skolnick etal, LifefSciences, 73:3175-3179 (2003).
Combination therapy with an SSRI and a noghdrenaline and dopamine reuptake
inhbitor was shown to be more efficacious/in patients with treatment-resistant
depression (Lam et al, J, Clin. Psychz’atzy.' 65(3):337-340 (2004)). Another study
using a combination of a serotonin and florepinephrine reuptake inhibitor with a
norepinephrine and dopamine reuptakg inhibitor reported a signiﬁcant decrease in
dcpressi\}e symptoms in patients with 1‘eﬁ'act6ry major depressive disorder who had
failed to respond previously to eit er agent alone (Papkostas, G. L., Depression and
'Anxiety, 23:178-181 (2006)). Iny ddition, the combination of bupropion-SR with
either SSRIs or norepinephrine fand dopamine reuptake inhibitors was found to induce .
less sexual dysfunction than .'Qn'otvherapy (Kennedy et al, J. Clin. Psychiatry,
63(3):181-186 (2002)). Asfuch, inhibitory activity against DA reuptake, in addition
to NE and 5-HT reuptakefis expected to pl'ovide é more»re{pid onset of ‘anti'—depressant
effect than other mixed } 'J-hi'bitofs which are selective for NET and SERT over DAT.
PCT International Pub ication Nos. WO 03/101453 'andWO 97/30997 disclose a class
of compounds whict ,-ére active agéinst all three monoamine transporters. Also, PCT
I'ntemational Péten‘v'l’ublvication No. WO 03/049736 discloses a series of 4-substituted
piperidines, each of which displays similar activity agéinst DA, NE, and 5-HT
transporters. B'cglclo[Z.Z. 11heptanes (Axford et al., Bioorg. Med. Chen. Lett.,
13:3277-328(f(2003)) and azabicyclo[3.1.0]hexanes (Skolnick et al., Eur. J. Pharm.,

461:99-104 [2003)) are also described as triple inhibitors of the three monoamine



to work through the inhibition of all three transporters DAT/SERT, and SERT (R?an,
Pharmacotherapy of Obesity, 245-266 (2004)).
[0010] There is still a large need for compounds fhat block the reuptake of
norepinephine, dopamine, and serotonin and treat varigus neurological and

psychological disorders.

[6011] The present invention is directed achieving this objective.

SUMMARY OF THE INVENTION

[0012] The present invention relates th compounds represented by

formulae I(A-E) having the following strucflire:

I(A-E)

where: ‘ :
the carbon atom designat_d * is in the R or S configuration; and

X represents a 5- or'6 | embércd aromatic or nonaromatic monocyclic carbbcycle or
heterocycle selectedffrom the gfou? consisting of phenyl, pyridyl, 2-oxo-pyridin-
12H)-yl, pyrirﬁid' "yl, pyridazinyl‘, pyrazinyl, triazinyl, pyranyl, pyrrolyl, furanyl,
thiophenyl, oxazg lyl, isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, imidazolyl,
oxadiazolyl, th' diazolyl, triazolyl,-and tetrazolyl, optionally substituted from 1 to 4
times with sufstituents as defined below in R', or other 5- or 6-membered aromatic
or non-aronfatic monbcyclic carbocy_.cles or heterocycics contaivning 1-4 heteroatoms
pm the group consisting of oxygen, nitfogcn, and sulfur, optionally

substitutéd from 1 to 4 times with substituents as defined below in R'*; or



X is a 5,5}, [6,5]-, [6,6]-, or [6,7)-fused bicyclic carbocyclefor heterocycle selected
from the group consisting of indenyl, indanyl, benzofuranyf, benzothiophenyl,
dihy_droanzothiophenyl, dihydrobenzofuranyl, indolyl, igoindolyl, indolinyl,
benzof1,3]dioxolyl, benzooxazolyl, benzothiazolyl, benfoisothiazolyl,
-benzoisoxazolyl, ihdazolyl, bmizoimidazolyl, benzotribzolyl, naphthyl,
tetrahydronéphthyl, quinolinyl, isoquinolinyl, quinagolinyl, cinnolinyl, phthalazinyl,
quinoxalinyl, benzo[1,2,3)triazinyl, benzo[] ,2, 4 trfazinyl, 2,3-dihydro-
benzo[1,4]dioxinyl, 4H-chromenyl, dihydrobenzgpcycloheptenyl,
tetrahydrobenzocycloheptenyl, indolizinyl, quifolizinyl, 6aH-thieno[2,3-d]imidazolyl,
1H—py1*rolof2,3—b]pyridinyl, imidazo[ 1,2-a]pyridinyl, pyrazoio[l,5~a]pyridinyl,
[l,2,4]1riazblo[4,3—a]pyridinyl, thieno{2,3-Hjfuranyl, thieno[2,3-b]pyridinyl,
'thieno[B,Z-b]pyridihyI, furo[2,3-b]pyridingl, furo[3,2-b]pyridinyl, thieno[3,2-
dlpyrimidinyl, furo[3,2-d]pyrimidinyl, tjieno[2,3-b]pyrazinyl,
benzo[c][1,2,5]oxadiazolyl, benzo[c][},2,5]thiadiazolyl, 3,4-dilydro-2H-
benzo[b][},4]oxazinyl, imidazo[1 224 ]pyrazinyl, 6,7-dihydro-4 H-pyrazolo[5,1-
* cJ[14Joxazinyl, 2-0x0-2,3-dihydrbenzo[dJoxazolyl, 3,3-dimethyl-2-oxoindolinyl, 2-
' 0xo-2,_3—dihydro~1H—;§yrrolo[2,3'~v ']i)yridinyl, benzo[c}{1,2,5]oxadiazolyl,
-benzo[c][I,2,5]thiadiazolyl,' -[1, A;.él]tl‘iazo10[4,3—a]pyrazinyl, and 3-oxo-
[1,2,4]tr_i_azo120[4,3—a]p.yridin— ,(3H)—yi, optionally substituted from 1 to 4 times with
substituents as defined beloy in R or other (5,5, [6,5]-, [6,6]-, or [6,7]-fused
bicyclic -carbocycles'br hey lfocyc[escontaining I35 heteroatoms selected from the
group consisting of oxy n, ni_trbgcn, and sulfur, optionally substituted from 1 to 4

times with substituen '_A_és defined below in R':

R'is H, C;-Cq'alky';-'Cz—Cé alkenyl, C;-Cs alkynyl, C3-Cs cycloalkyl, or C4-Cy
cycloalkylalkyl, ¢ ch of which is optionally substituted from 1 to 3 times with

substituents as ¢efined below in R'?;

RZ is H, C-s alkyl, Co-Cs alkenyl, C5-Cs alkynyl, C3-Cs cycloalkyl, or C-Cs
cycloalkyldlkyl, each of which ViAs:optio_nally substituted from 1 to 3 times with
substituchts as defined below in R'*; or

R? is gdm-dimethyl;




R®, R®, and R¢ are cach independently selected from the group consisting of H,
halogen, ~OR'?, =S(0),R"?, ~CN, -C(O)R ", -NR'’R", C;-Ls alkyl, C,-C; alkenyl,
C,-Cs alkynyl, C;3-Cs cycloalkyl, and C4-C7 cycloalkylalkgl, where each of the C,—-Cs
alkyl, C-Cs alkenyl, C,-Cy alkynyl, C3-Cs cycloalkyl, aid Cq-C7 cycloalkylalkyl is
optionally substituted from 1 to 3 times with substituehts as defined below in R"; or
R3 R’ and R® are each independently a 5- or 6-memfoered monocyclic carbocycle or
heterocycle, optionally substituted ffom 1 to 4 timgls with substituents as defined

below in R';

R* is H, halogen, ~OR'%, ~S(0),R"?, -CN, ~GAO)R"3, -NR'°R", C,-C; alkyl, Cp-Cs

alkenyl, CQ-C(, alkynyl, C5-Cs cycloalkyl, of C4-C; cycloalkylalkyl, where each of the

C-Cs alkyl, C2-Cs alkenyl, C-Cs alkyny}, C3-Cs cycioalkyl and C4-Cy
cycloalkylalkyl is optionally substitutedffrom 1 to 3 times w1th substituents as defi ned
below in R*>;

R* is a bridged bicyclic ring containjg 6-12 carbon atoms and optionally containing
one or rnére_-hetefoatoms selected from the group consisting of oxygen, nitrogeh, and
~sulfur, where the bridged bicycli 'r}ng is optionally substituted from I to 3 times with

-substitutents selected from the 1oup consisting of C,-Cs alkyl, -C(O)R"?, and
-S(0).R'; or
R'is phenyl, pyridyl, 2-0% .pyrxdm—l(ZH) yl, pyrimidinyl, pyridazinyl, 6~
oxopyndazm—.l_(GH)-yi, pyrazinyl, triazinyl, pyranyl, furanyl, pyrrolyl, thiophenyl,
pyrazolyl, imida_zo‘lyl, o ‘z'izolyl,' isoxazolyl, thiazolyl, isothiazolyl, triazolyl,
o_xadiaquyl, thiadiazo} vl:_. tetrazolyl, indanyl, indenyl, indolyl, isoindolyl,
bcx;zéfurany'l, benzoj _iiophenyl, indolinyl, dihydrobenzofuranyl,
| dihydrobenzothiopfienyl, indazolyl, benzimidazolyl, benzooxazolyl, benzotluiaéolyi,.
benzoisbxazolyl i enzoisothiazolyl, bénzotriazolyi benzo[1,3]dioxolyl, naphthyl,
quinolinyl, iso molmyl quinazolinyl, cinnolinyl, pthalazinyl, quinoxalinyl, 2,3-
dihydro-benz{ [1 ,A)dioxinyl, benzo[l 2,31triazinyl, benzo[1,2,41triazinyl; 4H-
chromenyl, Andolizinyl, qumohzmyl,' 6akl-thieno[2,3-dJimidazolyl, 1H-pyrrolo{2,3-
“blpyridiny, imidazo[l,2-a]pyﬁdinyl, pyrazolo[1,5-alpyridinyl, {1,2,4]triazolo[4,3-
alpyridi ;I_l, [1,2,4]triazolo[ 1,5-a]pyridinyl, thienof2,3-b]furanyl, thieno[2,3-
blpyridinyl, thieno[3,2-b]pyridinyl, furo{2,3-b]pyridinyl, furo[3,2-b]pyridinyl,
[3,2-d]pyrimidinyl, furo[3,2-d]pyrimidinyl, thieno[2,3-b]pyrazinyl,



imidazol[1,2-alpyrazinyl, 5,6,7,8-tetrahydroimidazo[1,2-a]pyrazinyl, 6,7-dihydro-4H-
pyrazolo[5,1-c}[1,4}oxazinyl, 2-0x0-2,3-dihydrobenzo[d] azoiyl, 3.3-dimethyl-2-
oxoindolinyl, 2-0x0-2,3-dihydro- 1 H-pyrrolo[2,3-b]pyridinyl,

3,4-dihydro-2H-

lo[4,3-a]pyrazinyl,

benzo[c][1,2,5]oxadiazolyl, benzo[c][1,2,5]thiadiazoly
benzo[b][1 ,4}0xaiinyl, 5,6,7,8-tetrabydro-{ 1,2,4]tria
[1,2,4]triazolo{4,3-a]pyrazinyl, 3-0x0-[1,2,4]triazo] [4,3—(1]pyridin~2(3H)—yl, 2-

s

oxooxazolidin-3-yl, or other 5- or 6-membered argmatic or non-aromatic monocyclic
carbocycles or heterocycles, or [5,5]-, [6,5]-, [6,8]-, or [6,7]-fused bicyclic o
carbocycles or heterocycles containing 1-5 hetfroatoms selected froxh the group
consisting of oxygen, nitrogen, and sulfur, opfionally substituted from 1 to 4 times

with substituents as defined below in R';

provided that for compounds of formulg/IA, X is substituted phenyl and R* is
substituted monocyclic or bicyclic aryf or heteroaryl; | o
provided that for compounds of fornfuia 1B, X is substituted bicyclic aryl or
heter()axyi and R? is substituted mghocyclic or bicyclic aryl or heteroaryl;
‘provided that for compounds of 1;‘111u1a IC, X is substituted phenyl and RYis H,
©_OR™, -S(O)R", C(OR", -N

the C,-Cq alkyl is optionally gubstituted from 1 to 3 times with substituents as defined

R .CN, halogen, or C;-Cq alkyl, where each of-

“below in R

prvo‘v'id,ed that for compourfds of formula ID, X is substituted bicyclic aryl or v
R'2 —S(O),R", C(O)R', -NR'R"", -CN, halogen, or C;-Ce
Cy-Ce alkyl is optionally substituted from 1 to 3 times with

heteroaryl and R* is H, -
alkyl, wh_erc each of't
sub‘sti'tuents as defingfl below in R'® ; and
| provided that for cgimpounds of formula IE, X is substituted monocyclic heteroaryl -

and R* is substitufed monocyclic or bicyclic aryl or heteroaryl;

R is selected from the group consisting of H,~S(O),R"?, ~C(O)R "3, C,-Cs alkyl, C,-
Cs alkenyl,
Cy —Cs alkpl, Co-Cg alkenyl, C»-Cs alkynyl, C5-Cs cycloalkyl, and Cy-Cy

2-Cs alkynyl, C3-Cs cyc_loalkyl, and C4-Cy cycloalkylatkyl, where each of

cycloalky éz,lkyl is optionally substituted from 1 to 3 times with substituents as defined



R® is selected from the group consisting of H, halogen, ~ORF R —S(O)nRB, —CN,

-C(O)R", -NR'R", C,-Cg alkyl, Co-Cs alkenyl, C,-Cs alkgnyl, Cs-Cys cycloalkyl, and
C4-C7 cycloalkylalkyl, where each of C; —Cg alkyl, C,-C{f alkenyl, C,-Cs alkynyl, C;-
C cycloalkyl, and C4-Cq cycloalkylatkyl is optionally gubstituted from 1 to 3 times

with substituents as defined below in R'; or

R” and R® are gem-dimethyl, with the proviso thatfonly one of R and R® is gem-=
dimethyl; '
R’ is H, halogen,-OR'%, -SR'?, C;-C; alkyl, -£N, or ~-NR'’R", where cach of C; ~Cs

alkyl is optionally substituted from 1 to 3 tjfnes with substituents as defined below in

R'® and R'! are each independently s fected from the group cbnsisting of H,
-C(O)R'3 , C1-Cg alkyl, C3-Cq cyclog kyI, and C4-Cy cycloalkylalkyl, where each of C,
~Cs alkylr Cs3-Cs eycloalkyl, and G4-Cy cycloalkylalkyl is optionally sﬁbstitllted from
'1to 3 times with substituents as Aefined below in R15

%and R are each mdc—:pend v)tly sclected from the group consisting of phcnyl
benzyl, and other 5- or 6-meghibered monocyclic heterocycles, where each of the
phenyi bcnzyl and 5-or 6 ,nembex ed monocyclic heterocycle is optionally
substituted from 1 to 3 tinfes with substituents as defined below in R'; A
R'%and R are taken tofether with the nitrogen to which they are attached to form a
.«,atuxatcd or partially 5 tumted monocyclic or fused bicyclic heterocycle setected from
the group conslstmg_f piperidine, pyrrolidine, morpholine, thiomorpholine,
| [l,2]0xazmane, 18 »azoh»dm_e,r2—ox0pxper1dmyl, 2-oxopyrrolidinyl, 3-oxomorpholino,
3-0x0t11i0m01ph ‘in(‘), 5 ,A6,7,8~tetrahyd1’oimidazo[ 1 ,2-&}pyrazi_ne, 5,6,7,8-tetrahydro-
[1,2,4]triazolo ;3 -a]pyrazine, and other monocyclic or fused bicyclic heterocycles
containing 1- heteroatoms selected from oxygen, nitrogen and sulfur, and 1s
optionally spibstituted from 1 to 3 times with a substituent selected independently at
each occuffrence thereof from the gfdup consistiqg__pf halogen, cyano, -OR', -
NR'ZR'/-8(0),R", ~C(O)R"?, and C;-Cy alkyl, where cach of Ci—Cq alkyl is

optiondlly substituted from 1 to 3 times with substituents as defined below in R'%;



R and R'' are taken together with the nitrogen to which thely are attached to form a
heterocycle selected from the group consisting of piperazife, 2-oxopiperazinyl, 2-
oxo-1,4-diazepanyl, 5-oxo-1,4-diazepanyl, 1,4-diazepang, and other heterocycles
cdntaining one additional nitrogen atom in the ring, wlfre the heterocycle is
optionally substituted on a ring carbon with from 1 t¢/3 times with a substituent
selected independently at each occurrence thereof ffom the group consisting of
halogen, cyano, -OR'"* -NR"™R", »S(O)nR” , —C( )R‘3 , and Cy-Cj4 alkyl, or on the
additional nitrogen atom from 1 to 3 times with £ substituent selected independently
at each occurrence thereof from the group congisting of S(O),R ", -C(O)R'3, and C-
C, alkyl, wherein each of C1~Cq alkyl is optipnally substituted from 1 to 3 times with
substituents as defined below in RP;
R'®and R are taken together with the njfrogen to which they are attached to form a
heterocycle selected from the group coyfsisting of pipérazine, 2-oxopiperazinyl, 2-
ox0-1,4-diazepanyl, 5~oxo—l,4-diazepv nyl, 1,4-diazepanc, and other heterocycles

containing one additional nitrogen bm in the ring, where the heterocycle is

optionally substituted on the additjonal nitrogen atom with a substituent selectéd

independently at each occurrenc ‘thereof from the group consisting of phenyl, benzyl,

and 5- or 6-membered aromati heterocycles containing 1-3 heteroatoms selected
from the group consisting of pxygen, nitrogen, and sulfur, where each of the phenyl, | |
benzyl, and 5- and 6-membgred heterocycle is optionally substituted from 1 to 3 times - '

with substituents as defingd below in R': or '

‘when R* is -NR'R"’ ory ':'C(O)_NR“’Rl !, cither R'® or R" is a bridged bicyclic ring

containing 6-12 carbo [atoms and optionally containing one or more hetéroatoms

selected frorf; the gr p consisting of oxygen, nitrogen, and sulfur, where the bridged
bicyclic ring is optjonally substituted from 1 to 3 times with substituents selected - .
isting of Ci-C alkyl, ~C(O)R'?, and ~S(O)R", or either R™ or
R is a C)-C; afkyl substituted with a bridged bicyclic ring containing 6-12 carbon
atoms and optfonally containing one or more heteroatoms selected from the group
consisting o 0xygen; nitrogen, and sulfur, where the bridged bicyclic ring is
optionally gubstituted from 1 to 3 ti.TI-ICS with substitutents sclected from the group
consisting of C1-Cs alkyl, <C(O)R™, and -S(O),R">; |
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R'? is selected from the group consisting of H, C;-Cy alkyl, £:-Cs cycloalkyl, C4-Cq
cycloalkylalkyl, and —C(O)R", where each of C—~Cs alkylf C3-Cs cycloalkyl, and Cq-
-Cq cycloalkylalkyl is optionally substituted from | to 3 tfnes with substituents as

defined below in R]S;

R* is selected from the group consisting of H, -NRF'R"’, C,-Cy alkyl, C3-Cs
cycloalkyl, and C4-C5 cycloalkylalkyl, where eaclfof C,~Cy alkyl, C3-Cs cycloalkyl,
and C4-C; cycloalkylalkyl is optionally substituged from 1 to 3 times with substituents

as defined below in R'>; or

R'? and R" are ea.ch_independently sclected from the group consisting of phenyl,
benzyl, pyridazinyl, pyrimidinyl, pyrazin -1, 5- or 6-membered aromatic monocyclic -
heterocycles, and [5,5]-, [6,5]-, [6,61-, [6,7}-fused bicyclic carbocycles or
heterocy(_:[es containing 1-5 heteroato _‘ 1s selected from the group consisting of
oxygen, nitrogen, and sulfur, bption Ily substituted from 1 to 4 times with substituents
as defined below in R'%; or 2 '
R™ and R'? are taken together w h the nitrogen to which they are attached to form a
heterocycle selected from the f oup consisting of piperidine, pyrrolidine, piperazine,

. 1,4-diazepane, morpholine, t iorhorpholine, and other heterocycles containing 1-4
lleteyoatoms-sclecfed_ﬁbrﬁ. e g_rouﬁ consisting of oxygen, nitrogen, and sulfur, thre
the hétefocyclé’-is obﬁona fiy-substituted from 1 to 3 times \X/ith a substituent selected
indep_endcntly at eéch 0 :_-tﬁufrencc thereof from the group consisting of halogen,
cyano, -OR'®, —$(0O), b,, —C(Q)R‘(_), -C(O)NR'R™ and C,-Cy alkyl, where each of
C)-Cq alkyl is prio _élly subsﬁtixted from 1 to 3 times with substituents as defined

Below in_R’S; ,
nis@, lL,or2;, /

R' is indepgndently selected at each occurrence from a substitﬁent in the group
consisting/of halogen, ~NO,, ~OR'?, -NR'R", -NR'*C(0),R", -NR'2C(O)NR'’R",
~S(0)a B?; —CN, —C(O)R", C}-Cs alkyl, Cy-Cy alkenyl, Co-Cs alkynyl, C5-Cs
cycloalkyl, and C4-Cy cycloalkylalkyl, where each of C-Ce alkyl, Co-Cs alkenyl, C,-
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Cs alkynyl, Cs-Cs cycloalkyl, and C4-C5 cycloalkylalky! is opftionally substituted from

] to 3 times with substituents as defined below in R'>; and

R" is independently selected at each occurrence from afubstituent in the group
consisting of —CN, halogen, C(O)R'?, C;-C; alkyl, -OK'%, -NR'*R", -S(0).R"?, aryl,
and heteroéryl, where each of the aryl or heteroaryl groups is optionally substituted
from 1 to 4 times with substituents as defined above in R';

or an oxide thereof, or a pharmaceutically acceptfible salt thereof.

[0613] Results of recent clinical invesfigations with drugs, such as duloxetine,

venlafaxine, atomoxetine, and others that wprk mechanistically through transporter |

reuptake inhibition, provide evidence thatfpotency and selectivity are important

factors in leading to drugs with an imprgived efficacy, improved therapeutic index,

and utility for treatment of new clinicaf indications. Duloxetiné, a dual action

transporter reuptake inhibitor, is a sefective inhibitor for serotonin transporter protein

and norep-inepinihe transporter profein reuptake (Sorbera et al., Drugs of the Fi uﬁu‘e, :
125(9):907-916 (2000), which is | 'réby incorporated by _;eference in its entirety) and

- has been marketed for the tréat ent of depression and diabetic peripheral neuropathic
pain. In clinical studies, resegfchers attribute the effect of the medication on a broad

| speptr,urri of depression symptoms, which include emotional and painful physical
symptoms as wéll as anxigty, to its dual reuptake inhibition of both serotonin and
norepinephrine. Venlafy cne, which is also reported to be a selective serotonin and
nor_epinephrine nleupm . inhibitor (SNRI class), has been reported to exhibit a more
rapid onset of act ion/The late onset of action has been a drawback with the first.
generation antideprfssants, i.e., the single action serotonin selective reuptake
inhibitoré (SSRI v‘ass). -For example, PROZAC®, the prototype drug in this class, can
take four weeksfor longer for full anti-depressive activity to take effect. '
[0014] [ Atomoxetine (STRATTERA@‘), a norepinephrine selectiveé transporter
reuptake in ‘itor, has been marketed for the treatment of ADHD. Unlike
RITALIN/, one of the most frequently used drugs for treatment of ADHD,

atomoxefine has little or no activity at the dopamine transporter. As a result,
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atomoxetine has the advantage that it is not scheduled as a cgltrolled substance
because it has minimal potential for substance abuse.

[0015] In a manner similar to the newer clinical agents like atomoxetine,
duloxetine, and venlafaxine, the compounds of the presgnt invention may exhibit
improved efﬁcacyv towards broader symptoms of deprgssion. The compounds of the
present invention may also exhibit more rapid onsetf action in the treatment of
central nervous system (CNS) diseases, such as depression. In addition to providing
improved cfficacy, the compounds of the preseny/invention may also exhibit fewer
undesirable side cffects. Finally, because the chmpounds of the prcsént invention

possess a diverse transporter reuptake inhibitjon profile, they are expected to be useful

for a wider variety of CNS disorders.

~ DETAILED DESCRIPATON OF THE INVENTION

[0016] -  The present invention felates to compounds represented by

formulae I(A-E) having the followigg structure:

where;

oxadiagolyl, thiadiazolyl, triazolyl, and tetrazolyl, optionally substituted from 1 to 4
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times with substituents as defined below in R', or other 5- of 6-membered aromatic
or non-aromatic monocyclic carbocycles or heterocycles cgntaining 1-4 heteroatoms
selected from the group consisting of oxygen, nitrogen, ghd sulfur, optionally
substituted from 1 to 4 times with substituents as defingd below in R'; or

X is a [5,5]-, [6,5]-, [6,6]-, or [6,7]-fused bicyclic car

furanyl, benzothiophenyl,

focycle or heterocycle selected
from the group consisting of indenyl, indanyl, benzg
dihydrobenzothiophenyl, dihydrobeﬁzofuranyi; indolyf, isoindo lyl, indolinyl,
benzo[1,3]dioxolyl, benzooxazolyl, benzothiazofyl, benzoisothiazolyl,
benzoisoxazolyl, indazolyl, benzoimidazolyl, Wenzotriazolyl, naphthyl,
tetrahydronaphthyl, quinolinyl, isoquinolinylf quinazolinyl, cinnolinyl, phthalazinyl,
quinoxalinyl, benzo[1,2,3}triazinyl, benzo[},2,4 Jtriazinyl, 2,3-dihydro-
benzo[1,4]dioxinyl, 4H-chromenyl, dihyd obenzocycloheptenyl,
tetrahydrobenzocycloheptenyl, indolizigyl, quindliziﬁyl, 6aH-thieno[2,3-dJimidazolyl,
LH-pyrrolo[2,3-b]pyridinyl, imidazo[ },2-a]pyridinyl, pyrazold[ 1,5-a)pyridinyl,
[1,2,4]triazolo[4, 3-alpyridinyl, thie _.[2 3-b]furanyl, thieno[2,3-b]pyridinyl,
~ thieno[3,2-b]pyridinyl, furo[2,3-b}pyridinyl, furo[3,2- b]py1 idinyl, thieno[3,2~ |
_d]pyrimidinyl, furo[3,2—d]pyrim'1.nyl thicno[2, 3—b]py1azmyl
-benzo[c][1,2,5_]oxadiazolyl,.be .zo[c][l,2,5]thxadlazolyl, 3,4-dihydro-2H-
benzo[b}[1,4Joxazinyl, imida 6[] ,2-a)pyrazinyl, 6,7-dihydro-4H-pyrazolo[5,1-
c][1,4]oxazinyl, 2-oxo-2,3—ihydrobcnzo_[d]oxézolyl, 3,3-dimethyl-2-oxoindolinyl, 2-
ox0-2,3-dihydro-1 Hepyrrgo[2,3-blpyridinyl, benzofc]{1,2.5Joxadiazolyl, -
benzo[c][1,2,5]thiadiazofyl; [1,2,4]triazolo[4,3-a]pyrazinyl, and 3-oxo-
[1,2 4]tr1azolo[4 3-aipf ’A 1dm-2(3H) yl, optionally substituted. from 1 to 4 times with
Subshtuents as defingd below in R, or other [5,5]-, [6,5]-, [6,6]-, or [6,7]-fused.
| bicyclic carbocyc[A -or heterocycles contammg 1-5 heteroatoms selected from the - -
group cdllsisting hf oxygcn nitrogen, and sulfur, optionally substituted from1to4
times with subsfituents as defined below in R':
R'isH, C- g alkyl, C»-Cs alkeﬁyl, Cz—Cc alkynyl, C3-Cs cycloalkyl, or C4-Cy
‘cycloalkylalkyl, each of which is optionally substituted from 1 to 3 __times with

substitughts as defined below in R'°;
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R? is H, C;-Cs alkyl, C,-Cs alkenyl, Co-Cs alkynyl, C3-Cg cyloalkyl, or C4-Cy
cycloalkylalkyl, each of which is optionally substituted frgm 1 to 3 times with
substituents as defined below in R'%; or

R? is gem-dimethyl;

R3, R®, and R® are cach independently selected fronf the group consisting of H,
halogen, ~OR "%, =S(0).R"?, -CN, —-C(O)R"?, -NRF'RY, C}-Cs alkyl, C,-C; alkenyl,
Co-Cs alkynyl, C3-Cs cycloalkyl, and Co-Cq cycjpalkylalkyl, where each of the Ci~Cg
alkyl, C;-Cg alkenyl, C,-Cq alkynyl, Ci-Cs cygloalkyl, and C4-C cyéloalkyla[kyl 18
optionally substituted from 1 to 3 times with/substituents as defined below in R*>; or
R, R®, and RS are each independently a 5-pr 6-membered monocyclic carbocycle or
heterocycle, optionally substituted from ¥ to 4 times with substituents as defined

below in RY;

R" is H, halogen, ~OR'2, —§(0),R"/~CN, ~C(O)R"?, -NR'°R", C,-C; alkyl, C,-Cs
- alkenyl, Co-Cg alkynyl, C5-Cs cyc) alky‘l, or C4-C; cycloalkylalkyl, where each of f:he
C1-Cs alkyl, Cp-Cs alkenyl, Co-Gs alkynyl, C3-Cs eycloalkyl, and Ce-Cs
-cycloalkylalkyl is optionally S ,;vvstit'uted from I to 3 times with substituents as defined
below in R'; _
R* is a bridged bicyclic ring containing 6-12 carbon atoms and optionally containing
one or more heteroatoms électcd from the group consisting of oxygen, nitrogen, and
sulfur, where the bridgey _"bicycl'ic ring is optionally substituted from 1 to 3 times with |
substitutents serecte,d  'om the group consisting of C;-C; alkyl, ~C(O)R", and
-S(0),R"; of ‘ .
R" is phenyl, pyridgl, 2-oxo-pyridin-1(2H)-yl, pyrimidinyl, pyridazinyl, pyrazinyl, 6-
oxopyridazin-1(§ ‘ -yl triaiinyi, pyrahyl, furanyl, pyrrolyl, thiophenyl, pyrazolyl,
imidazolyl, oxafolyl, isoxazolyl, thiézolyl, isothiazolyl, triazolyl, oxadiazolyl,
thiadiazolyl, ‘vtrazolyl, indanyl, indenyl, indolyl, isoindolyl, benzofuranyl,
benzothioplenyl, indolinyl, dihydrobenzofuranyl, dihydrobenzothiophenyl, indazolyl,
benzimidagolyl, benzooxazolyl, beniothiazolyl, benzoisoxazolyl, benzoisothiazolyl,
benzotri z@lyl, bcnzo[I,B]dio;((')(lyl, naphthyl, qu;nolinyl, isoguinolinyl, quinazolinyl,
. cinnoljhyl, pthalazinyl, quinoxalinyl, 2,3-dihydro-benzo[1,41dioxinyl,

benzg[1,2,3]triazinyl, benzo[1,2,4]triazinyl, 4H-chromenyl, indolizinyl, quinolizinyl,



15

6af-thieno[2,3-d]imidazolyl, 1H-pyrrolo[2,3-b]pyridinyl, infidazo{1,2-a]pyridinyl,
pyrazolo[1,5-a]pyridinyl, [1,2,4]triazolo[4,3-a]pyridinyl, [£,2,4]triazolo[1,5-
alpyridinyl, thieno{2,3-b]furanyl, thieno{[2,3-b]pyridinylfthienof3,2-b]pyridinyl,
furo[2,3-b]pyridinyl, furo[3,2-b]pyridinyl; thieno[3,2-gpyrimidinyl, furo[3,2-
dipyrimidinyl, thiéno[2,3—b]pyfazinyl, imidazo[1,2-a}pyrazinyl, 5,6,7,8-
tetrahydroimidazo( 1,2-alpyrazinyl, 6,7-dihydro-4Hfpyrazolo[5,1-¢][1,4]oxazinyl, 2-
oxo0-2,3-dihydrobenzo[d]oxazolyl, 3>,3—dimethy‘l— oxoindolinyi, 2-0x0-2,3-dihydro-
I.H-pyrrolo{Z,3—b_]pyridiny1, benzo[c][1,2,5]oxadhazolyl, benzo[c][1,2,5]thiadiazolyl,
3,4-dihydro-2H-benzo[b][1,4]oxazinyl, 5,6,7,8-tetrahydro-[1 ,2,4]triézolo[4,3-
alpyrazinyl, [1,2,4]triazolo[4,3-a]pyrazinyl, p-oxo-[1,2,4]triazolo[4,3-a]pyridin-
2(3H)-yl, 2-oxoox'azolidin_-3-yl, or other 5f or 6-membered aromatic or non-aromatic
monocyclic carbqéyples or heterocycles, pr [5,5]-, [6,5]-, [6,6]-, or [6,7]-fused
bicyclic carbocycles or heterocycles coyftaining 1-5 héteroatoms selected from the
group congisting of oxygen, nitrogen,And sulfur, optionally substituted from 1 to 4

times with substituents as defined bflow in R';

“provided that for compounds of srmula IA, X is substituted phenyl and R* is

* substituted monocyclic or bicy VI"ic aiy] or heteroaryl;
provided that for compounds f formula IB, X is substituted bicyclic aryl or

| hett_zm_aryl and R* is substit vtecAi mohocyc_lic or bicyclic aryl or heteroaryl;
provided that ffbf cor’hpdu {ds of formula 1C, X is substitutéd phenyl and R* is H,
-OR", *S(o)nR_”,:C(O),f"‘i -NR'R" -CN, halogen, or C,-Cs alkyl, where each of
the C'1->Cv;,‘ alkyl is.Opti :_ﬁz}lly substituted from 1 to 3 times with substituents as defined
below in R'S'; / |
provided that fbr c__' 'rhpdunds_ of formula 1D, X is substituted bicyclic aryl or
heteroaryl and R¥is H, -OR', ~S(0),R">, C(O)R", -NRR"”, -CN, halogen, or C-Cg
alkyl, where.e'ar 1 of the Cy-Ce atkyl i-s optionally substituted from 1 to 3 times with
substituents af defined below in R'* ; and
provided th for éonipdunds of Vforrr_lula 1E, X is substituted monocyclic heteroaryl -

and R* is glibstituted monocyclic or bicyclic aryl or heteroaryl;

R is sdlected from the group consisting of H,~S(0),R**, ~C(O)R"?, Ci-Cs alkyl, Cp-
Cs alkenyl; C2-Cy alkynyl, C5-Cs cycloalkyl, and C4-Cy cycloalkylalkyl, where each of
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C, —C; alkyl, C;-Cs alkenyl, Co-Cg alkynyl, C;-Cs cycloalkylfand Cy-Cy
cycloalkylalkyl is optionally substituted from 1 to 3 times vfith substituents as defined

below in R'’;

R® is selected ﬁ'oﬁl the group consisting of H, haloger ~-OR'%, ~S(0)R", -CN,
-C(O)R", -NR'RM, C)-Cs alkyl, C,-Cs alkenyl, C,oLs alkynyl, C3-Cs cycloalkyl, and
C4-C7 cycloalkylalkyl, where each of C; —Cs alkyl/Cy-Cs alkenyl, C;-Cs alkynyl, Cs-
Cs cycloalkﬂ, and C4-Cs cycloalkylalkyl is optighally substituted from 1 to 3 times

with substituénts as defined below in R'?; or

R’ and R® are geni—dimethyl, with the provifo that only one of R” and R® is gem-

dimethyl;

R is H, halogen,—ORn, ~SRl°, C;-Cs gikyl, -CN, or —NR'OR”, where each of C; —~Cs
alkyl is bptionally substituted from ¥'to 3 times with substituents as defined below in

15
- R7

R and R" are each indepeﬁd- .tly selected from the group consisting of H, _
-C(O)R", C-Cs alkyl, C3-Csfeycloalkyl, and Ca-C; cycloalkylalkyl, where each of C,
~Cq alkyl, C3-Cs cycloalkylfand Cs-Cy cycloalkylalkyl is optionally substituted from
I to 3 times with substitughts as defined below in R'%; T |
R'%and R are each in _'fﬁendeﬁtly selected from the group consisting of phenyl,
benzyl, ahd gtherVS—_-o vAéjmembercd monocyclic heterocycles, where each of the
phenyl, benzyl, and #- or 6-membered monocyclic heterocycle is optionally
| substituted ﬁ'o_m 1 0 3 ﬁmes with substituents as defined below in R'%;
R'® and ‘R“ are tiken together with thé nitrogen fo which they are attached to form a
saturated or pay fally saturated monocyclic or fused bicyclic heterocycle seleéted from
the group conBisting of piperidine, pyrrolidine, morpholine, thiomorpholine,
[1,2]Joxazingne, isoxazolidine, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 3-oxomorpholino,
‘3-oxothio orpho{ino, 5,6,7,87tet_rahydroimidazo[_I'?Z—a]pyrazine, 5,6,7,8-tetrahydro-
[1,2,4]t ziiolo[4,3-a]pyrazine, and other monocyclic or fused bicycfic heterocycles
contaifiing 1-4 heteroatoms selected from oxygen, nitrogen and sulfur, and is

optighally substituted from | to 3 times with a substituent selected independently at
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each occurrence thereof from the group consisting of halogenf cyano, -OR'?, -
NR'R", -8(0).R*?, ~C(O)R ", and C,-C, alkyl, where eaclf of C;~C alkyl is
optionally substituted from 1 to 3 times with substituents #s defined below in R";
R* and R'! are taken together with the nitrogen to whic) they are attached to form a
heterocycle selected from the group consisting of pipefazine, 2-oxopiperazinyl, 2-
oxo-1,4-diazepanyl, 5-0x0-1,4-diazepanyl, 1,4-diazepane, and other heterocycles
containing one additional nitrogen atom in the ringf where the heterocycle is
optionally substituted on a ring carbon with from/i to 3 times with a substituent
selected independently at each occurrence therebf from the group conéisting of
halogen, cyano, -OR", NRR", —S(0O),R", C(O)R'?, and C;-Cq alkyl, or on the
additional nitrogen atom from 1 to 3 times vith a substituent selected independently
nsisting of S(O).R"*, ~C(O)R", and C;-

C, alkyl, wherein each of C-Cy alkyl is Optionally substituted from 1 to 3 times with

at each occurrence thereof from the group

substituents as defined below in R’S;
R' and R'' are taken together with tife nitrogen to which they are attached to form a
~ heterocycle selected from the groupf consisting of piperazine, 2-oxopiperazinyl, '2~
ox0-1,4-diazepanyl, 5-oxo-1,4-di Z(;panyl, 1,4-diazepane, and other heterocycles
" containing one additional nitrog€n atom in the ring, where the hefcrocyclc 18
optionally substituted on the afiditional nitrogen atom with a substituent selected
inde_pendéntly at each occurgence thercof from the group consisting of phenyl, benzyl,
and 5- or 6-membered aropflatic heterocycles. containing 1-3 heteroatoms selected
fromi the group consistin of oxygen, nitrogen, and sulfur, where each of the phenyl,
benzyl, and 5- and. 6-my fr}bered heterocycle is optionally substituted from 1 to 3 times
with substituents as dffined below in R'; or
when R* is -NR'’R} or -C(O)NR'R™!| either R' or R" is a bridged bicyclic ring - -
com'aining 6-12 ¢ ,‘bo-n atoms and optionally containing one or more heteroatoms
selected from th .group consisting of oxygen, nitrogen, and sulfur, where the bridged
bicyclic ring iyoptionally substituted from 1 to 3 times with substituents selected
from the grofp consisting of C;-Cz alkyl, —C(O)R”, and —S(O),,RB; or either RY or
3 alkyl substituted with a bridged bicyclic ring containing 6-12 carbon
optionally containing one or more hetcfoatoms selected from the group

consistifig of oxygen, nitrogen, and sulfur, where the bridged bicyclic ring is
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optionally substituted from 1 to 3 times with substitutents sefected from the group
consisting of C;-Cs alkyl, ~C(O)R", and -S(O),R'%;

R'? is selected from the group consisting of H, C;-Cy alfyl, C3-Cs cycloalkyl, C4-C;
cycloalkylalkyl, and ~C(O)R", where each of C;~Cg flkyl, C3-Cq cycloalkyl, and C4-
Cy cycloalkylalkyl is optionally substituted from 1 tg 3 times with substituents as

defined below in R”;

7 .

R' is selected from the group cbnsisting of H,ANR'"R", C;-C4 alkyl, C5-Cg
cycloalkyl, and Cy4-Cy cycloalkylalkyl, wherefeach of C;—Cs alkyl, C3-Cs cycloalkyl,
and C4-C cycloalkylalkyl is optionally subgtituted from 1 to 3 times with substituents

as defined below in Rls; or

R'?and R" ‘are each independently sefected from the group consisting of phenyl,
benzyl, pyridazinyl, pyrimidiﬁyi, pyfazinyl, 5- or 6-membered aromatic monocyclic
heterocycles, and [5,5]-, [6,5]-, [6,p]-, or [6,7]-fused bicyciic carbocycles or

‘ .heterocycles containing 1-5 hete 'vatoms seleCtéd from the vgroup consisting of
oxygen, nitrogen, and sulfur, optionally substituted from 1 to 4 times with substituents
as defined below in R'; or &

R'% and R” are taken io’geﬁ er with the ni_trogéﬁ to.‘which they are attached to forr;l a
hetefOcycIc selected Afrom_: he group consivsting‘of piperidiné, pyrrolidine, piperazine,
1,4-diazepane, moi‘pholf 'é, thiomorpholine, and othc':r' heterocycles containing 1-4
heteroatoms selected »,o'm the group consisting of oxygén,v nitrogen, and sulfur, where
the heterocycle is opfionally substituted from 1 to 3 times with a substituent selected
independently at egch occurrencé thereof from the group consisting of halogen,
cyano, -OR’, ~SfO),R"°, ~C(O)R'’, -C(O)NR'R"" and C,-C, alkyl, where cach of
Ci1-Cy alkyl is ﬁonal.ly substituted from 1 to 3 times with substituents as defined

below in R'’;
nis 0, 1,of 2;

R' is fhdependently selected at each occurrence from a substituent in the group
consibting of halogen, -NO,, -OR'?, -NR'’R"!, -NR"2C(O),R"?*, -NR'2C(O)NR'*R ",
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—S(0) R™, ~CN, ~C(O)R™, C1-Cs alkyl, Co-Cs alkenyl, Co-Ls alkynyl, Cs-Cs
cycloalkyl, and Cy4-C; cycloalkylalkyl, where each of C,-Cf alkyl, C,-C¢ alkenyl, C,-
Cs alkynyl, C3-Cg cycloalkyl, and C4-Cy cycloalkylalkyl /s optionally substituted from

1 to 3 times with substituents as defined below in R'>; £nd

R" is independently selected at each occurrence frgfn a substituent in the group
consisting of ~CN, halogen, C(O)R”, C)-C; alky -OR'? _NR'R!!, —S(O),,R13 , aryl,
and heteroaryl, where each of the aryl or heterogryl groups is optionally substituted
from 1 to 4 times with substituents as defined Above in R"
or an oxide thereof, or a pharmaceutically agCeptable salt thercof,
[0017] As used above, and throughbut the description of the invention, the
following terms, unless otherwise indica / d, shall be understood to have the following
meanings. v
[0018] -  The term “monocycligfcarbocycle” means a mbnocyclic ring system of
5 to about § ring carbon atoms, preferably 5 or 6. The ring is nonaromatic, but may
- contain one.or more carbon-carbop double bonds. Representative monocyclic
“carbocycles include cyclopentyl -'Cyclollexyl ; cyclopentenyl, cyclohexenyl, and the
like. |
[0019] . The term “m 'béyclic heterocycle” means a monocyclic ring system
consisting of about 5 to 8 rjg atoms, preferably 5 or 6, in which one or more of the
atoms in the ring system j /are element(é) other than carbon, for example, nitrogen,
oxygen, or sulfur. The ’fcﬁx aza, oxa, or thio before heterocycle means that at least a
nitrogen, oxygen, or spilfur atom, respectively, is pr.esent as a ring atom. A nitrogen
atom of a heteroaryl m optionally oxidized to the corresponding N-oxide. The ring is
nonaromatic, but phay be fused to an aromatic ring. Representative monocyclic
heterocycles incl 'deA pyrrolidine; piperidine, piperazirie, and the like.
[0020] ile term “aromatic. monocyclic carbocycle” means a monocyclic ring
system of 5 tg about 8 ring carbon atoms, preferably 6. The ring is aromatic.
Representatfve monocyclic carbocycles include phenyl, and the like.
(0021] / The term “aromatic monocyclic heterocycle” means a monocyclic ring
system gonsisting of about 5 to 8 ring atoms, preferably 5 or 6, in which one or more
of the Atoms in the ring system is/are element(s) other than carbon, for example,

nitrofen, oxygen, or sulfur. The prefix aza, oxa, or thio before heterocycle means that
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at least a nitrogen, oxygen, or sulfur atom, respectively, is pyesent as a ring atom. A
nitrogen atom of a heteroaryl is optionally oxidized to the forresponding N-oxide.
The ring is aromatic. Representative aromatic monocycljc heterocycles include
pyrrole, pyridine, oxazole, thiazole, and the like. For lfctam analogues of “‘aromatic
monocyclic heterocycles” such as pyridin-2(1#)-one/pyridazin-3(2H)-one, and the
like, when these lactam analogues are structurally cpnnected through the nitrogen
atom adjacent to the lactam carbonyl, these lactagh analogues of aromatic monocyclic
heterocycle are considered as “aromatic monocyflic heterocycle” in accordance with
this invention. -

[0022] Thdterm “fused bicyblic carbfcycle” means a bicyclic ring system
consistiﬁg of abou.tv8 to 11 ring carbon atoghs, preferably 9 or 10. One or both of the
rings is/are aromatic. Representative fusgd bicyclic carbocycles include indenyl,
indanyl, naplithyl, dihydronaphthyl, tetshhydronaphthyl, benzocycloheptenyl,
dihydrobeniocycloheptenyl, tetrahydrpbenzocycloheptenyl, and the like.

[0023] -7 . The term “fused bicyglic heterocycle” means a bicyclic ring system

~ consisting of about 8 to 13 ring at ) s, preferably 9 or 10, in which one or more of the
atoms in fhe ring system is/are el "me_nt(s) other than carbon, for example, nitrogen,

~ oxygen, or sulfur. The prefix 'é, oxa, or thio before heterocycle means that at least a .
nitrogen, oxygen, or sulfurvat 'm,‘respectively, is present as a ring atom. A nitrogen
atom of a' heterQarylv 1s Opti, hally oxidized to the cotresponding N-oxide. :
Repré'sen’tativé V'f‘used'-bic.y flic }1eteroCyclés include benzofuranyl, benzothiophenyl,
benzoisothiazolyl, benz : écSXaz_o.lyl, indazolyl, indolyl, isoindolyl, indolizinyl,
benzo.imibdaz’,qul, benz éxazolyi, benzothiazolyl, benzotriazolyl, imidazo[1,2-
alpyridinyl, pyra‘zb.lo eiA,'5v~a]pyridinyl, [1,2,4]tnazolo{4,3-a]pyridinyl, 5,6,7,8-
tétrahydr_o-[] ,2_,.4]tv _'é'éo lo'[4,'37a]pyrazi1_1yl, [1,2,4]triazolo[4,3-a]pyrazinyl, thieno[2,3-
blpyridinyl, thieny '[3,é—b]1)y1'idinyl, 1H-pyrrolo[2,3-b]pyridinyl, chromenyl,
dihydrobcnzofhf "Iihcnyl, dihydrobe-nzofuranyl, indolinyl, quinolinyl, isoquinolinyl,
4H—quinoli'zin: 1, 9aH-quinolizinyl,'quinazolinyl, cinnolinyl, quinoxalinyl,
benzo[1,2,3Yriazinyl, benzo[1 ,2,4]triazinyl, and the like. For lactam analogues of
“fused bicyclic heterocycles” such as [1,2,4]triazolo[4,3-a]pyridin-3(2H)-one, and the
- like, whet ‘these lactams analogues are structurally connected through the nitrogen

atorn agfjacent to the lactam carbonyl, these lactam analogues of aromatic monocyclic




heterocycle arc considered as “fused bicyclic heterocycle” iff accordance with this

invention.

[0024] The term “bridged bicyclic ring” meansfa bridged bicyclic ring
containing 6-12 carbon atoms and optionally containfig one or more heteroatoms
selected from the group consisting of oxygen, nitrogen, and sulfur. Representative
bridged bicyclic rings include quinuclidine, 9-az icyclo[3.3.] Jnonane, 7- ‘
azabicyclo[2.2. I]h‘eptane, 2,5-diazabicyclo[2.2.Z]octane, and the like.
[0025] ~ The term "alkyl" means an aliphatic hydrocarbon group which may be
straight or branched having abéut 1 to aboutf carbon atoms in the chain. Branched
means that one orA more lower alkyl groupsfsuch as methyl, ethyl or propyl are
attached to a lincar élkyl chain. Represe ‘tative alkyl groups include méthyl, cthyl, n-
propyl, i-propyl, n-butyl, t-butyl, n-penfyl, and 3-pentyl.
[0026] : The term "alkenyl"” mehns an aliphatic hydrocarbon group cohtaim'ng a’
carbon—@rbon double bond and whith may be straight or branched having 2 to about -
6 carbon atoms in the chain. Prefgrred alkenyl groups have 2 to about 4 carbon atoms
in the chain. Branched means tk t one or more lower alkyl groups such as methyl,

ethyl or propyl are attached to A linear alkenyl chain. Representative alkenyl groups

[0027] : The term "a ‘ynyl" means an aliphatic hydlocalbon group contammg a
carbon-carbon tr iple bong fand which may be straight or br anched having 2 to about 6 -
carbon atoms in the chaj Preferred alkynyl groups have 2 to about 4 carbon atoms
in the chain. Branche -ineané that one or more lowér alkyl groups such as Ihethyl
ethyl or propyl are affached to a lincar alkynyl chain. Representative alkynyl groups
include ethynyl Jaly py'nyl n-butynyl, 2-butynyl, 3-methylbutynyl, and n-pentynyl.
[0028] Tlfe term "cycloalkyl” means a non-aromatic mono- or mulhcychc ring
system of abou 3‘to about 7 carbon atoms, preferably of about 5 to about 7-carbon
atoms. Reprepentative monocyclic cycloalkyl include cyclopentyl, cyclohexyl,
cyclohepty! énd the like. , »

[0029] /  The term "cycloalkylalkyl" means a cycloalkyl-alkyl-group in which
the cyclglkyl and alkyl are as defined herein. Representative cycloalkylalkyl groups
includdg/cyclopropylmethyl and cyclopentylmethyl.



[0030] The term "aryl" means an aromatic monocycl'é or multicyclic ring
system of 6 to about 14 carbon atoms, preferably of 6 to ajbut 10 carbon atoms.
Representative aryl groups include phenyl and naphthy!.

[0031] The term “heteroaryl” means an aromatif monocyclic or multicyclic
ring system of 6 to about 14 ring atoms, preferably of 6 to about 10 ring atoms, in
which one or more of the atoms in the ring system ig/are element(s) other than carbon,
for example, nitrogen, oxygen or sulfur. Represenfative heteroaryl groups include
pyridinyl, pyridazinyl and quinolinyl. |
[0032] " The term "alkoxy" means an allgyl-O~group where thé alkyl group is
as herein described. Representative alkoxy gfoups include methoxy, cthoxy, n-
propoxy, i-propoxy, n-butoxy and heptoxy.

[0033] ~ The term "halo" or "haloggh" means fluoro, chloro, bromo, or iodo.
[0034] The term "haloalkyl" megns both branched and straight-chain alkyl
substituted with 1 or more halogen, wifere the alkyl group is as herein described.
{0035] ~ The term "haloatkoxyf means a C,4 alkoxy group substituted by at
least one halogen atom, where the glkoxy group is as herein described. |
10036} The term "substity ed" or "substitution" of an atom means that one or
~ more hydrogen on the designatgdd atom is replaced with a selection from the indicated
group, provided that the desighated atom's normal valency is not-exceeded. | |
| "Unsubstituted” atoms bear plt of the hydrogen atoms dictated by their valency.
When a substituent is ketof(i.e., =0), then 2 hydrogens on the atom are replaced.
Combinations of substityknts and/or variables are permissible only if such
combinat:ivons result in tqblc compounds; by "stable compound” or "stable structure”
18 meant a co'mp'oun ,.tbhat is sufficiently robust to survive isolation to a useful degree
Ao’f purity from a regftion mixture, and formulation into an efficacious therapeutic
agent. '

{0037] le term "compounds of the invention", and equivalent expressions,
are meant to ¢fnbrace compounds of general formulae I(A-E) as hereinbefore
described, which expression includes the prodrugs, the pharmaceutically acceptable
salts, and tfie solvates, ¢.g. hydrates, where the context so permits. Similarly,
referenc tb_ intermediates, whether or not they themselves are claimed, is meant to
embracf their salts, and solvates, where the context so permits. For the sake of

clarity, particular instances when the context so permits are sometimes indicated in



23

the text, but these instances arc purely itlustrative and it is ngt intended to exclude
other instances when the context so permits.
[0038] The term "pharmaceutically acceptable salfs" means the relatively non-
toxic, inorganic and organic acid addition salts, and basg addition salts, of compounds
“of the present invention. These salts can be prepared fn situ during the final isolation
and purification of the compounds. In particular, acfd addition salts can be prepared
by separately reacting the purified compound in ity free base form with a suitable
organic or inorganic acid and isolating the salt thhs formed. Representative acid
~ addition salts include the hydrobromide, hydrofhloride, sulfate, bisulfate, phosphate,
nitrate, acetate, oxalate, valerate, oleate, palnfitate, stearate, laurate, borate, benzoate,
lactate, phosphate, tosylate, citrate, maleatef fumarate, succinate, tartrate, naphthylate,
mesylate, glucoheptonate, lactiobionate, . Iphamates, malonates, saiicylates,

propionates, methylene-bis-b-hydroxyngphthoates, gentisates, isethionates, di-p-

toluoyltartrates, methane-sulphonates fethanesulphonates, benzenesulphonates,pr v o . -

toluenesulphonates, cyclohexylsulphfamates and quinateslaurylsulphonate salts, and

the like. (See, for example Berge ¢t al., J Pharm Sci, 66:1~sup.19 (1977) and
"Remington's Pharmaceutical Sci nces, 17th ed,Ap. 1418, Mack Publishing Company,

Easton, PA (1985), which are } feby incorporated by reference m their entirety.)

Basc addition salts can also b prépared by separately reacting the purified compound
in its acid form with a suita fle organic or ino‘tgémié base and isolating the salt thus
formed. Base addition safts include pharfnaceuticélly acceptable metal and amine
salts. Suitable metal sal 'I'vinclud.e the sodium, potassium, calcium, barium, zinc,
magnesium, and alumjhum salts. The sodium and pbtaésimh salts are preferred.
~ Suitable inorganic byfse addition salts are prepared ﬁbm metal bases which include
sodium hydride, sgfium hydxtoxidé, potassium hydroxide, calcium hydroxide,
aluminum hydrofide, lithium hydroxide, magnesium ﬁydroxidc, zinc hydroxide.
Suitable amine/base addition salts are prepared from amines which have sufficient
basicity to foym a stable salt, and preferably include the following amines which are
frequently ySed in medicinal chemistry because of their low toxlicity and acceptability
for medicft use: ammonia, ethylenediamine, N~m¢thyl»glucamine, iyéine, arginine,
ornithing, choline, N,N'-dibenzylethylenediamine, chioroprocaine, diethanolamine,
procaife, N-benzylphenethylamine, diethylamine, piperaﬁnc, tris(hydroxymethyl)-

methane, tetramethy[ammonium hydroxide, triethylamine, dibenzylamine,



24

ephenamine, dehydroabietylamine, N-cthylpiperidine, benzyjamine,
tetramethylammonium, tetracthylammonium, methylamine/dimethylamine,
trimethylamine, ethylamine, basic amino acids, ¢.g., lysing and arginine, and
dicyclohexylamine, and the like.
[0039] The term "pharmaceutically acceptablefprodrugs" as used herein means
those prodrugs of the compounds useful according t vthe present invention which are,
within the scope of sound medical judgment, suitalfle for use in contact with the
| tissues of humans and lower animals with unduefoxicity, irritation, allergic response,
and the like, commensuratc with a reasonable Yenefit/risk ratio, and effective for their
intended use, as well as the zwitterionic formg, where possible, of the compounds of
the invention. The term "prodrug" means cpmpounds that are rapidly transformed in
vivo to yield the parent coxﬁpound of the gbove formula, for example by hydrolysis in
blood. Functional groups which may befrapidly transformed, by metabolic cleavage,
in vivo form a class of groups reactivefwith the carboxyl group of the compounds of
this invention. They include, but arg/not limited to such groups as alkanoyl (such as
acetyl, propionyl, butyryl, and the Jike), unsubstituted and substituted aroyl (suéh as .
‘benzoyl and substituted benzoyl) alkoxycarbonyl (such as ethoxycarbonyl),
trialkylsilyl (such as tnmethyl- nd tr iethysilyl), monoesters formed with dicarboxylic
acids (such as succinyl), and A_1e like. Because of the ease with which the |
metabolically cleavable grofips of the compounds useful according to this invention
are cleaved in vivo, the co vpounds bearing such groups act as pro-drugs. The
.compounds bearing the v':etabolically cleavable groups have the advantage that they
may exhibit improved _ 1oava11ab1hty as a result of enhanced solubility and/or rate of
absorption conferrcd_, ipon the parent compound by virtue of the presence of the
metabolically cleay ble group. A thorough discussion of prodrugs is provided in the
following: Bund aard,.e‘d., Design of Prodru.gs, Elsevier (1985); Widder et al.,
Methods in En /hzology, ed., Academic Press, 42:309-396 (1985); “Design and
Applications gf Prodrugs,” Krogsgaard-Larsen, ed., 4 Textbook of Drug Design and
Developmenft, Chapter 5:113-191 (1991)' Bundgaard, “Advanced Drug Delivery
Reviews,” 8:1-38 (1992), Bundgaald et al., Jour, na[ of Phannaceutzcal Sciences,
77:285 (f988); Nakeya et al., Chem Pharm Bull, 32 692 (1984); Higuchi, “Pro-drugs
as Novgl Delivery Systems” Roche, ed., A.C.S. Symposium Series, Vol. 14, and

“Biofeversible Carriers in Drug Design” American Pharmaceutical Association and
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Pergamon Press (1987), which are hereby incorporated by reference in their entirety.
Examples of prodrugs include, but are not limited to, acetalf, formate and benzoate
derivatives of alcohol and amine functional groups in the Lompounds of the invention.
[0040] The term "therapeutically effective amoyhits” is meant to describe an
amount of compou-nd of the present invention effectivg in increasing the levels of
serotonin, norepinephrine or dopaminc at the synéps and thus producing the desired
therapeutic effect. Such amounts generally vary agcording to a number of factors well
within the purview of ordinarily skilled artisans gfiven the description provided herein
to determ’ine and account for. These include, without limitation: the particular
subjecf, as well as its age, weight, height, gen ‘ral physical condition and medical
history, the particular compound used, as wgll as the carrier in which it is formulated
and the route of administration selected f £ it; and, the nature and severity of the
condition bemg treated.

{06041} . The term pharmaceuti Jal composition” means a composition
comprisihg co_mpomids-of formulae A-E) and at least one component selected from
_ the group comprising pharmaceutighlly acceptable carriers, diluents, adjuvants,
excipients, or vehicles, such as py :‘s'erving agents, fillers, disintegrating agents,

- wetting agents, emulsifying agefits, sﬁspen,ding agents, sweetening agents, flavoring
agents, perfuming agents, antj 'écferial agents, antifungal agents, lubricating agents
and _dispeilsixlg agénts; depé v‘ding'on the nature of the mode of administration and
ddsage, forms. - Exam’f)les' i éuspendm{, y agents include cthoxylated isostearyl
alcohols, polyoxyethyle smbltol and sorbitan esters, microcrystalline cellulose,
dlummum metahydroxj / 'c bentomte agar-agar and trdgdcamh or mixtures of these
substances. Preventign of the action of microorganisms can be ensured by various
antibacterial and a : "iﬁmg;a'l agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, and thk like.: It rhay also be desirable to include isotonic agents, for
example sugafs ‘;s:(')dium chloride and the like. Prolonged absorption of the injectable
pharmaceuticgl form can be brought about by the use of agents delaying absorption,
for example élumin_ur'n rhonostearate_ and gelatin. Examples of suitable carriers,
diluents, sglvents or vehicles iqc_ludé water, cthanol, polyols, suitable mixtures
thereof, yegetable oils (such as olive oil) and injectable organic esters such as ethyl
oleate. fExamples of excipients include lactose, milk sugar, sodium citrate, calcium

carboflate, and dicalcium phosphate. Examples of disintcgrating agents include
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starch, alginic acids, and certain éomplex silicates. Examplef of lubricants include
magnesium stearate, sodium lauryl sulphate, talc, as well af high molecular weight
polyethylene glycols.

[0042] The term “pharmaceutically acceptable” fmeans it is, within the scope
of sound medical judgment, suitable for ﬁse in contacy with the cells of humans and
lower animals without undue toxicity, irritation, allgtgic response and the like, and are
commensurate with a reasonable beﬁe‘ﬁt/risk ratio,

[0043} The term "pharmaceutically acceptable dosage forms" means doségé
forms of the compound of the invention, and iffcludes, for example, fablets, dragees,
powders, elixirs, syrups, liquid preparations, Ancluding suspensions, sprays, inhalants
tablets, lozenges, emulsions, solutions, gragfules, capsules and suppositories, as well
as liquid preparations for injections, inclyding liposome preparations. Techniques and
formulations generally may be found in/Remington's Pharmaceutical Sciences, 17th
ed, Easton, Pa., Mack Publishing Confpany (1985), which is hereby incorporated by
reference in its entirety. | v

{0044] | - One embodiment of the present invention relates to the. compouﬁd of :
formula (1A), where X is substit té:d phenyl and R* is substituted monocyclic or
bicyclic aryl or heteroaryl. [ _ ‘

[0045] ~ Another embof iment of the present invention relates to the compound
of formula (IB), where X isfsubstituted bicyclic aryl or heteroaryl and R* is
substituted moﬁocyc‘lic orf icyolic aryl or heteroaryl. 7

[0046] Another gmbodiment of the present invention relates to the compound
of formula (IC), wher X is substituted phenyl and R* i$ H, -OR'*, -S(0).R",
C(Q)leZ , NRPR! ' _“.N, halogen, and C;-Cg alkyl, where each of the C,-Cg alkyl is
optionalty substitugld frbm 1 to 3 times with substituents as defined below in R">. .
{0047] ,. Agfother embodiment lovf the present invention relates to the compound
of formula (ID where X is substituted bicyclic aryl or heteroaryl and R” is H, -OR",
'~S(O),,R]3 , COIRM ,QNR'ORI I _CN, halogen, or C-C; alkyl, where each of the C;-C;
alkyl is optignally substituted from 1 10 3 times with substituents as defined below in
R'S, |

[6048] /  Another exnbodiﬁwnt of the present invention relates to the compound

of fornfula (1E), where X is substituted monocyclic heteroaryl and R* is substituted

monglcyclic or bicyclic aryl or heteroaryl.
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[0049] Another embodiment of the present invention felates to the compound
of formulae I{A-E) where:
X is phenyl, optionally substituted from 1 to 4 times wih substituents as defined

below in R 4;
R' is H, methyl, ethyl, or isopropyl;
R? is H, methyl, or gem-dimethyl;

R?is H, methyl, hydroxyl, methoxy, fluoro chloro, cyano, trifluoromethyl,

difluoromethoxy or trifluoromethoxy;

R is H, halogen, ~OR'2, ~S(O),R ", LN, ~C(O)R", -NR*RY, C,-C; alkyl, C,-Cs
alkenyl, C2~C6 alkynyl, Cs-Cg cyclogikyl, or C4-C cycloalkylalkyl, where each of the
- C-Cs aﬂcyl,_ -Cz*Cc alkenyl, C-Cs plkynyl, C3-Cs cycloalkyl, and Cy4-Cy |
cycloalkylalkyl is optionally sub. fituted from 1 to 3 times with substituents as defined
* below in R or - -/ _
R’ is a bridged bicyclic ring containing 6-12 carbon atoms and optionally containing
| one or m'ore‘het:croatdms sejected from the group consisting of oxygen, nitrogen, and
sﬁlﬁir,, where_'th:é bridged ,i&yclic ring is optionally substituted from 1 to 3 times with
substitutents selected fr the group consisting of C-C; alkyl, -C(O)R"?, and

SOMRY;

R’ is H, fluoro, chl‘"x;o, methyl, trifluoromethyl, difluoromethoxy, trifluoromethoxy,
cyano, hydroxyl gf methoxy; ‘
R is H, fluor J chlorb, methyl, trifluoromethyl, difluoromethoxy, trifluoromethoxy,

cyano, hydr >:cy1 orvm'ethoxy;

R7is H, énvdimethyl, or C,~C, alkyl, where each of the C,~C,4 alkyl is optionally

substitfted from 1 to 3 times with substituents as defined below in R'>;
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R® is H, hydroxyl, fluoro, chloro, methyl, C;—Cs alkyl option: Vly substituted with

hydroxyl or amino, or amino optionally substituted with C;-/C; alkyl;
R is H, fluoro, chloro, methyl, hydroxyl, or cyano;

R"is indepéndcntly selected at each occurrence fronf a substituent in the group
consisting of halogen, ~NO,, ~OR'?, -NR'R"", -NE2C(0),R"?, -NR"*C(O)NR'?R”,
~S(0)a R, ~CN, ~C(O)R'?, Cy-Cq alkyl, Co-Cs affkenyl, Cp-Ce alkynyl, Cs-Cs
cycloalkyl, and Cs-Cy cycloalkylalkyl, where egch of C;-Cg alkyl, Cz—C6 alkenyl, Cy-
Cs a]kyhyl, Ci-Cs cycloalkyl, and C4-C5 cyclghlkylalkyl is optionally substituted from

1 to 3 times with substituents as defined belgw in R’ and

R is independently sclected at each ocghirrence from a substituent in the group
consisting of halogen, -C(O)R"?, ~CNfC;-Cs alkyl, -OR'%, -NR'*R"", ~S(O).R", aryl,
and hetefoaryl, where each of the aryl or heteroaryl groups is optionally substituted

- from-1 to 4 times with substituents/s defined above in R'.

- 10050] Another embodinent of the present invention relates to the compound

of formulae I(A-E) where:

Xis 'phenyl, optionally sulfstituted from 1 to 4 times with substituents as defined

below in RY;

or isopropyl;

‘R’ is H, methyl, ethyf
R? is H, methyl, ¢r gem-dimethyl;

R* is H, methyl, hydroxyl, methoxy, fluoro, chloro, cyano, triftuoromethyl, or

trifluorometfioxy;

R* is pheayl, pyridyl, 2-oxo-pyridin-1(2H)-yl, pyﬁmidinyl, pyridazinyl, pyrazinyl, 6-
oxopyyidazin-1(6H)-yl, triazinyl, pyranyl, furanyl, pyrrolyl, thiophenyl, pyrazolyl,

imidgzolyl, oxazolyl, isoxazolyl, thiazolyl, 1sothiazolyl, triazolyl, oxadiazolyl,
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thiadiazolyl, tetrazolyl, indanyl, indenyl, indolyl, isoindolyl, tenzofurany},
benzothiophenyl, indolinyl, dihydrobenzofuranyl, dihydrobgnzothiophenyl, indazolyl,
benzimidazolyl, benzooxazolyl, benzothiazolyl, benzoisoyazolyl, benzoisothiazolyl,
benzotriazolyl, benzo[1,3]dioxolyl, naphthyl, quinolinyl/isoquinolinyl, quinazolinyl,
cinnolinyl, pthalazinyl, quinoxalinyl, 2,3-dihydro-benzb[1,4]dioxinyl,
benzo[1,2,3)triazinyl, benzo[1,2,4)triazinyl, 4H-chrofnenyl, indolizinyl, quinolizinyl,
6aH-thieno[2,3-dlimidazolyl, 1H-pyrrolo[2,3-blpyfidinyl, imidazo[1,2-a]pyridinyl,
pyrazolo[1,5-a]pyridinyl, [l,2,4]triazolo[4;3~a]p idinyl, [],2,4}triazolo[1,5- '
alpyridinyl, thieno[2,3-b]furanyl, thieno[2,3-b]fyridinyl, thieno[3,2-b]pyridiny,
furo[2,3-6]pyridinyl, furo{3,2-b]pyridinyl, thigno[3,2-d]pyrimidinyl, furo[3,2-
dlpyrimidinyl, thieno[2,3-b]pyrazinyl, imidgzo[1,2-alpyrazinyl, 5,6,7,8-
tetrahydroimidazol1,2-apyrazinyl, 6,7-dijfydro-4H-pyrazolo[5,1-c][1,4]oxazinyl, 2-
ox0-2,3-dihydrobenzofd]oxazolyl, 3,3-d} ethyl—2-ox6indolinyl, 2-0x0-~2,3-dilydro-
LH-pyrrolo[2,3-b]pyridinyl, benzo[c}f!,2,5]oxadiazolyl, benzo[c][1,2,5]thiadiazolyl,
3,4-dihydro-2H-benzo{b]{1,4]oxazin l, 5,6,7,8-tetrahydrof[1 ,2,4triazolof4,3-

~ alpyrazinyl, [1,2,4]triazolo[4,3-a]pfrazinyl, 3~oxo—[1,2,4]triazo10[4,3-q]pyridiﬁ-
2(3H)-yl, oxooxazolidin-3-yl, or pther 5- or 6-membered aromatic or non-aromatic
monocyclic carbocyeles or het :ocyclcs or [5,5]—, [6,5]-, [6,6)-, or [6,7]-fused bicyclic
carbocycles or heterocycles cgntaining -5 heteroatoms selected from the group |
consisting of oxygexi, nitroggn, and sulfur, optionally substituted from 1 to 4 times

with substituents as defingfl below in R';

R’ is H, fluoro, chloro/methyl, trifluoromethyl, trifluoromethoxy, cyano, hydroxyl, or

methoxy;

R is H,,vﬂuoro, cploro, methyl, trifluoromethyl, trifluoromethoxy, cyano, hydroxyl, or

methoxy;

R'isH, genf-dimethyl, or C;—C,4 alkyl, where each of the C,~Cq alkyl is optionally

substituted from 1 to 3 times with substituents as defined below in R'?;

R® is i, hydroxyl, fluero, chloro, methyl, C;~C; alkyl optionally substituted with

hydgbxyl or amino, or amino optionally substituted with C,—C; alkyl;
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R’ is H, fluoro, chloro, methyl, hydroxyl, or cyano;

R' is independently selected at cach occurrence from a gubstituent in the group
consisting of halogen, ~-NO,, _OR'2, -NR'R!, -NR7Z(0),R", NR"*C(O)NR"*R",
-8(0), R*?, -CN, ~C(O)R"?, C;-Cs alkyl, C-Cs alkeyfyl, Co-Cs alkynyl, C3-Cs
cycloalkyl, and C4-C; cycloalkylalkyl, where each ¢f C,-Cg alkyl, C,-Cg alkenyl, Cp-
Cs alkynyl, C3-Cs cycloalkyl, and C4-Cy cycloalkylalkyl is optionally substituted from

1 to 3 times with substituents as defined below ja R'%; and

R' is independently selected at each occurrghce from a substituent in the group
consisting of halogen, -C(O)R", -CN, Cy4£; alkyl, -OR'?, -NR'’R"!, -S(0).R", aryl,
and heteroaryl, where each of the aryl orfieteroaryl groups is optionally substituted
from 1 to 4 times with substituents as ¢fined above inR".

[0051] . Another embodimenf of the present invention relates to the compound

of formulae I(A-E) where:

X represents a 5- or 6-membeyk d monocyclic heterocycle selected from the group
consisting of pyridyl, 2-oxo4 y);i.dixl;'l (2H)-yl; pyrimidinyl, pyridazinyl, pyrazinyl,
triazi'nyl, pyranyl, pyfrolyl / ﬁlranyl, thiophenyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, pyrazolyl, __'J:ildazolyl, oxadiazolyl, thiadiazolyl, triazolyl, and tetrazolyl,
optiohally substiiut’ed f _o'an 1 to 4 times with substituents as defined below in R, or
other 5- or 6-membery d aromatic or non-aromatic mo nocyclic carbocycles or
vh'eterocycles contai ,ing 1-4 heteroatoms selected from the group consisting of
oxygen, nitrogen, jndA sulfur,Aoptional_ly- substituted from 1 to 4 times with substituents
as defined belov/ in R': or ' '

X, in compouyfds rcprésented by formula (1), is an alkene or alkyne, optionally
substituted dm 1 to 4 times with sub_stituten'ts as defined below in R'®;

R’ is H, hethyl, ethyl, or isopropyl;

, methyl, or gem-dimethyt;
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R*isH, methyl, hydroxyl, methoxy, fluoro, chloro, cyano, tfifluoromethyl, or

triflucromethoxy;

R is H, halogen, -OR'%, ~S(0),R"?, ~CN, ~C(OR"?, NR'*R", C,-C alkyl, C;-Cs
alkenyl, C,-Cq alkynyl, C5-Cs cycloalkyl, or Cs-Cy cyfcloalkylatkyl, where cach of the
C)-Cs alkyl, C5-Cs alkenyl, C2-Cs alkynyl, Cs-Cs cfcloalkyl, and Cq-Cy
cycloalkylalkyl is optionally substituted from 1 t¢f 3 times with substituents as defined
below in R!%; or _ ‘

R* is a bridged bicyclic ring containing 6-12 ghrbon atoms and optionaily containing
one or more heteroatoms selected from the group consisting of oxygen, nitrogen, and
sulfur, where the bridged bicyclic ring is gptionally substituted from 1 to 3 times with
substitutents selected from the group coyfsisting of C,-C; alkyl, ~C(O)R"?, and
-S(0)R";

R*is H, fluoro, chloro, methyl, triffioromethyl, trifluoromethoxy, cyano, hydroxyl, or

methoxy;

RCis H, fluoro, chloro, methy, “trifluoromethyl, trifluoromethoxy, cyano, hydroxyl, or

methoxy;

R” is H, gem-dimethyl, f Ci—Cq alkyl, where cach of the Ci~Cy alkyl is optionally

substituted from 1 to 3 fimes with substituents as defined below in R';

R® is H, hydroxyl, fluoro, chloro, C;~C; alkyl optionally substituted with hydroxy! or

amino, Qi‘ amino tfonaﬂy substituted with C;—~C; alkyl;
R? is H, fluorg/ chloro, methyl, hydroxyl, or cyano;

R" is inde endently selected at each occurrence from a substituent in the group
consisting of halogen, ~NO;, ~OR'?, -NR'R"", -NR'"*C(O),R"*, -NR"’C(O)NR'?R ",
~S(0),R", ~CN, ~C(O)R", C-C; alkyl, Co-Cs atkenyl, Cp-Cs alkynyl, Ca-Cs
cycloglkyl, and C4-C7 cycloalkylalkyl, where each of C-Cq alkyl, Cp-Cs alkenyl, C,-
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Cs alkynyl, C3-Cg cycloalkyl, and C4-Cq cycloalkylalkyl is opftionally substituted from

1 to 3 times with substituents as defined below in R'®; and

R'® is independently selected at each occurrence from afubstituent in the group
consisting of halogen, -C(O)R'?, —CN, C)-C; alkyl, -QR'2, -NR'°R", -S(0),R", aryl,
and hcteroafyl, where each of the aryl or heteroaryl groups is optionally substituted

from 1 to 4 times with substituents as defined aboyk in R'*.

[0052] - - Another embodiment of the present invention relates to the compound

of formulae 1{A-E) where:

X repfeseuts as- (_)1; 6-nlerﬁbered monocyghic heterocycle selected from the group
consisting of pyridyl, 2-oxo-pyridin-1(2f1)-yl, pyrimidinyl, pyridazinyl, pyrazinyl,
triazinyl, pyranyl, pyrrolyl, furanyl, thjophenyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, pyrazolyl, imidazolyl, 9 adiazolyl, thiadiazo lyl, triazolyl, and tetrazolyt,

' ' optionally.substituted from 1 to 4 tymes with substituents as defined below in R', or
other .5_- or 6‘~membered aromatic/br non-aromatic monocyclic carbocycles or

* heterocycles containing 1-4 het vx;oatoms selected from the group consisting of
oxyger, Anitro:gen, and éulfur, pptionally substituted from 1 to 4 times with substi’rucntsA

‘as dcﬁ_nedbelowy in R
R' is H, methyl, ethyl, o .{iv'sopropyl;
R?is H, metﬁyl,'o’r ggm-dimethyl;

R*isH, _rhethyl, ) drbxyi, methoxy, fluoro, chloro, cyano, trifluoromethyl,

difluoromethoxy, or trifluoromethoxy;

R* is phenyl ﬁyridyl,‘Z—Oxo—pyridin—l(2H )-yl, pyrimidinyl, pyridazinyl, pyrazinyl, 6-
oxopyridagin-1(6H)-yl, triazinyl, pyfanyi, furanyl, pyrrolyl, thiophenyl, pyrazolyl,
imidazol l,:'oxazolyl, isoxazolyi,‘ thiazolyl, isothiéib!yl, triazolyl, o'>:<adiazoly1,
thiadiagolyl, tetrazolyl, indanyl, indenyl, indolyl, isoindolyl, benzofuranyl,

benzgthiophenyl, indolinyl, dihydrobenzofuranyt, dihydrobenzothiophenyl, indazolyl,




benzimidazolyl, benzooxazolyl, benzothiazolyl, benzoisoxazo‘ vl, bcnzoisothiazolyl,v
benzotriazolyl, benzo[1,3]dioxolyl, naphthyl, quinolinyl, 1sgfjuinolinyl, quinazolinyl,
cinnolinyl, pthalazinyl, quinoxalinyl, 2,3-dihydro-benzo{ 1 A]dioxinyl,
benzo[1,2,3]triazinyl, benzo{1,2,4}triazinyl, 4H-chromenfyl, indolizinyl, quinoliziny!,

6aH—thien0[2,3-d]imidazoiyi, 1H-pyrrolo[2,3-b]pyridiglyl, imidazo[1,2-a]pyridinyl,

pyrazolo[1,5-a]pyridiny], {1,2,4]triazolo[4,3-a]pyridjhyl, [1,2,4}triazolo[1,5-
alpyridinyl, thieno[2,3-b}furanyl, thiéno[2,3~b]pyr' inyl, thieno[3,2-b]pyridinyl,
furo[2,3-blpyridinyl, furo{3,2-b]pyridinyl, thienof3,2-dlpyrimidinyl, furo[3,2-
dlpyrimidinyl, thieno[2,3-b]pyrazinyl, imidazo ,2—a]pyrzizinyl, 5,6,7.8-
tetrahydroimidazo[1,2-a]pyrazinyl, 6,7-dihydfo-4H-pyrazolo[5,1-c]{1,4]oxazinyl, 2-
0x0-2,3-dihydrobenzo[dJoxazolyl, 3,3-dimethyl-2-oxoindolinyl, 2-ox0-2,3-dihydro-
1H—pyrrolo[2,3—b]pyridinyi, benzo[c][1.
3,4-dihydro-2H-benzo[b]{1,4]oxazinyl, §,6,7,8-tetrahydro-[1,2,4]triazolo[4,3-
alpyrazinyl, [1,2,4]triazolo[4,3-a]pyraginyl, 3-0x0-[1,2,4]triazolo[4,3-a]pyridin-

Sloxadiazolyl, benzo{c][1,2,5]thiadiazolyl,

2(3H)-yl, oxooxazolidin-3-yl, or othér 5- or 6-membered aromatic or non-aromatic

_ m(')nocycl.ic_carbocycles or heterocycles or 5,5}, [6,5]-, [6,6]-, or [6,7]}fused bicyclic
‘carbocycles or heterocycles contgfning 1-5 heteroatoms sclected from the group

" consisting of oxygen, nitrogén, .nd sulfur, optiqnally substituted from 1 to 4 tirﬁes

with substituents as defined bglow in R

R’ ié'H,-ﬂuoyro, chloro, mgfthyl, trifluoromethyl, diffuoromethoxy, trifluoromethoxy,
cyano, hydroxyl, or metffoxy; '

R® Vis H, ﬂlldl'o,'clllo____', methylv, triftuoromethyl, difluoromethoxy, triﬂuorométhqu,
cyano, hydroxyl, of methoxy;

R is H, gem-djfnethyl, or C,~C, alkyl, where each of the C~Cy alkyl is optionally
substituted fipm 1 to 3 times with substituents as defined below in RP;

R®is H, bfdroxyl, fluoro, chloro, C—Cs alkyl optionally substituted with hydroxyl or
amino, v

vr‘_amino optionally substituted with C;—C3 alkyt;

R? ig/H, fluoro, chloro, methyl, hydroxyl or cyano;
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R is independently sclected at each occurrence from a subgtituent in the group
consisting of halogen, ~NO,, ~OR'?, -NR'’R™, -NR"C(Q.R ", -NR*C(O)NR'*R ",
~8(0) R, =CN, —~C(O)R ", C;-C; alkyl, C-Cs alkenyl JCr-Cs alkynyl, Ca-Cs
cycloalkyl, and Ca-Cy cycloalkylalkyl, where cach of ¢,-Cs alkyl, C;-Cq alkenyl, Co-
Cs alkynyl, C5-Cs cycloalkyl, and C4-Cy cycloalkylajkyl is optionally substituted from

5. and

1 to 3 times with substituents as defined below in
R" is independently selected at each occurrencf from a substituent in the group
consisting of halogen, -C(O)R'?, ~CN, C;-C; Ailkyl, -OR'%, -NRR, ~$(0),R", aryl,
and heteroaryl, where each of the aryl or heferoaryl groups is optionally substituted

from 1 to 4 times with substituents as defified above in R*.

[0053] Another embodiment of the present invention relates to the compound

of formulae 1(A-E) where:

Xisal[5,5]-, 6,51, {6,6]-, or [6, “fused bicyclic carbocycle or heterocycle selected
-from the group consisting of iy ényl, indanyl, benzofuranyl, benzothiophenyl,
dihydrobenzothiophenyl, dihydrobenzofuranyl, indolyl, isoindolyl, indolinyl,
benzo(1,3]dioxolyl, benzoofazolyl, benzothiazolyl, benzoisothiazolyl,
benzoisoxazoiyl, indazolyf, benzoimidazolyl, benzotriazolyl, naphthyl,
tetrahydronaphthyl, quinblinyl, isoquinolinyl, quinazolinyl, cinnolinyl, phthalazinyl,
quinoxalinyl, benzof1 ;3]triazixlyl, benzo[1,2,4]triazinyl, 2,3-dihydro-
benzol1 ,4]dioxi11yl, H—éhromcnyl, dihydrobenzocycloheptenyl, _
tetrahydrobenzocygloheptenyl, indolizinyl, quinolizinyl, 6aH-thieno[2,3-dJimidazolyl,
1H-pyrrolo[2,3-ipyridinyl, ilﬁidazo[i,2—a]pyridinyl, pyrazolo[ 1,5-a]pyridinyl,
[1,2,4]triazolo ;B-a]pyridiny[, thienof2,3-bfuranyl, thieno[‘2,3-b]pyridiny_};
thieno[3,2-b]pyridinyl, furo[2,3-b]pyridinyl, furo(3,2-b]pyridinyl, thieno(3,2-
dlpyrimidigyl, ﬁxx‘0[3,2~(/]py1'irhidinyl, thieno[2,3-b]pyrazinyl,
benzo[cl{f,2,5]oxadiazolyl, benzo{b][l,2,5]thiadi‘azolyl, 3,4-dihydro-2H-
benzo[bf[1,4]oxazinyl, imidaéo[l ,2—a]pyrazinyLT(;;?-dihydro-4H—p):/razolo[5 ,1-
c][1,4foxazinyl, 2-ox0-2,3-dihydrobenzo[d]oxazolyl, 3,3-dimethyl-2-oxoindolinyl, 2-
ox042,3-dihydro-1H-pyrrolo[2,3-blpyridinyl, benzo[c][1,2,5]oxadiazolyl,




35

benzo[c][1,2,5]thiadiazolyl, [1,2,4]triazolo[4,3-a]pyrazinyl, afd 3-oxo-
[1,2,4]triazolo[4,3-a]pyridin-2(3H)-yl, optionally substituted from 1 to 4 times with
substituents as defined below in R', or other [5,5]-, [6,51-/[6,6]-, or [6,7]-fused

~ bicyclic carbocycles or heterocycles containing 1-5 heteyoatoms selected from the
group consisting of oxygen, nitrogen, and sulfur, optiopally substituted from 1 to 4

times with substituents as defined below in R',
R'is H, methyl, ethyl, or isopropyl;
R? is H, methyl, or gem-dimethyl;

RYis H, methyl, hydroxyl, methoxy, fluorg, chloro, cyano, trifluoromethyl,

diﬂuoromethoky or trifluoromethoxy;

R* is H, halogen, ~OR'?, ~S(O)R", /CN, -C(O)R ", NRIRM, C-C; alkyl, Cp-C
alkenyl Cy-Cs alkynyl, Cs-Cs cych glkyl, or C4-Cy cycloalkylalkyl, where each of the
'Cy~Cs alkyl, C2-Cs alkenyl, Co-C ,,alkynyl C3-Cs cycloalkyl and C4-C7
cycloalkylalkyl is Qpn_onally su j'tltutcd from 1 to 3 times with substituents as defined
below in R' [/ |

R’ isa bndged bicyclic nng / ontammg 6-12 carbon atoms and optlonally containing
one or more heteloatoms S,. lected from the group consisting of oxygen, nitrogen, and
sulfur, where the bridged/! zcychc ring is optionally substituted from 1 to 3 times with
substltutents sclected { m the group con31st1ng of C-Cj alkyl, ~C(O)R", and
-S(O)R"; | ‘

R’isH, ﬂu01o c 010 mcthyl tuﬂuoxomcthyl diﬂuoromcthoxy, trifluoromethoxy,

cyano, hydroxy)| or methoxy,

R® is H, flugfo, chloro, methyl, diﬂuoromcth‘oxy,_ trifluoromethyt, trifluoromethoxy,

cyano, hydroxyl, or methoxy; -

R’ is H, gem-dimethyl, or C;—C4 alkyl, where each of the C,—Cy alky] is optionally

- substftuted from 1 to 3 times with substituents as defined below in R'*;




R® is H, hydroxyl, fluoro, chloro, C,~Cs alkyl optionally sybstituted with hydroxyl or

amino, or amino optionally substituted with C;~C; alkyl,
R’ is H, fluoro, chloro, methyl, hydroxyl, or cyano;

R is independently selected at each occurrence fjom a substituent in the group
consisting of halogen, ~NO,, ~OR'?, -NR'’R"*, /NR'*C(0),R"; -NR"*C(O)NR'?R",
~8(0), R", ~CN, ~C(O)R", C,-Css alkyl, Co-Cf alkenyl, C,-Cs alkynyl, C5-Cs
cycloalkyl, and C4-C; cycloalkylalkyl, where éach of C;-Cy alkyl, C-C alkenyl, Cy-
C;s alkynyl, C3-Cs cycloalkyl, and C4-C; cygloalkylalkyl is optionally substituted from

1 to 3 times with substituents as defined below in R"; and

R is independently selected at each gecurrence from a substituent in the group
consisting of halogen, _-C(O)R”, -CN, Ci-C; alkyl, -OR' _NR'RY, —S(O),,R”, aryl,
and heteroaryl, where each of the gyl or heteroaryl groups is optionally substituted

~from 1 to 4 times with substituenfs as defined above in R,

[0054] Another embofliment of the present invention relates to the compound

of formulae i(A—E) where: /

Xis a‘ [5,51-, [6,5]-—, [6,6___:" or [6,7]-fused bicyclic carbocycle or heterocycle selected
from the group ans_ist: '.‘g of ihdeny[, indanyl, benzofuranyl, benzothiophenyl,
diliydroﬁenibthiopﬁ J 1y1, dihydrobenzofuranyl, indolyl, isoindolyl, indolinyl,
benzo[l,B]dibony j Eenzoo_xazolyl, benzothiazolyl, benzoisothiazolyl,
benzoisbxazoM, ndazolyl, Benzoimidazolyl, benzotriazolyi, naphthyl,
tetrahydronaph yl, quinoliyl, isoquinolinyl, quinazolinyl, cinnolinyl, phthalazinyl,
quinoxalinyl, penzo[1,2,3}triazinyl, benzo[1,2,4]triazinyl, 2,3-dihydro-
benzof1,4]dj vxinyl, 4H-chromenyl, dihydrobenzocycloheptenyl,

tetrahydro enzocyéloheptenyl, indolizinyl, quinoliziny}, 6aH-thieno[2,3-dJimidazolyl,
1H-pyrrgfio[2,3-b]pyridiny], imidazo[1,2-a]pyridinyl, pyrazolo[1 ,S—Zz]pyridinyl,
[1,2,4] iaio[o[4,3~a]pyridinyi, thieno[2,3-b]furanyl, thienof2,3-b]pyridinyl,
thieng[3,2-b]pyridinyl, furo[2,3-b]pyridinyl, furo[3,2-b]pyridinyl, thieno[3,2-
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dlpyrimidinyl, furo[3,2-d]pyrimidinyl, thieno[2,3-b]pyraziny},

~ benzo[c][1,2,5]oxadiazolyl, benzo[c]f1,2,5]thiadiazolyl, 3,4-dihydro-2H-
benzo[b][1,4)Joxazinyl, imidazo{1,2-a]pyrazinyl, 6,7-dihyfiro-4H-pyrazolo[5,1-
¢]{1,4}oxazinyl, 2—0,xo;2,3-dihydrobenzo[d]oxazolyl, 3,f-dimethyl-2-oxoindolinyl, 2-
dxo—2,3-dihydro-1H-pyrrolo[z,3-b]pyridinyl, benzo[c}{1,2,5loxadiazolyl,
benzo[c][l,Z,S]thiadiaZOIyl, [1,2,4}triazolo[4,3-alpyfazinyl, and 3-0xo-
{l,2,4]triazolo[4,3—a]pyridin-2(3]—l)-yl, optionally slibstituted from 1 to 4 times with
substituents as defined below in R', or other [5,7]-, [6,5]-, {6,6]4, or [6,7}-fused |
bicyclic cérboéycles or heterocycles céntainin 1-5 heteroatoms selected from the
group consisting of .oxygen, nitrogen, and sulfur, optionally substituted from 1 to 4

times with substituents as defined below in R';

R'isH, metl_lyl; ethyl, or isopropyl;
R? is H, methyl, or gem-dimethyl;

- RYisH, methyl, hydfoxyl, methgky, ﬂupro, chloro, cyano, trifluoromethyl,

difluoromethoxy, or trifluoromgthoxy;

RYis _phehyl,' pﬁfdyl,_ 2-oxofpyridin-(2H)-yl, pyrimidinyl, pyﬁdazinyl, pyrazinyl,; 6-
oxopyridézixl;i(GH)-yl, trjzinyl, pyranyl, furanyl, pyrrolyl, thiophenyl, pyrazolyl,
imidéiolyl‘, oxazofyh 18 jx:azolyl, thiazolyl, isothiazolyl, triazolyl, oxadiazolyl,
thia‘diaZolyL tetraz'él’y :':illdallyl, indenyl, indolyl, isoindolyl, benzofuranyl, V
fbenzoth’i‘o'pl_lenyi', 'ir; 6linyl,'dihydrobenzofuranyl, dihydrobenzothiophenyl, indazolyl,
ben'zirhidazoly-l, behzooxazolyl, benzothiazolyl, benzoisoxazolyl, benzoisothiazolyl;
benzotriazolyl, b‘,'r'lzo[l;B]dioxoly], naphthyl, quinolinyl, isoquinoliny!, quinazolinyl,
cinnolinyl, pth; Taéiny!, quinoxalinyl, 2,3-dihydro-benzo[1,4]dioxinyl,

bcnzo[ 1,2,314hiazinyl, benzo[ 1,2 4]triazinyl, 4H-chromenyl, indolizinyl, quinolizinyl,
6aH-thieno ,3-d]i1nidazolyi, 1H-pyrrolo[2,3-blpyridinyi, imidazd[],Z-a]pyridinyl,
pyrazolo[/,S-a]pyridinyl, [1,2,4]triazolo[4,3—a]pyridinyl, [1,2,4}triazolof1,5-
alpyridifiyl, thieno[2,3-b}furanyl, thieno[2,3-b]pyridinyl, thieno[3,2-b]pyridinyl,
furo[2f3-blpyridinyl, furof3,2-b]pyridinyl, thieno[3,2-d]pyrimidinyl, furof3,2-
dipyfimidinyl, thieno[2,3-b]pyrazinyl, imidazo[1,2-a]pyrazinyl, 5,6,7,8-
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tetrahydroimidazo[1,2-alpyrazinyl, 6,7-dihydro-4H-pyrazol .5,1—0][] JA4Joxazinyl, 2-
0x0-2,3-dihydrobenzo[dloxazolyl, 3,3-dimethyl-2-oxoindofinyl, 2-0x0-2,3-dihydro-
1H-pyrrolo[2,3-bpyridinyl, benzo[c¢][1,2,5]oxadiazolyl/benzo[c](1,2,5]thiadiazolyl,
3,4~dihydro-2H-benzo[b][1,4]Joxazinyl, 5,6,7,8-tetrahydro-[1,2,41triazolo[4,3-
alpyrazinyl, [1,2,4]triazolo{4,3-a]pyrazinyl, 3-oxo-[1/2,4]triazolo[4,3-a]pyridin-
2(3H)-yl, oxOoxazolidin-3-y1, or other 5- or 6-memjfered aromatic or non-aromatic
6,5]-, [6,6]-, or [6,7]-fused bi(_jyc_lic

carbocycles or heterocycles containing 1-5 hetegbatoms selected from the group

monocyclic carbocycles or heterocycles or {5,5]-,

consisting of oxygen, nitrogen, and sulfur, optjonally substituted from 1 to 4 times

with substituents as defined below in R’?;

R’ is H, fluoro, chloro, methyl, trifluorordethyl, difluoromethoxy, tﬁﬂuoromethoxy, ,

cyano, hydroxyl, or methoxy;

RS is H, fluoro, chloro, methyl, trifijloromethyl, difluoromethoxy, triffuoromethoxy, -

. cyano, hydroxyl, or methoxy;

" RlisH, gem-dimethyl, or C;—£, alkyl, where cach of the C,-C, alkyl ié optionally -
_substituted from 1 to 3 timesfvith substituents as defined below in R'%;
R®is H hydroxyi fluoro [chloro, Cy—Cs alkyl optionally subst:tuted thh hydroxyl or

ammo or’amino op‘uoni lly substituted with C;—C; a}kvl
"R%isH, ﬂuoro,-chl fo, methyl, hydroxyl, or cyano;

R is independe tly selected at each occurrence from a substituent in the group
consisting of | logen, ~NO,, ~OR'2, -NRR"!, -N NR'2C(0),R", -NR"2C(O)NR'?R ",
~S(0), R”, LON, —C(O)R?, C;-Cs alkyl, Co-Cs alkenyl, Cp-Cs alkynyl, C-Cs
cycloalkyl,fand Cs- C; cycloalkylalkyl, where each of C 1-Cs all\yl Cz Cs alkenyl, Cy-
Co alkynyl, Ci-Cs cycloalkyl, and C4-C7 cycloalkyfalky! 1s optionally substituted from

ifnes with substituents as defined below in R"*; and
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R" is independently selected at each occurrence from a sulftituent in the group
consisting of halogen, -C(O)R"?, —CN, C,-Cs alkyl, -OR'Z, -NR'"R" | -§(0),R", aryl,
and heteroaryl, where each of the aryl or heteroaryl groyps is optionally substituted

from 1 to 4 times with substituents as defined above iiff R™.

[0055] Another embodiment of the presentfinvention relates to the compound

of formulae I(A-E) where:

X is thiophenyl, thiazolyl, pyridinyl,'phenyl, aphthyl, benzo[]thiophenyl,
benzofuranyl, benzo[d][1,3]dioxolyl, 2,3-dihydrobenzo[b][1,4]dioxinyl, 3,4-dihydro-
2H-benzo[b][1,4Joxazinyl, or 4-methyl-3,4-dihydro-2/{-benzo[b][1,4)oxazinyl,
optionally substituted with from 1 to 3 sfibstituents selected independently from the
group consisting of halogen, methoxy,/Cyano, trifluoromethyl, triflioromethoxy,
difluoromethoxy, substituted C;-C; agfkyl, methanesulfonyl, carbamoyL C ;-Cg alkyl-

substituted carbamoyl, and acetamiflo;

R'is H, methyl, ethyl, isopropy, 5 2-hydroxyethyl, 2,2,2-trifluoroethyl, 2-fluoroethyl,

" or benzyl,
R? is H or gem-dimethyl; /
R? is H, chloro, or fluo b; :

R* is H, methoxy, t ' droxyl, methyl, fluoro, bromo, cyano, difluoromethyl,
'triﬂuorqmethyl, djftuoromethoxy, trifluoromethoxy, acetyl, aminomethyl, 1-
aminocyclopropfl, morpholinomethyl, 2—hydroxyprof)'an-2-yl, morpholine-4-
carbonyl, 2-m x‘i)holinoethoxy, 2-(dimethylamino)ethyl(methyl)amino, 2-.
hydroxyethyb mino, piperidin-1-yl, piperidin-2-yl, pyrrolidin-1-yl, piperidin-4-ol,
morpholing, piperazin-1-yl, 4-methylpiperazin-1-yl, 4-(ethylsdIfoﬁyl)piperazin-1~yl,
4-(2-(is0 opylamino)-2-oxoc_:thyl)‘piperazin- 1-yl,, 4-(pyridin-2-yl)piperazin-1-yl, 4-
(pyrimi ih-Z—yl)piperazin-l-yl, 2-oxopyrrolidin-1-yl, 2-oxopiperidin-1-y1, 6-
methyfpyridazin-3-yloxy, 6-aminopyridazin-3-yloxy, pyridazin-3-yloxy, pyrazin-2-

yloxf, 3-aminopyrazin-2-yloxy, 5S-aminopyrazin-2-yloxy, 6-aminopyrazin-2-yloxy,
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1,2,4-0xadiazol-3-yl, 3,5-dimethylisoxazol-4-yl, 1 H-pyrazo}-4-yl, 2-cyanophenyl, 3~
cyanophenyl, 4-cyanophenyl, (methanesulfonyl)phenyl, cgrbamoylphenyl, pyridinyl,
aminopyridinyl, pyridazin-3-yl, 6-methylpyridazin-3-y1,f6-(trifluoromethy!l)pyridazin-
3-yl, 6-(difluoromethylpyridazin-3-yl, 6-((difluoromefhoxy)methyl)pyridazin-3-yl, 6-
aminopyridazin-3-yl, 6-(methylamino)pyridazin-3-y§ 6-(dimethylamino)pyridazin-3-
yl, 6-morpholinopyridazin-3-yl, 6-(4-hydroxypiperjdin-1-yl)pyridazin-3-yl, 6-(4-
methylpiperazin-1-yl)pyridazin-3-yl, (6-(hydroxyfnethyl)pyridazin-3-yl, 6-
‘(methoxycarbonyl)pyridazin-3~_yl, pyrimidin-2-¢1, pyrimidin-4-yl, pyrimidin-5-yl,
pyrazin-Z—y_l; 3~aminopyrazin-2—yl,_S;anlinop frazin-2-yl, 6-aminopyrazin-2-yl, 2-
oxopyridin- 1(2H)-yl, 2-oxopyrrolidin-1-yl, g-oxo-1,6-dihydropyridazin-3-yi, 6-
oxopyridazin-1{6H)-yl, imidazo[l,Z—a}pyr' in-6-yl, imidazo{1,2-alpyrazin-3-yl, 3~
oxo-[1,2,4]triazolo[4,3-alpyridin-2(3H)-~ - 1, 5,6-dihydroimidazo[1,2-alpyrazin-7(8 H)-
yl, 3~(trifluoromethyl})-5,6-dihydro-{1, :,21]m'az‘olo[4,3—a]pyrazin~7(8]1')-yl,
[1,2,4]triaiolo[l ,5-alpyridin-6-yl, [1 £ Altriazolo[4,3-a]pyridin-6-y1, 3,3-dimethyl-2-
oxoindolin-5-yl, 5,6-dihydroimidazp[1,2-a]pyrazin-7(8H)-yl, 3-methyl-
[1,2,4]triazolo[4,3-b]-pyridazinyl [1',2,4]tn'azolo[4,3—b]—pyridazinyl, or

 oxooxazolidin-3-yl:

R’ is H, chloro, or ﬂg‘oro;

RS 1% H, chloro, ox" f'luor.ov:,_*’ .

Ris H;

RS-. is H, ﬂuoré, m. thyl,.or hydrdxyl; ,

R’ is Hor hyd o:iyl;r

R' is indeglendently selected at‘each, oceurrence from a substitucnf in the group
consisting of halogen, ~NO,, —OR'%, -NR'R"!, -NR'*C(0),R ", -NR">C(O)NR"*R ?,

~8(0), k', -CN, =C(O)R", C-C; alkyl, Cp-Cs alkenyl, C,-Cy alkynyl, C3-Cg
cycloglkyl, and C4-C; cycloalkylalkyl, where cach of C;-Cq alkyl, Co-Cg alkenyl, Cy-
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Cs alkynyl, C5-Cg cycloalkyl, and C4-C7 cycloalkylalkyl is opfionally substituted from

1 to 3 times with substituents as defined below in R'’; and

R" is independently selected at each occurrence from agubstituent in the group
consisting of halogen, -C(O)R", ~CN, C;-Cs alkyl, -QR'?, -NRR!!, ~S(0),R ", aryl,
and heteroaryl, where each of the aryl or heteroaryl groups is optionally substituted

from 1 to 4 times with substituents as defined aboyk in R',

{0056} * Specific compounds of formula I(A-E) of the present invention are
the following tetrahydrobenzazepine compoufids:
8—bromo-2~mcthyl.—5~phenoxy-2,3,4,5-tetra ydro-1H-benzo[clazepine;
8-methoxy-2-methyl-5-phenoxy-2,3,4,5-t Vtrahydro~lH—benzo{c]azepine )
2-methyl-5—phenoxy—8-(pyrida2in-3-yl) ,3,4,5-tetrahydro-1H-benzo[clazepine;.
2-methyl-5-phenoxy-8-(1 H-pyrazol-4 fy1)-2,3,4,5-tetrahydro-1 H-benzo[cJazepine;
6-(2-methyl-5-phenoxy-2,3,4,5-tetrghydro-1H-benzo[cJazepin-8-yl)pyridazin-3-
amine; ‘ V ‘

| 2-methyl-5-phenoxy-8-(pyrimidi ¥2~y1)-2,3 4,5-tetrahydro-1H-benzo[clazepine;
2-methyl-5-phenoxy-2-methyl -(pyﬁmidin—5~yl)—2,3,4,5-tetrahydr0-lH—
benzd[c]_achine; .

2-Ihethyl-S—p_hcnoxy-&(pyr zin-2-y1)-2,3,4,5-tetrahydro-1 H-benzo[c]azepine;
2-methyl-5-phenoxy-2,3, f,5-tetrahydro- 1H-benzo[c)azepin-8-y}pyridin-2-aming; ,
2-methyl-5-phenoxy-2, v,'21,5—tetfahydro»lHﬁbenzo[c] azepin-8-yl)pyridazin-3(2H)-one;
2-methyl-8-(4-(methy, :ﬁ}fo nyl)phenyl)-5-phenoxy-2,3,4,5-tetrahydro-1H-
benzo{c]azepine‘;' : :

2-(2-methyl-5-phej éxy-2,3,4.,5 —tetrahydro~1H—benzo[c]azepin-8-y})benzonitrile;

2-methyl-5-phenoxy-2,3,4,5-tetrahydro- 1 H-benzo[cJazepin-8-yl)pyridin-2( L H)-one;
8-(4~(ethylghulfo nyl)piperazin— 1-yl)-2-methyl-5-phenoxy-2,3 ,4,5—tetrahydro— 1H-
benzo[clgzepine; o v L .
8-(6~-methylpyridazin-3-yl)-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[cJazepine;
2-methyl-8-(6-methylpyridazin-3-yl)-5-phenoxy-2,3,4,5-tetrahydro- 1 H-

bengb[clazepine;
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5-(2-fluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tftrahydro-1 H-
benzo[cJazeping; '
5~(2*ﬂuoropllcnoxy)-2~me_thyl-8-(1H—pyrazol~4-yl)—2,3 4,5-tetrahydro-1H-
benzofcjazepine;
6-(5—(2~ﬂuorophénoxy)—Z-méthyl—Z,3,4,5-tctrahydr 1 H-benzo[clazepin-8-
yl)pyridazin-3-amine;
5-(2-fluorophenoxy)-2-methyl-8-(pyrimidin-2-ylj-2,3,4,5-tetrahydro-1H-
. benzo[c]azepme,
5-(2~ ﬂuomphenoxy) -2-methyl-8-(pyrimidin-§-y1)-2,3,4,5- tetrahydxo 1H-
benzof[clazepine;
5~(2_-ﬂuofophendxy)—Z-m_ethyl»&(pyrazin -yD-2,3,4,5-tetrahydro-14-
benzo[c]azepine; o Ny
6—(5-(2—ﬂuorophenoxy)—2~methyl~2,3, ,5-tetrahydro-1H-benzo[clazepin-8-yl)pyridin-
2-amine; . /
6-(5-(2-fluorophenoxy)-2-methyl-2/ v,4,5-tetrahydro- 1H-benzo{clazepin-8-
~ yDpyridazin-3(2H)-one;
. 5—(2—ﬂuorophenoxy)—2—methyl—_ 4(;1-(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro-IH-
- benzo[clazepine; [
2»_(5—(2_—ﬂuo_rophenoxy)-2—m ,t11y1-2,3,4,S—tetrahydro- 1H-benzolc]azepin-8-
| ‘yl)beylzénitrile; / o
8-([1,2,4]triazolo[ 1,5-oJphridin-6-y1)-5-(2-fluorophenoxy)-2-methyl-2,3.4,5-
tetrdhydro 1H-benzo[c zepme
]—(5-(2~ﬂuor_ophenox ;*“2 methyl-2,3,4,5-tetrahydro-1H-benzo[clazepin-8- yl)pyrldm—»
-2 ]H) one; _ /
| 8- (4 (ethylsulfonyv' plpelazm-l -yl)-5-(2-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-
1H-benzofclazeplne;
5-(3- ﬂuoxophe / oxy) 2-methyl-8- (pyr1da7m-3 y1)-2,3 4,5-tetrahydro-1H-
benzo[clazepfue; '
5-(3—ﬂuor0 ienoxy)—'2-methyl—8-(lH—pyrazo1-4»yl)-2,3,4,5-tetrahydro-]H~
benzo[clagepine;
6-(5-(3- ﬁoxophcnoxy) 2—methyl—2 3,4,5- tctrahydro 1H-benzo[clazepin-8-

yl)pyriflazin-3-amine;
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5-(3-fluorophenoxy)-2-methyl-8-(pyrimidin-2-yl)-2,3,4,5-t ‘rahydro»lH—
benzo[cJazepine; -
5~(3-fluorophenoxy)-2-methyl-8-(pyrimidin-5-y1)-2,3,4 p-tetrahydro-1 A~ ‘
benzo[c]azepine;

5-(3-fluoro phendxy)-2-methyl-8-(pyrazin-2-yl)—2,3 .4,5-tetrahydro-1H-
benzo[clazepine;
6-(5-(3-fluorophenoxy)-2-methyl-2,3,4,5-tetrahygdro-1H-benzo[clazepin-8-yl)pyridin-
2-amine; o
6-(5-(3-fluorophenoxy)-2-methyl-2,3,4,5-tetr ydro~lH—benzo[c]azépin—&
yDpyridazin-3(2H)-one;

5~(3-ﬂuorophenoXy)—?.-m_ethyL8~(4—(meth Isulfonyl)pheny!)-2,3,4,5-tetrahydro-1H- |
benzo[clazepine; / '
2-(5-(3-fluorophenoxy)-2-methyl-2,3, ,5~tetrahydro;lH-benzo[c]azepin—S-
yl)benzonitrile; | -

8-([1,2 4]triazolo[l 5-aJpyridin-6- j—5-(3-ﬂuorophenoxy)-2*methyl—2_,3,4,5‘ _
tetrahydro-1H-benzo[clazepine; /

- 8-([1,2,4}triazolo[4,3-a]pyridin 6 Ayl) 5-(3- ﬂuorophenoxy) 2-methyl-2,3,4,5- .
“tetrahydro-1H-benzo[clazeping; ,

» l~(5—(3-ﬂuorophenoxy)-2~ tlly1—2,3,4,5-tetrahydro—lH-benzo['c]azepin-8—yl)pyridin-
2(1H) one; o =

g- (4 (cthylsulfonyl)piper, 'zm 1-yD-5-(3- ﬂumophcnoxy) 2- methyl-2,3, 4 ,5-tetrahydro-
1H-benzo[clazepine;

5-(4-~ ﬂuorophenoxy)—v —mcthyl 8-(pyridazin-3-yl)- 2 .3, 4,5- tettahydro 1H-

' benzo[c]azepme

5-(4- fluoropheno '7) 2-methyl- 8- (1H-pyrazol-4-y1)-2,3 4, S-tetxahydro 1H-
benzo[clazepinef ' ,
6-(5-(4-fluoro ienoxy) 2- mcthyk 2,3,4,5-tetrahydro-1H- bcnzo[c]achm -8-
yDpyridazin-p-amine;

5-(4-fluoro henoxy)—2—methyl-8—(pyrimidin—2-yl)—2,3,4,5—tetra‘hydiro—IH- '
‘benzo[clafepine;

5-(4-flu rophcnoxy) -2- methyl 8- (pynm1dm~ -yl) 2,3,4,5-tetrahydro-1H-

benzofc]azepine;
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5-(4-fluorophenoxy)-2-methyl-8-(pyrazin-2-yl)-2,3.4,5-tetrghydro-1 H-
benzo[c]azepine;

6-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1 Hfbenzo[cjazepin-8-y)pyridin-
2-amine;

6—(5-(4~ﬂuorophénoxy)-Z-mcthyl~2,3,4,5-tetrahydro H-benzo[clazepin-8-
yDpyridazin-3(2H)-one;
5-(4-fluorophenoxy)-2-methyi-8-(4-(methylsulfodyl)phenyl)-2,3,4,5-tetrahydro-1 H-
benzo[clazepine; '
2-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-tetr 1ydro-1H~benzo[c]azépin—8~
yl)benzonitrile; ‘
8-({1,2,4]triazolo{ 1,5-a]pyridin-6-yl)-5-(4/fluorophenoxy)-2-methy!-2,3 4,5-
tetrahydro-1H-benzo[cJazepine; /

8-([1,2 4]triazolo[4,3-a]pyridin—6—yl)- —(4~ﬂuoropheﬁoxy)-Z—mcthyl‘-2,3,4,5—
tetrahydro-1H-benzo[clazepine;
1-(5-(4-fluorophenoxy)-2-methyl-2f3,4,5-tetrahydro-1H-benzo[ c]azepin-8-yl)pyridin-
2(1H)-one; . .
' 8-(4~(ethylsulfonyl)piperazin-1 '15-5—(4-ﬂuordphenoxy)—2-methyl—2,3,4,5—tetrahydr0-
‘1H-benzo[clazepine; |

5-(3,4-difluorophenoxy)-2-nfethyl-8- (pyrlddzm 3-yl) 2,3,4,5-tetrahydro-1H-
benzo{clazepine;
5-(2,4-difluorophenoxy)-2-methyl-8-(pyridazin-3-y1)-2,3,4,5-tetrahydro- | H-
benzo[clazepine; /

5-(2-chlorophenoxy), —methyl-8-(pyridazin—3—yl)—2,3,4,5—tetrahydro—1H— '
benzo[clazepine; '

5-(2-chlorophenoxy)-2-methyl-8-(1 H-pyrazol-4-y1)-2,3.,4,5-tetrahydro-1 /-
benzo[clazepingy ' v
6-(5-(2-chloro ienoxy)—Z—methyl—Z,3,4,5-tetrahydr0-1H—benzo[c]azepin-&
yDpyridazin-p-amine; ' '
5-(2-chlorophenoxy)-2-methyl-8-(pyrimidin-2-yl)-2,3,4,5-tetrahydro-1 H-
benzo[c]agepine;

5-(2-chlprophenoxy)-2- methyl 8-(pyrimidin-5- yl) 2,3,4,5- tctrahydro 1H-

benzofclazepine;
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5-(2-chlorophenoxy)-2-methyl-8-(pyrazin-2-yl)-2,3,4,5-tetr {
benzo[clazepine;
6-(5-(2-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-penzofcJazepin-8-yl)pyridin-
2-amine;
6-(5-(2-chlorophénoxy)-2-methyl»2,3,4,5~tetrahydro- H-benzo[clazepin-8-
yDpyridazin-3(2H)-one;
5-(2-chlorophenoxy)-2-methyl-8-(4-(methylsulfoyy)phenyi)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine; o
2-(5-(2-chlorophenoxy)-2-methyl-2,3,4,5-tetr: ydro—_1H—benzo[c]az§pin~8»
yl)benzonit‘rile;
8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-(2Lhlorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[clazepine; / A
1-(5-(2-chlorophenoxy)-2-methyl-2,3,4/5-tetrahydro- 1H—benzo[c]azepm -8- yl)pyndm—
2(1H)-one;

5-(2-chlorophenoxy)-8-(4-(ethylsul nyl)piperazin~l—yl)-2~methyl-2,3,4,S-fetrahyd_ro—
1H~benz§{c]azepine; I,

' 5-(3-chlorophenoxy)-2-methyl- (ﬁyridazin%-yl)~2,3;4,,5—tetrahydro-IH-
benzo[clazepine; A

5-(3- chiorophenoxy) 2-methyfl-8- (lH-pylazol 4-yl) -2,3,4,5-tetrahydro- 1 H-
benzo[c]dzepme ‘

6- (5 «(3-chlorophenoxy)-2fmethyl-2,3,4 5 tetzahydro 1H- bcnzo[c]azepm -8-
yl)pyridazin-3-amine; /

5-(3-chlorophenoxy)- -4fpetlxy1-8~(pyrimidin-2-yl)-2,3,4’,57t'etrahydro-le '
bcnzb[c]azci)in'e;'

5-(3-chlorophéno ¢ ')-2—methyl—8-(pyrimidin-5-yl)—2,3,4,5—tetrahydr0-]H—
bcnzo[cjazepine' . '

5-(3-chlorophe; oxy) -2-methyl-8-(pyrazin-2-yl)-2,3,4,5-tetrahydro- 14~
benzo[clazepjne;

6-(5-(3-chl rophenoXy)-Z-mcthyl—iZ,_3,4,5-tetx'a11ydro-lH—bcnzo[c]aiepi11~8~yl)py_ridin—
2-amine; o o :

6-(5-(3- h_lorophenoxy)—2—methyl~2,3,4,5-tetrahydro—IH—benzo[c}azepin-E%-
yl)pyrjdazin-3(2H)-one;
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5-(3-chlorophenoxy)-2-methyl-8-(4-(methylsulfonyl)pheny, ‘ -2,3,4,5-tetrahydro-1F/-
benzo[clazepine; _
2-(5-(3-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1 HfFbenzo[clazepin-8-
yDbenzonitrile;
8-([1 ,2,4]triazold[] ,S-c)pyridin-6-y1)-5-(3-chloroph¢noxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo{cJazepine;
1-(5-(3-chlorophenoxy)-2-methyl-2,3,4,5-tetrahyfiro- lH—benzo[c] azepin-8-yDpyridin-
- 2(1H)-one; ‘ |
5-(3-chlorophenoxy)-8-(4-(ethylsulfonyl)pip azin—1-yl)-2~methyl-2,3,4,5~tetrahydr0—
>1H-benzo[c]azepine; _
5-(4-chlorophenoxy)-2-methyl-8-(pyridazjh-3-y1)-2,3,4, 5-tetrahydro-1H-
benzo[clazepine; /
2-methyl-8-(pyridazin-3-yl)-5-(p-tolyk 'xy)-2,3,4-,5—tétrahydro—lH—benzo[c]azepine;
2-methyl-8-(pyridazin-3-yl)-5-(4-(trifluoromethoxy)phenoxy)-2,3,4,5-tetrahydro-1.H-
benzo[c]achme |
4-(2-methyl-8-(pyridazin-3-yl)-2.8,4,5-tetrahydro- IH-benzo[c]azepm—S-
' Ayloxy)bcnzomtrlle a
- 2-methyt-8-(pyridazin-3-yl)-5 (4 (tx 1ﬂuoromethyl)phenoxy) 2,3,4,5-tetrahydro-1H-
benzo[clazepine;
6-(2-methyl-5-(4-(trifluorgimethyl)phenoxy)-2,3,4,5-tetrahydro-1 H-benzo[ clazepin-8-
yhpyridazin-3-amine; . ' ' T
2-methyl-8-(pyridazin-J -"yl)-S—(o-tolyloxy)-IZ 3,4,5-tetrahydro-1H-benzo[cJazepine;
6- (2-methy1 5- (0 ‘toly, oxy) 2,3,4,5-tetrahydro- 1H~benzo[c]azepm -8-yDpyridazin-3-
amine;
5-(2-methoxypher xy)—Z—xn_ethyl~8-(pyridazin-3-yl)—2_,3,4,5~tetrahydro-lH—
benzo[clazepineg, - | A .
6-(5-(2-methoyf "phenoxy)-Q—methyl-2,3,4v,5-tctrahydro—1H-benzo[c]azepin-8—
yDpyridazin-p-amine;

5-(3,5-

benzofclazepine;

fluorophenoxy)-2- mcthyl 8-(1H-p yrazo -4~ yl) 2,3,4 S-tetrahydm 1H-
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6-(5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H- ‘ enzo|clazepin-8-
yDpyridazin-3-amine;
5-(3,5-difluorophenoxy)-2-methyl-8-(pyrimidin-2-y1)-2,3/4,5-tetrahydro- 1 F-
benzo[cJazepine; ‘ _
5-(3,5-difluorophenoxy)-2-methyl-8-(pyrimidin-5-y1)#2,3,4,5-tetrahydro-1H-
benzo[c]azepine; _
5-(3,5-difluorophenoxy)-2-methyl-8-(pyrazin-2-ylf-2,3,4,5-tetrahydro-1H-
benzo[clazepine; ' v
6-(5-(3,5—diﬂhorophenoxy)—2-methyl-2,3,4,5 ~tgtrahydro- 1 H—bcnzo[cjazepin—&
yDpyridin-2-amine; |

6-(5-(3, 5»diﬂuoroﬁhenoxy)-%methyl—Z,3,4 -tetrahydro-1H-benzo[clazepin-8-
yhpyridazin-3(2H)-one; /

5-(3,5-difluorophenoxy)- 2-methy£—8 -(4 'methylsulfonyl)phcnyl)~2 3,4,5-tetrahydro-
1H- benzo[c]azepme

2-(5-(3,5-difluorophenoxy)-2- meth: ~2 3.4 S-tctrahydro 1H- benzo[c]dzepm—&
yl)benzonitrile; [

‘ 8-([1,2,4]triazolof 1 ,S-a]py;'idin_-j '&1)—5-(3,-5—diﬂuoroﬁhenoxy)—Z—methyl-2,3,4,5~
tetrahydro-1H-benzo[cJazeping a : A
1-(5-(3,5- dlﬂuoxophenoxy) inéthyl-Z,3,4,5-tetrahydro~IH—benzo[c]azepin-S-
yDpyridin-2(1H)-one; o '
5-(3,5-difluorophenoxy)- _"-(4 (ethylsulfonyl)pnperazm— ~yl)-2-methyl-2,3,4,5-
tetrahydro-1H- benzo[c : iepme,
5-(3,4-dichlorophenoy ) -2- methyl 8 ~(pyridazin-3- yl) 2,3, ,5-tetrahydro-1H-

v bcnzo[c}azeplne .

2-methy!-8-(pyrid _zm -3- yl) 5~ (py1 idin-3-yloxy)-2,3, 4 5-tetrahydro-1H-

bcnzo[c]dzepmej

2-methyl-5-(ns htha_len—fl-yloxy)-8-(pyridazin—3—yl)—2,3,4,5-tetrahydro—lH-

benzo[c]azepine; S

2-methyt-5 (naphthaien— 1 -yloxy)-8-(py1’ida2in—3 -yD-2,3 ,4,5-tefrahydr0— 1H-

benzo[clgzepine;

2-methyl-8-(pyridazin-3-yl)-5- (qumolm—? yloxy) -2,3.4,5 tetxahydro 1H-

benzofclazepine;
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5-(4-chlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tet hydro-i H-
benzo[clazepine;

5-(3-fluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3 4,5 Aetrahydro-1H-
benzo[c]azepine; ' :
2—mcthyl~5-(4-(triﬂuoromethyl)phenoxy)-Q,3,4,5—tetr iydro-1H-benzofclazepine
8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-(4-fluorophehoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[c]azepine; |
8-([1,2,4]triazolo[4,3-a]pyridin-6-y1)-5-(4-fluorgphenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[c]azepine; ‘ '
1~(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-tetyahydro-111-benzo[cazepin-8-yl)pyridin-
2(1H)-one; | ' |
8-(6- methylpyrldazm -3- yl) 5-phenoxy-2,7,4,5-tetrahydro-1H-benzo[clazepine;
2-(5-(3,5-difluorophenoxy)-2,3,4,5-tetrghydro-1H-benzo[cJazepin-8-yl)-
[1,2,4]triazolo[4,3-a]pyridin-3(2H)-onf; '

8-(1 ,2,4]t1‘iazo lo[1,5-a]pyridin-6-yl :-5—(3 ,5-difluorophenoxy)-2,3,4,5-tetrahydro-1H- -
benzo[c]azepine;. / o

'8n(6-(diﬂuoromethoxy)pyridazin_ .3:yl)-5-(3,S—diﬂuorop,hcnoxy)-Z,3,4,5-tetrahydro~ 7
‘1 H-benzo[clazepine; - -/ , _

2-(5-(3;: 5 dlﬂuorophcnoxy) j:,4,5—tetrahydro—1H—benzo[c]azepin-S—yl)pyridazin-
3(2H)-one; . / ' o
8-({1,2 4]triazolo[4, 3- a]p ridin-6-y1)-5- (3 5-difluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro 1H-benzolc] vz:epme
8-(6~(difluoromethoxy] pyndazm -3-yl)-5-(3,5-difluorophenoxy)-2-methyl-2;3,4,5-
tetrahydro-1H-benzg c]azepme,
2-(5-(3,5- dlﬂuorol ) 1enoxy) 2- methyi-2 3,4,5-tetrahydro-1H-benzo[clazepin-8 ~yl)—-
[1,2,4]triazolof4 —a]pyx'idin~3(21~l)—qne; ,
4—(2-methy1—5- / ;élloxy—2,3 ,4,5-tetrahydro-1H-benzo[clazepin-8-yl)benzamide;
4-(5-(3,5~difl orophénoxy)—2-methy1—2,3,4,5-tetrahydro—IH—benzo[c]azepin—S—
yl)benzonit lé; - ‘ '
5-(2,3-di orophenoxy)-Z—m<_:‘thy1-8*(pyridazin~3‘g-yl)—2,3,4,5—tctrahydro-1H-
benzo[c 2epine; .
3-(2-mpfethyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-

yloxy)benzonitrile;



49

5-(2,5-difluorophenoxy)-2-methyl-8-(pyridazin-3-y1)-2,3,4, ,i
benzo[c]azepine; and
5-(2,6-difluorophenoxy)-2-methyl-8-(pyridazin-3-y1)-2,3/4,5-tetrahydro-1H-

benzo[clazepine.

[6057] - Other embodiments of the present infention are compounds of
formulae I(A-E) where the carbon atom designated * is in the R configuration.
[0058] Other embodiments of the presenf invention are compounds of
formulae I(A<E) where the carbon atom desigyated * is in the S conﬁguration.
[0059] Ancther embodiment of the pyesent invention is a mixture of
stereoisomeric corhpounds_ of formulae I(AfE) where * is in the S or R conﬁguration.'
[0060] Wi_thin these embodimenty, the selection of a particular preferred |
substituent at any one of R'-R’ does nof affect the selection of a substituent at any of
the others of R'-R®. That is, preferred/compounds provided herein have any of the
preferred substituents at any of the gositions. For example, as described hereinabove,
_ R} iS.preferably C-Cs alkyl; the sgiection of R' as any one of C;, Ca, Cs, Ca, CS, or Cs
alkyl, does not limit the choice g RZ in particular to any one of H, C;-Cs alkyl, or C;-
 Cg haloalkyl. Rather, for Ri a ‘any of Cy, Cy, Cs, Cy, Cs, or Cq alkyl, R? is any of H,
. Cy, G, C3, Cy, Cs, or Cg alkyfor Cy, Cy, Cs, Cy, Cs, or Cg haloalkyl. Similarly, the |
o sele_ction'of_Rz'as any of HJC;, Cy, C3, C4, Cs, or Cg alkyl or C), Cy, Cs, Cq, Cs, 0r Co
héloélkyl does .:not limit thke selection of R? in particular to any one of H, halogen,
-ORM, -8(0), R'2; -CNLC(O)R™?, C,-Cs alkyl, C3-Cs cycloalkyl, C4-Cy
cycloalkylalkyl, or subfitituted C -C; cycloalkylalkyl
[00_6'1V] - '_ Singlg 'en:;mtiomers, any mixture of enantiomers, including racemic
| tnixtures, or diastefComers (both separated and as any mixtures) of the compounds of
the pres_ent invenfion arc also included within the scope of the invention.
[0062] ) 'he scope of the present invention also encompasses active
metabolites of the present compounds.
[0063] /' Anotlier embodiment of the present invention i$ a mixture of
compoundb of formulae I(A-E) where the compound of formulae I(A-E) is
radiolabgled, i.c., where one er more of the atoni‘s“(viescribed arc reblaced bya
radioaghive isotope of that atom (e.g., C replaced by '*C and H replaced by *H). Such

complounds have a variety of potential uses, e.g., as standards and reagents in
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determining the ability of a potential pharmaceutical to bind jo neurotransmitter
proteins.
[0064] Another embodiment of the present inventfon is a pharmaceutical
composition containing a therapeutically effective amoynt of the compound of
formulae 1(A-E) and a pharmacecutically acceptable cfrrier.
{0065} Another agpect of the present inventi Vn relates to a method of treating
a disorder which is created by or is dependent upof decreased availability of
serotonin, norepinephrine, or dopamine. The method involves administering to a
patient in need of such treatment a therapeuticafly effective amount of a compound of
formulae I{A-E) or a pharmaceutically accepjable salt thereof. The method of the
present invention is capable of treating subjgcts afflicted with various neurological
and psychiatric disorders including, withqgfit limitation: lower back pain, attention
deficit hyperactivity disorder (ADHD), fognition imp'airment', anxiety disorders
especially generalized anxicty disordef (GAD), panic disorder, bipolar disorder, also
known as manic depression or manig-depressive disorder, obsessive compulsive
disorder (OCD), posttraumatic strgss disorder (PTSD), acute stress disérder, social
‘phobia, simple phobias, pre-meny trual dysphoric disoi‘d'er (PMDD), social anxiety
disorder (SAD), major depress':'e disorder (MDD), postnatal depression, dysthymia,
depression associated with AJzheimer’s disease, Parkinson’s disease, or psychosis,
| supranuclear paley, eating _sorders, especially obesity, anorexia nervosa, bulimia
nervosa, and binge eating 1501dcr analgesia, substance abusc dlsorders (including
chemical dependencies)/ fuch as nicotine addiction, cocaine addiction, alcohol and
am_pheta@ne addic‘;io £, Lesch-Nyhan syndrome, neurodegenerative diseases such as
| Parkinsoh’s 'disease, ateqluteal phase syndrome or narcolepsy, psychiatric syrhptoms
such as anger, rejegtion sensitivity, movement disorders such as extrapyramidal
cyndxome Tic di lorders and restless leg syndrome (RLS), tardive dyskinesia,
supranuclear pgfsy, sleep related eating disorder (SRED), night eating syndrome
(NES), stress ﬁnary incontinence (SUI), migraine, neuropathic pain, especially

diabetic nc opathy, ‘ﬁbromyalgia syndrome (FS), chronic fatigue'S‘yndrome (CES),

of these and other disorders due, at least in part, to their-ability to selectively bind to
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the transporter proteins for certain neurochemicals with a grefater affinity than to the
transporter proteins for other neurochemicals.

[0067] In another embodiment of the present invgntion, the above method
further involves administering a therapeutically effectiye amount of a serotonin 1A
receptor azltagoniét or a pharmaceutically acceptable falt thereof. Suitable serotonin
1A receptor antagonists include WAY 100135 and gpiperone. WAY 100135 (N-(t-
butyl)-3-[a-(2-methoxyphenyl)piperazin-1-yl]-2 p, enflpropanamide) is disclosed as
having an affinity for the serotonin 1A receptor jh U.S. Patent No. 4,988,814 to Abou-
Gharbia et al., which is hereby incorporated byfreference in its entirefy. Also, Cliffe
et al., J Med Chem 36:1509-10 (1993), whiclf is hercby incorporated by reference in
its entirety, showed that the compound is aferotonin 1A antagonist. Spiperone (8-[4-
(4-fluorophenyl)-4-oxobutyl]-1-phenyl-1/3,8-triazaspirof[4,5}decan-4-one) is a well-
knowﬁ compound and is disclosed in U/S. Patent Noé. 3,155,669 and 3,155,670,
which are hereby incorporated by refefence in their entirety. The activity of spiperone.
as a serotonin 1A antagonist is descyibed in Middicmiés ct al., Neurosc and Biobehav
Rev. 16:7.5-82 (1992), which is hefeby incorporated by reference in its 'cntirety.-
[0068] . In another embodfment of the present in_vention, the above method
-further involves administeriﬁg thefapeut_ically effective amount of a selective
neurokinin-1 receptor antagoplist or pharmaceutically acceptable salt thercof.
Neurokinin-1 receptor antagonists that can be used in. combination with the compound
of formulae I(A-E) in the/ fesent invention are fully described, for example, in U.S.
Patent Nos. 5,373,003, -_;'387,595, 5,459,270, 5,494,926, 5,162,339, 5,232,929,
5,242,930, 5,496,833, nd 5,637,699; PCT International Patent Publication -

Nos. WO 90-/05525,‘ 70/(\)5729, 94/02461, 94/02595, 94/03429,94/03445, 94/04494,
94/04496, 94/0562%5, 94/07843, 94/08997, 94/10165, 94/10167, 94/10168, 94/10170,
94/11368, 94/13¢39, 94/13663, 94/14767,94/15903, 94/19320, 94/19323, 94/20500,
91/09844, 91/1 899, 92/01688, 92/06079, 92/12151,92/15585, 92/17449, 92/20661,
92/20676, 92 1677,‘ 92/22569, 93/00330, 93/00331, 93/01159, 93/01165, 93/01169,
93/01170, 98/06099, 93/091 16,'93/10073, 93/14084, 93/14113, 93/18023, 93/19064, -
93/21155/93/21181, 93/23380, 93/24_465, 94/00440, 94/01402, 94/26735, 94126740,
94/2930p, 95/02595, 95/0404'0,. 95/04042, 95/06645, 95/07886, 95/07908, 95/08549,
95/11§80, 95/14017, 95/15311, 95/16679, 95/17382, 95/18124, 95/18129, 95/19344,
95/20575,-95/21819, 95/22525, 95/23798, 95/26338, 95/28418, 95/30674, 95/30687,
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95/33744, 96/05181, 96/05193, 96/05203, 96/06094, 96/07GA9, 96/10562, 96/16939,
96/18643, 96/20197, 96/21661, 96/29304,96/29317, 96/29526, 96/29328, 96/31214,
96/32385, 96/37489, 97/01553, 97/01554, 97/03066, 97/§8144, 97/14671, 97/17362,
97/ 1'8206, 97/19084, 97/19942, 97/21702, and 97/4971; and in UK. Patent
Application Nos. 2 266 529, 2.268 931, 2269 170, 2 769 590, 2 271 774, 2 292 144,
2293168, 2-293 169,-and 2 302 689; European Patcpit Publication Nos. EP 0 360 390,
0517 589, 0 520 555, 0 522 808, 0 528 495, 0 532/456, 0 533 280, 0 536 817,

0545 478,0 558 156, 0577 394, 0 585 913, 0 590 152, 0 599 538, 0 610 793,

0 634 402, 0 686 629, 0 693 489, 0 694 535, 0 $99 655, 0 394 989, 0428 434,
0429366, 0430 771, 0 436 334, 0 443 132, § 482 539, 0 498 069, 0 499 313,
0512901,0512902,0514 273,0514274/0 514 275,0 514 276, 0 515 681,

0 699 674, 0 707 006, 0 708 101, 0 709 375, 0 709 376, 0 714 891, 0 723 959,
0733632 and 0 776 893, which are hergby incorporafcd by reference in their entirety.
The preparations of such compounds gfe fully described in the aforementioned patents-
and publications. ‘ ‘ v

[0069] | - In another embodi fent of the present invention, the above methbd

“further involves administering a _'érapeutica[ly' effectivc amount of a norepinephrine

: ,precur.sor ora pha;maceuticélly:acce'ptablev salt thereof. Suitable norepinephrine
precursors include L-tyrosine nd L-phenylalanine.

' {6070} : Another aspeft of the present invention is a method of inhibiting "
synva'ptic n01'epi_ﬁepllfine u ‘:t.ake in a patient in need thereof. The method involves
administering a therape _:iéally effective inhibitory amount of a compound of
formulae_I(A-E)'. R | '

[0071] o Anothy 'fas\;pe,ct'.bf the present invention is a method of inhibiting .
synaplic seroioixin_ fptake in a patient in need thereof. The method involves
admi.nis@éring atl 'rapeut‘i‘cal:lybeffecti.v-e inhibitory amount of a compound of
formulae J(A-EY o

[0072] /Another aspect of the present invention is a method of inhibiting
synaptic dop rﬁine uptake in a pétient in need thereof. The method involves
administerihg a therapeutically cffeétive inhibitorg amount of a compound of

formulac (A—E).
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[0073] Another aspect of the present invention is a tiferapeutic method
described herein, where the (+)-stereoisomer of the compopind of formulae I(A-E) is
employed.
[0074] Another aspect of the present invention j§ a therapeutic method

described herein, where the (-)-stercoisomer of the cofnpound of formulae 1(A-E) is

employed.

[0075] Another aspect of the present invenfion is a kit comprising a compound
of formulac I(A-E) and at least one compound s¢lected from the group consisting of: a

serotonin 1A reéeptor antagonist compound, a Aelective neurokinin-1 receptor

antagonist compound, and a noreﬁinephrine recursor compound.

[0076] Another aspect of the preserf invention relates to a method of treating

a disorder referred to in the above-mentigfied embodiments in a patient in need

thereof. The method involves inhibitin synaptic serotonin and norepinephrine

uptake by _administering a therapeuticyllly effective inhibitory amount of the

compound of formulae I(A-E) whiclf functions as both a dual acting serotonin and

norepmephnne uptake inhibitor. '
- [0077] Another aspect of) he present invention relates to a method of treatmg
a disorder referred to 1in the ab "e—mentloncd embodiments in a patient in need
thereof. Thc method mvolve, 'inhibiting synaptic serotonin and dopamine uptake by ' -
admlmsterxng a therapeutlc fily effective inhibitory amount of the compound of -

formulae I(A—E) which fuy ctions as both a dual acting serotonin and dopamine uptake

inhibitor. [

[0078] , Anothe: -éspcct of the present invention relates to a method of treating

a dlsorder referred tov.m the above-mentioned embodiments in a patient in need

thereof. The methgld involvcs inhibiting synaptic dopamine and norepinephrine

uptake by adminigteri ing a thcrap,euncally effective inhibitory amount of the

compoﬁnd of fofmulae I(A-E) which functions as both a dual acting dopamine and

norepinephrir .uptake inhibitor.

{6079} /' Another aspect of the present invention relates to a method of treating -

a disorder feferred to in the above-mentioned embodiments in a patient in need

thereof. fhe method involves inhibiting synaptic‘ribrepinephrine, dbpamine and

serotoryn uptake by administering a therapeutically effective inhibitory amount of the
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compound of formulae I(A-E) which functions as a triple acfing norepinephrine,
dopamine, and serotonin uptake inhibitor.
{0080] Another aspect of the present invention refates to a method for
inhibiting-serotonin uptake in mammals. The method ifvolves administering to a
mamimal requiring increased neurotransmission of segbtonin a pharmaceutically
effective amount of the compound of formulae I(A-
[0081] Another aspect of the present invenfion relates to a method for
inhibiting dopamine uptake in humans. The method involves administering to a
human requiring increased neurotransmission ¢f dopamine a pharmaceutically
effective amount of the compound of formulge I(A-E).
[0082] Another aspect of the preserf invention relates to a method for
inhibiting norepinephrine ilptakc in humapls. The method involves administering to a
human requiring increased neurotransmybsion of norepinephrine a pharmaceutically ‘
effective amount of the compound of formulae 1{A-E).
[6083] - Another aspect of thefpresent invention refates to a method of
suppressing the desire of humans tp smoke. The method involves administering to a
- human in need of such suppressight an effective dose, to relieve the desire to smoke,
- of the éompound of formulae I¢A
[0084] Another aspecyfof the present invention relates to a method of
o suf;presSing flle_desil'e of huy éns to consume alcohol. The method involves
adnﬁiﬁisterm.g_}t‘iz) a human j  need of such suppression an effective dose, to relieve the
deéirc to cpnsuine alcohdl, of the compound of formulae I(A-E). ‘
[0085]‘ It is appfeciated that certain features of the invention, which are, for
clai'ity; déscr‘ivbcdvin't_ e cbn_text of separate embodiments, may also be prrovidedv in
' cor_hbiﬁation in asi gie embodiment. Conversely, various features of the invention
whic'h‘ar'e, for bre, ity, described in the context of a single embodiment, may also be
provid'ed separajcly or in any suitable subcombination. ’
[0086]

intermediatef or products, are prepared as described herein or by the application or

Compounds according to the invention, for example, starting materials,

adaptation Af known methods, by which is meant methods used heretofore or
describedfin the literature. = .

Compounds useful according to the invention may be prepared by the
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heretofore or described in the literature, for example those de _‘ ribed by Larock, R.C.,
Comprehensive Organic Transformations, VCH publishers, £1989), which is hereby
incorporated by reference in its entirety.
[0088] A compound of formulae I(A-E), includiyfg a group containing one or
more nitrogen ring atoms, may be converted to the corfesponding compound where
one or more nitrogen ring atom of the group is oxidiged to an N-oxide, preferably by
reacting With a peracid, for example, peracetic acidfin acetic acid or m-
chloroperoxybenzoic acid in an inert solvent suclf as dichloromethane, at a
temperature from about room temperature to reflux, preferably at elevated.
temperature,
[0089] In thve reactions described hepeinafter, it may be necessary to protect
reactive functional groups, for example hydroxyl, amino, imino, thio, or carboxy
groups, where these are desired in the fifial product, td avoid their unwanted
participation in the reactions. Convenfional protecting groups inay be used in
acc01'daﬁcc with standard practice; fgfr examples, see Green, Protective Groups in
Orgahic Chemistry, John Wiley anl Sons (1991) and McOmie, Proteci_ive Groﬁps in.
-Organic Chemistry, Plenum Pre: ( 1973), which are h.e;‘eb'y incorporated by reference
~ in their entirety. |
[0090) ~ In the reaction SCliemes described hereinafter, the synthesis of
tenahydxobcma?epmeq of the formulae I(A-E) is dcscnbed
[0091] “ The novel v.etrahydrobenzazepme rcuptakc 1n111b1t01s of formuld 1of
the present invention ca

{(Scheme 1). .

be prepared by the general scheme outlined below
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Scheme 1
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[0092] The R'-substituted N-berfyl amines of formula (111} may be purchased

from commercial sources, or alternati ,cly? obtained from a simple reductive
amination protocol. Thus, cai’bonyl ontaining compounds of formula (11) may be
~ treated with HoN-R! in lower élky falcoholic solvents (preferably methanol or
ethanol) at temperatures at or be w room temperature. - The resulting imine may be
reduced most commonly with #lkali earth borohydrides (preferably sodium
borohydride) to provide the g vsirved, amine intermediates of formula (II). Treatment
of compounds of formula (JIT) with a base such as, but not limited to pyridine,
followed by aérylic acid gerivatives of formula (IV) give cbmpounds of formula (V).
The acids with the formy 1a (V) may be cyclized to give the corresponding 5-
berizazepinone of the _o‘rmula' (VD) on treatment with a strong acid such as, but not
limited to, polyﬁhos horic acid or Eaton’s reagent. Alternatively, acids with the
formula (V) may b€ converted té thc correspondent acyl chlorides using methods -
familiar to one s illed in the art of organic synthesis. Upon treatment with a Lewis
acid, such as, Yat not limited to aluminum chloride, the acyl chlorides cyclize to give
5-benzazepinone of the formula (VI). The 5-benzazepinone of the formula (V1) may
be reducedfio the 3e¢ondary alcohol intermediates (VII) on reaction with reducing
agents sugh as, but not limited to, sodium borohydride in a lower alkyl alcohol
solvent/ Compounds of formula (VII) may be converted to compounds of formula (1)

by trepiting with phenols X-OH under Mitsunobu Reaction conditions that are familiar
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to one skilled in the art of organic synthesis. The typical Mitghinobu Reaction
conditions are 1,1°~(azodicarbonyl)dipiperdine (“ADDP”) afd (n-Bu)iP in THF.
Alternatively, compounds of formula (VII) may be convé ed to compounds of
formula (1) by treating with X-Y (Y = Cl, Br, I) under bgfic conditions such as, but
not limited to sodium hydride or alkali metal alkoxides/in solvents such as THF.
[0093] * The compounds of formula (I; R* = agfl, heteroaryl) of the present
invention may be prepared from the éorresponding -methoxy, 8-Cl, 8-Br, or 8-1
tetrahydrobenzazepine of formula (I; R* = OCH3,/Cl, Br, 1). The 8-methoxy
tetrahydrobenzazepine (I; R* = OCH;) may be gbnverted to the corresponding phenol
of formula (i; R* = OH) on treatment with a sffong acid or a Lewis acid, such as, but
not limited to, hydi‘obromic acid or boron tybromide. Alternatively, the phenol of
formula I (R* = OH) may be obtained fronf the corresponding 8-methoxy
tétrahydrobcnzachine of formula I (R* # OCHs) on treatment with the sodium salt of
an alkyl thiol, preferably ethane thiol. /The pheno! intermediate of formula (I; R* =
OH) ma}; be converted into the corr ponding triflate of formula (I; R* = 0SO,CF3)
on treatmcnt-witﬁ a triflating reagefit such as, but not limited to, -
trifluromethanesulfonic anhydri_ E, }x1 the presence of a base, such as, but not limited
© to, triethylamine or pyridine-. The reaction is carried out in an inert solvent, such as,
but not limited to dichloromeghane, at temperatures ranging from 0°C to room
te_1npcrafure. T_reatmé,nt of »-ompounds of formula (I; R* = C}, Br, 1, 0SO,CF-) with
éryl or hieteroaryl boronicAcids or aryl or heteroaryl boronic acid csters, of formula
R*-Z where Z is equ»ivaln_fx;lt-to B(OH); or B(OR*}(OR®) (where R* and R® are lower
a}kyl',_i.e:.v, C:-Co, Or_-ta._ép together, R and R® are lower alkylene, i.c., C2-Ci2) and R? -
is thé corresponding/ ;'ry! or heteroaryl group in the presence of a metal catalyst with
or-without a bése i an inert solvent gives benzazepine compounds of formula (I; R* =
aryl, he.&roaryl). / 'Métal catalysts include, but are-not limited to, salts or phosphine 7
compiexcs df v 1; Pd, or Ni (e.g., Cu(OAc),, PACL, (PPhs),, NiCl, (PPh3)z,-Pd(PPh3)4).
Bascs may include, But are not limited to, alkaline earth metal carbonates, alkaline
earth metal ‘icarb(_)n'ates, alkaline earth metal hydroxides, alkali metal carbonates,
alkahi mej 1 bicarbonates, alkali metal hydroxides, alkalt metal hydrides, alkali metal
alkoxid sv,.alkaline earth metél hydrides, alkali meta] diaikylamideé (preferably
lithiu diisopropylamidc), alkali metal bis(trialkylsilyl)amides (preferably sodium
bis(frimethylsityl)amide), trialkyl amines (preferably diisopropylethylamine or




58

tricthylamine) or aromatic amines (preferably pyridine). Inert splvents may include, A
but arc not limited to acetonttrile, dialkyl ethers (preferably djethyl ether), cyclic
ethers (preferably tetrahydrofuran or 1,4-dioxane), N, N-dialkylacetamides (preferably
dimethylacetamide), N,N-dialkylformamides (preferably gimethylformamide),
dialkylsulfoxides (ﬁrefcrably dimethylsulfoxide), aromatic hydrocarbons (preferably
benzene or toluene) or haloalkanes (preferably methylfne chloride). Preferred
reaction temperatures range from room temperature fip to the boiling point of the
solvent employed. The reactions may be run in cgfiventional glassware or in one of
many cornmercially available parallel synthesizef units. Non-commercially available
boronic acids or boronic acid esters may be obfained from the corresponding
optionally substituted aryl halide as described by Gao et al., Tetrahedron, 50:979-988
(1994), which is hereby incorporated by reference in its entirety.
[0094] It will also be appreciatedby one skilled in the art that compounds of B
formula (I; R* = Cl, Br, I, 0SO,CF;) mpy be converted.to the boronic acid or boronate
ester and subsequently treated'v)ith the desired optionally substituted ary! or
. heteroaryl halide in discrete steps of in tandem as described by Baudoiniet al.,J. Org..
Chem. 67:1199-1207 (2002), whi Iisis hereby incorporzitc_sd by reference in its entirety.
- [6095] The compounds gf formula (I; R‘f = NR'RY, -NR"?C(O)R"*) of the .
“present invention may be prepared from the compounds of formula (I; R* = Cl, Br, I,
osochg) on rcaction with fn appropriate amine, amide or lactam, in the presence of
a metal catalyst, with or without a base in an inert solvent. Metal cétaly’sts include,
but are not limitgzd'to, saj s or coinplexes of Cu, Pd, or Ni (e.g., CuI,ACu(OAc)z',
PdClg(dpbf),ﬁNfCl(O _;)}\, Ni(CODY),). Bases may include, but are not limited to,
- alkali metal carbona s, alkali metal hydrides, alkali metal alkoxides (prcférabvly,_
sodium (‘ert—bufoxi e), and alkali metal bis(trialkylsilyDamides (preferably, lithium
bis(trimethylsily amvide); A supponing ligand, such as, but not limited to L-proline
or dimethyleth enediamine i often used. Inert solvents may include, but are not -
limited to, cyflic ethérs (preferably, tetrahydrofuran or 1,4-dioxane), N,N- |

dialkylformpimides (preferably, dimethylformamide), dialkylsulfoxides (preferably,

joudy

dimethylghlfoxide), or aromatic hydrocarbons (preferably, benzene or toluene).
Prefervefl reaction temperatures range from room temperature up to the boiling point
of thefsolvent employed. The reactions may be run in conventional glassware or in a

sealfd reaction vessel.
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[0096] It will also be appreciated by one skilled in the it that the secondary
alcohols of formula (VII; R* = CI, Br, I) may be protected as/but not limited to, silyl
cthers such as fert-butyldimethyisilyl ether by methods thayfthat are familiar to one
skilled in the art of organic synthesis. The silyl ether derjfatives of formula (VII; R?
=}, Br, 1) may then be converted to silyl ethers derivafive of formula (VH; R* = aryl,
heteroaryl, -NR'°R', -NR’C(O)R ') by the aforeme

group can be removed by treatment with tetrabutyl

ioned methods. The silyl
monium fluoride to give
compounds of formula (VII). Compounds of forrgula (VII) may be converted to
compounds of formula (I) by the aforementioned methods. '

[0097] Compounds of formula I(A-E) ynay be obtained in enantiomerically
pure (R) and (S) form by crystallization with/chiral salts as well known to one skilled
in the art, or alternatively, may be isolated fhrough chiral HPLC employing
commercially available chiral columns. Lompounds of formula (VII) or the ether
derivatives, such as the tert-butyldimethylsilyl ethers of compounds of formula (VII)
could also be obtained as enantiomery :ally pure (R) and (S) form by crystallization

~ with chiral salts as well known to o e skilled in the art, or éitemative[y, may be’
isolated through chiral HPLC emplloying commercially available chiral columns.

- [0098] It will be apprecijpted that compounds acéording to the present
invention may contain asymmgtric centers. These asymmetric centers may
independently be in either the R or S configuration and such compounds are able to
rotate a plane of polarizedfight in a polafimgter, If said plane of polarized. light is
caused by the compound/to rotate in a counterclockwise direction, the compoimd is
said to be the (-) steregfsomer of the compound. If said plane of polarized light is
caused by thé cOmpoY; ncl\to rotate in a clockwise direction, the compound is said to be
the (+) stereoisomef of the compound. It will be apparent to those skilled in the.al{t
that certain comppunds-useful according to the invention may also exhibit geometriéal
isomerism. It ifto be understood that the present invention includes individual

mers and stereoisomers and mixtures thereof, including racemic
mixtures, offcompounds of formulae I(A-E) hereinabove. Such isomers can be
separated from their mixtures, by the application or adaptation of known methods, for
examplefchromatographic techniqucs and recnysféﬂ.ization techniques, or they are

separafely prepared from the appropriate 1somers of their intermediates.
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[6099] Radiolabelled compounds of the invention are gfmthesized by a
number of means well known to those of ordinary skill in thefart, ¢.g., by using
starting materials incorporating therein one or more radioigbtopes. Compounds of the
present invention wher¢ a stable radioisotope, such as cagbon-14, tritium, iodine-121,
or another radioisotbpe, has been introduced syntheticajty arc useful diagnostic agents
for identifying areas of the brain or central nervous s ftemn that may be affected by
disorders where norepincphrine,'dopafnine, or serotgnin transporters and their uptake
mechanism are implicated.

[0100) ‘The present invention provides cgmpositions containing the
compounds described herein, including, in parficular, pharmaceutical compositions
comprising therapeutically effective amountgof the compounds and pharmaceutically
acceptable carriers.

[0101}] Itisa ﬁmhcr object of thefpresent invention to provide kits having a
plurality of active ingredients (with or fithout carrier) which, together, may be
effectively utlhzed for carrying out thé novel combination therapies of the invention.

- [0102] - It is another object 0,. the invention to provide a novel pharmaceutical
Composition Wthh is effective, ir :and of itself, for utlllzatlon in a beneficial
combination therapy because it 1cludes a plurality of active ingredients which may
be utilized in accordance with/ he invention.

10103] The present i ,Véntioh also provides kits or single packages combining
two or more active ingredi ﬁts useful in treating the disease. A kit may provide
(alone or in combination, ith a pharmaceutically acceptable diluent or carrier) the
compounds of formula _;"I(A—E) and the additional active ingredient (alone or in
combination with dily ént or carrier) selected from a serotonin 1A receptor antagonist,
a selective neurokinfin-1 'receptor' antagonist, and a norepinephrine precursor.

[0104] _7 In .raétice.,. the éompouﬁds of the present invention may generally be
administered pgy énterally, il,ltravenou.'siy, subcutaneously, intramuscularly,
colonically, ngfsally, intraperitoneally, rectally, or orally.

{0105] The prodhcts accbrding to the invention may be presented in forms
permitting/administration by the most bUltdb[C route and the invention also relates to
pharmag utxcal compositions contammg at least one product accordmg, to the
inventjbn which are suitable for use in human or veterinary medicine. These

comylositions may be prepared according to the customary methods, using one or
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more pharmaceutically acceptable adjuvants or excipients. The adjuvants comprise, A
inter alia, diluents, sterile aqueous media, and the various ngn-toxic organic solvents.
The compositions may be presented in the form of tablets, pills, granules, powders,
aqueous solutions or suspensions, injectable solutions, elfxirs or syrups, and can
contain onc or more agents chosen from the group comprising sweeteners, flavorings,
colorings, or stabilizers in order to obtain pharmaceufically acceptable preparations.
[0106] The choice of vehicle and the contegft of active substance in the vehicle
are generally determined in accordance with the gblubility and chemical properties of
the product, the particular mode of administratign and the provisions to be observed in
pharmaceutical practice. For example, excipignts such as lactose, sodium citrate,
calcium carbonate, dicalcium phosphate and/disintegrating agents such as starch,
alginic acids and certain complex silicates/combined with lubricants such as
magnesium stearate, sodium lauryl sulfafe and talc may be used for preparing tablets.
To prepare a capsule, it ié advantageoys to use lactose and high molecular weight
polyethylenc glycols. When aqueouy suspensions are used they can contain
emulsifying ,agenté or agents whiclffacilitate suspension. Diluents such as sucrose,
ethanol, polyethylene glycol, pro 'y)lene glycol, glycerol, and chloroform or mixtures
thercof may also be used. -/ 7
[0107]  For parenteral pAdministration, emulsions, suspensions or solutions of
the produbts according to thy invention in vegetable oil, for example sesame oil,
groundnut oil, ér olive oil/ 6;' aquecous-organic solutions such as water and propylene
glycol, injectable organif. esters such as ethyl oleate, as well as sterile aqucoué
solutions of the ph'a o ccutlcally acceptable salts, are used. The solutions of the salts
of the produc%ts accod mg to the invention are especially useful for admlmstratmn by
intramuscular or sy cutaneous injection. The aqueous solutions, also comprising
solutioné of the .'lts' inﬁﬁré distilled water, may be used for intravenous
administration fith the proviso that their pH is suitably adjusted, that they are
judiciously byfffered and rendered isotonic with a sufficient quantity of gluéose or
ide and that they are sterilized by heating, irradiation-or microfiltration.
[0108]

inventio may be prepared by conventional means. For example, compounds of the

Suitable composmonq contammg the compounds of the present

presenf invention may be dissolved or suspended in a suitable carrier for use in a
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nebulizer or a suspension or solution aerosol, or may be absorlfed or adsorbed onto a
suitable solid carrier for use in a dry powder inhaler.

[0109] Solid compositions for rectal administration/include suppositories
formuiated in accordance with known methods and cont ning at least one compound
of formulae I(A-E).

[0110] - The percentage of active ingredient in fhe compositions of the present
invention may be varied, it being necessary that it sifould constitute a proportion such
that a suitable dosage shall be obtained. Obviouslf, several unit dosage forms may be
administered at aﬁout the same time. The dose gimployed will be determined by the
physician, aﬁd depends upon the desired therapleutic effect, the route of administration
and the duration of the treatment, and the coydition of the patient. In the adult, the
doses are generally from about 0.01 to aboyft 100 mg/kg body weight, preferably
about 0.01 to about 10 mg/kg body weightt per day by inhalation, from about 0.01 to
about 100 mg/kg body weight, preferably 0.1 to 70 mg/kg body weight, more
especially 0.5 to 10 mg/kg body weig, t per day by oral administration, and from
- about 0,01'to' ,ébout 50 mg/kg body pveight, preferably 0.01 to 10 mg/kg body weight
» per day by intravenous administr _‘ 16n. In each particular case, the doses will be
: det_ennined in accordance with te factors distinctive to the subject to be treated, such
as age, weight general state offhealth and other characteristics which can influence
'thc efﬁcacy of the medicina / foduct.

[0111]_ : The produc_" according to the present invention may be admmwtered
as ﬁ‘equcntly as necessary “in order to obtain the desired therapeutic effect. Some
panents may respond Iy "idly to a higher or lower dose and may find much weaker
mamtcnancc doses’ a quatc For other patients, it may be nccessary to have long—
'term treatments at tife ratc of 1 to 4 doses per day, in accordance with the
physiological req lements of each particular patient. Gener ally, the active product
may be adminis red orally 1 to 4 times per day. It goes without saying that, for other
patients, it W_llv be necessary to prescribe not more than one or two doses per day‘
[0112] ~ The present invention provides compounds which inhibit synaptic
norepinephfine, dobamine, and serotonin uptake and are, therefore, believed to be
useful infreating a disorder which is created by or is dependent upon decreased
availabflity of serdtonin, norepinephrine or dopamine. Although the compounds of

formylae I(A-E), inhibit synaptic norepinephrine, dopamine, and serotonin uptake, in
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any individual compound, these inhibitory effects may be manftested at the same or
vastly different concentrations or doses. As a result, some cgfinpounds of formulae
I(A-E), are useful in treating such a disorder at doses at whjch synaptic
norcpfncpinine uptake may be substantially inhibited butft which synaptic serotonin
uptake or dopamine uptake is not substantially inhibited] or vice versa. Also, some
compounds of formulac I(A-E), are useful in treating fuch a disorder at doses at
which synaptic dopamine uptake may be substantially inhibited but at which synaptic
norepinephrine or serotonin uptake is not substantfally inhibited, or vice versa. A'nd,‘
conversely, some compounds of formulae I(A-Ef, are useful in treating such a
disorder at doses at-which synaptic serotonin yptake may be substantially inhibited
but at which synaptic norepinephrine or dopgmine uptake is not substantially
inhibifed, or vice versa. Other compounds/of formulae 1{A-E), are useful in treating
such a disorder at doses at which synaptig norepinephrine, dopamine, and serotonin
uptake are substantially inhibited. ‘
(0113} The present invention provides compounds where the inhibitory effects
on serotonin and norepinephrine upfake occurs at similar or even the same
‘concentrations of these compoung ;'while the effects on inhibition of dopamine
- uptake ocours at vastly differen Loncentrations or doscs. As a result, some
compounds Qf formulac 1{A-~ ), are useful in treating such a disorder at doses at
which s&naptic serotonin ang norepinephrine uptake may be substantially inhibited
bl.ltv at .which syhaptic dopy rine uptake is not substantially inhibited, or vice versa.
[0114) The presefit invention provides compounds where the inhibitorj effects
on serotonin and dopay ine uptake occurs at similar or even the same concentratibns
of these (-:om.pounds / hile the effects on inhibition of norepinephrine uptake occurs at
V vas_ﬂy different cony eﬁtrations or doses. As a result, some compounds of |

formula»é I(A-E), Are useful in treating such a disorder at doses at which synaptic

[0115] The present invention provides compounds where the inhibitory effects
‘on norepigkphrine and dopamine uptake occurs at similar or even the same

concenty "[:i‘ons of these compduﬁds while the effects on inhibition of dopamine uptake
occursfat vastly different concentrations or doses. As a result, some compounds of

lae I(A-E) are useful in treating such a disorder at doses at which synaptic
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norepinephrine and dopamine uptake may be substantially inhjbited but at which
synaptic scrotonin uptake is not substantially inhibited, or vi e versa.

[0116] The present invention provides compounds fvhere the inhibitory effects
on norepinephrine, dopamine and serotonin uptake occurfat similar or even the same
concentration. As a result, some compounds of formulfe I(A-E) are useful in treating
such a disorder at doses at which synaptic norepineplfiine, dopamine, and scrotonin
uptake may all be substantially inhibited.
{0117] _ The concentrations or doses at whifh a test compound inhibits synaptic
norepinephrine, dopamine, and serotonin uptakdfis readily determined by the use of |
standard assay and techniques well known an¢fappreciated by one of ordinary skill in
the art. For example, the degree of inhibitiopf at a particular dose in rats can be
determined by the method of Dudley, J Phfirmacol Exp Ther 217:834-840 (1981),
which is hereby incorporated by referengf in its entirety.

[0118] The therapeutically effeftive inhibitory dose is one that is effective in
substantially inhibiting Synaptic norepinephrine uptake, synaptic dopamine uptake, or
synaptic serotonin uptake or inhibiffng the synaptic uptake' of two or more of
‘norepinephrine, dopamine and se _dionin uptake. The therapeutically effective
inhibitory dose can be readﬂy dftermined by those skill,éd in the art by using
conventional range finding teghniques and analogous results obtained in the test
systems described above. 7

[0119] - Compoundg of this invention provide a particublarly beneficial
therapeutic index relativg to other compounds available for the treatment of similar
disorders. Without intgnding to be limited by theory, it is believed that this is due, at
least in bart,.to somefof the compounds having higher binding affinities for one or two
of the neurotransmjfiter transporters, e.g., selectivity towards the norepinephriné
transporter protej ("NET") over the tfansportérs for other neurochemicals, e.g., the‘
dopamine transporter protein ("DAT") and the serotonin transborter protein
("SERT"). '
[{0120]
towards ¢
the NET/

Other compounds of the present invention may demonstrate selectivity

SERT over the transpoﬁcrs for other neurochemicals, e.g., the DAT and
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[0121] Still other compounds of the present invention rfay demonstrate

selectivity towards the DAT over the transporters for other ngurochemicals, e.g., the
SERT and the NET. ‘

[0122j Other compounds of the present invention f/may demonstrate sclectivity
towards the SERT and the NET over the transporter forbther neurochemical, e.g., the
DAT. | ‘

[6123] Still other compounds of the present jfivention may demonstrate
selectivity towards the SERT and the DAT over tf transporter for other
neurochemical, e.g., the NET, '

[0124] Still other compounds of the prgsent invention may demonstrate
selectivity towards the NET and the DAT ovgr the transporter for other

( neurochemical, e.g., the SERT.

[0125] Finélly other compounds possess nearly identical affinity towards the

NET, the DAT, and the SERT. v
[0126] Binding affinities are ¢gEmonstrated by a number of means well known

to ordinarily skilled artisans, includj g, without limitation, ihosc described in the
Examples seétion hereinbelow. By i¢fly, for example, protein-containing extracts from
cells, e.g., HEK293E cells, ekpr_:’s'sin'g the transporter prbteins are incubated with
radiofabelled ligands for the pybteins. The bindihg of the radioligands to the proteins
is yeversible in the presence ¢f other protein ligands, e.g., the compounds of the
present invenfi@n; said revg Sibility, as deﬁcr@bcd below, provides a means of
measuring the compound:_* binding affinities for the proteins (Ki or ICsg). A higher
Ki or ICsq value for a of fnpound is indicative that the compound has less binding
affinity fér a brotein ) an is so for a compound with a lowér Ki or 1Cso; conversely,
lower Ki or ICso va eé are indicative of greater Binding affinities.

[0127] Ag :ordingly, the difference in cémpound selectivity for proteins is
indicated by a lgawver Ki or 1Cso for thé protein for which the compound is more
selective, and A higher Ki or I1Csq for the prbtein for which the compound is less
selective. TY ﬁs, the higher the ratio in Ki or1Csq values of a compound for protein A
over protejh B, the greater is fhe compounds’ seléctivity for the latter over the former
(the fo ei_ having a higher Ki or ICs and the latter a lower Ki or 1Cso for that

compopnd). Compounds provided herein possess a wide range of selectivity profiles
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for the norepinephrine, dopamine, and scrotonin transporters af reflected by the ratios
of the experimentally determined Ki or ICso values.
[0128] Selected compounds (“mono action transpoyter reuptake inhibitors”) of
the present invention have potent binding affinity for each of the biogenic amine
transporters NET, DAT or SERT. For example, selectgd compounds of the present
invention possess potent (NET Ki or ICse < 100 nM) And selective binding affinity for
NET, where the Ki or ICsg ratio of DAT/NET and SERT/NET is greater than 10:1.
Other selected compounds of the present inventioft possess potent (SERT Ki or ICso <
100 nM) and selective binding affinity for SERY, where the Ki or ICso ratio of
NET/SERT and DAT/SERT is greater than 1¢{1. Other selected compounds.of the
present invention possess potent (DAT Ki oy 1Cso < 100 nM) and selective binding
affinity for DAT, where thé Ki or ICso ratig of NET/DAT and SERT/DAT is greater
than 10:1.
[0129] . Selected compounds (“gual action transporter reuptake inhibitors™) of
the present invention have potent bing ’i.ng affinity for two of the biogenic amine

- transporters, NET, DAT or SERT. fFor example, selected compounds of the present
invention possess potent (NET &/SERT Ki or ICs values < 100 nM) and sclective
binding affinity for NET and S / T, 'whergt the Ki ratio 6f DAT/NET and DAT/SERT
is greater than 10:1 while the ¥ i or ICsp ratio of SERT/NET or NET/SERT is less than
10:1. Other sclected compofinds of the present invention possess potent (NET &-
DAT Kij or IC5§ values < 100 nM) and se-iec_tive binding affinity for NET and DAT,
where the Ki ratio of SE} ‘T/NET and SERT/DAT is greater than 10:1 while the Kior
ICsp ratio of DAT/NE / or NET/DAT i8 less than 10:1. -Other selected compounds of
this inventiox'l possesy _blpo“tent (DAT & SERT Ki or ICso vélues <100 nM) and
selective binding a inity for DAT and SERT, where the Ki or 1Csg ratio of NET/DA_T
and SERT /DAT jy gfeatér than 10:1 while the Ki or ICs ratio of SERT/NET or
NET/SERT is s than 10:1. |
[6130] Selected compounds (“triple action transporter reuptake inhibitors™) of
the present jhvention have potent binding affinity simultaneously for all three of the
biogenic afnine transporters, NET, DAT or SERT. For example, selected compounds
of this i 'f'chtion possess pote.r‘\t. (NET‘, DAT & SERT Ki or ICsp values < 100 nM)
where fhe Ki or 1Csq ratios of NET/DAT, NET/SERT, DAT/NET, DAT/SERT,
SERZA/NET and SERT/DAT are all less than 10:1.
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[0131] Selected compounds of the present invention hgve potent binding

affinity (Ki or ICso values < 100 nM) for one, two, or three of the biogenic amine

 transporters, NET, DAT and SERT where the Ki or ICso rafios for any of NET/SERT,

NET/DAT, DAT/NET, DAT/SERT, SERT/NET, and SERT/DAT fall outside of the
bounds defined for the “Mono-, Dual or Triple action tghnsporter reuptake inhibitors”
defined above.

[0132] - Selected compounds of the present igfvention have less potent binding
affinity (Ki or 1Csy values between 100 nM and 1§00 nM) for one, two, or three of the
biogenic amine trénsportcr_s, NET, DAT and SERT, where the XKi or ICsy ratios for
any of NET/SERT, NET/DAT, DAT/NET, DAT/SERT, SERT/NET, and SERT/DAT

fall within the bounds defined for the “Mongf, Dual or Triple action transporter

reuptake inhibitors” defined above.

[0133] F inélly, selected compounfls of the present invention have less potent
binding affinity (Ki or ICso values betwken 100 nM and 1000 nM) for one, two, or
three of the biogenic amine transport ) b NET, DAT, and SERT, where the Xi or ICsp

 ratios for ahy of NET/SERT, NET/PAT, DAT/NET, DAT/SERT, SERT/NET, and

SERT/DAT fall outside of the bo inds defined for the “mono-, dual or triple action

" transporter reuptake inhibitors” defined above.

EXAMPLES

[0134] “The followihg exémplcs are provided to illustrate embodiments of the

present invention but are/by no means intended to limit its scope.

,Examgle 1- Prepar tlou of (+) 2-methyl-5-(naphthalen-2-yloxy)-8-(pyridazin-3-

yl) 2? »4,5- tetrahydro 1 H-benzo|c]azepine, tartrate salt

[0135] . Stay A: Toa 5olut10n of 3-bromobenzaldehyde (75.5 g, 408 mmol) in
methéﬁol (500 L) at 0°C was added methylamine (40% in aqueous, 38 g,

490 mmol), agfd iodiné (1 g, 3.9 mmol). The mixture was stirred at 0°C for

30 minutes. fSodium boi'ollydride (23.2 g, 614 mmol) was added in portions. The
mixturc WES stirred at 0°C for_S _hours. The solv¢n§ was removed, and the residue was
taken u With water and dichloromethane. The organic layer was séparatcd, washed

with byine, dried over sodium sulfate and concentrated to give the benzylamine (80 g,



~ 'HNMR (CDCl, 300/

08

crude) as a light yellow oil: "H NMR (CDCls, 500 MHz) 7.4 7 (s, 1H), 738 (d, /=
8.0 Hz, 1H), 7.24 (d, J= 8.0 Hz, 1H), 7.19 (t, J= 8.0 Hz, 1HJ, 3.72 (5, 1H), 2.406 (s,
3H); ESI MS m/z 200 [M+H]".
[0136] Step B: A solution of the benzylamine 2¢/4 g, 131 mmol) from Step
A above, acrylic acid 9.5 g, 131 mmol) and pyridine (_ 0 mL) was refluxed for

2 hours. The solvent was removed, and the residue whs dried under vacuum to give

(CDCls, 300 MHz) § 7.75-7.68
= 6.0 Hz, 2H), 2.56 (t,J = 6.0 Bz,

the acid (37.6 g, crude) as a light yellow oil: 'H N
(m, 2H), 7.48-7.43 (m, 2H), 3.67 (s, 2H), 2.84 (1,
2H), 2.34 (s, 3H); ESI MS m/z 272 [M+H]"
{0137] Step C: A mixture of the acid (80 g, crude) from Step B above and
triflic acid (350 g, 2333 mmol) was heated af 120°C for 72 hours. After cooling to
room temperature, the mixture was slowlyAiluted with water (1000 mL) at 0°C. The
aqueous mixture was adjusted with NaOA to pH = 9. The product was extracted with
dichloromethane, washed with brine, dfied over sodium sulfate and concentrated to

give the ketone (38 g, crude): 'H NMR (CDCl, 500 MHz) § 7.52-7.51 (m, 1H), 7.38-

©7.37 (m, 1H), 7.31-7.28 (m, 1H), 3 £9 (s, 2H), 2.84 (m, 4H), 2.43.(s, 9H); ESI MS miz

254 [M+H]",

~ [0138] Step D: To a 50 htion of the ketone (1.9 g, 7.3 mmol) mn methanol

(20 mL) was added NaBH, (4A8 mg, 11.0 mmol) in portions at 0°C. The mixture was
stirred at 0°C for 1 hQur. THfe solvent was removed, and the residuc was taken up with
diclﬂdromethahe/wafer. The organic layer was separated, washed with brine, dried
over sodium sulfate, an ) (‘;bncentrated to give the alcohol (2.1 g, cmde}' as a dark oil:
Hz) § 7.60-7.42 (m, 1 H), 7.37-7.33 (m, 1H), 7.26-7.23 (m,
1H), 4.86-4.82 (m, 1), 3.90-3.84 (m, 1H), 3.72-3.67 (m, 1H), 3.22:3.18 (m, iH), |
2.90-2.82 (m, 1H)/2.34 (s, 3H), 2.14-2.07 (m, 1H), 1.95-1.91 (m, TH); ESI MS m/z .
256 [M+H]". / ‘
[0139]
r-butyldimethfylsilyi chloride (10 g, 66 mmol), imidazole (11.1 g, 166 mmol) and
DMF (100

tep E: A mixture of the alcohol from Step D above (15.2 g, crude),

) was stirred at room temperature overnight. The mixture was diluted




~ the mixture. The reaction was heated at 85°C f

Bis(diphenylphosphino) ferrocen
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hydroxide) to give the TBS ether (12 g, 59%) as a brown oil: I NMR (CDCls,

300 MHz) & 8.01 (s, 1H), 7.33 (d, /= 7.9 Hz, 1H), 7.24 (d, J/= 7.9 Hz, 1H ), 4.82 (t,
J=4.9 Hz, 1H), 3.64-3.61 (m, 1H), 3.27-3.18 (m 1H), 2.36/(s, 3H), 1.95-1.85 (m, 2H),
1.80-1.63 (m, 2H), 0.91 (s, 9H), 0.097-0.085 (m, 6H); EJI MS m/z 370 [M+H]",
[0140] Step F: To a solution of the bromide (1
DMSO (120 mL) was added bis(pinacolato)diboron (£

g, crude) from Step E in

7 g, 34.1 mmol) and potassium
acetate (9.5 g, 97 mmol). The mixture was purged pvith argon. 1,1'-
Bis(diphenylphosphino)ferrocenedichloropaliadiyfn (1.9 mg, 2.5 mmol) was added to
1.5 hours. After cooling to room
temperature, the reaction mixture was diluted fvith dichloromethane, and filtered
through a péd of Celite. The filterate was washed with water, brine, dried over
sodium sulfate and concentrated to give th
thick black liquid: ESI MS m/z 418 [M+A]".

{0141} Step G: The boronate efter (19 g, crude) from Step F above, 3-chloro-

desired boronate ester (19 g, crude) as a

pyridazine (4.8 g, 42 mmol), and cesj im carbonate (21 g, 63 mmol) were suspended
in DMF (120 mL) and water (30 mL). The mixture was purged with argon. 1,1-
ichloropalladium (240 mg, 0.33 mmol) was added

to the mixture. The mixture wa heated at 100°C for 2 hours. After cooling to room

temperature, the reaction mixjlire was diluted with dichloromethane, and filtered

through a pad of Celite. Thy filtratc was washed with water, brine, dried over sodium

sulfate and concentrated. Fhe residue was purified by flash' chromatography
(98:1.8:0.2 t0 95:4.5:0.5 fichloromethane/methanol/concentrated ammonium |
hydroxide) to give 5 )’[—butyldimethylsi[yioxy)—2-methyl~8-(pyridazin~3-yl)—2,3,4,5—
tetrahydro—]H—benz c]aiepilxe (4.7 g, 40% for 2 steps) as an oil. This oil was
resolved using Chifalcel OD column (eluente :80 Hep:20 IPA:0.1 DEA) to give (+)-

[ 98%, ([0]%p, +26.9° (C, 0.29 Methanol) and (-)-enantiomer (2.3 g,
98%, [0t]p, - 20 (C, 0.28 Methanol)): "H NMR (CDCls, 300 MHz) 5 9.15 (d, J =
4.8 Hz, 1H), 7.91-7.84 (m, 3H), 7.54-7.50 (m, 2H), 4.96 (t, J = 5.2 Hz, 1H), 4.26-4.05
(m, 1H), 3.#5-3.73 (m, 1H), 3.30-3.21 (m, 1H), 2.97-2.91 (m, 1H), 2.32 (s, 3H) 1.95-
1.85 (m, ZH), 0.91 (s, 9H), 0.(_)9‘7—0;085 (m, 6H); ES1 MS m/z 370 [_M+H}+,

(0142 ' |

meth

enantiomer (2.3

Step H: To the solution of the (~)-5-(tert-butyldimethylsityloxy)-2-
—8—(pyridazin—3-yl)-2,3,4,5—tetrahydro-1H~benzo[c]azepine (2.14 g, 5.8 mmo!)
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from Step G above in THF was added TBAF (1.0 M in THF, 1p mL, 10 mmol). The
reaction mixture was stirred at room temperature for 3 hours/ The solvent was
(97:2.7:0.3 t0 93:6.3:0.7
) to give (-)-2-methyi-8-

removed. The residue was purified by flash chromatograpl
ethyl acetate/methanol/concentrated ammonium hydroxi
(pyridazin~3-yl)—2,3,4,5~tctrahyd'ro—]H—benzo[c}azepin— -0l {1.34 g, 90%) as a white
solid ([0}*’p, -28.6°, (C, 0.18 Methanol)): ESI MS n/; ‘256 [M+H]".

[0143] Step I To a solution of (-)-2-methyl-8-(pyridazin-3-y)-2,3,4,5-
tetrahydro-1H-benzo[clazepin-5-ol (17.8 mg, 0.070 mmol) from Step H above in
methanol (I mL) was added L-tartaric acid (11 ghg, 0.073 mmol) fo llowed by slow
addition of water (5 mL). The resultant solutigh was Iyophilized overnight to give (-)-
2-methyl-&(pyriddzin&-yl)~2,3,4,5-.tetrahy o-1H-benzo[clazepin-5-ol, tartrate salt
(28 mg, 97%, AUC HPLC >99%) as a of ffbhite solid: mp 102-104°C; 'H NMR
(CD;0D, 500 MHz) 6 9.18 (d, / = 5.0 H{, 1H), 8.21 (d, J=18.7Hz, 1H), 8.16 (s, 1H),
8.13 (d, J=7.9 Hz, 1H), 7.82 (dd, J= §.7, 4.9 Hz, 1H), 7.69-7.65 (m, 1H), 5.09-5.07
(m, 1H), A4_.88-4.81 (m, 1H), 4.45-4 41 (m? 1H), 3.50-3.44 (m, 1H), 2.90 (s, 3H), 2.24-
2.22 (m, 1H); ESI MS m/z 256 [M+4H]. ‘ '
[0144] Step J: To a solutibn of (-)-2-methyl-8-(pyridazin-3-y1)-2,3,4,5-
tetrahydro-lH—bcnzo[c]aze;ﬁin— ol (80 mg, 0.31) from Step H above in THF (5 mL)
was added napthalen-2-ol (67/ng, 0.47 mmol), tributylphosophine (95 mg,

0.47 mmol) and 1, 1 ’~(az0d'_ arboyl.)dipip.eridin'e (118 mg, 0.47 mmol) at room
tcmﬁérature. The reactior , mixture was stirred at room temperature for 3 hours. The
mixture was dituted witk ~’Aiohlorbmethane and washed with water, brine, dried over
sodium suifate and co _ééntrafed. The residue was purified by chromatography (98:2
10 95:5 ethyl acetate) ﬁethano 1), foﬂowed by HPLC to give the (+)-5-(naphthalen-2-
yloxy)-8—(pyridazi ‘.—3~yl‘)52,3_,4,5—tétral_1ydro—IH~benzo[c]achine (60 mg, 48%) as.a
gum-like sohd. /[ IR V
(0145 |
above in metffano! (1 mL) was added L-tartaric acid (17 mg, 0.12 mmol) followed by

tép K: To a solution ofthc.produét (45 mg, 0.12 mmol) from Step J

slow additigh of water (5 mL). The _resultant solution was lyophilized overnight to
give (+)- -(naphthalen—2-y10x_y){8~(py:idazi11—3~yl)_:2,3,4,5~tetrahyd'ro~1H~
benzo[gflazepine, tartrate salt (58 mg, 94%, AUCVHPLC >99%}) as White solid: mp
4°C; '"H NMR (CD:0D, 500 MHz) § 9.18 (d, J = 5.0 Hz, 1H), 8.21 (s, 1H),
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8.19 (d,J=8.7 Hz, 1H), 8.09 (d, J = 8.0Hz, 1H), 7.81-7.76 (mf 4H), 7.70 (d, J =
8.2 Hz, 1H), 7.40 (t, J= 8.2 Hz, 1H), 7.37 (s, 1H), 7.34-7.31/m, 2H), 5.94 (d, /=
8.2 Hz, 1H), 4.88-4.81 (m, 1H), 4.60-4.56 (m, 1H), 4.40 (s/2 H), 3.98-3.90 (m, 1H),
3.70-3.60 (m, 1H), 2.92 (s, 3H), 2.54-2.48 (m, 2H); ESI

Example 2 - Preparation of (1+)-5-(4-chlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo{clazepjne, tartrate salt

{0146} ~ This compound was prepared fromy/(-)-2-methyl-8-(pyridazin-3 -yl)-l

2,3,4,5-tetrahydro-1H-benzo{cJazepin-5-ol fronyStep H in Example 1 and 4~

chlorophenol, following the procedures of Steps J andK in Example 1. (+)-5-(4-

Chlorophenyl)-8-(pyridazin-3-yl)-2,3,4,5-tetfahydro-1H-benzo[clazepine, tartrate salt

(AUC HPLC >99%) is a white solid: mp 1£6-108°C; '"H NMR (CD:0OD, 500 MHz)

$9.18 (d, J = 5.0 Hz, 1H), 8.20-8.17 (m,/2H), 8§.07 (d, /= 8.0 Hz, 1H), 7.80 (dd,J=‘ '

8.7, 3.8 Hz, 1H), 7.66 (d, /= 7.9 Hz, 1H), 7.25 (d,J = 9.0 Hz, 2H), 7.05 (d, J =

9.0 Hz, 2H), 5.73 (d, J= 7.6 Hz, 1H)/4.92-4.84 (m, 1H), 4.52-4.46 (m, 1H), 4.42 (s,

- 3H), 3.90-3.80 (m, 1H), 3.56- 3.50 {m, 1H), 2.86 (s, 3H), 2.46-2.37 (m, 2H); ESIMS
m/z 366 [M+H]. a

+)-2-methyl-8-(pyridazin-3-y)-5-(p-tolyloxy)-2,3,4,5- A

Exémnl_e 3 - Preparation of
-benzo{c]azepine, tartrate salt

7 tetrahydro -14 4
[0147] ~~This compg nd was prepdrcd from (~)-2-methyl-8- (pyndazm 3 yi)-
2,34 S-tetxdhydro-lH-b,_
followmg the procedur_ s of Steps J and K in Example 1. (+)-2-Methyl-8-(pyridazin-
3—yl)«5-(p-tolyloxy)— A
HPLC >99%) isay hltc solid: mp 104-106°C; "H NMR (CD;0D, 500 MHz) § 9 18
d,J= 5_;0 Hz, 15), , 8.20-8.18 (m, 2H), 8.08 (d, J = 8.6 Hz, 1H), 7.80 (dd, /= 8.7,
3.8 Hz, 1H), 7. ‘6' (d, J=7.9 Hz, 1H), 7.06 (d,J = 9.0 Hz, 2H), 6.93 (d,/=9.0 Hz,‘
2H), 5.69 (d, /=77 Hz, 1H), 4.96-4.88 (m, 1H), 4.55-4.52 (m, 1H), 4.43 (S, 3H),
3.98-3.93 ( \ 1H), 3:60-3.58 (m, 1H), 2.93 (s, 3H), 2.54-2.35 (m, 2H); ESIMS m/z

ofclazepin-5-ol from Step H in Example 1 and p-cr esol

»3, 4 ,5-tetrahydro-1H-benzo{c]azepine, tartrate salt ( AUC
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Example 4 - Preparation of (+)-2-methyl-8-(pyridazin-3-y
(trifluoromethoxy)phenoxy)-2,3,4,5-tetrahydro-111-
benzo}c|azepine, tartrate salt

[0148] This compound was prepared from (-)-2-fethyl-8-(pyridazin-3-yl)-

2_,3,4,5—tetrahydro-1H~benzo[c]azepin—5-ol from Step H/in Example 1 and 4-

(trifluoromethoxy)phenol, following the procedures gf Steps J and K in Example 1.

(+)-2-Methyl-8-(pyridazin-3-yl)-5-(4-(trifluoromet

1H-benzo[c]azepine, tartrate salt ( AUC HPLC 98/4%) is a white solid: mp 104-

106°C; 'H NMR (CD;0D, 500 MHz) 8 9.18 (d, /= 5.0 Hz, 1H), 8.20-8.18 (m, 2H),

8.08 (d, /= 8.0 Hz, 1H), 7.81 (dd, J= 8.7, 3.8 Hz, 1H), 7.68 (d, /= 8.0 Hz, 1H), 7.19

(d,J=9.0 Hz, 2H), 7.14 (d, J = 9.0 Hz, 2H)/5.76 (d, J = 8.0 Hz, 1H), 4.92-4.84 (m,

1H), 4.50-4.47 (m, 1H), 4.42 (s, 3H), 3.90-4.80 (m, 1H), 3.58-3.52 (m, 1H), 2.87 (s,

3H), 2.54-2.38 (m, 28); ESI MS m/z 416 M+H].

xy)phenoxy)-2,3,4,5-tetrahydro-

"~ Example 5 - Preparation of (+)-5-(3 5—diﬂuorophenoxy)—?-methy]—S-(pyridazin-_B-
¥D-2,3,4,5-tetrahydrgf1H-benzo[c]azepine, tartrate salt
' [0149] " This compound wag prepared from (-)-2-methyl-8-(pyridazin-3-yl)-
12,3,4,5-tetrahydro- 1 H-benzo[c]agepin-5-ol from Step H in Example 1 and 3,5-
diﬂﬁorophenol following the procedures of Steps J and K in Example 1. (+)-5-(3,5-
' Dlﬂuorophcnoxy) -2-methyl- ~(pyridazin-3-y1)-2,3,4,5- teuahydro 1H-
benzo[c]azepmc, tartrate saff ( AUC HPLC >99%) is a white solid: mp 94- 96°C 'H
NMR (CD;OD 500 MH: A8 9.18 (d, /= 4.5 Hz, 1H), 8.22-8.20 (m, 2H), 8.12 (d, J= -
8.0 Hz, I.H), 7.81 (dd, Jf= 8.7, 3.8 Hz, 1H), 7.70 (d, / = 8.0 Hz, 1H), 6.78-6.75 (m,
2H); 6"58;6 53 (m, 11 , 5.82 (d, J= 7.9 Hz, 1H), 4.88-4.81 (m, 1H), 4.58-4.53 (m,
lH) 443 (s, 3H), 3, 12-3.82 (m, 1H), 3.65-3.58 (m, 1H), 2.90 (s, 3H), 2.58-2.40 (m
2H); ESI MS m/z J68 [M+H].

reparation of (+)-4-(2-Methyl-8-(pyridazin-3-yI)-2,3,4,5-
fietrahydro-1H-benzo[c]azepin-5-yloxy)benzonitrile, tartrate salt

Exémgle 6 —

| This compound was prepared from (-)-2-methyl-8-(pyridazin-3-yl)-

enzonitrile, following the procedures of Steps J and K in Example 1, (+)-4-

yl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-benzo[clazepin-5-
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yloxy)benzonitrile, tartrate salt (AUC HPLC >99%) is a whitefolid: mp 94-96°C; 'H
NMR (CD;0D, 500 MHz) § 9.18 (d, /= 4.9 Hz, 1H), 8.21-8(19 (m, 2H), 8.11 (d,J =
8.0 Hz, 1H), 7.70-7.65 (m, 3H), 7.24 (d, J = 8.8 Hz, 2H), 92 (d, J= 7.7 Hz, 1H),
4.88-4.81 (m, }.H),_4.56~4.52 (m, 1H), 4.43 (s, 3H), 3.9043.80 (m, 1H), 3.65-3.58 (m,
- 1H), 2.88 (s, 3H); 2.66-2.40 (m, 2H); ESI MS m/z 357 M+H].

Example 7 — Preparation of (+)-5-(3,4-Dichloro enoiy)-Z-methyI-S—(pyridazin-
3-yD-2,3,4,5-tetrahydro-1H-benzofclazepine, tartrate salt :

[0151] " This compound was prepared frgfn (-)-2-methyl-8-(pyridazin-3-yl)-

2,3,4,5-tetrahydro- 1 H-benzo{c]azepin-5-o! frgfn Step H in Example 1 and 3,4-
dichlorophenol, following the procedures offSteps J and K in Example 1. (+)-5-(3,4-
Dichlorophenoxy)-2-methy!-8-(pyridazin-A-yh-2,3,4,5-tetrahydro- 1 -
benzo{clazepine, tartrate salt ( AUC HPYC 98.8%) is a white solid: mp 1(')2-1104"C; |
'H NMR (CDs0D, 500 MHz) § 9.18 (f, J = 4.9 Hz, 1H), 8.21-8.19 (m, 2H), 8.11 (d,
J= 8.0 Hz, 1H), 7.82-7.80 (m, 1H), 7/67 (d, /= 7.9 Hz, 1H), 7.40 (d, J = 9.0 Hz, 1H),
7.29(d, J= 2.9 Hz, 1H), 7.05 (d, J£ 8.9 Hz, 1H), 5.79 (4, J= 7.8 Hz, 1H), 4.88-4.80
-(m, 1H), 4.53-4.45 (m, 1H), 4.42, s, 3H), 3.90-3.80 (ni,_lH), 3.60-3.52 (m, 1H), 2.88
(s, 3H), 2.56-2.38 (m, 2H); ESYMS m/z 400 [M-+H].

Example 8 — Preparation gf (+)-5-(3,4-Difluorophenoxy)-2-methyl-8-(pyridazin-
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Example 9 — Preparation of (+)-5-(2,4-Diftuorophenoxy)-2 vmethyl-8—(pyridazin~
3-yD-2,3,4,5-tetrahydro-1H-benzo|[c}azeping] tartrate salt

v

[0153] This compound was prepared from (-)-2-mgthyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo{clazepin-5-ol from Step H #
difluorophenol follbwing the procedures of Steps J and/K in Example 1. (+)-5-(2,4-
Difluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4 . -tetrahydro-1H-
benzo[clazepine, tartrate salt (AUC HPLC >99%) if a white solid: mp 98-100°C; 'H
NMR (CD;0D, 560 MHz) 5 9.18 (d, J= 4.9 Hz, JH), 8.21-8.19 (m, 2H), 8.05 (d, /=
7.9 Hz, 1H), 7.83-7.80 (m, 1H), 7.56 (d, J = 7.9Hz, 1H), 7.22-7.17 (dl, 1H), 7.00-6.95
(m, 1H), 6.86-6.83 (m, 1H), 5.62 (d, J= 7.0 Hz, 1H), 4.96-4.92 (m, 1H), 4.44-4.41
(m, 3H), 4.44 (s, 3H), 3.95-3.86 (mn, 1H), 3.#3-3.50 (m, 1H), 2.86 (s, 3H), 2.56-2.52
(m, 1H), 2.45-2.40 (m, 1H); ESI MS m/z ¥8 [M+H].

Example | and 2,4-

Example 10 - Preparation of (-)-2-my thy]-S-phenoxy-8~(pyfidazin—3—yl)-2,3,4,5-
tetrahydro-1H-benzo) lazepine, tartrate salt
[0154] .  Step A: To the solufion of the (+)-5-(tert-butyldimethylsilyloxy)-2- .
methyl-8-(pyridazin-3-y1)-2,3,4, '_téu‘ahydro-lH—benzbf__c]azepine (2.2 g, 5.8 mmol)
from Step G in Example 1, TH (30 mL) was added TBAF (1.0 M in THF, 10 mL,
10 mmol). The reaction mix re was stirred at foom temperature for 3 hours. The
solvent was removed. The yesidue was purified by flash chromatography (97:2.7:0.3
t0 93:6.3:0.7 ethyl acetate) cthanol/con&nt_ratcd ammonium hydroxide) to give 2-
methyl-8-(pyridazin-3-y})-2,3,4,5-tetrahydro-1H-benzo[c)azepin-5-01 (1.01 g, .66%)
as a white solid [[o ]y +37.1°, (C, 0.21 Methanol)]: ESI MS m/z 256 [M+H]".
[0155] | Step B: "fo a solutionbof (+)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-bengo[c]azepin-5-ol (65 mg, 0.25) from Step A in THF (5 mL) was .
added phenol (7¥mg, 0.77 mmol), tributylphosophine (156 mg, 0.77 mmol) and 1, 1'-
(azodicarboy!) 1piperidine (192 mg, 0.77 mmol) at room temperature. The réaction
mixture was ftirred at room temperature for 3 hours. The mixturc was diluted with
dichloromethane and washed wﬁh water, brine, dried over sodium sulfate and
concentrafed. The residue was puﬁﬁcd by chromatography (98:2 to 95:5 ethyl
acetate/facthanol), followed by HPLC to give (»);Z—methyl~5—phenoxy—8-(pyridazin~3—
yD)-2,¥,4,5-tetrahydro-1H-benzo[clazepine (52 mg, 62%) as a gum-like solid.
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[0156] Step C: To a solution of the aryloxybenzazeping (52 mg, 0.16 mmol).
from Step B above in methanol (1 mL) was added L-tartaric fcid (23.5 mg,

0.16 mmol) followed by slow addition of water (5 mL). Tlfe resultant solution was
lyophilized overnight to give (-)-2-methyl-5-phenoxy-8-(pyridazin-3-y1)-2,3,4,5-
tetrahydro-1H~bcnio[c]azepine, vtartrate salt (70 mg, 93f6, AUC HPLC >99%) as a
white solid: mp 98-100°C; '"H NMR (CDsOD, 500 M z) 8 9.17 (d, /= 5.0 Hz, 1H),
8.21-8.18 (i, 2.H), 8.08 (d,J = 8.0 Hz, 1H), 7.82-7 ]9 (m, 1H), 7.68 (d, J = 8.0 Hz,
1H), 7.28-7.25 (m, 2H), 7.06 (d, J= 7.9 Hz, 2H), $.95 (t, J=7.4 Hz, 1H), 5.75 (d,J =
8.0 Hz, 1H),.4.92-4.84 (m, 1H), 4.51-4.48 (m, L), 4.41 (s, 2H), 3.95-3.85 (m, 1H),
3.57-3.55 (m, 1H), 2.88 (s, 3H), 2.46-2.38 (m,/2H); ESI MS m/z 332 [M+H].

Example 11 - Prepa_fation of (-)-2-meth / -8-(pyridazin-3-yl)-5-(pyridin-3-yloxy)-
2,3,4,5-tetrahydro-1H-beyzo|clazepine, tartrate salt
[0157] ~ This compound was prefared from (+);2»metily}~8—(pyridazin‘—3~yl)-
2,3,4,5-tét_rahydro—1H~benzo[c’]achi /5-0l from Step A in Example 10 and 3-
~ hydroxypyridine, .following the progedures of Steps B and C in Example 10. The salt
(AUC HPLC >99%) is a white 59 fd: mp 120-123°C; "H NMR (CD;0D, 500 MHz)
89.18(d, J=4.9 Hz, JH) 836 38 (m 1H), 8.21-8.19 (m, 2H), 8.16 (d, /= 4.7,
1H), 8.11 (d,./ = 7.9 Hz, III) / 83-7.80 (m, 1H), 7.70 (d, /= 8.0 Hz, 1H), 7.59 (d, J=
4.0 Hz, IH) 7.38- 735 (m _'-I) 5. 87 (d,J=7.7 Hz, 1H), 4.92-4.84 (m, 1H), 4.52:4.46
(m, lH) 4.42 (s, 4H) 3.9 ‘:3 85 (m, 1H), 3.60- 3.59 (m, 1H), 2.90 (s, 3H), 2.55-2.42
(m, 2HY; ESI MS m/z 334 [M+H].

Example 12 Prep fation of (- )— -(2-flurophenoxy)-2-methyl-8-(pyridazin-3-yl)-
2,3 4 5-tetr ahydro ~-1H-benzo{c] azepme, tarirate salt

{0158] | Tt 9 compound was pxepaled from (+)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahyd '6—1H—bcnzo[ c]azepiﬁ;5-ol_from Sbtep A in Example 10 and 2-

* flurophenol, Howiﬁg the procedures of Steps B and C in Example 10. (-)-5-(2-
Fluropheno y)-2-methyi—8—(pyrfdazin-3-yl)—2,3,4,5»tetrahydro~lH-benzo[c]azepinc,
tartrate sajt ( AUC HPLC >98.4%) 15 a white solid: mp 96-98°C; 'H NMR (CD:OD,
500 MH£).9.17 (d, /= 6.3 Hz, 1H), 8.20-8.19 (m, 2H), 8.06 (d,J = 7.9 Hz, 1H), 7.82-
7.80 (sh, 1H), 7.61 (d,J = 7.9 Hz, 1H), 7.20 (d, ./ = 7.3 Hz, 1H), 7.12-7.04 (m, 2H),
6.98/6.96 (m, 1H), 5.71 (d, J = 7.3 Hz, 1H), 5.00-4.94 (m, 1H), 4.48-4.45 (m, 1H),
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4.42 (s, 2H), 3.98-3.93 (m, 1H), 3.60-3.54 (m, 1H), 2.89 (s, 3H), 2.55-2.44 (m, 2H);
ESI MS mi/z 350 [M+H].

Example 13 - Preparation of (-)-5-(3-flurophenoxy)-2-/methyl-8-(pyridazin-3-yh-
2,3,4,5-tetrahydro-1H-benzo[c]azepineftartrate salt

[0159] This compound was prepared from (+)}2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[clazepin-5-ol from Stgph A in Example 10 and 3-
fluorophenol, following the procedures of Steps Bfand C in Example 10. (-)-5-(3-
-Flurophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3 A,5-tetrahydro-1H-benzo[c]azepine,
tartrate salt ( AUC HPLC 97.4%) is a white sofid: mp 96-98°C; 'H NMR (CD;0D,
500 MHz) 6 9.18-9.17 (m, 1H), 8.21-8.18 (gf, 2H), 8.11-8.09 (m, 1H), 7.83-7.80 (m, '
1H), 7.70-7.68 (m, 1H), 7.28-7.26 (m, 1H) 6.91-6.83 (m, 2H), 6.70 (t, /= 7.9 Hz,
1H), 5.79 (d, J= 7.5 Hz, TH), 4.86-4.84 fm, 1H), 4.52-4.48 (m, 1H), 442 (s, 2H),
3.92-3.83 (m, 1H), 3.62-3.52 (m, 1H), £.85 (s, 3H), 2.47-2.42 (m, 2H); ESTMS m/z
350 [M+H]. ' '

'Example' 14 - Preparation of (-) 51(3,5-diﬂuoropheno_xy)—2—methyl-s-(pyridazin-

_ 3-y1)-2,3.,4,5-tetrghydro-1H-benzo[c]azepine, tartrate salt
[0160] ' ~ This compoung was preparéd from (+)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzof cJazepin-5-0l from Step A in Example 10 and 3,5- -
diﬂ_u'oropheno-l',: following e procedures of Steps B and Cin Example 10. (-)-5-(3,5-
Difluorophenoxy)-2-mef) V"'yl.~8-(pyridazin~3~yl)—2,3,4,5-tetrahyd1‘0-IH- |
benzo[c]achinc—:‘, tartre v_:é salt (VAUC HPLC 98.3%) is a white solid: mp 120-122°C;

'H NMR (Cl%OD,_ 5 _‘0 MHz) 5 9.17 (d, J = 4.9 Hz, 1H), 8.75-8.74 (m, 1H), 8.29 (d,J |

=77 Hz, 1H), 8.2)/(s, 1H), 8.19 (d, /= 8.7 Hz, 1H), 8.11 (d, /= 8.0 Hz, 1H), 7.91 (4,
J=9.0 Hz, 1H), 781-7.77 (i, 2H), 7.50-7.48 (m, 2H), 7.42-7.39 (m, 1H), 6.02 (d, J =
7.8 Hz, 1H), 4.§8-4.80 (m, 1H), 4.65-4.55 (m, 1H), 4.42 (s, 2H), 3.95-3.85 (m, 1H),
3.67-3.60 (myLH), 2.90 (s, 3H), 2.62-2.48 (m, 2H); ESI MS m/z 368 [M+H].

Exam le' 5 — Preparation of (—)-ZQMethyl-S-(naphthalen-1~yloxy)—8-(pyridazin—
3-y1)-2,3,4,5-tetrahydro-1H-benzo{c]azepine, tartrate salt

[0161 This compound was prepared from (+)-2-methyl-8-(pyridazin-3-yl)-
2,3,4(5-tetrahydro- 1 H-benzo[c]azepin-5-ol from Step A in Example 10 and 4-
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hydroxybenzonitrile, following the procedures of Steps B and/C in Example 10. (+)'-
2-Methyl-5-(naphthalen-1-yloxy)-8-(pyridazin-3-yl)-2,3,4,5ftetrahydro- 1 H-

‘ benzo[cJazepine, tartrate salt (AUC HPLC >99%) is a whife solid: mp 100-102°C; 'H
NMR (CD3;0D, 500 MHz) 4 9.17 (d, /= 4.9 Hz, 1H), 8.39 (d, /= 7.8 Hz, 1H), 8.22-
8.19 (m, 2H), 8.10 (d, J= 8.0 Hz, 1H), 7.82-7.80 (m, 2H), 7.47 (d, J= 8.1 Hz, 1H),
7.32 (t,J= 8.0 Hz, 1H), 6.99 (d, /= 7.8 Hz, 1H) 5.99(d, J = 8.4 Hz, 1H), 4.92-4.84
(m, 1H), 4.61-4.58 (m, 1H), 4.42 (s, 2H), 3.95-3.85/(m, 1H), 3.70-3.63 (m, 1H), 2.90
(s, 3H), 2.68-2.52 (m, 2H); ESI MS m/z 382 [M+H].

Example 16 ~ Preparation of (+)- and (-)-2-jnethyl-8-(6-methylpyridazin-3-yl)-5-

phenoxy-2,3,4,5-tetraliydro-Yf-benzo{c]azepine, tartrate salt

[0162] Step'A: To é solution of 3-promobenzaldehyde (75.5 g, 408 mmol) in

methanol (500 mL) at 0°C was added mefhylamine (40% in aqueous, 38 g, '

490 mmol), and iodine (1‘ g 3.9 mmol)v The mixture was stirred at 0°C for

30 minutes. Sodium borohydride (2¥2 g, 614 mmol) was added in portions. The
~ mixture was _,stirréd at 0°C for 5 hoyfrs. The solvent was removed, and the residue was

taken up with water and dichloroghicthanc. The organic layer was separated, washed

© with brine, dried over sodium s fate, and concentrated to give the benzylamine (80 g,
Acrude) as a light yellow oil: 'H'NMR (CDCls, 500 MHz) & 7.48 (s, 1H), 7.38 (d, J = V
8.0 Hz, 1-"H),,7.2;4 (d, J=8. yHz, 1H), 7.19 (1, J = 8.0 Hz, 1H), 3.72 (s, 1H), 2.46 (s,
3H); ESI MS m/z 200 [MHH]". _

[0163] - StepB: solution of the benzylamine (26.4 g, 131 mmol) frorh Step A
abdvé, aqulic; acid (9, g 131 mmol) and pyridine (150 mL) was refluxed for

_72 hours. Thé solvent/ Was removed, and the residue was dried under vacuﬁm to give
the desired acid (376 g, crude) as a light yellow oil: 'H NMR (CDCl;, 300 MHz)

0 7.68- 7.75 (m, 210, 7.48-7.43 (m, 2]1) 3.67 (s, 2H), 2.84 (t, /= 6.0 Hz, ZH) 256(t
J = 6.0 Hz, 211 2 34 (s, 3H); ESI MS m/z 272 (M+H]"

“[0164] Step C: A mixture of the acid (80g, crude) from Step B above and
triflic acid (50 g, 2333 mmol) was heated at 120°C for 72 hours. After cooling to
room temyferature, the mixture was slowly dilute_d_”with water {1000 mL) with ice-bath
cooling./ The aqueous mixture was adjusted with NaOH to pli = 9.: The product was
extracjed with dichloromethane, washed with brine, dried and concentrated to give the

desintd lactone (38 g, crude) as a dark oil: "H NMR (CDCls, 500 MHz) § 7.52-7.51
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(m, 1H), 7.38-7.37 (m, 1H), 7.31-7.28 (m, 1H), 3.89 (s, 2H),
9H); ESI MS m/z 254 [M+H]". :
[0165] Step D: To a solution of the lactone from Sfep C above (1.9 g,

7.3 mmol) in methanol (20 mL) was added NaBH, (418 fng, 11.0 munol) in portions at
0°C. The mixture Was stirred at 0°C for 1 hour. The s¢ftvent was removed, and the
residue was taken up with dichloromethane/water. The organic layer was separated,
washed with brine, dried and concentrated to give the desired alcohol (2.1 g, crude) as
a dark oil: '"H NMR (CDCls, 300 MHz) & 7.60-7.42 (m, 1 H), 7.37-7.33 (m, 1H), 7.26-
7.23 (m, 1H),4.86-4.82 (m, 1H), 3.90-3.84 (m, fH), 3.72-3.67 (m, IH), 3.22-3.18 (m,
1H), 2.90-2.82 (m, 1H), 2.34 (s, 3H), 2.14-2.0/ (m, 1H), 1.95-1.91 (m, 1H); ESI MS
m/z 256 [M+HY. | |
(0166] Step E: To a solution of thf alcohol (2.1 g, crude) from Step D above ‘
in THF (50 mL) was added phenol (928 fng, 9.8 mmol), tributylphosophine (2.0 g,
9.8 mmol) and 1,1’-(azodicarboyl)dipiperidine (2.48 g; 9.8 rmﬁol) at room

temperature. The reaction mixture vas stirred at room temperature for 5 hours, The

- mixture was.diluted with dichloropfcthane and washed with water, brine, dried and '
concentrated. The residue was p rified by chromatography (98:2 to 95:5 ethyl 7

~ acetate/methanol) to give the ar onycthcr_(3.8 g, crude) as a brown oil: 'H NMR

(CDCls, 300 MHz) § 7.34-7.222 (m, 5H), 6.96-6.87 (m, 3H), 5.34.(dd, J = 8.2,2.6 Hz,
1H), 4.00-3.75 (m, IH) 3.40-3.31 (m 3H), 3.12-2.98 (m, IH), 2.32 (s, 3H) 2.18-1.08
(m, 1H); ESI MS m/z 332 MAJ ,
{0167] ~  Step F: o a solution of the bromide (3.8 g, crude) from Step E in
DMSO (25 mL) was gfided bis(pinacolato)diboron (2.5 g, 9.8 mmol) and potassium
acetate (2.41 g, 24.6/ mol). The mixture was purged with argon. 1,1
Bls(dxphenylphos ,nno)fcrrocencdlc loropalladium (600 mg, 0.82 mmol) was added
to the mixture. ¥ he reaction was heated at 85°C for 1.5 hours. After cooling to room
temperature, ﬂ feaction mixture was diluted with dichloromethane, and ﬁ{lt.ered '
through a pagl of Celite. The filterate was washed with water, brine, dried over
sodium sulfhte and concentrated to give the desired boronate ester (7.0 g, crude) as a
thick black liquid: ESI MS m/z 380 [M+H]". _

{0168] / - Step G: The boronate ester (3.5 g, crude) from Step.F above, 3-chloro-
6-methylpyridazine (625 mg, 5.1 mmol), and cesium carbonate (4.0 g, 6.8 mmol)
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were suspended in DMF (20 mL) and water (5 mL). The mixfure was purged with
argon. 1,1-Bis(diphenylphosphino)ferrocenedichloropalladyim (240 mg, 0.33 mmol)
was added to the mixture. The mixture was heated at 1009 for 2 hours. After
cooling to room temperature, the reaction mixture was djluted with dichloromethane,
and filtered through a pad of Celite. The filtrate was whshed with water, brine, dried
over sodium sulfate and concentrated. The residue whas purified by flash
chromatography (98:1.8:0.2 to 95:4.5:0.5 dichlororfiethane/methanol/concentrated
ammonium hydroxide) to give 2-methyl-8-(6-mephylpyridazin-3-yi)-5-phenoxy-
2,3,4,5-tetrahydro~1FH-benzo[clazepine (500 mgf, 40% for 3 steps) as an oil.

[0169] Step I: The free base of benzafepine from Step H above was resolved
by preparative chiral HPLC (CHIRALPAK AD column, using 80:20:0.1
heptane/isopropanovI/dicthy‘]amine as the ¢fuente) to give enantiomer A [[0.]*p, +30°,
(C, 0.07 Methanol)] and cnantiomer B [fo]*p, 62.8° (C, 0.07 Methanol)].

[6170] - Step J: To a solution of the enantiomer A (160 mg, 0.46 mmol) from’
Step I above in methanol (2 ml) wag added L-tartaric acid (70 mg, 0.47 mmol)
followed by slow addition of watey/(10 mL). The resultant solution was lyophilized
overnight to give (+)-2-methyl-8 (é—methy[pyridazin-&yl)-5—phenoxy—2,3,4,5~
tetrahydro-1H-benzo[clazeping/ tartrate salt (200 mg, 87%, AUC HPLC 98.6%) as a
off-white solid: mp 82-84°C;/H NMR (CDs0D, 500 MHz) & 8.16 (s, 1H), 8.07 (t,J
8.8 Hz, 2H), 7.69 (d, J = 8.7 Hz, 1H), 7.67 (d, J=7.9 Hz, 1H), 7.26 (1, J = 8.2 Hz,
2H), 7.06 (d, J = 8.2 Hz, H), 6.95 (t,J = 7.3 Hz, 1H) 5.75 (d, J = 7.3 Hz, 1H), 4.63-
4.53 (m, 1H), 4.00-3.90, m, 1H), 3.68-3.58 (m, 1H) 2.93 (s, 3H), 2.72 (s, 3H), 2.55- |
2.38 (m, 2H); ESIM m/z 346 [M+H].

{0171] Step K:
Step I above in methanol (2 mL) was added L-tartaric acid (66 mg, 0.44 mmol)

i

To a solution of the enantiomer B (150 mg, 0.43 mmol) from

followed by slo addition of water (10 mL). The resultant solution was lyophilized
overnight to gt ¢ (-)-2-methyl-8-(6-methylpyridazin-3-yl)-5-phenoxy-2,3,4,5-
tetrahydro-1Jf-benzo[clazepine, tartrate salt (210 mg, 97%, AUC HPLC >99%) as a
off-white sdlid: mp 80-82°C; 'H NMR (CD:0OD, 500 MHz) 6 8.16 (s, 1H), 8.07 (t,J =
8.8 Hz, 2H), 7.69 (d, J= 8.7 Hz, lH) 7.67 (d, J= 7.9 Hz, 1H), 7.26 (1, J= 8.2 Hz,
2H), 7.96 (d, J= 8.2 Hz, 2H), 6.95 (t, J = 73Hz 1H) 5.75 (d, J="7.3 Hz, 1H), 4.63-
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4.53 (m, 1H), 4.00-3.90 (m, 1H), 3.68-3.58 (m, 1H), 2.93 (s, 3f1), 2.72 (s, 3H), 2.55-

2.38 (m, 2H); ESI MS m/z 346 [M+H].

Example 17 - Preparation of (+)- and (-)-5-(4-fluoroplienoxy)-2-methyl-8-
(pyridazin-3-y1)-2,3,4,5-tetrahydro-1H enzo[c]azepme, tartrate
~ salt

[0172] Step A:. To a solution lﬂof 3-bromobeyfzaldehyde (75.5 g, 408 mmol) in
methanol (500 rﬁL)_at 0°C was added methylami'n (40% in agueous, 38 g,

490 mmol), and iodine (1 g, 3.9 mmol). The miyture was stirred at 0°C for

30 minutes. Sodium borohydride (23.2 g, 614
mixture was stirred at 0°C for 5 hours. | The splvent was removed, and the residue was
taken up with water and dichloromethane. f'he organic layer was separated, washed
with brine, dried over sodium sulfate and Loncentrated to give the benzylamine (80 g,
crude) as a light yellow oil: TH NMR (i / | Cl;, 500 MHz) 6 7.48 (s, 1), 7.38 (d, J =
8.0 Hz, IH) 7.24 ‘(d J=18.0 Hz, 1H)/7.19 (t, J = 8.0 Hz, 1H), 3.72 (s, 1H), 2.46 (s,
3H); ESI MS m/z 200 [M+HT".

- .[0173] - Step B A solutior _of the benzylammc (26.4 g, 131 mmol) from

_Step A above, acrylic acid (9.5 g 131 mmol) and pyridine (150 mL.) was refluxed for
2 hours. The solvent was rem ved and the residue was dried under vacuum to give
the acid (37 68 8 Crude) as.a ght yellow oil: lH NMR (CDCls, 300 MHz) 6 7.75-7.68
(m, 2H) 7.48- 743 (m, 2H 367(3, 211),284(t J=6.0 Hz, 2H), 2.56 (t, J= 6.0 Hz,
ZH) 2.34 (s 3H) ESI / >m/4 272 [M+H]*

[0174] o Stcp C A rmxtuxe of the acxd (80 £, crude) from Step B above and
triflic amd (350 g, 23 _3 mmol) was heated at 120°C for 72 hours. After cooling to
room temperature,. e mixture was slowly diluted with water (1000 mL) at 0°C. The
aqueous mixture yas a'dj'u%tc’d with NaOH to pH = 9. The product was extracted with

dlchioxomethan ~washed with brme dried over sodium sulfate and concentrated to

[0175]
(20

Step D: To a solution of the ketone (1.9 g, 7.3 mmol) in methano!

Was added NaBH, (418 mg, 11.0 mmol) in portions at 0°C. The mixture was

at 0°C for | hour. The solvent was removed, and the residue was taken up with
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dichloromethane/water. The organic layer was separated, waslfed with brine, dried
over sodium sulfate, and concentrated to give the alcobol (2.) g, crude) as a dark oil:
'H NMR (CDCl;, 300 MHz) & 7.60-7.42 (m, 1 H), 7.37-7. (m, 1H), 7.26-7.23 (m,
1H), 4.86-4.82 (m, 1H), 3.90-3.84 (m, 1H), 3.72-3.67 (m/1H), 3.22-3.18 (m, 1H),
2.90-2.82 (m, 1141),'2.34 (s, 3H), 2.14-2.07 (m, 1H), 1.94-1.91 {m, 1H); ESI MS m/z
256 [M+H}".

[0176] Step E: A mixture of the alcohol fro Step D above (15.2 g, crude),
tert-butyldimethylsilyl chloride (10 g, 66 mmol), ymidazole (11.1 g, 166 mmol) and -
DMF (l‘_OO mL) was stirred at room temperaturefovernight. The mixture was diluted
with water, saturated aqueous Nal1COs solutigh, brine, dried and concentrated. The
residue was purified with chromatography (¥38:1.8:0.2 to 95:4.5:0.5
dichloromcthanek_néthano!/conccntrated aghmonium hydroxide) to give the desired
silyl ether (12 g, crude) as a brown oil: H NMR (CDCl;, 300 MHZ) & 8.01 (s, 1H),
733 (d,J=79Hz, IH), 7.24 (d,J=7p Hz, I1H), 4.82 (t, /= 4.9 Hz, 1H), 3.64-3.61
(m, IH),.3.27.-3.18 (m 1H), 2.36 (s, ‘), 1.95-1.85 (m, 2H), 1.80-1.63 (m, 2H), 0.91
(s, 9H), 0.097-0.085 (m, 6H); ESI YIS m/z 370 [M+H]". _ -
'[0177] Step F: To a solu 0;1 of the bromide (12 g, crude) from Step E in
DMSO (120 mL) was added bi {pinacolato)diboron (8.7 g, 34.1 mmol) and potassivm
acetate (9.5 g, 97 mmol). Thed mixturc was purged with argon. 1,1'- |
Bis(diph;:nylphosphixio-)fenj cénedic’hloropalladiuﬁx (1.9 mg, 2.5 mmol) was added to
the mixture. The reactionfivas heated at 85°C for 1.5 hours. After cooling to room
temperature, the reactio / mixture was diluted with dichloromethane, and filtered
through a pad of celite '.Thc filtrate was washed with water, brine, dried over sodium
sulfate and conéentr',téd to give the desired boronate ester (19 g, crude) as a thick
black liquid: ESI MS m/z 418 [M+H]". N
[0178] . S p G: The ‘boronaie ester (5.5 g, crude) from Step F above, 3-chloro-
pyridazine (2'.0 g, ~16 mmol), and cesium carbonate (4.2 g, 13 mmol) were suspended
in DMF (30 shL) and water (8 mL). The mixture was purged with argon. 1,1%-
Bis(dipheny phosphiho)ferroceﬁedic_hloropalladium (400 mg, 0.52 mmol) was added

through a pad of cclite. The filtratc was washed with water, brine, dried over sodium

sulffte and concentrated. The residuc was purified by flash chromatography
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(98:1.8:0.2 t0 95:4.5:0.5 dichloromethane/methanol/concentrafed ammonium
hydroxide) to give 5-(terr-butyldimethylsilyloxy)-2-methyl-§-(pyridazin-3-y1)-2,3,4,5-
tetrahydro-1H-benzo[cJazepine (1.3 g, 55% for 2 steps) asfn brown oil: 'H NMR
(CDCls, 300 MHz) 8 9.15 (d, J = 4.8 Hz, 1H), 7.91-7.84{m, 3H), 7.54-7.50 (m, 2H),
496 (t, J=52 Hz,l 11), 4.20-4.10 (m, 1H), 3.85-3.73 (fn, 1H), 2.97-2.91 (m, 1H), '
232 (s, 3H) d,J=7.9Hz, 1H), 7.24 (d,J =79 Hz, I1H), 4.82(t,J= 4.9 Hz, 1H),
3.64-3.61 (m, 1H), 3.27-3.18 (m 1H), 2.36 (s, 3H),A.95-1.85 (m, 2H), 1.80-1.63 (m,
2H), 0.91 (s, 9H), 0.097-0.085 (m, 6H); ESI MS s/ 370 [M+H]". '
[0179] - "Step H: To the solution of the etlfer (1.3 g, 3.8 mmol) from Step G
above in THF was added TBAF (1.0 M in THE, 10 mL, 10 mmol). The reaction
mixture was stirred at room temperature for8 hours, The solvent was removed. The
residue was puriﬁ(;:d by.ﬂash chromatography (97:2,7:0.3 to 93:6.3:0.7 ethyl
aéetate/methanof/concentrated ammoniym hydroxide) fo give the desired alcohol
(340 mg, 37%) as a whitc solid: EST M8 m/z 256 [M+H]".
(0180]  Step J: To asolution A the 2-methyl-8-(pyridazin-3-y1)-2,3,4,5-
_ tetrahydro-1H-benzo[clazepin-5-olf(170 mg, 0.67) from Step H above in THF (5 mL)
‘was added 4-fluorophenol (98 mg), 0.87 mmot), tributylphosophine (176 mg,
- 0.52 mmol) and ],_l’-(azodiéar yDdipiperidine (220 mg, 0.87 mmol) at room
“temperature.. The reaction mikture was stirred at room temperature for 3 hours. The |
in_ixtu»re ;vas diluted with-dighloromethane and washed with water, brine, dried over
sodium sulfaté and conceyftrated. The residue was purified by chromatography (98:2
to 95:5 ethyl acetate/me _ik.anol), followed by preparative HPLC to give 5-(4-
ﬂuorbpheno?gy)-Z-'met , &}-8—(pyridazin—3-yl)~2,3,4,5-tetrahydr0~lH—benzo [clazepine
(120 mg, 51%) as a um-like solid. This compound was resolved using Chiralcel OJ
columin (e111€nie 8 'Hep:20 EtOH:0.1 DEA) to give (+)-enantiomer (36 mg)) and (-)-
enantiomer (37 fg).A - , v
[018'1] : iep K: To a solution of the (+)-enantiomer (36 mg, 0.10 mmo]) from
Step J above /n methanol (1 mL) was added L-tartaric acid (16 mg, 0.11 mmol)
followed b fslow addition of water (5 mL). The resultant solution was lyophilized
overnightfto give (+)-5-(-4-fluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahygro-1H-benzo[clazepine, tartrate salt [46 mg, 88%, AUC HPLC >99%, [o]”p,
+57.81, (C, 0.19 Methanol) as a white solid: mp 96-98°C; "H NMR (CDs0OD, 500
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MHz) 3 9.18 (d, J= 4.9 Hz, 1H), 8.21-8.19 (m, 2H), 8..09 (d, /= 8.0 Hz, 1H), 7.8! '
(dd, J= 8.7, 3.8 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.07-6.97Am, 4H), 5.68 (d, /= 8.0
Hz, 1H), 4.92-4.84 (m, 1H), 4.56-4.50 (m, 1H), 4.42 (s, 3 H), 3.96-3.88 (m, 1H), 3.62-
3.55 (m, 1H), 2.90 (s, 3H), 2.54-2.38 (m, 2H); ESIMS mfz 350 (M+H].

[0182] : Stcp. L: To a solution of the (-)-enantionger (37 mg, 0.10 mmol) from
Step J above in methanol (1 mL) was added L-tartari .acid (16 mg, 0.11 mmol)
followed by slow addition of water (5v mL). The reghltant solution was lyophilized
overnight to give (-)-5-(4-fluorophenoxy)-2-methyl-8-(pyridazin-3-y1)-2,3,4,5-
tetrahydro-1H-benzo[c]azepine, tartrate salt {47/mg, 88%, AUC _HPLC >99%, [o]®p,
46.8° (C, 0.22 Methanol) as a white solid: m 90-92°C; "H NMR (CD;0D, 500 MHz)
89.18 (d, J=4.9 Hz, 1H), 8.21-8.19 (m, 2H), 8..09 (d, /= 8.0 Hz, 1H), 7.81 (dd, /=
8.7, 3.8 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H),//.07-6.97 (m, 4H), 5.68 (d, ./ = 8.0 Hz, 1H), |
4,92-4.84 (m, 1H), 4.56-4.50 (m, 1H), 4 A2 (s, 3 H), 3.96~3.88 (m, 1H), 3.62-3.55 (m,.
1H), 2.90 (s; 3H), 2.54-2.38 (m, 2H); BSI MS m/z 350 [M+H]. | '

(naphthalen-2-yloxy)-2-methyl-8 .(pyridaiin{}-
yD-2,3,4,5- tetrahy fro- IH-benzo[c]aLepme, tartrate salt

[0183] The above comp, und was prepared from 2-methyl-8-(pyridazin-3-yl)-

2,3,4,5-tetrahydro-1H-benzo[d}azepin-5-ol from Step H in Example 17 and

naphthaléne—2—ol following jhe procedures of Steps J, K, and L in Example 17, (—")—S~
(Naphthalen-2-yloxy)-2-myethyl-8-(pyridazin-3-yl)-2,3 4,5 tetrahydro-1H- - '
benzo[clazepine, tartratgfsalt [AUC HPLC >99%, [a]?p, -33°, (C, 0.033 Methanol) is

a white solid: mp 1204£22°C; "H NMR (CD;OD, 500 MHz) § 9.17 (d, J = 4:9 Hz,

(1H), 8.22 (s, 1H), 8,49 (d, J = 8.7 Hz, 1H),7.81-7.76 (m, 4H), 7.71 (d, J = 8.3 Hz,

1H), 7.42-7.32 (m,f4H), 5.95.(d, J = 8.1 Hz, 1H), 4.96-4.84 (m, 1H), 4.68-4.60 (m,
TH), 444 (s, 3H){ 4.05-3.92 (m, 1H), 3.72- 3.65 (m, 1K), 296.(5, 310, 265249 (m,
2H); ESI MS nfz 382 [M+H].

- Preparation of (+)-5-(4-fluorophenoxy)-2-methyl-8-(pyrimidin-5-
y1)-2,3,4,5-tetrahydro-1H-benzo[clazepine

Step A: To a solution of 3-bromobenzaldehyde (75.5 g, 408 mmol) in
methapo! (500 mL) at 0°C was added methylamine (40% aqueous solution, 38 g,
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490 mmol), and iodine (I g, 3.9 mmol). The mixture was stirfed at 0°C for
30 minutes. Sodium borohydride (23.2 g, 614 mmol) was gfided to the mixture in
portions. The mixture was stirred at 0°C for 5 hours. Thefsolvent was removed under
reduced pressure, and the residue was partitioned betwegn water and
dichloromethane. The organic layer was separated, wished with brine, dried over
sodium sulfate, filtered and concentrated to give the bpenzylamine (80 g, crude) as a ‘
light yellow oil: 'H NMR (CDCls, 500 MHz) 8-7.48 (s, 1H), 7.38 (d, J = 8.0 Hz, 1H),
7.24 (d, J= 8.0 Hz, 1H), 7.19(t,/= 8.0 Hz, IH) 3.72 (s, 2H), 2.46 (s, 3H); ESI MS
m/z 200 [M+H]".
[0185] Step B: A solution of the bengylamine (26.4 g, 131 mmol) from

and pyridine (150 mL) was refluxed for
2 hours. The solvent was removed, and tife residue was dried under vacuum to give
the acid (37.6 g, crude) as a light yellow/oil: 'H NMR (CDCls, 300 MHz) & 7.68-7.75
(m, 2H), 7.48-7.43 (m, 2H), 3.67 (s, 2H), 2.84 (t, /= 6.0 Hz, 2H), 2.56 (t, J = 6.0 Hz,
2H), 2.34 (s, 3H); ESI MS m/z 272 jM+H]"

[0186] o Step C: A mxxture‘ f'the acid (80g, crude) from Step B above and

Step A above, acrylic acid (9.5 g, 131 mm

triflic acid (350 g) was heated a v120°C for 72 hours. The mixture cooled in an ice-
bath and slowly diluted with whter (1()00 mL). The pH of aqueous mixture was

“adjusted pH = 9 using NaOH/ The product was extracted with dichloromethane,
washed With brine, dried o fer sodium sulfate, filtered and concentrated to give the
ketone (38 g, crude) as a Aark oil: 'H NMR (CDCls, 500 MHz) 8 7.52-7.51 (m, 1H),
7.38-7.37 (m, 1H), 7.3}/ /728 (m, 1H), 3.89 (s, 2H), 2.84 (m, 4H), 2.43 (5, 3H); 1S
MS m/z 254 [M+H]".
[0187] . Step

(20 mL) at 0°C wifs added NaBH; (418 mg, 11.0 mmol) in portions. The mixture was

: Toa solution of the ketone (1.9 g, 7.3 mmol) in methanol

stirred at 0°C foy 1 hour. The solvent was removed under reduced pressure, and the
residue was p itioned between dichloromethanc/water. The organic layer was
separated, washed with brine, dried over sodium sulfate, filtered and concentrated to
give the algohol (2.1 g, crude) as a dark oil: 'H NMR (CDCl;, 300 MHz) & 7.60-7.42
(m, 1 H)/7.37-7.33 (m, 1H}, 7.26-7.23 (m, IH)%4,86—4.82 (m, 1H), 3.90-3.84 (m, 1H),
3.72-3 57 (m, 1H), 3.22-3.18 (m, 1H), 2.90-2.82 (m, 1H), 2.34 (s, 3H), 2.14-2.07 (m,

95-1.91 (m, 1H); ESI MS m/z 256 [M+H]'.
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[0188] Step E: To a solution of the alcohol 3.0 g, crugk) from Step D above in
THF (87 mL) were added 4-fluorophenol (1.71 g, 15.2 mmof), tributylphosophine
(3.8 mL, 15.2 mmol) and 1,1'-(azodicarboyl)dipiperidine (8.84 g, 15.2 mmol) at room
temperature. The reaction mixture was stirred at room tgmperature for 5 hours,
difuted with dichlofomcthanc aﬁd washed with water afid brine, dried over sodium
sﬁlfate, filtered and éoncentrated under reduced presglre. Purification of the residue
by flash column chromatography (diélxioromethan then 99:0.9:0.1 to 90:9:1
dichloromethane/methanol/concentrated amxho‘ni m hydroxide) gave the partially
purified aryloxyether, which was then sonicated/in hexanes (~100 mL). The white
insoluble prééipitate formed was removed by filtration, and the filtrate was
concentrated under reduced pressure and repurified by flash column chromatography
(ethyl acetate, then '99:1 to 95:5 ethyl acetdte/methanol) to give the aryloxyether

(2.5 g, partially pure) as a brown oil: : MR (CDCI3, 300 MHz) 6 7.34-7.31 (m,
2H), 7.18 (d., J= 8.7 Hz, 1H), 6.93 (t, /= 8.6 Hz, 2H), 6.84-6.79 (m, 2H), 5.24 (dd, /=
7.8,2.9 Hz 1H), 4.00-3.75 (m, 2H), 40-3.20 (m, 1H), 3.10-2.90 (m, 1H), 2.32 (s,

 3H), 2.20-2.05 (m, 2H).

4[0189] Step F: To a solu .on of the bromide (2 5 g, partially pure) from

Step E in DMSO (38 mL) wer ddded bis(pinacolato)diboron (1.64 g, 6.48 mmol) and
potaselum acetate (1.73 g, 17 mmol) The mixture was purged with argon for

~ 10 minutes, and 1,1’ bls( 4phenylphosphmo)ferrocencdlchloropd]Iadlum (140 mg,
0.18 mmol) was added to . The reaction was heated at 80°C for 2 hours. -After
cooling to-room temper __ﬁi'e, t_hé reaction mixture was diluted with dichloromethane,
wa%héd with water and/ iﬁ;ine,' dried over sodium sulfate, filtered and concentrated to
~give the desired borg :'a'te estef (3.0 g, crude) as a black oil which was used in the next
step without puriﬁ "dtlon 'H NMR (CDCl;, 500 MHz) 8 7.65 (d, /=7.6 Hz, 1H),
7.60 (s,-1H), 7. 3‘ (d,J=74Hz; 1H), 691 (t, J=8.6 Hz, 2H), 6.83-6.81 (m, 2H),

5.31-5.29 (m, JH), 4.10-3.75 (m, 2H), 3.40-3.25 (m, 1H), 3.10-3.00 (m, 1H), 2.30 (s,

3H), 2.20-2.05 (m, 2H), 1.33-1.27 (m, 12H).

[0190] Step G: A mixture of the boronate ester (0.5 g, 0.98 mmol, crude)
from Ste F above, Sfbromopy:imiaine (0.31 g, 1.96 mmol), and cesium carbonate
(0.96 g,/2.94 mmol) in a solution of DMF (6 mL) and water (1.5 mL) was purged with

argonfor ~10 minutes. 1,1-Bis(diphenylphosphino)ferrocenedichloropalladium
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(240 mg, 0.33 mmol) was added to the mixture, which was thep heated at 80°C for

3 hours. After cooling to room temperature, the reaction mixfure was diluted with
dichloromethane, washed with water and brine, dried over godium sulfate, filtered and
concentrated. The residue obtained was purified by prepgrative thin layer
chromatography (90:9:] dichloromethane/methanol/confentrated ammonium
hydroxide) twice to give the desired benzazepine (12¢/mg, 35% for 3 steps) as a
brown oil: 'H NMR (CDCls, 300 MHz) 8 9.20 (s, 1}), 8.92 (s, 2H), 7.50-7.39 (m,
3H), 6.99-6.84 (m, 4H), 5.37 (dd, J= 7.5, 3.2 Hz, AH), 4.10-3.80 (m, 2H), 3.40-3.30

[0191] ThlS compound was prepaked by following the similar procedure in

Step G of EXample 19 using the bromige (0.25 g, 0.71 mmol, crude) from Step E of
ExampchI9 above and 4-(4,4,5,5-tetthmethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole.
V foam (40% yield): MS m/z 338 [M+H]",

Example 21 - Preparation of )-6—(5-(4—ﬂuorophen0xy)—2—methyl—2,3,4,5-
tetrahydro-1Hfbenzo[c]azepin-8-yl)pyridazin-3-amine

[0192] . This compoufd was prepared by following the similar procedure in

Step G of Example 19 usipf boronate ester from Step F of Example 19 and 6-

chloropyridazin-3-amine f':Th_e product was obtained as brown oil (37% yield): MS

m/z 365 [M+H]". -

Examgle 22 - Pre 'arauon of (1)-8-(4-(ethyisulfonyl)piperazin-1-yl)-5-(4- _
ﬂu, rophenoxy) -2-methy}-2,3,4,5- tetrahy(lro—lH-benzo[c]azepme

[0193]
Example 19 apd 1~(eihylsulfonyl)piperazine via a cross coupling reaction using
PA(OAcC),, Y-phos _amd Cs,CO; in refluxing toluene (31% yield): MS m/z 448

This compound de_prepan,d by using the bromide from Step E of
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Example 23 - Preparation of (+)- and (~)-2-methyl-5-(4-
(triflnoromethyl)phenoxy)-2,3,4,5-tetrahydyb-1H-benzo[c]azepine,
tartrate salt

[0194] Step A: A solution of the benzylamine (47.Z g, 390 mmol), acrylic acid

(29.5 g, 410 mmol)-and pyridine (500 mL) Was refluxedffor 3 hours. The soivent was

fcmoved, and the residue was dried under vacuum to gfve the desired acid 80 g,

crude) as a light yellow oil: 'H NMR (CDCL, 300 MHz) & 7.38-7.29 (m, 5H), 3.74 (s,

2H), 2.87 (t,.J = 6.2 Hz, 2H), 2.56 (t, J = 6.2 Hz, 2J1), 2.35 (s, 3H); ES1 MS m/z 194

[M+H]".

[0195] Step B: A mixture of the acid (}J5.3g, crude) from step B above and

thionyl chloride (18.9 g, 180 mmol) was compined and stirred for 2 hours. Excess

thionyl chloride was removed. The residue yas dissolved in dichloromethane (200

mL). To this solution was added AlCl; (3  .7 g, 240 mmol). The mixture was refluxed

for 5 hours. ‘The mixture was poured injb ice-water, and the resulting slurry was

neutralized fo'pH 9. Celite (50 g) was/mixed with the slurry, and the mixture was
filtered, and wéshed with dichlorom thane. The filtrate was washed with brine, dried

v ~and céncentrétcd to give the desiref “lactone (9.2 g, crude) as a brown oil: 'THNMR

A (.CDCI_{, 300 MHz) 5 7.77 (d, J 62 Hz, 1H), 747 (t,J= 6.2 Hz, 1H), 7.37 (t, /=

6,,2 Hz, 1H), 7.19 (d, J= 6.2 H, 1H), 3.94 (s, 2H), 2.95-2.82 (m, 4H), 2.43 (s, 3H),

ESIMS m/z 176 (M+H]. [ |

{0’19'6]‘ o Stcp C: To f solution of the lactone form step C above (9.2 g, crude)

in rhethanol (100 mL_) wz_a;"xaddedNaBHq @3 g, crude) in portions at 0°C. The mixture

was stirred at 0 °C for Q s .hour. The solvent was removed, and the residue was taken
up with _d'.i(;hlbro.m.etl;'_ ’1ie/’wa_ter. The organic layer was separated, washed with brine,
dried and concentra d to give the desired alcohol (6.3 g, crude) as a dark oil: ESI MS
w18 MY [ o
10197} ‘ -S -'p D: To a solution of the alcohol (270 mg, 1.53 mmol) from step C
above jn THIF 5’0 mL) was added 4;triﬂuoromethoxyphcno1 (442 mg, 3.1 mmol),
tributylphosgphine (615 mg, 3.1 mmol) and 1, 1’-(azodicarboyl)dipiperidine (772 mg,
3.1 mmol) £t room temperature. The reaction mixture was stirred at room
temperatyr¢ for 5 hours. The mixture was diluted with dichloromethane and washed
with w cr, brine, dried and concentrated. The residue was purified by

chronfatography (98:1.8:0.2 to 95:4.5:0.5 dichloromethane/methanol/concentrated
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ammonium hydroxide) to give the aryloxyether (300 mg, 62%Y as a light yellow oil:
ESI MS m/z 332 [M+H]".
[0198] Step E: The free base of benzazepine from $tep H above was resolved
by p_réparative chiral HPLC (CHIRALCEL OJ column, yfing 80:20:0.1
heptane/cthanol/dicthylamine as the eluente) to give engntiomer A and enantiomer B.
[0199] Step F: To a solution of the enantiom f A (100 mg, 0.31 mmol) from
step E above in methanol (1 mL) was added L-tartaytc acid (48 mg, 0.32 mmol)
followed by slow addition of water (5 mL). The rfsultant solution was lyophilizc’dv '
overnight to give (-)-2-methyl-5-(4-trifluorometfloxyphenoxy)-2,3,4,5-tetrahydro- 1 -
benzo[clazepine, tartrate salt (148 mg, 100%, UC HPLC 97.8%) as an off-white
solid: mp 86-88 °C; ESI MS m/z 322 [M+H
[0200) Step G: To a solution of the/enantiomer B (130 mg, 0:40 mmol) from
step E above in méthémol (1 mL} was added L-tartaric acid (61 mg, 0.40 mmol) '
followed by slow addition of water (5 gfL). The resultant solution was lyophilized
overnight to give (+)-2-methyl-5-(4-t ﬂuoromcthoxyphenoxy)—2,3,4,5-tetrahydro-lH—
&, 100%, AUC HPLC 97.2%) as an off-whitc

4 benzo[clazepine, tartrate salt (191 g
2 [M+H].

solid: mp 88-90 °C; ESI MS m/z ¥

Example 24 — Preparation of (£)-5-(4-fluorophenoxy)-2-methyl-8-(pyrazin- 2—y1)-
' ‘ 2 3,4,5-tetrabfydro-1H-benzo[c|azepine

[0'2_01.]1 - Tlus compy nd was prepared by following the similar procédurc in

Step G of Example 19 uging boronate ester from Step F of Example 19.and 2- |
chloropyrlzme The pr_ duct was obtained as an white foam (40% yield): MS m/z 350
[MHH]", |

Exampl_é 25 — Pr paration of (i)—6~(5—(4—f1u0r0phenoxy)-Z—melhyl-2,3,4,5~
tytrahydro-1H-benzo{c]azepin-8-yhpyridin-2-amine

{0202) "his compound was prepared by following the similar pro_cedurc in
Step G of E amplc 19 using the boronate ester (0.35 g, 0.88 mmol,-crude) from
Step F of Pxample 19 and 6-chloropyridin-2-amine. The product was obtained as an

off-whit foam (40% yield): MS m/z 364 [M+H]".
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Example 26 — Preparation of (1)-6-(5-(4-fluorophenoxy)-2/methyl-2,3,4,5-
tetrahydro-1FH-benzo[c]azepin-§-yDpyridazin-3(2H)-one
[0203] This compound was' prepared by following fhe similar procedure in
Step G of Example 19 using the boronate ester (0.32 g, /81 mmol, crude) from
Step F of Example 19 and 6-chloropyridazin-3(2H)-ong.
an off-white foam (17% yield): MS m/z 366 [M+H]" /

The product was obtained

Example 27 — Preparation of (+)-5-(4-fluorophfnoxy)-2-methyl-8-(4-
{(methylsulfonyl)phenyl)-2,3,4,5/tetrahydro-1H-benzo[clazepine
[0204] This.compound was prepared by following the similar broccdure in
step G of Example 19 using the bromide (0.35 g, 1.0 mmol, crude) from Step E of
Example 19 and 4-(methylsulfonyl)phenylforonic acid. The product was obtained as

a light tan solid (54% yield): MS m/z 42¢/[M+H]".

Example 28 — Preparation of (1)-2- S—(4~ﬂuon'0pl1enoxy)-2-methyl—2,3,4,5-
tetrahydro-1H-benzb[clazepin-8-ybenzonitrile

- [0205] This compound wa prepared by following the similar pfocedurc in

Step G of Example 19 using thefbromide (0.35 g, 1.0 mmol, crude) from Step E of

Example 19 and 2-6yanophen Aboronic acid, (64% yield): MS mi/z 373 [M+H]".

Example 29 — Preparatiofl of (£)-8-([1,2,4]triazolo[1,5-a] pyridin-6-yl)-5-(4-

' ﬂuo‘rophev_ oxy)-2-methy}-2,3,4,5-tetrahydro-1H-benzo[c]azepine
[0206] This corfpound was prepared by following the similar procedure in
Step G of Example i using the boronate ester from Step F of Example 19 and 6-
bromo-[1,2,4]triazoj [1,5-a]pyridine. The product was obtained as an white foam

(32% yield): MS yf/z 389 [M+H]".

reparation of (:l:)~,8-([1,2,4}triazolo[4,3~a]pyridin-é-y_l)—S—(4-
fluorephenoxy)-2-methyl-2,3,4,5-tetrahydro-1/{-benzo{c]azepine

Example 30 -,

{0207]
Step G o
I,2,4]triazo10[4,3-a]pyridine (23% yield): MS m/z 389 [M+H]".

This compound was prepared by following the similar procedure in
xample 19 using the boronate cster from Step E of Example 19 and 6-

bromo-
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Example 31 - Preparation of (1)-1-(5-(4-fluorophenoxy)-2-snethy)-2,3,4,5-
tetrahydro-1H-benzo{c]azepin-8-yDpyridint2(1H)-one
[0208] Step A: To a solution of 3-bromobenzaldelfyde (75.5 g, 408 mmof) in
methanol (500 mL). at 0°C was added methylamine (40%f/aqueous solution, 38 g,
490 mmol), and iodine (1 g, 3.9 mmol). The mixture vfas stirred at 0°C for
. 30 minutes. Sodium borohydride (23.2 g, 614 mmol fwas added to the mixture in
portions. The mixture was stirred at 0°C for 5 hourf, The solvent was removed under
reduced pressure, and the residue was partiotioned between water and
dichloromethanc. The organic layer was scpar cd, washed with brine, dried over
sodium sulfate, filtered and concentrated to gige the benzylamine (80 g, crude) as a
light yellow oil: 'H NMR (CDCl;, 500 MHz) § 7.48 (s, 1H), 7.38 (d, J = 8.0 Hz, 1H),
7.24 (d, J=8.0 Hz, 1H), 7.119 (t, J=8.0 HE, 1H), 3.72 (s, 2H), 2.46 (s, 3H); ESI MS
m/z 200 [M+H]". ‘
[0209] Step B: A solution of tife bmzylamme (26.4 g, 131 mmol) from
Step A above, acrylic acid (9.5 g, 13) mmol) and pyndme {150 mL) was refluxed for
- 2 hours. The solvent was removed and the residue was dried under va_cuum to give
the acid (37.6 g, crude) as a light féllow oil: 'H NMR (CDCl;, 300 MHz) § 7.68-7.75
(m, 2H), 7.48-7.43 (m, 2H), 3.6/ (s, 2H), 2.84 (t, J= 6.0 Hz, 2H), 2.56 (t, /= 6.0 Hz,
2H), 2.34 (s, 3H); ESI MS m/_l 272 [M+H]"
{0210} Step C: A ,xture of the acid-(80g, crude) from Step B above and
triflic acid (350 g) was hegdted at 120°C for 72 hours The mixture cooled in an ice-
bath and slowly dituted yith water (1000 mL). The pH of aqueous mixture was
adjusted pH = 9.using | -aOH.-. The product was extracted with dichloromethane,
washed with‘bri'ne,_ ‘__-_i.ed‘over' sodium sulfate, ﬁ[tered and concentrated to give the
ketone (38 g, chld )-as a dark oil: B NMR (CDCl, 500 MHz) § 7.52-7.51 (m, 1H),
7.38-7.3.7 (m, 1 L 7.31 7 28 (m, lH) 3.89 (s, 2H) 2.84 (m, 4H), 2.43 (s, 3H), ESI
MS m/z 254 [MEFHT.
[6211] Step D: To a solution of the ketone (1.9 g, 7.3 mmol) in methanol
(20 mL) at "C was added NaBlH,4 (418 mg, 11.0 mmol) in portions. The mixture was
stirred at §°C for I hour. The solvéﬁt was remov¢;_i under reduced pressure, and the
residue pvas partitioned thWC.(;:l.l‘ dichloromethaﬁé/\;vater. The orgaﬁic layer was

separafed, washed with brine, dried over sodium sulfate, filtered and concentrated to
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give the alcohol (2.1 g, crude) as a dark oil: "H NMR (CDCl;, 00 MHz) 6 7.60-7.42
(m, 1 H), 7.37-7.33 (m, 1H), 7.26-7.23 (m, 11),4.86-4.82 (g 1H), 3.90-3.84 (m, 1H),
3.72-3.67 (m, 1H), 3.22-3.18 (m, 1), 2.90-2.82 (m, 1H), 7.34 (s, 3H), 2.14-2.07 (m,
1H), 1.95-1.91 (m, 1H); ESI MS m/z 256 [M+H]".
[0212] Step E: To a solution of the alcohol (3.¢/ g, crude) from Step D above
in THF (87 mL) was added 4-fluorophenol (1.71 g, 15.2 mmol), tributylphosophine
(3.8 mL, 15.2 mmol) and 1,1 ’—(azodiéarboyl)dipipe idine (3.84 g, 15.2 mmol) at room
temperature. The reaction mixture was stirred at Joom temperature for 5 hours,
diluted with dichloromethane and washed with fvater and brine, dried over sodium
sulfate, filtered and concentrated un&er reduced pressurc. Purification of the residue
by flash column chromatography (dichlororfethane, then 99:0.9:0.1 to 90:9:1
dichloromethane/methanol/concentrated afhmonium hydroxide) gave the partially
purified aryloxyether, which was then sghicated in hexaneé (~100 mL). The white
insoluble precipitate formed was remofed by filtration, and the filtrate was
concentrated under reduced pressure, fand re-purified by flash column chromatography
~ (ethy! acetate, then 99:1 to 95:5 ctbfyl acetate/methanol) to give 8-bromo-5-(4-
‘ﬂuorophenoxy)~2~m<-:thyl-2,_3,4,_5 fte“trahydro—lH—bcnzo[_c]azepine (2.5 g, partially
pure) as a brown oil: "H NMR CDCl_z, 300 MHz) 8 7.34-7.31 (m, 2H), 7.18 (d, J =
8.7Hz, 1H), 693 (t,/=8.6 z, 2H), 6.84-6.79 (m, 2H), 5.24 (dd, J= 7.8, 2.9 Hz,
1H), 4.00-3.75 (m, 2H), 3. f-3.20 (m, 1H), 3:10-2.90 (m, 1H), 2.32 (s, 3H), 2.20-2.05
(m, 2H). ' ' ‘ . ’
[0213] Step F: 0 a solﬁtion of the bromide from Step E (0.4 g, 1.1 mmol,
slightly impure) and 2/ iydroXy—pyridine (0:13 g, 137 mmol) from Step E in 1,4~
dioxane (1.4 mL)v w 'té' added N, N'-dimethylethylenediamine (50 pL, 0.46 mmol) and
potassium phOSph'_vé (048 g, 2.30'mm01). The mixture was purged with argon for. .
~ 10 minutes, ary “copper (1) iddide (40 mg, 0.2 mmol) was added to it. The reaction
was heated at } O°C for 12 hours. -After cooling to room temperature, the reaction
mixture was fliluted with dichloromethane, washed with water and brine, dried over
sodium sulfhte, filtered .and conccntrated to give the crude product. Purification by
preparatiye thin layer chromatography (90:9:1 ‘
dichlorgimethane/methanol/concentrated ammonium hydroxide) twice gave the

desirefl product (144 mg, 36 %) as an off-white foam: '"H NMR (CDCl,, 300 MHz)
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§7.45-7.26 (m, 3H), 7.25-7.21 (m, 2H), 6.95 (t, J= 8.6 Hz, 2H), 6.88-6.83 (m, 2H),
6.64 (d,.J= 9.2 Hz, 1H), 6.30-6.25 (m, 1H), 5.36-5.30 (m, 1), 4.05-3.83 (m, 2H),
3.35-3.20 (m, TH), 3.10-3.00 (m, 1H), 2.37 (5, 3H), 22023 (m, 21).

Example 32 - Preparation of (¥)~8-(6-meth)'lpyridaz‘ -3-yh)-5-phenoxy-2,3,4,5-
_tetrahydro-1H-benzo[clazepine, tartrite salt

[{0214] Step A: To a solution of the enantiofher B (120 mg, 0.18 mmol, as the

tartrate) from step I'in Example 16 in dichloroethghne (6 mL) was added the proton -

sponge (114 mg, 0.53 mmol), followed by 1-chlgroethyl chloroformate (102 mg,

0.71 mmol) at 0°C.. The mixture was then heayed at reflux for 1.5 hours. The solvent

was removed. To the residue was added MefDH (20 mL), and the resultant mixture

was refluxed for 1 hour. After cooling to rhom temperature, the solvent was removed.

The residue was diluted with dichloromejhane (20 mL), and washed with saturated

aqueous NaHCO; solution, brine, driedfover sodium sulfate, and concentrated. The

residue was purified by flash chroma _'.graphy (98:1.8:0.210 95:4.5:0.5
dichlororﬁethéne/methanol/conccnt ated ammonium hydroXide) to give (-)-8-(6-

'mcthylpyridazin-3—y,l)—5-phcnoxy__v:’,3,4,5—tetrahydr0~lH—benzo[c]azepihc (16 mg,

© 27%) as an colorless semi-solid/

[0215] Stcp B: Toas plution of the the N-desmethylbenzazepine (16 mg,

' 0048mmol) from Step Aa ’_o.ve in McOH (1 mL) was added L-tartaric acid (8 mg,
0;053 'rmnol)'f(';llowéd by 5 ow addition of water (5 mL). The resultant solution was
lyophilized 6vemigh_t to v’iv}e (—)'—N-desmetllyl-8-(6-methylpyridazin-3-yl)—5~phenoxy— '
2,3,4,5-t¢trahydi’owI_H-__ énzo{c]azepinc, tartrate salt (24 mg, quant., AUC HPLC
98.9%) as a off-whitg/solid: mp 115-118°C; "H NMR (CD;0D, 500 MHz) 8 8.15 s,

' 1H), 8.08-8.04 (m,2H), 7.69-7.67 (m, 1H), 7.27-7.24 (m, 1H), 7.06-7.04 (m, 2H),

6.96-6._93 (m, 1 / 5’.80_-'5'.78'(m, 1H), 4.90-4.84 (m, 1H), 4.55-4.50 (m, 1H), 4.42 (s,

3H), 3.94-3.84, tn, 1H), 3.65-3.55 (m, 1H), 2.74 (s, 3H), 2.58-2.50 (m, 1H), 2.63-2.45

(m, 1H); ESTMS m/z 332 [M-+H].

Examplg'33 — Preparation of (-)-2-methyl-8-(pyridazin-3-yl)-5-(quinolin-7-
yloxy)-2,3,4,5-tetrahydro-1H-benzofc]azepine, tartrate salt
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[8216] (+)-2-Methyl-8- (pyr idazin-3-y)-2,3,4,5- tetrahy o-1H-
benzo[clazepin-5-ol was obtained followmg the procedure of ‘tep H in Example 1
from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridafin-3-y1)-2,3,4,5-
tctra_hydro-lI—I-benzo[c-]achine in Step G of Example 1. Pther formation between
(+)-2-methyl-8~(pyfidazin—3-yi)~2,3,4,5—tetrahydro—lH— enzo|clazepin-5-ol and 7-
hydroxyquineline using procedures similar to those in/Step B and C of Example 10
gave (-)-2-methyl-8-(pyridazin-3-yl)-5-(quinolin-7-yloxy)-2,3,4,5-tetrahydro- 1H-
benzo[clazepine, tartrate salt (AUC HPLC 98.3%)/as a white solid: {u]:zsb 168 °(c -
0.22, MeOH); mp 120-122°C; ESI MS m/z 383 JM+H].

Example 34 - Preparation of (-)-5-(2-chlorgphenoxy)-2-methyl-8~(pyridazin-3-
yD-2,3,4,5-tetrahydro-1H-bfnzo[c]azepine, tartrate salt

[0217] (+)-2-Methyl-8-(pyridazin/3-yl)-2,3 4,5-tetrahydro-1H-

benzo|[clazepin-5-0l was obtained folloying the procedure of Step H in Example 1

from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-

tetrahydro-1H-benzo[clazepine in Sfep G of Example 1. Ether formation between -

V '(+)~2-mcthyf~8~(pyridazin—3—yl)—2 ';4,5-tetrahydro~lH—bcnzo[c]azepin~5~ol and 2-

- chlorophenol using procedures gfmilar to those in Step B and C of Example 10 gave (-
)-5-(3- chlorophenoxy) 2-methfl-8-(pyr idazin-3- -yl}-2,3,4 5~tetrahydro 1H- A

‘ bcxuo[c]azepme tartrate saly (.AUC HPLC >99%) as a white solid: mp 100-102 °C;
1H NMR (CDSOD, 500 M )z) 89.18 (d, J = 5.0 Hz, 1H), 8.20-8.18 (m,-2H), 8.09 (d, ‘
J :_.8.,0 Hz, lHj, 7.83-7.8 ‘v(vm, 1H), 7.68 (d, } = 8.0 Hz, 1H), 7.24 (t, ] = 8.2 Hz, 1H),
7.14-7.13 (i, IH), 70‘ '(d J=8.2Hz, 1H), 6.97 (d,J = 8.0 Hz, IH), 5.79 (d,1=79
Hz. 1H), 4.86-4.79 (o, 1H), 4.55-4.48 (m, 1H), 4.42 (s, 2H) 3.90-3.85 (m, 1H), 3 60-

3.54 (m 1H), 2.88 Q, 3H) 2. 55 240 (m 2H); ESI MS m/z 366 [M+H].

Exampie 35 ~ 'reparation of (-)—5—(2-chlorophenoxy)—Z—methyl-S-(pyridazin—iS—
1)-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt -

0218]  / (+)-2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-H-

benzo[clagepin-5-ol was obtained following the procedure of Step H in Examp[e 1

from (+)f5-(tert-butyldimethylsilyloxy)-2-methyl-8~(pyridazin-3-yl)-2,3,4,5-

tetrah ro‘—IH-benzo[c]azepinc in Step G of Example 1. Ether formation between

(+)-%#methyl-8-(pyridazin-3-yl1)-2,3,4,5-tetrahydro-1H-benzo{clazepin-5-ol and 2-
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chlorophenol using procedures similar to those in Step B and ¢ of Example 10 gave (-
)-5-(2-chlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tktrahydro- 1 H-
benzofclazepine, tartrate salt (AUC HPLC 98.6%) as a white solid: mp 104-106 °C;
IH NMR (CD30D, 500 MHz) § 9.20-9.19 (m, 1H), 8.23£8.21 (m, 2H), 8.13-8.11 (m,
1H), 7.84-7.82 (m, 1H), 7.73-7.72 (m, 1H), 7.41-7.40 (fn, 1H), 7.25-7.19 (m, 2H), -
6.98-6.96 (m, 1H), 5.85-5.84 (m, 1H), 5.20-5.05 (m, fH), 4.51-4.43 (m, 3H), 4.00-
3.92 (m, 1H), 3.66-3.61 (m, 2H), 2.91 (s, 3H), 2.58/2.44 (m, 2H); ESI MS m/z 366
[M+H].

Example 36 - Preparation of (+/-)-2-(5-(3,5/difluorophenoxy)-2,3,4,5-tetrahydro-
1H-benzo[c]azepin-8-yl)-[1,2 Ajtriazolo{4,3-a]pyridin-3(2H)-one,
tartrate salt. '

[0219] Step A: To a solution of tfe alcohol (0.5 g,1.95) from step D in

Example 19 in THF (40 mL) were addefi 3,5-difluorophenol (0.38 g, 2.93 munol),

tributylphosphine (0.73 mL, 2.93 mmgl) and 1, 1’—(azédicarboyl)dipipem'dine 074 g,

2.93 mmol) at room temperature. The reaction mixture was stirred at room

* temperature for 90 minutes, and fiftered through celite. The filtrate was diluted with

hexanes, and the additional precy itate formed was removed via filtration as well.

The filtrate was concentrated 1der reduced pressure to give a brown oil. Purification -
of the residue by flash colur : chromatography (chloroform, then 99:1 to 80:20
chldroform/isqpropanol) gglve the partially purified aryloxyether (0.4 g) which W.’;IS
used without further puriffcation: 'H NMR (CDCh, 500 Miz) 8 7.37-7.32 (m, 2H),
7.16 (d,J=8.1 Hz, 1H ‘ 6.43—6.39 (m, 3H), 5.30-5.27 (m,1H), 4.05-3.63 (m, 2H),
3.37-3.21 (1, 1H), 3.00-2.94 (m, 1H), 2.32 (s, 3H), 2.21-1.95 {m, 2H). |

<

" 10220] Step To a solution of the bromide (0.3 g, 0.8 mmol, partially pure)

from step A in 1,4£dioxane (I mL) were added pyridazin-3(2H)-one (94 mg, 0.98
mmniol), NN-di ethylethylenediamine (35 pL, 0.33 mmol), and potassium phosphate
(0;35 g, 1.63 pimo{). The mixture was purged with argon, and copper (I) iodide (31
mg, 0.16 mryglol) was added to it. The reaction was heated at 110 °C for.16 hours.
After coolifig to room temperature, the reaction mixture was diluted with
dichlorogfiethane, washed with water and brine, dried over sodium sulfate, filtered and
concenfrated to give the crude product. Purification by reverse phase semi-

prepafative HPLC (5% B to 50% B over 35 min; A = 95:5 water/acetonitrile + 0.05%
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TEA, B =955 acetonitrile/watc_r +0.05% TFA), and conversign into the
corresponding fiee base using 2N sodium carbonate gave thg/coupled product (202
mg, 64%) as a pale yellow foam: "H NMR (CDCls, 500 MHz) & 7.89 (dd, /= 3.8, 1.7
Hz, 1H), 7.51-7.48 (m, 2H), 7.40 (d, J = 8.2 Hz, 1R), 7.2//-7.22 (m, 2H), 7.05-7.03
(m, 1H), 6.46-6.40 (m, 3H), 5.38 (dd, J=9.2, 1.1 Hz, JH), 4.05-3.79 (m, 2H), 3.37-
3.26 (m, lH), 3.10-2.95 (m, 1H), 2.32 (s, 3H), 2.26-2 . 5 m, 2H).

[0221] Step C: To an ice-cold solution of tt benzazepine (0.17 g, 0.39 mmol)
from step B and 1,8-bis(dimethylamino)naphthalghe (Proton-Sponge, 0.25 g, 1.18
mmol) in 1,2-dichloroethane (4.6 mL) was addefl 1-chloroethy! chloréform_ate (0.21
mL, 1.98 mmol) dropwise. The reaction mixtyire was stirred at 0 °C for 3 hours, and
then washed with IN hydrqchloric acid. The organic layer was separated, and the
aqueous laycr. was washed with dichloromgthane. The combined organic extract was
dried over magnesium sulfate, filtered anf concentrated under reduced pressure, and
methanol (4.2 mL) was added to the regidue. The solution was heated under reflux for

2 hours, and concentrated under red bed pressure. Purification by preparative thin

_ layer chromatography (90:9:1 dich) 1omethane/rncthano1/concemrated ammonium

hydroxide) gave partially pure my enal Re-punﬁcatlon by preparative thin layer
chromatography (95:4.5:0.5 dw loxomethane/methanoi/conccntrated ammonium
hydroxide), followed by reve ,_e phase semi-preparative HPLC (30% B to 50% B; A =
95:5 water/acetonitrile + 0./ % TFA, B = 95 zS'acetonitrile/water + 0.05% TFA), and
conversion in't'o':the corresy o.‘nding free base using IN sodium carbonate gave the N-
desmethyl product (45 g 28%): ."H NMR (300 MHz, CDCl) & 7.98-7.83 (m, 3H),
7.52-7.47 (m, 1H), 7.28 ;?.21 {m, 2H), 6:67-6.50 (m, 3H), 6.50-6.40 (m, 1H), 5.70-

5.60 (m, 15), 4.30-4/10 (m, 1H), 4.00-3.90 (m, 1H), 3.60-3.40 (m, 1H), 3.30-3.20 (m,

1H), 2.20-2.00 (m,£H). N
[0222] . Tg a solutlon of the N- desmcthyl derivative (44 mg, 0.11 mmol) in
methanol (1.5 L) was added L—tarlanc acid (16 mg, 0.11 mmol), followed by water
(6 mL). The fesultant solution was lyophilized overnight to give 2-(5-(3,5-
diftuorophe, ‘0xy)-2,3,4,5—tet1'a11ydro-1 H-benzo[clazepin-8-yl)-{1,2,4]triazolo[4,3-
a]pyridin-4(2H)-one (60 mg, >99%, -AUC HPLC 98.2%) as an off-white solid: 'H
NMR (¢Ds0D, 500 MHz) 8 821 (d, J = 2.0 Hz, 1H), 8.14 (dd, J = 8.4, 2.1 Hz, 1H),
7.86 (dd, J=7.1,1.2 Hz, 1H), 7.65 (d, J= 8.4 Hz, 1H), 7.32-7.21 (m, 2H), 6.76-6.60
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(m, 3H), 6.59-6.50 (m, 1H), 5.79 (d, /= 7.4 Hz, 1H), 4.74 (d,// = 14.6 Hz, 1H), 4.69-
4.40 (m, 1H), 4.40 (s, 2H), 3.90-3.80 (m, 1H), 3.65-3.45 (m/111), 2.60-2.30 (m, 2H),
ESI MS m/z 409 [M+H]".

Example 37- Preparation of (+)- and (-)-8-([1,2,4]trjazolo(1,5-a]pyridin-6-y})-5-
(3,5-difluorophenoxy)-2,3,4,5-tetrahygro-1H-benzo[c]azepine,
tartrate sal¢

10223] Step A: To a solution of N-methyl penzazepine (1.5 g, 4.1 mmol) from

Step A in Example 36 above was added proton sponge (1.3 g, 6.2 mmol), followed By

1-chloroethyl chloroformate (0.49 mL; 4.5 mmpl). The reaction solut‘ion was stirred

at room temperature for 2 hours and then it whs diluted with dichloromethane and
washed with aqueéus HCl (1 N). The orgagiic layer was separated, dried over sodium
sulfate and concentrated in vacuo. The r¢ fiduc obtained was dissolved in methanol
and refluxed for 90 minutes. The reactign solution was then cooled to room
temperatui'e, concentrated in vacuo. 1e residue obtained was dissolved in
dichloromethane, washed with aquegus sodium bicarbonate, dried over sodium sulfate

. and concentrated in vacuo. The cx ‘dé product obtained was purified by flash column

éhromatogx~aphy (dichloromethay é/mcthanol/ concentrated ammonium hydroxide

99:0.9:0.1 to 92:7.2:0.8) to giv# the des—mcthyl benzazepine (1.14 g, 78%) as a dark

oil: '"H NMR (CDCL, 500 M 'Az)S 7.35-7.31 (m, 2H), 7.18 (d, /= 8.5 Hz, 1H), 6.43-

6.38 (m, 3H), 5.35 (dd, J¥ /1.5, 3.0 Hz, 1H), 4.10 (d, J= 15.0 Hz, 1H), 3.87 (d, J=

15.0 Hz, 1H), 3.51~3.46 ¢, 1H), 3.24-3.19 (m, 1H), 2.20-1.99 (m, 2H).

[0224] S.tep B: o a solution of the des-methy! benzazepine (1.14 g, 2.1

mmol) from step A a ve in dichloromethane (30 th) was added diisopropyl

cthylamine (0.46 mlf.2.6 mmol) and 2~nitrobenzene-l—sulfor;yl chloride (0.49 g, 2.2

mmol). The reactipn solution was stirred at room temperature for 2 hours and then it

was washed withfaqueous sodium bicarbonate and IN HCL. The resultant organic
layer was dric ovver sodium sulfate and concentrated in vacuo. The crude product
obtained was/purified by flash column chromatography (hexanes/ethyl acetate 95:5 to

50:50) to gife the desired N-protected benzazepine (1.1 g, 63%): '"H NMR (500 MHz,

CDCls) 8179 (dd, J = 8.0, 1.0 Hz, 1H), 7.72-7.62.(m, 3H), 7.45 (d, J= 1.5 Hz, 1H),

7.40 (d¢, J = 8.0, 2.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 6.43-6.39 (m, 3H), 5.34 (dd, J
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= 7.0, 2.0 Hz, 1H), 4.72 (d, J = 14.5 Hz, 1H), 4.49 (d, J= 159 Hz, 1H), 3.93-3.74 (fn,
2H), 2.32-2.20 (m, 2H).
[0225]) Step C: To a solution of the bromide (1.1 g/2.0 mmol) from step B
abo_vé in DMSO (20 mL) were added bis(pinacolato)dibgron (0.62 g, 2.4 mmol) and
potassium acetate (0.59 g, 6.0 mmol). The mixture wag purged with argon for about
10 minutes, and 1,1'-bis(diphenylphosphino)ferrocenfdichloropalladium (0.12 g, 0.16
mmol) was added to it. The reaction was heated at80 °C for 3 hours. After cooling
to room temperature, the reaction mixture was dijited with cthyl acetate, washed with
water and brine, dried over sodium sulfate, filtefed, and concentrated in vacuo. The
crude produbt obtained was partially purified Py flash column chromatography
(hexanes/ethyl acetate 95:5 to 60:40) to givefthe desired boronate ester (1.4 g,
partially pure) as a yellow foam, | j
[0226] Stej) D A mixture of thefporonate ester (0.45 g, 0.76 mmol, partial
pure) from step C above, 6-bromo-{1,2/4]triazolo[1,5-a]pyridine (0.18 g, 0.92 mmol),
and cesium carbonate (0.74 g, 2.3 my dl) in a solution of DMF (8 mL) and water (2
- mL) was ﬁurged with argon for ab fut 10 minutes. 1,1%- v ’
'B1b(dlphenylphosphmo)ferrocene, ichloropalladium (56 mg, 0.076 mmol) was added
* to the mixture, which was then Jleated at 80 °C for 2 hours. After cooling to room
temperature, the reaot:on mixfire was diluted with dichloromethane, washed with
' Watcl’,_ana.br_inez dried over § dium sulfate, filtered, and concentrated in vacuo. The
résid'u_e obtaiﬁe‘dwasfpuﬁ ;e.d by flash column chromatography
(dichlorome_thane/metha_z_61.99:_1' to 96:4), followed by preparative thin layer
chtjomatog_rapixy (_di(;hlﬁ romethane/methanol 95:5) to give benzazepine (0.27 g,
partia.]ly pure) as a yy :l.ov‘v solid, which was used in the next step without further
| pufiﬁcation. | ‘ _ N
[0227] rSt_ b E:Toa Sofution of the protected benzazepine (0.27 g, partially
pure) from siép ) in 4 mixture of dichloromethane (2 mL) and ethanol (§ mL) were
addcd-potassi‘ m carbonafe (0.18 g; 1.3 mmol) and thiophenol (0.10 mL, 0.92 mmol).
The reactio vfnixture'was stirred at room temperature for 36 hours and then it was
quenchcd ith aqueous sodium hydlomdc (2N), extracted with dichloromethane and a
3:1 mixthre ¢ of chlomform and 2~propanol The combmed organic extract was dried
over sgdium sulfatc and concentrated in vacuo. The crude product obtained was

puriffed by flash column chromatography (dichloromethane/methanol/concentrated
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ammonium hydroxide 99:0.9:0.1 to 90:9:1) to give the desmethyl benzazepine (102 |
mg, 59%) as a white foam: 'H NMR (500 MHz, CDCl) 8 8//7 (s, 1H), 8.37 (s, 1H),
7.83 (d, J= 8.5 Hz, 1H), 7.76 (dd, J= 8.5, 1.5 Hz, 1H), 7.46~7.43 (m, 2H), 7.40 (s,
1H), 6.50-6.40 (m, 3H), 5.50-5.47 (m, 1H), 4.24 (d, J=/5.0 Hz, 1H), 4.01 (d, /=
15.0 Hz, 1H), 3.57—-3.52 (m, 1H), 3.31-3.25 (m, 1H), 221-2.11 (m, 2H). The
racemic benzazepine Was then resolved by preparatiye chiral HPLC (CHIRALCEL
o) column, using 40:60:0.1 heptanes/2-propanoVdifthylamine as the eluent) to give
the (+)-enantiomer [[o}*’p +42.0° (¢ 0.667, CDCY)] (49 mg) and the (-)-enantiomer
[[a]p -48.0° (¢ 0.067, CDCL)] (46 mg). | |
[0228] Step F: To a solution of single £nantiomer freebase in methanol was
added L-tartaric acid, followed by water. Tje resultant solution was lypholized to
give the corresponding tartrate salt. (+)-8 V([I,2,4]triazpio[l,5~a]pyridin—6-yl)—5~(3,55 ‘
difluorophenoxy)-2,3,4,5-tetrahydro-1Hfbenzo[c]azepine, L-tartrate [AUC HPLC
99%, Chiralcel OJ 99%] as a white sojfd: "H NMR (500 MHz, CD30D)'6 9.12 (s,
1H), 8.45 (s, 1H), 8.04 (d, J = 9.0 Hf, 1H), 7.87 (d, /= 9.0.Hz, 1H), 7.82-7.19 (m,
- 2H),7.67 (d,J="1.5 Hz, 1H), 6.7¢/(dd, J= 7.5, 1.5 Hz, 1H), 6.55 (t,J = 7.5 Hz, 1H),
4'5.83 (d, J.= 7.0 Hz, 1H), 4.75 (d/J = 14.5 Hz, 1H), 4.50.(d, J = 14.5 Hz, 1H), 4.40 (s,
| 2.2H), 3.83 (t,J=-10.0 Hz, 1H}, 3.64-3.57 (m, 1H), 2.57-2.32 (m, 2H); ESI MS m/z
303 [M+ H]'. (-)-8-([1,2,4]tfazolo[1,5-alpyridin-6-y})-5-(3,5-difluorophenoxy)-
2,3-,4,‘»5-tetrahydro~lH—belA [clazepine, L-tartrate [AUC HPLC 99%, Chiralcel 0J
~ 99%) as a white solid: "H/NMR (500 MHz, CD;0D) 8 9.12 (s, 1H), 8.45 (s, 1H), 8.04
' (d,‘lJ‘A= 9.0 Hz, IH), 7.87 'I(d; J=9.0 Hz, 1H), 7.82-7.79 (m, 2H), 7.67 (d, /= 7.5 He,
| IH), 6.76 (dd, J = 7:5/1.5 Hz, 1H), 6.55 (t, J = 7.5 Hz, 1H), 5.83 (d,J = 7.0 Hz, 1H),
475, J= 147.‘5 H IH) 4.50 (d, J=14.5 Hz, 1H), 4.40 (s, 2.2H), 3.83 (t,J = 10.0
Hz, 1H), 3.64-3.5f (m, 1H),2.57-2.32 (m, 2H); ESI MS m/z 393 [M+ H]".

; Eeparation of (+/-) 8-(6—(diﬂuoromethoxy)pyridazin-‘3~yl}5-(3,5~
ifluorophenoxy)-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate
[ salt '

Example 38 -

[0229] Step A: A mixture of the boronate ester (0.45 g, 0.76 mmol, partially
‘step C of Example 37, 3-chloro-6-(difluoromethoxy)pyridazine (0.16 g,

ol), and cesium carbonate (0.74 g, 2.3 mmol) in a solution of DMF (8 mL)
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Bis(diphenylphosphino)ferrocenedichloropalladium (56 mg, ¢/076 mmol) was added
to the mixture, which was then heated at 80 °C for 2 hours. After cooling to room
temperature, the reaction mixture was diluted with dichlorpmethane, washed with
water and brine, dried over sodiu/m sulfate, filtered, and goncentrated in vacuo. The
residue obtained was purified by FCC (hexanes/cthyl gfetate 95:5 to 45:55) to give
the protected benzazepine (0.29 g, partially pure), whfich was used in the next step

without further purification,

[0230] Step B: To a solution of the protecfed benzazepine (0.29 g, partially
pure) from step A above in a mixture of dichlogpmethane (3 mL) and ethanol (8 mL)
were added potassium carbonate (0.30 g, 2.1 yhmol) and thiophenol (0.15 mL, 1.5
mmol). The reaction mixture was stirred at foom temperature for 20 hours and then it
was quenched with aqueous sodium bicarffonate, extracted with a 3:1 mixture of
chloroform and IPA. The combined orghnic extract was dried over sodium sulfate
and concentrated in vacuo. The crude product obtained was purified by preparative
thin layer chromatography (dichloroghethane/methanol/concentrated ammonium

hydroxide 90:9:1) to give the racenfic benzazepine (127 mg, 40%) as a yellow foam:

"TH NMR (CDCls, 500 MHz) 8 707 (d, J = 9.0 Hz, 1H), 7.89 (d, J = 2.0 Hz, 1H), 7.81
©(dd, J=8.0,2.0 Hz, 1H), 7.75

»J=72.0 Hz, 1H), 747 (dd, J= 8.0, 1.5 Hz, 1H),
7.21(d,.J= 9.0 Hz, 1R), 6.47/6.39 (m, 3H), 5.49 (d, J=10.5 Hz, 1H),4.25 (d,J=
15.0 Hz, 1H), 4.02 (d, /= 1$.0 Hz, 1H), 3.55-3.51 (m, 1H), 3.30-3.25 (m, 1H), 2.30-
2.04 (m, 2H)." / :
[0231] To a solufion of this frecbase in methanol was added L-tartaric‘ acid,
fo l,Io'wed_ by water. T £ resultant solution was lypholized to give (+/~)-8-(6-

(difluoromethoxy)py 'idazin—3-y1)-5—(3,S—diﬂuorophenoxy)-Z,B,4,5—tctrahydro-] H-

benzo[clazepine, tgrtrate salt [AUC HPLC 95.4%] as an off-white solid: "H NMR _

(CD:0D, 500 Miz) 8 8.25 (d, J = 9.5 Hz, 1H), 8.13 (5, 1H), 8.05 (d,J= 7.5 Hz, 1H),
776 (4 J= 71§ Hz, 1H), 7.69 (d,J = 8.0 Hz, 1H), 7.48 (d, J = 9.0 Hz, 1H), 6.74 (d, J
= 7.5 Hz, 28, 6.55 (t, J = 9.0 Hz, 1H), 5.84 (d,J = 7.0 Hz, 1H), 4.74 (d,J = 15.0 Hz,
1H), 4.49 (¢, J = 15.0 Hz, 1H), 4.40 (s, 2.3H), 3.84-3.75 (m, 1H), 3.65-3.56 (m, 1H),
2.54-2.35(m, 2H); ESI MS m/z 420 [M+ HJ".

Exam lé 39 - Preparation of (+/-)—2~(5-(3,5—diﬂuor0plien0x5f)—2-methyl—2,3,4,5~
tetrahydro-1H-benzofclazepin-8-yl)pyridazin-3(2H)-one and (+/-)-
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2-(5-(3,5-difluorophenoxy)-2,3,4,5-tetrahydro/l H-benzo[c}azepin-8-

vhpyridazin-3(2H)-one, tartrate salt '
{0232] Step A: Toa solution of the bromide (0.3 £/0.8 mmol, partially pure)
from Step A in Example 36 in 1,4-dioxane (1 mL) were glided pyridazin-3(2H)-one
(94 mg, 0.98 mmol), NN -dimethylethylenediamine (34 uL, 0.33 mmol), and
potassium phosphate (0.35 g, 1.63 munol). The mixt fe was purged with argon, and
copper (1) iodide (31 mg, 0.16 mmol) was added to ft. The reaction was heated at 110
°C for 16 hours. Afier cooling to room temperatufe, the reaction mixture was diluted
with dichloromethane, washed with water and byine, dried over sodium sulfate,
filtered, and concentrated to give the crude prgduct. Purification by reverse phase
semi-preparative HPLC (5% B to 50% B ovgrr 35 min; A = 95:5 water/acctonitrile +
0.05% TFA, B = 95:5 acetdnitrile/water +9.05% TFA), and conversion into the
corresponding ﬁ'eé base using 2N sodiunf carbonate gave the coupled product 2-(5-
(3,5-difluorophenoxy)-2-methyl-2,3,4,§-tetrahydro- 1 H-benzo{clazepin-8-
yl)pyridazin-3(2H)-one (202 mg, 64%) as a pale yellow foam: "H NMR (CDCls, 500
' MHz) 5 7.89(dd, /= 3.8, 1.7 Hz, ) ), 7.51-7.48 (m, 2H), 7.40 (d, J = 8.2 Hz, 1K),
7.27-7.22 (m, 2H), 7.05-7.03 (m, _H) 6.46-6.40 (m, 3H) 5.38(dd,/=9.2,1.1 Hz,
1H), 4.05-3.79 (m, 2H), 3. 37 3. ,6 (m 1H), 3. 10 2.95 (m, 1H), 2.32 (s, 3H), 2.26-2. 05
m, 2H). . '. o
[0233] - Step B: To afice-cold solution of the benzazepine (0.14 g, 0.15 mmol)
from step A and 1,8-bis(di vethylamino)ﬁaphthalené (Proton-Sponge, 0.23.g, 1.07
mmol) in 1,2-dichloroetl ne (4,.2 mL) was added 1-chloroethyl chloroformate (0.19
mL, 1.78 mmo l)‘ dropw/ se. The reaction mixture was stirred at 0 °C for 3 hours, and
then washed ‘wit'h 17 v_;_'»yciroc‘hlbri'c acid. The organic layer was separated, and the
aqueous layer was pvashed with dichloromethane. The combined organic extracf was
dried ovér magn .iux'n snﬂfate, kﬁltercd and concentrated under reduced pressure, and
methanol (4.2 L) was added to the fesidue. The solution was heated under reflux for
2 hours, and goncentrated under reduced pressure. Purification by preparative thin
layer chromftography (90:9:1 dichloromethanc/methanol/conccntrated ammonium
hydroxidcej gave partially pure mater ial. Re- purlﬁcatlon by preparative thin layer
chroma glaphy (95:4.5:0.5 dxchloromethanc/methdnol/concentrated ammonium
hydroyide), followed by reverse phase semi-preparative HPLC (30% B to 50% B; A =
95:5fwater/acctonitrile + 0.05% TFA, B = 95:5 acetonitrile/water + 0.05% TFA), and
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conversion into the corresponding free base using 2N sodium garbonate gave the N-
desmethyl product (23 mg, 17%): '"H NMR (300 MHz, CDCJ5) & 8.04-8.01 (m, 1H),
7.52-7.42 (m, 4H), 7.09-7.05 (m, 1H), 6.67-6.63 (m, 2H), §.55-6.40 (m, 1H), 5.70-
5.60 (m, 1H), 4.20-4.05 (m, 1H), 4.05-6.90 (m, 1H), 3.50/3.20 (m, 2H), 2.20-2.05 (m,
2H). S

[0234] - To a solution of the N-desmethyl derivative (21 mg, 0.06 mmol) in A
methanol (I mL) was added L-tartaric acid (9 mg, §/06 mmol), followed by water (5
mL). The resultant solution was lyophilized overfight to give (+/-)-2-(5-(3,5- |
difluorophenoxy)-2,3,4,5-tetrahydro-1H-benzo[fazepin-8-yl)pyridazin-3(2H)-one,
tartrate salt (30 mg, >99%, AUC HPLC 97.1%)) as an off-white solid: "H NMR
(CDsOD, 500 MHz) 8 8.04 (dd, J = 3.8, 1.6 Hz, 1H), 7.69 (d, J = 1.4 Hz, 1H), 7.65-
7.64 (m, 2H), 7.48 (dd, J=9.5, 3.8 Hz, 1H), 7.09 (dd, J = 9.5, 1.6 Hz, 1H), 6.73 (dd,J v
= 9.0, 2.2 Hz, 2H), 6.58-6.47 (m, 1H), 584-5.73 (m, 1H), 5.73-5.58 (m, 1H), 4.41-
4.39 (m, 1H), 4.39 (s, 2H), 3.84-3.68 (i, 1H), 3.58-3.47 (m, 1H), 2.53-2.21 (m, 2H);
EST MS m/z 370 [M-+H]'. |

Example 40:- Preparation of (+)f and (—)—8-([1,2,4]triazol0[4,3-a]pyfidin-ﬁ-yl)—S- .
' (3,5-difluorophenpxy)-2-methyl-2,3,4,5-tetrahydro-1H- :
benzo|clazepineftartrate salt
[0235] - - StepA:Toa 1xture of the bromide (1.21 g, 3.29 mmol; partially
pure) from step A in Examypfle 36, potassium acetate (0.97 g, 9.86 mmol) and - ’
bls(pmacolato)dlboron (092 g, 3.62 mmol) was added DMSO (21 mL). The mixture _
was burged with afgon , r about 10 minutes, and 1,1'-
bis(diphe-nylphosphin fferrocenedichloropalladium .(8] mg, 0.10 mmol) was added to
-it. The 'rea_ction‘was heated at 80 °C for 3 hours. After cooling to room temperature,
thc’reaction mixtu '.'was partitioned between water and dichloromethane. The
aqueous layer wy ‘sepafated, and re-extracted with dichloromethane (2x). The
combined orgafic extract was washed with 1:1 water/brine, dricd over sodium sulfate,
filtered and Cf nccntrated to give the desired boronate ester (1.24 g, crude) as a black
oil which whs used in the next stcp without purification.
[0236] . StepB: To mixture of the boronate ester (0.3 g, crude) from step A
above, §~bromo-[1,2,4}triazolo{4,3-alpyridine (0.32 g, 1.64 mmol), and cesium
carboyfate (0.80 g, 2.47 mmol) in a solution of DMF (5 mL) and water (1.25 mL) was
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purged with argon for about 10 minutes. 1,1- /
Bis(diphenylphosphino)ferrocenedichloropalladium (40 mg, .05 mmol) was added to
the mixture, which was then heated at 80 °C for 4 hours. Afiter cooling to room
temperature, the reaction mixture was diluted with dichlgfomethane, washed with
water and brine, dried over magnesium sulfate, filtered And concentrated. The residue
obtained was purified by by reverse phase semi-prepafative HPLC (5% B to 50% B
over 50 min; A = 95:5 water/acetonitrile + 0.05% TFA, B = 95:5 acetonitrile/water +
0.05% TFA), and converted into the corresponding free base using 2N sodium
carbonate to give the coupled product (70 mg, 20%) as a brown foam, which was
resolved by preparative chiral HPLC (CHIRAYPAK AD column, using 80:20:0.1
heptanes/isopropanol/diethylamine as the elytnt) to give enantiomer A and
enantiomer B. Enantiomer A was subjectefl to flash column chromatography
(dichloromethane, then 95:4.5:0.5 to 90:9.1 dichloromethane/methanol/concentrated
ammonium hydroXide) to remove ftraceg of diethylamine. Enantiomer B was
subject-edrto further chiral purificatioy/ (CHIRALCEL OD column, using 80:20:0.1
~heptanes/ethanol/diethylamine as tl -

/ then 95:4.5:0.5 to 90:9:1

cluent), followed by flash column
chromatography (dichloromethan
dichloromethane/methanol/cbnc ntrated ammonium hydroxide).
[0237] ~ To a solution of enantiomer A (23 mg, 0.05 mmol) in methanol (0.5
mL) was added L-tartaric ac (8 mg, 0.05 mmol) followed by water (4 mL). The
resultant solution was lyophilized overnight to give (+)-8-([1,2,4]triazolo[4,3-
alpyridin-6-yl)-5-(3,5-di horophenoxy)-2-mcthyl—Z,3,4,5—tetrahydr0~lH— |
bcnzd[c]ach‘ine, tartrafe salt (30 mg, 95%, AUC HPLC 99%) as an off-white solid:
{[o)*'p+44.3 ° (c 0.09, CD;0D)]; 'H NMR (CD;OD, 500 MHz) 5 9.22 (s', 1H), 8.81
(s, TH), 7.86-7.80 (fn, 2H), 7.77-7.74 (im, 2H), 7.64 (d, /= 8.1 Hz, 1H), 6.74 (dd, J =
9.0, 2.0 Hz, 2H), $.57-6.53 (m, 1H), 5.77 (d, J= 7.6 Hz, 1H), 4.76-4.63 (m, 1H), 4.42
(s, 2H), 4.43-4. 0 (m, 1H), 3.89-3.74 (m, 1H), 3.58-3.47 (m, 1H), 2.83 (s, 3_H), 2.58-
231 (m, 2H); £ST MS m/z 407 [M+H]".

[0238]

mL) was

To a solution of enantiomer B (24 mg, ¢.06 mmol) i methanol (0.5
ded L-tartaric acid (9 mg, 0.06 mmol) followed by water (4 mL). The

resultant/solution was fyophilized overnight to give the correspondent tartrate salt of
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Example 41- Preparation of (+)- and (-)-8-(6-(difluorometfoxy)pyridazin-3-yl)-5-
(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrdhydro-1H-
benzo|c)azepine, tartrate salt

[0239] Step A: To mixture of the boronate ester £0.3 g, crude) from step A in

17 g, 0.94 mmol), and

cesium carbonate {0.80 g, 2.47 mmol) in a solution o DMF (5 mL) and water (1.25

¥1-

(40 mg, 0.05 mmql) was added to

Example 40, 3-chloro-6-(difluoromethoxy)pyridazine

mL) was purged with argon for about 10 minutes.
Bis(diphenyIphospIﬁno)ferrocenedich!oropalladi
the mixture, which was then heated at 80 °C forf2 hours. After cooling to room
temperature, the reaction mixture was diluted vith dichloromethane, washed with
water and brine, dried over magnesium sulfyfe, filtered, and concentrated. The

residue obtained was purified by by rever /
50% B over 50 min; A = 95:5 water/acetbnitrile + 0.05% TFA, B = 95:5

acetonitrile/water + 0.05% TFA), and gonverted into the corresponding frec base

phase semi-preparative HPLC (5% B to

using 2N sodium carbonate to give the coupled product (114 mg, 32%), which was
(CHIRALPAK. AD column, using 80:20:0.1

> as the eluent) to give enantiomer A and

- resolved by preparative chiral HP
-heptanes/ isopropanol/diethylaminy
enantiomer B. Enantiomer A whs subjected to flash column chromatography
(dichloromethane, then 99:0. 01 to 90:9:1 dichloromethane/methanol/concentrated
ammonium hydroxidé) o1 move traces of diethylamine. Enantiomer B was -
subjected to further c'hiral_r' urification (CHIRALCEL OD column, using 80:20:0.1
hepﬁncs/c‘thano!/diethy j mine as the eluent), followed by flash column
chromatography (dich} romethane, then 99:0.9:0.1 10 90:9:1
; diohlordmethané/me \anol/concentrated ammonium hydroxide).
(0240] To

mL) was added I/ tartaric acid (6 mg, 0.04 mmol) Vfollovwed by -water (4 mL). The

éolution of ehahtio_mer A (18 mg, 0.04 mmof) in methanol (0.5 -

resultant soluti 'n. was lyophilized overnight to give (+)-8-(6-
(difluorometifoxy)pyridazin-3-yl)-5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro- H—benzo{c]azepine (Enantimer A), tartrate salt (24 mg,M>99%, AUC

%) as an off-white solid: [[a]”’p +53.1.° (¢ 0.10, CD:0D)]; 'H NMR

, 500 MHz) 6 8.26 (d, J=9.2 Hz, 1H), 8.10 (d, /= 1.7 Hz, 1H), 8.04 (dd, J =
Hz, 1H), 7.76 (t, /= 71.9Hz, 1H), 7.65 (d,J= 8.0 Hz, 1H), 7.48 (d, /= 9.2
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Hz, 1H), 6.73 (dd, J = 9.0, 2.0 Hz, 2H), 6.56-6.52 (m, 1H), 5.7f (d, J = 8.8 Hz, 1H),
4.74-4.58 (m, 1H), 4.43-4.39 (m, 1H), 441 (s, 2H), 3.84-3.6f (m, 1H), 3.53-3.37 (m,
1H), 2.79 (s, 3H), 2.53-2.26 (m, 2H); ESI MS m/z 434 [M+f1]".

{0241} To a solution of enantiomer B (34 mg, 0.0%8 mimol) in methanol (0.5
mL) was added L-tartaric acid (12 mg, 0.08 mmol) folldwed by water (4 mL). The
resultant solution was lyophilized overnight to give the correspondent tartrate salt of
(-)-enantiomer (46 mg, >99%, AUC HPLC >99%) #s a white solid: [[o]*p -60.0 ° (c
0.08, CD3OD)], ESI MS m/z 434 [M+H]

Example 42 - Preparation of (+)- and (-)-6-(#-(3,5-diftuorophenoxy)-2-methyl-
2,3.4,5-tetrahydro-1H-benzo{f]azepin-8-y)pyridazin-3-amine,
tartrate salt

[0242] Step A: To mixture of the ' oronate ester (0.3 g, crude) from step A in

Example 40, 6-chloropyridazin-3-aminef0.21 g, 1.64 mmol), and cesium carbonate

(0.80 g, 2.47 mmol) in a solution of DJAF (5 mL) and water (1.25 mL) was purged

with argon for about 10 minutes. 1,¥-

B1s(dxphcnylphosphmo)ferxoccne chloropalladlum (40 mg, 0.06 mmol) was added to

the mixture, which was then heaty d at 80 °C for 2 hours. After cooling to room

temperature, the reaction mixtyfe was diluted with dichloromethane, washed with
water and brine, dried over 'gnés_ium sulfate, filtered, and concentrated. The
residue obtained was bUriﬁ d by by YI'CVCITSC phase .semi-preparative HPLC (5% B to
50% B over 50 minutes; 4 = 95:5 water/acetonitrile + 0.05% TFA, B = 95:5
dcetomtrlic/watcr +0.0 ‘A) TFA), and converted mto the corresponding fiee base
using 2N sodtum caibjnate to give the coupled product (99 mg, 32%) as a white
- foam, which was re. tved by preparatwc chiral HPLC (CHIRALCEL OD column,

using 90:10:0.1 h t'_anes/ethano)/diethylamine as the cluent) to give enantiomer A .

and enantiomer J ) |

[0243] 0 a solution of enantiomer A (30 mg, 0.08 mmol) in methanol (1 mL)

was added LAartaric acid (12 mg, 0.08 mmol) followed by water (5 mL). The

resultant sgflution was lyophilized overnight to give (+)-6-(5-(3,5-difluorophenoxy)-2-

methyl-2 ,4,5wtetrahydro-1Hfbénzo[c]azepin—&yt)pyridazin-3-amine, tartrate salt (41

mg, 99%6, AUC HPLC >99%) as an off-white solid: [[a]®p +133.3 ° (¢ 0.07,

methgnol)]; 'H NMR (CD:0D, 500 MHz) & 8.08 (s, 1H), 7.91 (dd,J = 7.9, 1.6 Hz,
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IH), 7.82 (d, /= 9.3 Hz, 1H), 7.59 (d, /= 7.9 Hz, 1H), 7.02 (d{J = 9.3 Hz, 1H), 6.75-
6.71 (m, 2H), 6.55-6.51 (m, 1H), 5.75 (d, J = 7.7 Hz, 1H), 4 £3-4.80 (m, 1H), 4.44-
4.40 (m, 1H), 4.41 (s, 2H), 3.90-2.75 (m, 1H), 3.70-3.55 (nf, 113), 2.87 (s, 3H), 2.55-
2.30.(m, 2H); ESI MS m/z 383 [M+H]".

10244} ~ To a' solution of élxantiomer B (29 mg, ¢/08 mmol) in methanol (1 mL)
was added L;tax'taric acid (11 mg, 0.08 mmol) followgd by water (5 mL}. The
resultant solution was fyophilized ovefnight to givefthe correspondent tartrate salt of
(-)-enantjomer (40 mg, >99%, AUC HPLC >99%) as an off-white solid: [[0.}* -45.2

° (¢ 0.10, methanol)]; ESI MS ni/z 383 [M+H]",

Example 43 - Preparation of (+)- :_md (-)-2K(5-(3,5-difluorophenoxy)-2-methyl-
2,3,4,5-tetrahydro-1 H-benzg(c]azepin-8-yi)-{1,2 4]triazolo[4,3-
alpyridin-3(2H)-one, tartrgte salt

10245] _ Step A: To a solution of fhe bromide (0.3 g, 0.8 mmol, partially pure)

fI;OI]’l Step A in Example 36 in 1,4-digkane (1 mL) were added [1,2,4]triazolo[4,3-

ajpyridin-3(2H)-one 0.13 g, 0.98 yhol), N, N’-dimethylethylenediamine (35 pL,

© 033 mmol), and potassium phosplfate (0.35 g, 1.63 mmol). The mixture was purged

- with argon, and coppbr (1) iodidef(31 mg, 0.16 mmol) was added to it. The reaction

Waé heated at 110 °C for 16 hofirs. After cooling to room temperature, the reaction
‘mixture was diluted with dic bt’omcthanc, washed with water and brine, dried over
sodium éxilfate,:'{ﬁltéfed'axxd boncentrated to give the crude product. Purification by
reve_réé ﬁhas‘ei@émi—ﬁrepéf.ftive HPLC (5% B to 50% B over 35 minutes; A = 95:5
water/acetbhitril-c + 0.0 /o ..TFA, B = 95:5 acetonitrile/water + 0.05% TFA), and
cotiversion ifto the ¢ ‘_-i'cspon'ding free base using 2N sodium carbonate gave the

: _c‘oupled. product (15, *.nig, 46%) :asra yellow foam, which was resolved by preparative

chi'ral'.HPLC (CH ALCEL OJ column, using 60:40:0.1

heptancs/ethano /_diethﬂamine as the eluent) to give enantiomer A and enantiomer B.
[0246]) To a solution of enantiomer A (65 mg, 0.15 mmol) in methano! (1 mL)
was added Lftartaric acid (23 mg, 0.15 mmol) followed by water (5 mL). The
resultant sgflution wa's Iyophilized overnight to give 2-(5-(3,5-difluorophenoxy)-2-
methyl-2/3,4,5-tetrahydro-1H-benzo[clazepin-8-yl)-[1,2,4]triazolof4,3-a]pyridin-
3(2H)-gne (Enantiomer A), tartrate salt (86 mg, 98%, AUC HPLC 97.9%) as an off-
whitefsolid: "H NMR (CD;OD, 500 MHz) & 8.20 (d, J = 2.0 Hz, 1H), 8.14 (dd, J =
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8.4,2.1 Hz, 1H), 7.88 (d, /= 7.1 Hz, 1H), 7.62 (d,J = 8.4 Hz, JH), 7.30 (dd, J = 64,
1.1 Hz, 1H), 7.23 (d, J= 9.5 Hz, 1H), 6.74 (dd, J= 8.9, 1.9 Hz, 2H), 6.70-6.65 (m,

" 1H), 6.56-6.52 (m, 1H), 5.74-5.72 (m, 1H), 4.80-4.63 (m, 1F1), 4:43-4.26 (m, 1H),

4.42 (s, 2H), 3.89-3.63 (m, 1H), 3.52-3.37 (m, 1H), 2.83 {5, 3H), 2.47-2.26 (m, 2H);
ESIMS m/z 423 [M+H]+. Anal, Calcd. for CazsHaoFaNuf2+1.1C4H04+0.75H,0: C,
54.75; H, 4.71; N, 9.32. Found: C, 54.70; H, 4.68; N, £.03.

[0247] To a solution of enantiomer B (60 mg, 0.14 mmol) in methano! (1 mL)
was added L-tartaric acid (21 mg, 0.14 mmol) follpwed by water (5 mL). The
resultant solution was lyophilized overnight to gfve the correspondeﬁt tartrate salt of
Enantiomer B (80 mg, 98%, AUC HPLC 98.5%) as an off-white solid; ESI MS m/z
423 [M+H]}". Anal. Calcd. for Ca3HaoF2N4O *1.1C4H606°0.25H,0: C, 55.59; H, 4.61;
N, 9.46. Found: C, 55.48; H, 4.48; N, 9.31

Examg]e 44 - Preparation of 1-(5-(3,5% difluorophenoxy)-2-methyl-2,3,4,5
* tetrahydro-1 H-benzo[cfazepin-8-yhpyridin-2(1H)-one (Enantxomer :
A), tartrate salt and tlfe tartrate salt of Enantiomer B

- [0248] © Step A: To a solutiopt of the bromide (0.3 g, 0.8 mmol, partiaily f)urej g

from Step A in Example 36 in 1, -‘dioxane (1 mL) were added 2-hydroxypyridine (93
ﬁag,’ 0.98 mmol), NN -dimethyjthylenediamine (35 uL, 0.33 mmol) and potassium -
phosphate (0.35 g, 1.63 mmo . The mixture was purged with argon, and copper (1) 7
iodide (31 mg, 0.16 mhiol) vas added to it. The reaction was heated at 110 °C for 16
hours. " After c’é‘oﬁng‘to ropm temperature, the reaction mixture was diluted with
dichiorométhane, v.va'she: ‘with water and briné, dried over sodium sulfate, filtered and

concentrated to give't £ crude product. Purification by reverse phase semi-

v p_reparat'ive‘HPLC & B to 50% B over 35 minutes; A = 95:5 water/acetonitrile +

0.05% TFA, B = 9§:5 acetonitrile/water + 0.05% TFA), and conversion into the
corresponding frge base using 2N sodium carbonate gave the coupled product (103
mg, 33%) as a aie yellow foam, which was resolved by preparative chiral HPLC
(CHIRALCEL OJ column, using 80:20:0.1 heptancs/nthanol/dlethylamme as the
eluent) to give cnantxomex A and enantiomer B.

02491 /.  To asolution of enantiomer A (40 mg, 0.1 mmol) in methanol (1 ml.)
was added L-tartaric acid (16 mg, 0.1 mmol) followed by water {5 mL). The resultant

solutigh was lyophilized overnight to give 1-(5-(3,5-difluorophenoxy)-2-methyl-
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2.3,4,5-tetrahydro-1H-benzo[cJazepin-8-yl)pyridin-2(1 H)-onef(Enantiomer A), (55 A
mg, 99%, AUC HPLC >99%) as an off~white solid: "H NM (CD;0D, 500

| MHz) & 7.65-7.60 (m, 3H), 7.48 (d, /= 2.1 Hz, 1H), 7.44 {d, J= 8.1 Hz, 1H), 6.73
(dd, 7=9.0, 1.9 Hz, 2H), 6.64 (d, J= 9.1 Hz, 1H), 6.58-$.42 (m, 2H), 5.78 (d, /= 8.6
Hz, 1H), 4.68-4.47 (m, 1H), 4.41 (s, 2H), 4.37-4.16 (1, 1H), 3.79-3.58 (m, 1H), 3.47-
3.37 (m, 1H), 2.76 (s, 3H), 2.47-2.26 (m, 2H); ESI m/z 383 [M+H]". Anal. Calcd.
for CaaHapFaNy02+1.1C4Hg046+0.25H20: C, 57.44; H, 4.95; N, 5.07. Found: C, 57.36;
H; 5.05; N, 4.94. '
[6250] - To a solution of enantiomer B (3£ mg, 0.08 mmol) in methanol (1 mb)
was added L-tartaric acid (12 mg, 0.08 mmol)/followed by water (5 mL). The
resultant solution was lyophilized overnight fo give the correspondent tartrate salt of '
Enantiomer B (44 mg, 98%, AUC HPLC 98.6%) as an off-white solid: ESI MS m/z
383 [M+H]". Anal. Caled. for CyHaoFo)020201.1CHs04: C, 58.64; H, 4.92; N, 5. 26
Found: C, 5870 H, 5.12; N, 5.23. '

Example 45 - Preparation of (+)- gnd (~)-4- (2—methy]—S—‘phenaxy—Z 34,5
' tetrahydro-1H-benfo[clazepin-8-yl)banzamide, tartrate salt
- [0251] The two enantiorfers in Example 45 were prepared from the boronate
ester from Step F in Example J6 and 4-bromo-benzamide following the procedures of
'Step G, H, I aﬁd J in Exampy 16. (+)-4-(2-Methyl- 5~phenoxy-2-3 4,5-tetrahydro-1H-
bcnzo[c]azepm—8 yl)banza llde tartrate saIt (AUC HPLC 98.9%) is a wlnte solid: mp |
106-108 °C; 'H NMR (C}h;0D, 500 MHz)
59. 11 s, 1H), 8.44 (s, JH), 8.03 (d, ] =9.3 Hz, 1H), 7.87 (79.11 (s, 1H), 8.44 (s, 1H),
8.03 (d J= 93Hz, 1) ), 7.87 (d, J = 10.2 Hz, 1H), 7.80-7.78 (m, 2H), 7.63 (d, J= 7.9
Hz, 1H), 726(t J=8.5 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H), 6.95 (t, J=7.3 Hz, lH)
5.74 (d,J 7.3 HY, 1H), 4. 92-4. 84 (m, 1H), 4.54-4.50 (m, lH) 4.42 (s, 3H), 3. 93-
3.90 (m, 1H), 3.60-3.54 (m, 1H), 2.91 (s, 1H), 2.49 2.38 (in 2H); ESIMS m/z 373
[M-+H]. (-)-4 2-methyl-5~phenoxy—2,3,4,5—tetrahydro-1H—bcnzo[c]azepir#8~
yDbanzamidg, tartrate salt (AUC HPLC 98.9%) is a white solid: mp 118-120 °C; ESI
MS m/z 37p [M+H]. ' '

Examp)e 46 - Preparation of (+)- and (-)-2-Methyl-8-(4-methylsuifonyiphenyl)-5-
phenoxy-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt and



(-)-2-Methyl-8-(4-methylsulfonylphenyl)-5-phenoxy-2,3,4,5-

tetrahydro-1H-benzo[c]azepine, tartrate sa
[0252] The two enantiomers in Example 46 were pfepared from the boronate
ester from Step F in Example 16 and 1-chloro-methylsulfonylbenzene following the
procedures of Step 'G, H, Tand Jin Example 16. (+)-2-Methyl-8-(4-
methylsulfonylphenyl)~5~phenoxy—2,3,4,5—tetrahydr6 71H~benzo[c]azepine, tartrate
salt (AUC HPLC 98.9%) is a white solid: mp 116-}18 °C; "H NMR (CD;0D, 500
MHz) 6 8.03 (d, J = 8.5 Hz, 2H), 7.90 (d, J = 8.5z, 2H), 7.76-7.72 (m, 2H), 7.61 (d,
J=8.0 Hz, 1H), 7.28-7.24 (m, 2H), 7.04 (d, J =/1.9 Hz, 2H), 6.94 (1, J=174Hz, 1H),
5.71 (d, J=17.8 Hz, 1H), 4.91-4.80 (m, 1H), 4/44-4.40 (m, 3H), 3.90-3.85 (m, 1H),
3.58-3.54 (m, 1H), 3.15 (s, 3H), 2.85 (s, 3H), 2.45-2.36 (m 2H); ESI MS m/z 408
[M+H]. (—)—2-McthyL8~(4~methylsu1fonyx henyl)-5-phenoxy-2,3,4,5-tetrahydro-1H- ‘
benzo[cJazepine, tartrate salt (AUC HPLL 98.9%) is a white solid: mp 116-118 °C; |
ESI MS m/z 408 [M+H]. ‘

Example 47 Preparahon of (+)- nd (-)-5-(3,5- dxfluomphenoxy)—Z methyl-8-(4-
' (methylsulfonyl)ph nyl)-2,3,4 5~tetrahydr0-III-benzolc]azepme,
tartrate salt '

| '[0253] Step A: A mixtk re of the bromide (0.2 g, partiaHy pure) from Stcp A
in Example 36, 4—(methy]sul 'ny'l)phcnylboronic acid (0.15 g, 0.76 mmol), and
cesium carbonate (0.49 g, 1/52 mmol) in a solutlon of” DMF (3 mlL) and water-(0. 75
mL) was pur; g,ed with arggn for about 10 minutes. 1,1'-

Bl.s(dxphenylphosphmo j érrocenedlchloropalladlum (25 mg, 0.03 mmol) was added to
the fni'xture; which wab then heated_ at 80 ?C for 4 h(-)urs.. After cooling to room

‘ frcmpcrature, thé reagtion mixture was diluted with dichloromethane, washed with

water and brine, dfied over sodium sulfate, filtered and concentrated. The residuc -

obtained was puy fied by preparative thin layer chromatograply (99:10




resultant solution was lyophilized overnight to give (-)-5-(3,5+ ifluorophenoxy)-2-
methyl-8-(4-(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro- 1 Hfoenzo[ clazepine, tartrate
salt (80 mg, >99%, AUC HPLC 99%) as an off-white solig [[a}’p -42.0 ° (¢ 0.07,
CD;OD)}; 'H NMR (CD;0D, 500 MHz) & 8.04 (d,.J = &/5 Hz, 2H), 7.91 (d, /= 8.5
Hz, 2H), 7.77-7.74 (1, 2H), 7.62-(d, J = 7.7 Hz, 18), .73 (dd, J = 8.9, 2.0 Hz, 2H),
6.55 (t, J= 9.9 Hz, 1H), 5.76 (d, J= 7.2 Hz, 1H), 4.79-4.63 (m, 1H), 4.43-4.40 (m,
1H), 4.42 (s, 2H), 3.84-3.68 (m, 1H), 3.58-3.42 (m/1H), 3.] 5 (s, 3H), 2.83 (s, 3H),
2.53-2.26 (m, 2H); ESI MS m/z 444 [M+H]". Anfl. Calcd. for ‘
CaH23F,NO;3S+1.1C4HO6H,0: C, 54441, 5 08; N, 2.24. Found: C; 54.61; H, 4.88;
N, 2.18. |
[0255] To a solution of enantiomer B (62 mg, 0.14 mmol) in methanol (1 mL)
was added L-tartaric acid (21 mg, 0.14 Vol) followed by water (5 mL). The
resultant solution was lyophilized overnfght to give the correspondent (+)-
enantiomer, tartrate salt (81 mg, 97%, AUC HPLC >99%) as an off-white solid:
[[0]*p +58.8 ° (¢ 0.09, CD;0D)]; ESI MS mi/z 444 [M+H]". ‘Anal. Calcd. for '
: 7C24H23F2NO_§S-1.1C4H605~0.5H2 : C, 55.23; H, 4.99;jN, 2.27.Found: C, 55.06; H, -
4.95; N, 2.13. | |

Example 48 - Preparation of (+)- and (-)-4-(5-(3,5-difluorophenoxy)-2-methyl-
2,3,4,5-.t_etrah_ dro-1/1-benzo[c]azepin-8-yhbenzonitrile, tartrate
[0256] .'Ste_p A Afmixture of the bromide (0.19 g, partially pure) frbm Step A
in Example 36, 4~_cy.an ".'he‘nylboronic acid (0.11 g, ()..78 mmol), and cesium
carbonate (0:51 g, 1.56 mmol) ina solut‘ion‘of DMF (3 mL) and water (0.75 ‘mL) was
purged with argon §r about 10 minutes. 1,1'- ‘
Bis(diphenylphosghino)ferrocenedichloropalladium (25 mg, 0.03 mmol) was added to
the mixture, whith was then heated at 80 °C for 4 hours. After cooling to room
temperature, tffe reaction mixture was diluted with dichloromethane, washed with
water and byine, dried over sodiurﬁ sulfate, filtered and concentrated. The residue
obtained whs purified by preparative thin layer chromatography (90:10
chlorofoym/isopropanol) to give the desired aryloxybenzazepine (113 mg, 56%) as a

brown folid, which was resofved by preparative chiral HPLC (CHIRALCEL OJ
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column, using 80:20:0.1 heptanes/isopropanol/diethylamine as fhe eluent) to give
enantiomer A and enantiomer B,
[0257] To a solution of enantiomer A (50 mg, 0.13 jhmol) in methanol (1 mL)
was added L-tartaric acid (19 mg, 0.13 mmol) followed bf water (5 mL). The
resuftant solution w-as lyophilized overnight to give (-)-#-(5~(3,5-difluorophenoxy)-2-
methyl-2,3,4,5—tetrahyd‘ro-1H—be1uo[¢]azepin~8—yl)be zonitrile, tartrate salt (68 mg,
98%, AUC HPLC 97.3%) as an off-white solid: [[o}f’p -39.6 ° (¢ 0.09, CD;0OD)]; 'H
NMR (CD3;0OD, 500 .MHZ) 5 7.85-7.80 (m, 4H), 7//5-7.73 (m, 2H), 7.61 (4, J= 7.7
Hz, 1H), 6.74 _(dd, J=90,2.0 Hz, 2H),' 6.56-6.58 (m, 1H), 5.76 (d, J¥ 8.1 Hz, 1H),
4.80-4.58 (m, 1H), 4.43-4.39 (m, 1H), 4.42 (s,2H), 3.89-3.74 (m, IH)., 3.58-3.37 (m,
1H), 2.83 (s, 3H), 2.53»2.21. (m, 2H); ESI Mg m/2 391 [M+H]". Anal. Calcd. for
C2q4H20F,N01.2C4H04+0.5H,0: C, 59.6 /. 1, 4.90; N, 4.83. Found: C, 59.62; H,
489;N,4.85.
10258} ~~ To a solution of enantioyner B (51 mg, 0.13 mmol) in methanol (1 mL)
was added L-tartaric acid (20 mg, 0.1 mmol) followed by water (5 mL). The

: reshltént solution was lyophilized ’emight to give the correspondent (+)-
enantiomer, tartrate salt (68 mg, 9%, AUC HPLC >99%) as an offwhite solid:

| [[OL]25 p +58.9 ° (c 0.09, CD,ODJ]; ESI MS m/z 391 [M+H]". Anal. Calcd. for
Ca4HzoF3N2O+1. IC4H606°O 5 7,0‘: C, 60.42; H, 493; N, 4.96. Found: C, 60.45; H,
4.96,N,4.72. | "

Examph, 49 — Preparat‘_ j'n of (-)- 2—Methyl 5-phenoxy-8-(pyrimidin-2-yl)- 2,3,4,5-
' tetrahy o-1H- benzo[c]azepme, tartrate salt

[0259] . Th‘is cy mpound was prepared from the boronate ester from step F of

Example 16 and 2-j omopyrimidine following the procedures of Step G, H, and J in

Exaxhpl_é 16. (-)-% Métliy'l;S—phenoxy-8—(pyrimidin—2~yl)- -2,3.,4,5-tetrahydro-1H-

benzo[clazeping/ tartrate salt (AUC HPLC 98.9%) is a white solid: [[a]”’p -52.5° (¢
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Example 50 - Preparation of (+)- and (~)-8-(6-aminopyridazin-3-yl)-2-methyl-5- '
phenoxy-2,3,4,5-tetrahydro-1H-benzo[c)azepine, tartrate salt
[0260] The two enantiomers in Example 50 were prgpared from the boronate
ester from Step F in Example 16 and 6-chloropyridazin-3-Amine following the
procedures of Step G, H, 1 and J in Example 16. (+)-8-(b-Aminopyridazin-3-yl)-2-
methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[clazepine, tartrate salt (AUC HPLC
97%) is a white solid: mp 102-104 °C; "H NMR (CI0D, 500 MHz) & 8.20 (s, 1H),
8.04 (s, [H), 8.00 (d, /= 8.0 Hz, 1H), 7.86 (s, IH)f7.69 (d, J= 8.0 Hz, 1H), 7.28-7.24
(m, 2H), 7.04 (d, J = 8.0 Hz, 1H), 6.95 (t, J = 7.4/ Hz, 1H), 5.71 (d, /= 7.8 Hz, 1H),
4.90-4.86 (m, 1H), 4.49-4.46 (m, 1H), 4.43 (5, AH), 3.90-3.85 (m, 1H), 3.64-3.44 (m,
3H), 2.91 (s, 3H), 2.48«2.36_ (m, 2H); ESI Mg m/z 347 [M+H]. (-)-8-(6-
amino pyridazin—3—yi)-2»met hyl-5-phenoxyy2,3,4,5-tetrahydro-1H-benzo[clazepine,
tartrate salt (AUC HPLC 97%) is a whitefsolid: mp 112-114 °C; ESI MS m/z 347 '
[M+H].

Example 51 - Preparation of (-)-54 2,3~diﬂuorophenoxy)-Z—methy]—8~(pyridazin~
' © 3-yD)-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt s

- {0261] (+)-2-Methyl-8-(p
d following the procedure of Step H in Example 1

rjidazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzofclazepin-5-0l was obtaiy
from (+) 5-(tert- butyldlmeth silyloxy)-2- methyl-8 (pyridazin-3-y1)-2,3,4,5-
tetrahydro 1H- bcnzo[c]aze ine in Step G of Example 1. Ether formation bctween
(+H)- 2~methyl 8-(pyr 1da21 __'—3 y1)-2,3,4,5-tetrahydro-1H-benzo[clazepin-5- ol and 2,3-
difluorohenol using prof édures similar to those in Step B and C of Example 10 gave
(-)-5-(2,3-diﬂuoroph A
benzo|cjazepine, ta _rate salt (AUC HPLC >99%) as a white solid: mp 112-114 °C;
IHVNMR (CD301p, 500 MHz) 4 9.18 (d, J = 5.0 Hz, 1H), 8.20-8.19 (m, 2H), 8.08 (d,
J=8.0 Hz, 1H),/7.62- 7n6] (m, 1H) 7:64-7.62 (d, J = 7.9 Hz, 1H), 7.05-7.03 (m, 1H),
6.89- 6.85 (m, JH), 5.78 (,d, ) = 7.2 Hz, IH) 4.98-4.94 (m, 1H), 4.54-4.48 (m, lH)
4.42 (s, 3H),/3.98-3.92 (m, 1H), 3.63-3.58 (m, 1H), 2.90 (s, 3H), 2.64- -2.44 (m, 2H);
ESIMS mfz 368 [M+H]. ' '

'oxy)-2-methyl -8- (pyr1daan-3~yl) -2,3,4,5-tetrahydro- {H-

Example 52 - Preparation of (-)-5-(3-cyanophenoxy)-2-methyl-8-(pyridazin-3-
yD-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt



[0262] (+)-2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahyfiro-1H-
benzo[c]azepin-5-ol was obtained following the procedure of Step H in Example 1
from (+)-5-(tert-butyldimethylsilyloxy)-2-methyi-8-(pyridgzin-3-y1)-2,3,4,5-

- tetrahydro-1H-benzo[cJazepine in Step G of Example 1. Ether formation between
(+)—2~mcthy1-8—(pyridazin-3 -y1)-2,3,4,5-tetrahydro- 1H-penzo[clazepin-5-ol and 3-
hydroxybenzonitrile using procedures similar to thosefin Step B and C of Example 10
gave (-)-5-(3-cyanophenoxy)-2-methyl-8-(pyridazigt3-yl)-2,3,4,5-tetrahydro- 1 H-
benzo[clazepine, tartrate salt (AUC HPLC >99%)/as a white solid: mp 113-115 °C;
1H NMR (CD30D, 500 MHz) § 9.17 (d, J = 4.9/Hz, 1H), 8.20-8.17 {m, 2H), 8.08 (d,
© J=17.9Hz, 1H), 7.82-7.80 (1, 1H), 7.67 (d, J # 8.0 Hz, 1H), 7.48-7.40 (m, 3H), 7.32
(d,J=17.5 hz, 1H), 5.84 (d, J=38.1 Hz, 1H), £.79-4.74 (m, 1H), 4.45-4.40 (m, 3H),
3.85-3.75 (m, 1H), 3.56-3.50 (m, 1H), 2.8¢/(s, 3H), 2.44-2.38 (m, 2H); ESI MS m/z
357 [M+H]. o

Example ‘5_3 - Preparation of (-)-5- .;cyanophenoxy)—Z-methyl-8-(pyridazin—3—yl)—
2,3,4,5-tetrahydro-1H-benzo{c]azepine, tartrate salt

[0263] (H)-2-Methyl-8-(pyf

following the procedure of Step H in Example 1

iaazin~3-yl)-2,3 ,4,5-t_etrahydr0- 1H-
benzo[c]azepin-5-ol was obtain
from (+)-5-(tert-butyldimethylfilyfoxy)-2-methyl-8-(pyridazin-3-yi)-2,3,4,5-
tetrahydro-1H-benzo[cJazepihe in Step G of Example 1. Ether formation between
(+)-2-methyl-8-(pyridazin-/ -yl)—2,3,4,5-tétra_hydroi1 H-benzo[clazepin-5-ol and 4-
hydroxybenzonitrile using procedures similar to those in Step B and C of Exarhple 10
gave (-)-5 -(4—cya‘n0 phey 6xy)—2—methyl—8—(pyridazin'—3~yl)~2,3,4,5—tetrahydro- 1H-
benzo[cJazepine; tartghte salt (AUC HPLC >99%) as a white solid: mp 110-112 °C;
1H NMR (CD30D,/500 MHz) 8 9.17 (d, ] = 4.9 Hz, 1H), 8.20-8.17 (m, 2H), 8.08 (d,
J=179Hz, IH), 7 8-'7.64v(m, 2H), 723 (d, J = 8.8 Hz, 2H), 5.90 (d, J = 8.8 Hz, 2H),
4.74-4.70 (m, 1}), 4.46-4.42 (m, 3H)_; 3.85-3.75 (m, 1H), 3.56-3.50 (m, 1H), 2.80 (s,
3H), 2.44-2.3§/(m, 2H); ESI MS m/z 357 [M+H].

- Preparation of (—)-5-(2,5—diﬂuorophenoxy)~2-methyl-8-(pyridazin-3-
yD-2,3,4,5-tetrahydro-1H-benzo[¢]4azepine, tartrate salt

[0264]

benzgfcjazepin-5-0l was obtained following the procedure of Step H in Example 1

(+)-2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
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from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin/3-yl)-2,3,4,5-
tetrahiydro-1H-benzo[clazepine in Step G of Example 1. Ethfr férmation between

v (+)-2-methyl-8-(pyridazin-3-y})-2,3,4,5-tetrahydro- 1 H-bengo[ cJazepin-5-ol and 2,5-
difluorophenol using procedures similar to.those in Step B and C of Example 10 gave
(—)—5-(2,5-diﬂuorophenoxy)—Z-méthy1—8-(pyridazin-3—y -2,3,4,5-tetrahydro-1H-
benzo[clazepine, tartrate salt (AUC HPLC >99%) as { white solid: mp 102-104 °C;
1H NMR (CD30D, 500 MHz) & 9.I7I(d, J=15.0 Hzf 1H), 8.20-8.18 (m, 2H), 8.08 (d,
J=18.0 Hz, 1H), 7.82-7.80 (m, 1H), 7.63 (d, J = 8 § Hz, 1H), 7.14-7.04 (m, 2H), 3.72-
3.68 (m, 1H), 5.75 (d, ] = 7.5 Hz, 1H), 4.90-4.8Y (m, 1H), 4.44-4.41 (m, 3H), 3.90-
3.80 (m, 1H), 3.58-3.54 (m, 1H), 2.82 (s, 3H),£.60-2.40 (m, 2H); ESI MS m/z 368
[M+H]. | '

Example 55 - Prepafatiqn of (-)-5-(2,6-Aifluorophenoxy)-2-methyl-8-(pyridazin-

. 3-yD-2,3,4,5-tetrahydrof I H-benzo[c]azepine, tartrate salt
[0265] (+)-2-Methyl-8-(pyrid ,Z.in*3 y1)-2,3,4,5-tetrahydro- 1 H-
, ben&o[c]azepm- 5-0l was obtained f; ‘ lowmg, 3 the procedure of Step H in Example 1
from (+)- -5-(tert- butyldlmcthyisﬂy__ovxy) 2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H- benzo[c]achlne '_ Step G of Example 1. Ether formation between
(+) 2-mcthyl~8 (pyrldazm -3-yf -2, 3,4,5- teﬁahydro 1H-benzo|c]Jazepin-5-ol and 2,6-
d1ﬂuo1ophenol using ploced_; res similar to those in Step B and C of Example 10 gave
(-)- 5-(2,6- dlﬂuorophenoxy_ -2-methyl-8- (py1 idazin-3-y1)-2,3,4,5-tetrahydro-1H-
benzo[clazepine, tartrate, :_'alt (AUC HPLC >99%) as a white solid: mp 98-100 °C; 1H
NMR (CD30_D, 500_ / "z) $9.02-9.00 (m, 1H), 8.35-8.00 (m, 4H), 7.50-7.40 (m,
IH), 702-692 (m, 34 5 52-5.48 (m, 1H), 5.16-5.10 (M, 1H), 4.42 (S, 3H), 4.02-
400 M, IH) 3 88 78 (M ZH) 2.50 (S 3H), 2.76-2.42 (m, 2H); ESI MS m/z 368

Example 56 Prim:iry Binding Assay
Preparationfof Membranes
[0266] /  Recombinant HEK-293 cells expressing either the hSERT, hDAT, or

hNET pfoteins were harvested from T-175 flasks as follows. The medium was

removgd from the flasks and the cells rinsed with HBSS without Ca and without Mg.
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The cells were then incubated for 5-10 minutes in 10 mM Tris-Cl, pH 7.5, 5 mM
EDTA before the cells were lifted with a combination of pipefting and scraping, as
needed. The cell suspension was collected into centrifuge Yottles and homogenized
for 30 seconds with a Polytron homogenizer. The suspengion was centrifuged for

30 minutes at 32,000 x g, 4°C, The supernatant was deganted and the pellet
resuspended and homogenized in 50 mM Tris-Cl, pH ..5, 1 mM EDTA for

10 seconds. The suspension was then centrifuged aglain for 30 minutes at 32,000 x g,
4°C. The supernatant was decanted and the pelletfesuspended in 50 mM Tris-Cl, |
pH 7.5, 1' mM EDTA and briefly homogenized. /A Bradford assay (Bio-rad) was
performed and the membrane preparation dilutfd to 2 mg/ml with 50 mM Tris-Cl,

pH 7.5, 1 mM EDTA. Aliquots were prepargd, and then frozen and stored at -80°C.

SERT Radioligand Binding Assay
[0267] : Compounds were dissov. ed in 100% DMSO at a concentration
100 tlmes the desired highest assay ¢bncentration, serially diluted 1:3 in 100%
: DMSO and 0.4 pl/well of each sojition esd dispensed to a Nunc polypropylene,
round bottom, 384-well plate. 100% inhibition is defined with 0.4 pl/well of 1 mM
| ﬂubxetine dissolved in DMSO 2_0 pl/well of a 2x membrane preparation (15 ug/mt -
©in 50 M Tris-Cl, pH 7.5, 120 mM NaCl, SmM KCI) and 20 plAvell of a 2x |
rqdioligénd solution (520 p A ['PTIRTI-55 in 50 mM Tris- CL pH 7.5, 120 mM'Na:Cl,'
SmM KCl) were ddded t v,each well and the reaction incubated for I hour at room
tcmpcratule The conte,_: ts of the agsay plate were thcn transferred toa Mﬂhpoxe
Multiscreenyrs _GF/B hlter plate which has been pretreated with 0.5% PEL for,at least |
' oﬁe’ hquf. Thie platefwas vaéuum filtered and washed with 7 washes of 100 pl/well.
50 .mM Tris-CL, pJ 7.5, 120-mM NaCl, 5mM KCl chilled to 4°C. The filtration and
washing was co ,pletedx in less than 90 seconds. The plates were air-dri_ed overnight,

12 pi/vwell of MicroScint scintillation fluid added, and the plates counted in'a Trilﬁx.‘

[0268] Compounds were dissolved in 100% DMSO at a concentration
100 tighes the desired highest assay concentration, serially diluted 1:3 in 100%

DMZO, and 0.4 pl/well of each solution was dispensed to a Nunc polypropylene,
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round bottom, 384-well plate. 100% inhibition is defined with/0.4 ul/well of 1 mM
GBR-12935 dissolved in DMSO. 20 ul/well of a 2x membrghe preparation

| (12.5 pg/mi in 30 mM sodium phosphate buffer, pH 7.9 at A°C) and 20 pl/well of a 2x

radioligand solution (250 pM ['Z1JRTI-55 in 30 mM sodfum phosphate buffer, pH 7.9
at 4°C) were added >t0 the well and the reaction incubatéd for 1 hour at room
temperature. The contents of the assay plate were theh transferred to a Millipore
Multiscreenyrs GF/B filter plate which had been prgtreated with 0.5% PEI for at least
one hour. The plate'was vacuum-filtercd and wagfled with 7 washes of 100 pliwell
50 mM Tris-Cl, pH 7.5, 120 mM NaCl, 5 mM K/Cl chilled to 4°C. The filtration and

washing were completed in less than 90 scconfls. The plates were air-dried overnight,

12 pwl/well of MicroScint scintitlation fluid afided, and the plates counted in a Trilux.

NET Radioligand Binding Assay

[0269] k Compounds were dissgfved in 100% DMSO at a concentration 100
times the desired higheét assay concgntration, serially diluted 1:3 in 100% DMSO,

~and 1.0 pliwell of each solution wifs dispensed to a Nunc polypropylene, round

_ 50ttom; 384-well plate. 100% 1 hibition is defined with 1.0 pliwell of 10 mM

desipramine dissolved in DMJ0. 50 pl/well of a 2% membrane preparation 04

. mg/ml in'50 mM Tris-Cl, pH 7. 5, 120 mM NaCl, 5mM KCI) and 50 pl/well of a 2%

radlohgand solutlon (4 nM H]msoxetme in 50 mM Tris-Cl, pH 7.5,120 mM NaC[
5 mM KCI) were added thc well and the reacuon incubated for 1 hour at room
temperature. The contg hts of the assay plate were then transferred to a Millipore

Multxscreenms GF/B / iltel plate which had been pretreated with 0.5% PEI for at least

' oné hour. The platy was vacuum filtered and washed with 7 washes of 100 pl/well 50

mM Tris-Cl, pH .5, 120 mM NaCl, 5 mM KCI chilled to 4°C. The filtration and
washing is completed in less than 90 seconds. The plates were air-dried overnight, 12

pliwell of MigroScint scintillation fluid added, and the plates counted in a Trilux.

Data Analpsis

[0270] / - The raw data is normalized to percent inhibition using control wells
definifg 0% (DMSO only) and 100% (selective inhibitor) inhibition which are run on

eachyfplate. Each plate is run in triplicate, and the concentration response curve thus
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generated is fit using the four-parameter dose response equatiorf, Y=Bottom -+ (Top-
Bottom)/(1+10MN(LoglCso-X)*HillSlope)) in order to determige the 1Csq value for
cach compound. The radioligand concentration chosen for fach assay corresponds to
the K concentration determined through saturation binding analysis for each assay.

Example §7 ~ Occupancy Assay

10271] Male Sprague-Dawley (180-300g) (Gharles River Laboratories,
Wilmington, MA) were orally dosed with a test cgfpound (suspended in 0.25%

The frozen brain tissues were stored at -80°
[0272} The brain tissues were thawgd and homogenized in 7-10 volumes of
incubation buffer using a polytron homogenizer (Kinematica, Littau-Lucerne,
Switzerland). Samplé aliquots were frgzen immediately in dry ice/ethanol and stored

at -80°C. Protein content was measugfd for each brain using a Coomassie protein

: assvay kit (Pierce, Rockford, IL). Infa 96 deep—w_ell plate, 100 pg of tissue (0.4mg/ml)

was mncubated with an appropriatg/radioligand under conditions same as for the brain

section binding as shown in Tabfe 1 below. The effect of the incubation time and ,

temperature on occupancy ass Ssrhent was also evaluated. At the-end of the
incubation time, the r_(-:é'ctidx S were stopped by ﬁlté;‘ing through FPXLR-196 filters
(Brandel, Gaithersbufg, JO) that had beeh soaked in 0.5-1.0% polyethylencimine for
1 hour at 4°C. The ﬁlter_’-"Were.washed twice with ice-cold incubation buffer, tritium

was measured using a Wallac Microbeta liquid scintillation éougltei'.

Table 1. Radioligghds and Incub.ation Conditions for ex vivo Homogenate Binding Assay

- . N o Nanspevitic . . . R .
Treasperler Ru/uhgzuui Cuneerirslion l}x}‘uv Bufler - kncslation Gy Femp
g2
SUamM iy,
N ) 103 120133 Nadl,
SERT Jril-citalops M- N . - ey o ye e URUITTS
SERT fl-citalopram ZnM Flussetise S KL (pH 74 24 pyintey 45
- st I8°C)
- . ’ sV vctive
§ » ’ Hie ¥ GBR- N
DAY ["‘([_[{'[‘1-55 [LREFTAY ) 1\2‘)"': phosphute {pH 3.9 £0 minutes A
o i at 4°¢) ‘ :
MM fris,
. i LI | 360 Nadi, , -
k .piNeNetine SaM 3 - " 20 nustes 4
It fadvoveing A Rebusetine | Smad KO {1 7.4 pies
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[0273] The radioactivity of the filters was measured as

minute on a LKB Trilux liquid scintillation counter or Packagli Cobra Il gamma

~ counter. Specific binding was calculated by subtracting thef/value of nonspecific

binding density from that of total binding density (non-drfg treated tissue) in the
corresponding mgioh or tissue homogenate. The perceyt of specific binding was
calculated as the following: percent specific binding 5/(specific binding in drug
treated minus nonspecific binding)/(tobtal binding mjhus nonspecific binding) * 100%.
The percentage of specific binding in a drug treatefl condition 18 inversely

proportional to the percent inhibition or percent feceptor occupancy by the drug.

Example S8— in vivo Behavioral Assays
For All Tests ‘

[0274] " All animals were maintaingd in accordance with the guidelines of the
Committee on Animals of the Bristol-Myers Squibb Company and Guide for Care

and Use of Laboratory Animals, Instifute of Animal Laboratory Resom‘cés, 1996,

“which are hereby incorporated by reffierence in their entirety. Research protocols were

approved by the Bristol-Mye_rs S¢ iibb Company Institutional Animal Care and Use

Committee.

Mouse Tail Suspension Ass

[0275] -Male Swis / Webster mice are housed 3-4 pe} cage in rooms
maiﬁtaincd at a constant / éniperature (21-23°C) and _humidity (50 £ 10%)ona
12-hour light/da;k cyc £. . Animals have ad libitum access to water and food
throughout studics.” ¥n the day of testing, they are brought into the testing room-and
allowed to acclimafe for 1 hour. VT(V) begin testing, the tail is attached to a piecc of tape
which is then att _vc‘hed to a hook on the ceiling of a soﬁnd—attenuated chamber.
Immobility is glitomatically recorded using the Med Associates software.

Compounds gke administered acutely at a fixed pretreatment interval before session.

Rat Forcdd Swim Assay

[0276]  Male Sprague Dawley rats are housed in pairs in rooms maintained at a

constgnt temperature (21-23°C) and humidity (50 + 10%) on a 12-hour light/dark
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cycle. Animals have ad libitum access to water and food throfghout studies.
Animals are handled for two minutes each on the two days pfior to the start of the
| experiment. On the first day of testing, rats are placed in tfie swim tank (a Pyrex
cylinder 46 cm tall x 21 cm in diameter, filled with 30 cgi of water ranging between
24-26°C) for 15 miﬁutes (the pré-swim session). At the end of the 15-minute session,
rats are dn'edAand replaced in their home cage. Compbunds are administered at three
time points in the next 24 hour (23.5, 5, and 1 hour), prior to a second test swim. This
swim test is.5 minutes in duration and the animaly’ behavior is videotaped and active
behaviors (immobility, swimming, climbing) ar¢ scored. At the end of cach 5-second
period during the 5-minute test session the rat behavior is scored as one of the
following: i'mmobi'[ity (the rat remained flogling in the water without struggling and
made only those mo§¢ments necessary to lfeep its head above water), swimming (the
rat made active 'swim.ming motions, morg than necessary to merely maintain its head
above water-,. e.g., moving around in thg/ cylinder), or climbing (the rat made active
movemeﬁis with its forepaws in and gut of the water, usually directed against the
_ cylinder wall). Compounds are only identified by a predesignated code and the
éxperimehter remains blinded thrgh ;ghout the experiment (including while scoring

" videotapes).

Rat and Mouse Loéo_m’otof: ',
[0277]- o "Animé'ls arg housed according to conditiones described above for the
two épecics; The téstih ;-‘é'tpzparatus consisted of Plexiglas chambers equipped with
Digiscan activity nio‘n'_ bfs (Omnitech Electronics, Columbus, Ohio) that detect
.'ixlterrupfions of éigh _ﬂphétobcam's. Horizontal activity was recorded in 5-minute bins
for a total of 60 mi iites and vexprAes.sed_as total distance covered (in cm). Compounds
were administere 'acute'ly atAa fixed pretreatment interval prior to testing.

[0278]

illustration, itAs understood that such detail is for that purpose and variations can be

; lthough the invention has been described in detail, for the purpose of

made therejf by those skilled in the art without departing fmm'thevspirit and scope of

the inventfon which isvdeﬁncd,by the following claims.



WHAT IS CLAIMED:

1. A compound of formulac I(A-E) havj

structure:

wherein: ,
the carbon atom designated * is in the R of S configuration; and
X representé a 5- or 6-membered aro ftic or nonaromatic monocyclic cérboéycle or
heterocycle selected from the group onsisting of phenyl, pyridyl, 2-oxo-pyridin-
1Q2H)-yl, pyfiinidinyl, pyridazinyl/pyrazinyl, triazinyl, pyranyl, pyrrolyl, furanyl, |
_thiophenyl, oxazolyl,.isoxazolyl,-' Biazolyl, isothiazolyl, pyrazolyl, imidazolyl,
oxadiazolyl, thiadiazolyl, triazgftyl, and tetrazolyl, optionally substituted from 1 to 4
times with substituents as deffhed below in R™, or other 5- or 6-membered aromatic -
or n@-arbmatic monocycli carbocycles or heterocycles containing 1-4 heteroatoms
selevc‘te.d from the group ¢ /usisting of oxygen, nitrogen, and sulfur, optionaﬂy -
substifuted.ﬁ'om 1to V4 'es- with substituents as defined below in R'%; or
X is a{5,5]- {6,5]-, [6

‘from thé group consting of indenyl, indanyl, benzofuranyl, benzothiophenyl,

(}}4, or [6,7]-fused bicyclic carbocycle or hetc;rocycle éelected

dihydrobenzothiophenyl, dihydrobenzofuranyl, indolyl, isoindolyl, indolinyl,
benzof i ;B]dioxo /A, beniooxazolyl, benzothiazolyl, benzoisothiazolyl,
benzoisoxazol , indazolyl, benzoimidazolyl, benzotriazolyl, naphthyl,
tetrahydronaphthyl, quinolinyl, isociuinolinyl, quinazolinyl, cinnolinyl, phthalazinyl,
, benzo[1,2,3]triazinyl, benzof1,2 4]triazinyl, 2,3-dihydro-

benzo[ I #dioxinyl, 4H-chromenyl, dihydrobenzocycloheptenyl,
tetrahydfobenzocycloheptenyl, indolizinyl, quinolizinyl, 6aH-thieno[2,3-d]imidazolyl,

1H-pyfrolof2,3-b]pyridinyl, imidazo{,2-a]pyridinyl, pyrazolo[1,5-alpyridinyl,



[1,2,4]triazolo[4,3-a]pyridinyl, thieno{2,3-b}furanyl, thieno[2,¥-b]pyridinyl,
thieno[3,2-b]pyridinyi, furo[2,3-b]pyridinyl, furo[3,2-b]pyridfnyl, thieno[3,2-
~ dlpyrimidinyl, furo[3,2-dJpyrimidinyl, thieno[2,3-b]pyraziyfyl,
bcnzo[c][ 1,2,5]oxadiazolyl, benzo[c][1,2,5]thiadiazolyl, ¥,4-dihydro-2H-
benzo[b][1,4)Joxazinyl, imidazo[1,2-a]pyrazinyl, 6,7-diljfydro-4H-pyrazolofS,1-
c][1,4Joxazinyl, 2-o0x0-2,3-dihydrobenzo[dJoxazolyl, 2,3-dimethyl-2-oxoindolinyl, 2-
0x0-2,3-dihydro-1 H-pyrrolo{2,3-b]pyridinyl, benzofc][1,2,5]oxadiazolyl,
benzo[c][1,2,5]thiadiazolyl, [1,2,4]triazolo[4,3-a]yyrazinyl, and 3-oxo-
[1,2,4]triazolo[4,3-alpyridin-2(3 H)-y!, optionally substituted from 1 to 4 times with
- substituents as defined below in R', or other [#,5]-, [6,5]-, [6,6]-, or [6,7]-fused
bicyclic carbocycles or heterocycles containifig 1-5 heteroatoms selected from the
group consisting of oxygen; nitrogen, and ghlfur, optionally substituted from 1 to 4

times with substituents as defined below i R';

R] iS H, C]"Cﬁ alkyl, C2=C6 alkenyl, -C5 alkynyl, C3—C(, cycloalkyl, or C4~C7
' ~ cycloalkylalkyl, each of which is o lonally substituted from 1 to 3 times with

substituents as defined below in Rf”;

R® is H, Ci-Cq alkyl, C-Ce allenyl, C2-Cs alkynyl, Cs5-Cq cycloalkyl, or C4-C;
cycloalkylalkyl, each of whigh is optionally substituted from 1 to 3 times with
substituents as defined belgw in R'"; or

R? is gem-dimethyl;

RY, R, and R® are ea / independently selected from the group consisting of H,
'hak;gen, ~OR'Z, - 0),R"?, —CN, ~C(O)R", -NR'R", C,-Cj alkyl, C3-Cs alkenvyl,v »
Cr-Cs akanyl, C:fCs cycloalkyl, and Cy4-C cycloalkylalkyl, where each of the C—Cg
alkyl, Co-Cy alkg nyl, C,-Cs alkynyl, C3-Cs cycloalkyl, and C4-C; cycloalkylalkyl is |
optionally subjtituted from 1 to 3 times with substituents as defined below in R">; or

R®, R®, and H5 are each independently a 5- or 6-membered monocyclic carbocycle or
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R* is H, halogen, ~OR'?, ~S(0),R"?, ~CN, ~C(O)R", -NR'R"}/C,-Cy alkyl, Cp-Cs
alkenyl, C,-Cs alkynyl, Ci-Cs cycloalkyl, or C4-Cs cycloalkylflkyl, where each of the
C1-Cs alkyl, C,-Cs alkenyl, Co-Cs alkynyl, C3-Cs cycloalkyf, and Co-Cy
cycloalkylalky! is optionally substituted from I to 3 times/with substituents as defined
below in R'’; . .

R* is a bridged bicyclic ring containing 6-12 carbon a ‘ms and optionally containing

one or more heteroatoms selected from the group cofisisting of oxygen, nitrogen, and

sulfur, where the bridged bicyclic ring is optionally substituted from 1 to 3 times with -
substitutents selected from the group consisting ¢f C;-C; alkyl, ~C(O)R', and

-S(0),R"; or '

R? is phenyl, pyridyl, 2-oxo-pyridin-1(2H)-y}, pyrimidinyl, pyridazinyl, 6-

oxopyridazin-1(6H)-yl, pyrazinyl, triazinyl/pyranyl, furanyl, pyrrolyl, thiophenyl,

pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, triazolyl,
oxadiazolyl, thiadiazolyl, tetrazolyl, inglnyl, indenyl, indolyl, isoindolyl;
benzofurény(, benzothiophenyl, indolfnyl, dihydrobenzofuranyl,

~ dihydrobenzothiophenyl, indazolyl foenzimidazolyl, be‘nzooxazolyl benzothiazolyl, '
benzoisoxazolyl, benzoisothiazol 4 ‘ benzotnazolyl benzo[1,3]dioxolyl, naphthyl
quinolinyl, isoquinolinyl, quina olmyl cinnolinyl, pthalazinyl, quinoxalinyl, 2,3-
dihydro-benzo[1,4]dioxinyl, b :nzo[l,2,3]t1 iazinyl, benzo[1,2,4]triazinyl, 4H-
chromenyl, inddizinyl,-quix lizinyl, 6aH-thieno[2;3-d]imidazolyl, 1H-pyrrolo[2,3-
b]p.yfidinyl, imidazo[1,2- _Iﬁyridinyl, pyrazolo[1,5-alpyridinyl, [1,2;4]triazolo[4,3-
ajpyridinyl, {1,2,4]triaz ,6[1,5-,(1']pyridinyl, thieno[2,3~b]furanyl, thieno[2,3- |
blpyridinyl, thieno[3,2, ,1}1py1'idi11yl, furo[2,3-b]pyridinyl; furo[3,2-blpyridinyl,

_ thieno[3,2-djpyﬁ‘iini nyl, ﬁxf&)D‘,Zd]pyrimidinyl, thienof2,3-b]pyrazinyl, | 7
imidazo[l,z-a]pyr inyl, 5,6,7,8-tetrahydroimidazo[1,2-aJpyrazinyl, 6,7-dihydro-4H-
pyrazold{S }-c][ 4]oxazmyl 2-0X0- 2 3 dihydrobenzo[djoxazolyl, 3,3- dlmethyl 2~
oxoindolinyl, 2fox0-2,3-dihydro- ]H-pynolo[ ,3-0fpyridinyl,
benzo[cl[1,2, ]oxadiazofyi, benzo[cl{1,2,5]thiadiazolyt, 3,4-dihydro-2H-
benzo[h][1,f£]oxazinyl, 5,6,7, 8-tétrahydro-[l 2 4]tria7d£o[4 3-alpyrazinyl, _

[ l,2,4]tri' olof4, 3—a]p)nazmyl 3 -0%0- [1 2 4]tnazolo[4 3—a}pyr1dm~2(3H) yl, 2-
oxooxagolidin-3-yl, or other 5- or 6-membered aromatic or non-aromatic monocyclic
carbogycles or heterocycles, or {5,5]-, [6,51-, [6,6]-, or [6,7]-fused bicyclic

-

carbfcycles or heterocycles containing 1-5 hetcroatoms selected from the group



consisting of oxygen, nitrogen, and sulfur, optionally substitutgfl from 1 to 4 times

with substituents as defined below in R*;

provided that for compounds of formula 1A, X is substitujéd phenyl and R* is
substituted monocyclic or bicyclic aryl or heteroaryl;
provided that for compounds of formula IB, X is subs ‘tutcd bicyclic dryI or
heteroary! and R is substituted monocyclic or bicycfic aryl or heteroaryl;
provided that for compounds of formula IC, X is spbstituted phenyl and R” is H,
-OR'2 -S(0),R", C(O)R'?, -NR'*R", -CN, hal
the C,-Cs alkyl is optionally substituted from
below in R'%;
provided that for compounds of formula ID{ X is substituted bicyclic aryl or A
heteroaryl and R* is H, -OR'%, ~S(0),R"*/C(O)R”, -NR'°R™, -CN, halogen, or C;-Cs
alkyl, where each of the C;-Cs alkyl is ¢gptionally substituted from 1 to 3 times with

en, or C,-Cs alkyl, where cach of

to 3 times with substituents as defined

substituents as defined below in R"; _
provided that for compounds of forppula IE, X is substituted monocyclic heteroaryl

| and R” is substituted monocyclic g bicyclic aryl or heteroaryl;

bnsisting of H,-S(O)R"%, ~C(O)R?, C;-Cy alkyl, Cz-

Cs alkenyl, C,-Cs alkynyl, Cf-Cs cycloalkyl, and Cq-Cy cycloalkylalkyl, where each of

Cy -Cs alkyl, C§~C5 alkeny_,‘CZ-CG alkynyl, Cs-Cs cycloalkyl, and C4-Cy

cycloalkylalkyl is optionglly substituted from 1 to 3 times with substituents as defined

below in R*;

R is selected from the group

R® is selected from e group consxstmg of H, halogen —OR'?, —S(0).R", -CN,
-C(O)R", NR"R/?, C,-C; alkyl, C-Cs alkenyl, C,-Cs alkynyl, Cs-Cs cycloalkyl, and
Co-Cy cycloalky alkyl, where each Qf Cy —Cg alkyl, C,-Cg alkenyl, C,-Cs alkynyl, Cs-
Cs cycloalkyl,fand C4-Cy cycloalkylalkyl is optionally substituted from 1 to 3 times
with substityénts as defined below in R'*; or

R and érc gem-dimethyl, with the proviso tha‘t‘énly one of R” and R® is gem-

dimethgl;
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R’ is H, halogen,-OR'?, -SR'?, C;-Cs alkyl, -CN, or ~-NR'’R",
alkyl is optionally substituted from 1 to 3 times with substitugnts as defined below in

here each of C, ~Cs

1 and R"" are each independenﬂy selected from the pybup consisting of H,
-C(OIRY, C1-Cs alkyl, Cs-Cs cycloalkyl, and C4-Cy cykloalkylalkyl, where cach of Cy
~Cs alkyl, C3-Cq cycloalkyl, and Ca-Co cycloalkylallfyl is optionally substituted from
1 to 3 times with substituents as defined below in R°°;
R'®and R*! are each independently selected frorf the group consisﬁng’ of phenyl,
benzyl, and other 5--or 6-membered monocyclit heterocycles, where each of the
phenyl, benzyl, and 5; or 6-membered monog¢yclic heterocycle is optionally
substitﬁted from 1 to 3 timeé with substituefits as defined below in R'%;

" and R' are takén‘together with the nifrogen to which they are attached to form a
saturated or paﬁially saturated monocydiic or fused bicyclic heterocycle selected from
the group“cons‘isting of piperidine, pyy 6lidine, morpholine, thiomorpholine,

_ [1,2]oxaziﬂane, isdxaz‘olidinc_a, 2-oxg pipéridinyl, 2-oxopyrrolidinyl, 3-oxomorpholino,
3-oxothiomofpholino 5,6,7 8-tetr'_, S/droimidazo[l ,2-a]pyrazine, 5,6,7,8-tetrahydro-

{1,2,4]triazolo{4,3-a]pyr azine, a fd other monocychc or fused bicyclic heterocycles
contammg 1 4 hetcroatoms self cted from oxygen, nitrogen and sulfur, and is’

| .optlon;ﬂvly substituted from 1‘.fto 3 times with a substituent selected independently at
each occurren_(';.e_:'t'hm'cbf fr n the group cénsisting of halogen, cyano, -OR'?, -
NR'R", -S(0).R", ~C()R", and C,-Cy alkyl, where each of C,-C, alkyl is
optioria_lly substifu_ted i 5m 1 td 3 times with substituents as defined below in R'%;

R'® and Rrl afe taken £ 6ge;ther with the nitrogen to which they are attached to form a
.hetcmcycle sclccte ,' ﬁom the group consisting of piperazine, 2-oxopiperazinyl, 2-
0X0- ].,4~_diazepan _ 5-0x0-1 4 d1achanyl 1,4-diazepane, and other heterocycles
containing one g ditional nitrogen a_tom in the ring, where the heterocycle is
optionally suby ituted on a ring carbon with from 1 to 3 times with a substituent
selected ind éndently at each occurrence thereof from the group consisting of
halogen, cyhno, -OR'?, -NRR", S(O),]R13 ~C(O)R", and C,-C; alkyl, or on the
additiona mtlogcn atom from 1 to 3 times with a substituent sclected independently

at eachbceurrence thereof from the group consisting of S(O),R'?, ~C(O)R'?, and Cy-




Ca alkyl, wherein each of C,-Cq alkyl is optionally substituted from | to 3 times with
substituents as defined below in R'?;
10 and R are taken together with the nitrogen to which thy are attached to form a

heterocycle selected from the group consisting of piperazine, 2-oxopiperazinyl, 2-
oxo*1,4-diazepanyl,‘ 5-ox0-1,4-diazepanyl, 1,4-diazepayfe, and other heterocycles
containing one additional nitrogen atom in the ring, where the heterocycle is
optionally substituted on the additional nitrogen atogh with a substituent selected
independently at cach occurrence thercof from thefgroup consisting of phenyl, benzyl,
and 5- or 6-membered aromatic heterocycles copftaining 1-3 heteroatoms selected
from the group consisting of oxygen, nitrogen fand sulfur, where cach of the phenyl,
benzyl, and 5- and 6—membered heterocycle i optionally substituted from 1 to 3 times
with substituents as defined below in R'%;
when R? is -NR'°R"* or -C(O)NR'’R", efther R'® or R is a bridged bicyclic ring
containing 6-12 carbon atoms and optighally containing one or more heteroatoms
selected from the group consisting of Axygen, nitrogen, and sulfur, where the bridged
“bicyclic ring is opfionally substitutefl from 1 to 3 times with substituents selected |
from the group consisting of C;-C, 'élkyl, »—C(O)R” s and_ —S(O)nR’3, or either R'% or
R'Misa C-C; alkyl substituted v.i‘th a bridged bicyclic ring containing 6-12 carbon 5
atoms and optionally containi  one or more heteroatoms selected from the group
bonsisting of oxygen, nitroggh, and sulfur, where the bridged bicyclic ring is
opﬁona_lly subst';ituted‘ fromy 1> to 3 times writh substitutents selected from the group
consisting of C;-Cs alkyl/~C(O)R", and -S(0),R"; ' |
R"? is sclcétea from tJ egx oup consisting of H, C;-C; alkyl, C5-Cy cycloalkyl C4—C7
cycloalkyialkyl an FC(O)R’“ where each of C,—Cg¢ alkyl, C3-Cq cycloalkyl, and C4—
C; cycloalkylatkyfis optlonally substituted from 1 to 3 times with substituents as

defined below i RlS
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R'? and R" arc each independently selected from the group copfisisting of phenyl,

benzyl, pyridazinyl, pyrimidinyl, pyrazinyl, 5- or 6-membergd aromatic monocyclic

' heterocycles, and [5,5]-, {6,5]-, [6,6]-, or [6,7]-fused bicyclic carbocycles or

heterocycles containing 1-5 heteroatoms selected from thf group consisting of
oxygen, nitrogen, and sulfur, optionally substituted frogh 1 to 4 times with substituents
as defined below in R'; or ‘

R'? and R'? are taken together with the nitrogen to which they are attached to form a
heterocycle selected from the group consisting of piperidine, pyrrolidine, piperazine,
1,4-diazepane, morpholine, thiomorpholine, andfother heterocycles containing 1-4

heteroatoms selected from the group consistingf of oxygen, nitrogen, and sulfur, where

the heterocycle is optionally substituted fromy'1 to 3 times with a substituent selected

independently at each occurrence thereof fjbm the group consisting of halogen,
cyano, ~-OR'®, ~S(0)R'?, —~C(O)R™, -C(INR'’R"! and C,-C4 alkyl, where cach of
Ci-C, alkyl is optionally substituted frgn 1 to 3 times with substituents as defined

below in R.IS;
nis 0, 1,0r2;

R is independently selected gt each occutrence from a substituent in the group

consisting of halogen, -NO,/-OR'?, -NR'’R"!, -NR"*C(O),R", -NR’C(O)NR''R",
~8(0), R™, —CN, ~C(O)R/, C;-Cs alkyl, C-Cs alkenyl, C5-Cs alkynyl, C3-Cs

~ cycloalkyl,.and C4-Cy cy floalkylalkyl, where each of C;-Cs alkyl, C,-Cs alkenyl, C,-

Cs alkynyl, C3-Cs cyclef ‘lkyl, and C4-C7 cycloalkylalkyl is optionally substituted from

1to 3 times with subgfituents as defined below in R'*; and

R" is independen y sclected at each occurrence from a substituent in the group
consisting of -GN, halogen, C(O)R", C;-C; alkyl, -OR'%, -NR'R"!, ~S(0),R"*, aryl,
and heteroarylf where each of the aryl or heteroaryl groups is optionally substituted
from 1 to 4 tfmes with substituents as defined above in R';

or an oxidg/thereof, or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, wherein X is substituted

and R* is substituted monocyclic or bicyclic ary! or heteroaryl.
Y Y ry y



3. The compound according to claim 1, wherein X 1s substituted
bicyclic aryl or heteroaryl and R* is substituted monocyclicfor bicyclic aryl or

heteroaryl.

4, The compound according to cl /m I, wherein X is substituted
pheny! and R*isH, -OR”, ~S(O),.R',3; C(O)Rw, NR/ORM -CN, halogen, and C,-Cs
alkyl, wherein each of the C,-C; alkyl is optionally/substituted from 1 to 3 times with

substx’tuents as defined in R".

5. The compound accordjhg to claim 1, wherein X is substituted
, —S(0).R", C(O)R", -NR'R"!, -CN, -
S(O)R", halogen, and C,-Cs alkyl, whergin each of the C;-Cs alkyl is optionally

P

bicyclic aryl or heteroaryl and R* is H, -O
substituted from 1 to 3 times with substjfuents as defined in R":

. 6. The compounk according to claim 1, wherein X is substituted

monocyclic heteroaryl and R is s V;"Stituted monocyclic or bicyclic aryl or heteroaryl.
7. The cogfpound according‘to claim 1, wherein:

X is phenyl, optionally substftuted from 1 to 4 times with substituents as defined in

R ' : : ' '

R} is H, methyl, ethyl, pr isopropyl;:

R*is H, methyl, or gem-dimethyl; -

R*is H, methyl /hydroxyl, methoxy, ﬂuoro, chloro, cyano, triﬂuoromethyl,

difluoromethoky or trifluoromethoxy;

R’ is H, fiyloro, chloro, methyl, triﬂixbromethyl, difluoromethoxy, trifluoromethoxy,

cyano, hydroxyl or methoxy;



R® is H, fluoro, chloro, methyl, trifluoromethyl, difluoromethoyy, trifluoromethoxy,

cyano, hydroxyl or methoxy;

R’ is H, gem-dimethyl, or C;—-Cq alkyl, where each of the/C,-Cq alkyl is optionally

substituted from 1 to 3 times with substituents as definef below in R'® ;

R®is H, hydroxyl, fluoro, chloro, methyl, C1—C; alky] optionally substituted with

hydroxyl or amino, or amino optionally substituted with C,—C; alkyl; and
R’ is H, fluoro, chloro, methyl, hydroxyl, or cyfno.

8. The éozﬁpound accoylling to claim 7, wherein: -
R* is H, halogen, ~OR'2, ~S(O)R"%, ~CN/-C(O)R"?, -NR'R", C;-Cy alkyl, Co-Cq
atkenyl, C;-Cg alkynyl, Cs3-Cy cycloalk i, or Cs-C7 cycloalkylalkyl, wherein each of
the Ci—Cs alkyl, C,-C; alkenyl, C,-Cofalkynyl, C5-Cs cycloalkyl, and Cq-Cy
~ cycloalkylalky! is optionally substitfted from 1 to 3 times With substituents as defined

n R,

9. The corgpound accordiﬁg to claim 7, wherein R* is phenyl,
pyridyl, 2-oxo-pyridin-1(2H ) yl, pyrimidinyl, pyridazinyl, 6-oxopyridazin-1{6H)-yl,
pyrazinyl, triazinyl, pyrany ,‘furany}, pyz‘rblyl, thiophenyl, pyrazolyl, imidazolyl,
oxazolyl, isoxazolyl thiagolyl, isothiazolyl, triazolyl, oxadiazolyl, thiadiazolylv
tetrazolyl, mdanyl ind v‘_1yl indolyl, isoindolyl, benzofuranyl, benzothiophenyl,
indolinyl, dlhylebCl _,ofurdnyl dihydrobenzothiophenyl, indazolyl, benzimidazolyl,
benzooxazolyl, bengothiazolyl, benzoisoxazolyl, benzoisothiazolyl, benzotriazolyl,
benzo[1,3]dioxolyl, naph.thylv,Aquinolinyl, isoquinolinyl, quinazolinyl, cinnolinyl,
pthalazinyl, quigloxalinyl, 2,3—dihydrd;benz_()[1,4]dioxinyl, benzo[1,2,3]triazinyl,
benzo[1,2,4ltrfazinyl, 4H-chromenyl, indolizinyl, quinolizinyl, 6aH-thieno[2,3-
dlimidazolylf 1H-pyrrolo[2,3- b]pyridinyi im‘idézo[l 2-alpyridinyl, pyrazolo[1,5-
alpyridiny}] [1,2,4]triazolo[4,3- a]py1 1dmyl [1,2 4]tr1azolo[ 1,5~ a]pyrldmyl
thieno[2 p-blfuranyl, thieno[2, 3. b]pyndmyl lh10110[3 2-b]pyridinyl, furo[2 3-
blpyridinyl, furo[3,2-blpyridinyl, thieno[3,2-d|pyrimidinyl, furo[3,2-dJpyrimidinyl,
thieng]2,3-b]pyrazinyl, imidazo[],2-a]pyrazinyl, 5,6,7,8-tetrahydroimidazo[ 1,2-



R’ is H, methyl, ethyl, or isopropyl/ -
- R”is H, methyl, Or'gem-dirriéth L

'R%is H, methyl, hydroxyl,

cyano, 1_1ydr0iyl‘o‘f'_
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alpyrazinyl, 6,7-dihydro-4 H-pyrazolo[5,1-c][1,4]oxazinyl, 2-0ko-2,3-
dihydrobenzo[d]oxazolyl, 3,3-dimethyl-2-oxoindolinyl, 2-030-2,3-dihydro-1H-
pyrrolo[2,3-b]pyridinyl, benzo[c]{1,2,5]oxadiazolyl, benzp[c][1,2,5]thiadiazolyl,
3,4-dihydro-2H-benzo[b][1,4]oxazinyl, 5,6,7,8-tetrahydrg-[1,2,4]triazolo[4,3-
alpyrazinyl, [1,2,4]triazolo[4,3-a]pyrazinyl, 3-oxo-[1,2A]triazolo[4,3-a]pyridin-
2(3H)-yl, oxooxazolidin-3-yl, optionally éubstituted fjom 1 to 4 times with

substituents as defined in R™,

‘10.  The compound according fo claim I, wherein: -
X represents a 5- or-6-membered monocyclic heterocycle selected from the group
consisting of pyridyl, 2-oxo-pyridin-1(2H)-y}, pyrimidinyl, pyridazinyl, pyrazinyl,
triazinyl, pyranyl, pyrrolyl, .furauyl, thioph¢nyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, pyrazé Iyl, irrﬁdazo lyl, oxadifzolyl, thiadiazolyl, triazolyl, and tetrazolyl,

optionally substituted from 1 to 4 timesfwith substituents as defined in R'*;

Lthoxy, fluoro, chloro, cyano, trifluoromethyl,
diﬂué)l'omethdxy or trifluogbmethoxy;
R’ is H, ﬂixoro, éhloto, _: nethyl, trifluoromethyl, difluoromethoxy, trifluoromethoxy,

thoxy; -

R®is H, _ﬂuoro, chy .61'0, methyl trifluoromethyl, difluoromethoxy, trifluoromethoxy,
cyano, hydroxy v,é‘r' methoxy; .V

R’ is H, gemfdimethyl, or C1—C4 alkyl, where cach of the C~Cy alkyl is optionally
substituted/from 1 to 3 times with substituents as defined below in R ;

R® is H{ hydroxyl, fluoro, chloro, methyl, C~Cs alkyl optionally substituted with

y} or amino, or amino optionally substituted with C;~-Cs alkyl; and
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R’ is H, fluoro, chloro, methyl, hydroxyl, or cyano.

. 11. The compound according to claim/10, wherein:
R* is H, halogen, “OR'?, =S(0),R ", ~CN, ~C(O)R", -HR'R", C;-C; alkyl, C,-Cs
alkenyl, C»-Cg alkynyl, C3~Cs cycloalkyl, or Cs-Cy cyfloalkylalkyl, wherein each of
the Cy—Cs alkyl, C,-Cq alkenyl, C,-Cs alkynyl, C3-Gh cycloalkyl, and C4-C7
cycloalkylalkyl is optionally substituted from 1 tof3 times with substituents as defined

in R,

12.  The compound according to claim 10, wherein R* is phenyl,
pyridyl, 2—0xo—pyridin.-l(2H)—yI, pyrimidiglyl, pyridazinyl, 6-oxopyridazin-1(6H)-yl,
pyrazinyl, triazinyi, pyraﬁyl, furanyl, pygfolyl, thiophenyl, pyrazolyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazblyl, triazolyl, oxadiazolyl, thiadiazolyl,

tetrazolyl, indanyl, indenyl, indolyl, i 6indolyi, benzofuranyl, benzothiophenyl,

indolinyl, dihydrobenzo furanyl, dilfydrobenzothiophenyl, indazolyl, benzimidazolyl,

'bel_lzooxazoiyl, benzothiazolyl, b¢nzoisoxazolyl, benzoisothiazolyl, benzotriazolyl,
benzof1,3]dioxolyl, naphthyl, 'inol’inyl, isoquinolinyl,v quinazolinyl, cinnolinyl
pthalazmyl quinoxalinyl, 2,34 ihydro- benio[l ,4]dioxinyl, benzo[1,2,3]triazinyl,
Vbenzo[l ,2,4]triazinyl, 4H—cl}_ 'omenyl, indolizinyl, quinolizinyl, 6a- thlcno[Z 3
d]xmxd_azolyl, 1H-pyrrolo( 3- b]pyrldmyl, imidazo[1,2-a]pyridinyl, pyrazolo[1,5-
alpyridinyl, 1,2 4]triaz__ 6[4 3-alpyridinyl, [1,2,4]tr iazdlo[l 5-alpyridinyl, A
thieno(2,3- b}ﬁxranyl t{ 1eno[2,3-b]pyridinyl, thieno[3,2- b}pyudmyl furo{2,3-
b]py1 1dmyl furo[3 2 ]pyndmyl thieno{3,2-d]pyrimidinyl, furo[3,2- a’]pyrlmldmyl

‘ thieno[2,3-b]pyrazj yi 1m1dazo[l 2-alpyrazinyl, 5,6,7,8-tetrahydroimidazof{1,2-

a]py1a7i'nyl 6,7-dhhydro- 4H—py1azolo[5 1-¢]{1,4]oxazinyl, 2~ -0%0-2,3-
dlhydrobenzo[ oxazolyl 3,3-dimethyl-2-oxoindolinyl, 2-0x0-2,3-dihydro-14-

pyrrolo[2,3-b)pyridinyl, benzo[c]{1,2,5]oxadiazolyl, benzo[c][],2,5}thtadlazoly!, 3,4-
dihydro-2Hbenzo[b][1,4]oxazinyl, 5,6,7,8-tetrahydro-{1,2,4]triazolo[4,3-a]pyrazinyl,
11,2 4)triafolo[4,3-a]pyrazinyl, 3-0x0-[1,2,4]triazolo[4,3-a]pyridin-2(3H)-yl,




- c]{1,4]oxazinyl, 2-0x0-2,3-dihydrg
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13, The compound according to claim 1, wherein:

X is a [5,5]-, [6,5])-, [6,6]-, or [6,7]-fused bicyclic carbocyclefor heterocycle selected
from the group consisting of indenyl, indanyl, benzofuranyf, benzothiophenyl,
dihydrobenzothiophenyl, dihydrobenzofuranyl, indolyl, igoindolyl, indolinyl,
benzo[1,3]dioxolyl, benzooxazolyl, benzothiazolyl, berfoisothiazolyl,
benzoisoxazolyl, indazolyl, benzoimidazolyl, benzotrfazolyl, naphthyl,
tetrahydronaphthyl, quinolinyl, isoquinolinyl, quinagolinyl, cinnolinyl, phthalazinyl,
quinoxalinyl, benzo[1,2,3]triazinyl, benzo[1,2,4]tyfazinyl, 2,3-dihydro- '

benzo[1,4]dioxinyl, 4H-chromenyl, dilydrobenzbcycloheptenyl,

- tetrahydrobenzocycloheptenyl, indolizinyl, quifiolizinyl, 6aH-thieno[2,3-d]imidazolyl,

lH—pyrrolo[Z,3-b]pyridiny], imidazo[l,2-a]p
[1,2,4]triazolo[4,3-a]pyridinyl, thieno[2,3-§}furanyl, thieno[2,3-b]pyridinyl,
thieno[3,2-b]pyridinyl, furo[2,3-blpyridinfyl, furo[3,2-b]pyridinyl, thieno[3,2~
dlpyrimidinyl, furo[3,2-dJpyrimidinyl, fhieno{2,3-b]pyrazinyl,

idinyl, pyrazolo[1,5-aJpyridinyl,

© benzo[c][1,2,5]oxadiazolyl, benzo[c]|f,2,5]thiadiazoly!, 3,4-dihydro-2H-
' benzo[b][lﬁ]_oxazinyl, imidazo[1,2/a]pyrazinyl, 6,7-dihydro-4H-pyrazolo[5,1~

enzo[dloxazolyl, 3,3-dimethyl-2-oxoindolinyl, 2-

0x0-2 3—dihyd1’o-lH~pyrrolo[b2 3/b)pyridinyl, benzo[c][1,2,5]oxadiazolyl,

benzo[c][l 2,5]thiadiazolyl, [1/2,4]triazolo[4,3-a]pyrazinyl, and 3-0x0-

A ,[I 2,4]triazolo[4,3-a]pyridin (BH) yl, optionally substituted from 1 to 4 hmes with

subqtltuents as def'med inR
R isH, méthyl, ethyl, gr isopropyl;
R%is H, methyl, or gem-dimethyl;

R*isH, methyl, fiydroxyl, methoxy, fluoro, chloro, cyano, trifluoromethyl,

diftuoromethoyy or triffuoromethoxy;

R? is H, flubro, chloro, methyl, triﬂubromethyl, difluoromethoxy, trifluoromethoxy,



R® is H, fluoro, chloro, methyl, trifluoromethyl, difluoromethosy, trifluoromethoxy,

cyano, hydroxy! or methoxy;

R’ is H, gem-dimethyl, or C;~Cjy alkyl, where each of the £1-Cq alkyl is optionally

substituted from 1 to 3 times with substituents as defined below in R'*;

R? is H, hydroxyl, fluoro, chloro, methyl, C;—C; alky! optionally substituted with

hydroxyl or amino, or amino optionally substituteg/with Cy—C; alkyl; and
R? is H, fluoro, chloro, methyl, hydroxyl, or cyfno.

14. The éompound accoylling fo claim 13, wherein:
R* is H, halogen, ~OR'Z ~S$(0),R"?, -CN/-C(O)R™?, -NR'R", C,-C; alkyl, C,-Cs
alkenyl, C»-Cs alkynyl, C3-Cy cycloalkyh, or C4-C; cycloalkylalkyl, wherein each of
the C1—Cs alkyi, C,-C¢ alkenyl, Cz-Cg__ "Ikynyl C5-Cs cycloalkyl and C4—C7
_ cycloalkylaikyl i optionally substit fed from 1 to 3 times with subshtuentb as defi ned

s
in R,

15 | The corgpound accofdingto claim 13, wherein R* is phenyl,
pyridyl, 2-oxo-pyridin-1(2; '_-};l, pyrimidinyl, pyridazinyl, 6-oxopyridazin-1(65)-yl,
pyrazinyl, triazinyl, pyrany , furanyl, pyrrblyl, thiophenyl, pyrézo]yl, imidé_zolyl,
oxazolyl, isoxazolyl, thiagolyl, isothiazolyl, ﬁ'iazoly! oxédiazolyl thiadiazolyll
tetrazolyl mddnyi mdr S/I indolyl, isoindolyl, benzofuranyl, benzothiophenyl,
indolinyl, dlhydrobc : ofuranyl dihydrobenzothiophenyl, mddzolyl benzimidazolyl,
Vbenzooxazolyl, ben othlazolyl benzoisoxazolyl, benzoisothiazolyl, benzotndzo]yl
benzo[1,3]dioxoly naphthyl qumolmyl 1soqumolmyl qumazolmyl cinnolinyl, -
pthalazinyl, quioxalinyl, 2,3- dihydro- -benzo[ 1,4]dioxinyl, benzo[1,2,3]triazinyl,
benzo[1,2,4]tifazinyl, 4H-chromenyl, indolizinyl, quinolizinyl, 6aH—thteno[2,3—
dlimidazoly), 1 H-pyrrolo[2,3-blpyridinyl, imidazo[1,2-a]pyridinyl, pyrazolo[1,5-
ajpyridiny, [1,2,4]iriazolo[4,3—a]pyfidiny1, [1,2,.4.]triazolo[l,5~a]pyridinyl,
thieno[2 —:b]furanyl, thieno[2,3-b]pyridinyl, thicno(3,2-b]pyridinyl, furo{2,3-
blpyriginyl, furo[3,2-b]pynidinyl, thieno[3,2-d]pyrimidinyl, furo[3,2-dlpyrimidinyl,
thienp[2,3-blpyrazinyl, imidazo[1,2-alpyrazinyl, 5,6,7,8-tetrahydroimidazo[1,2- ‘



alpyrazinyl, 6,7-dihydro-4H-pyrazolo[5,1-c]{1,4]oxazinyl, 2-0f0-2 3-
dihydrobenzo{d]oxazolyl, 3,3-dimethyl-2-oxoindolinyl, 2-oxg#-2,3-dihydro-1H-

~ pyrrolo[2,3-b]pyridinyl, benzo[c][1,2,5]oxadiazolyl, benzof]{1,2,5]thiadiazolyl, 3,4~
dihydro-2H-benzo[b][1,4Joxazinyl, 5,6,7,8-tetrahydro-{1.£,4]triazolo[4,3-a]pyrazinyl,
(1,2 4]triazolo[4,3-alpyrazinyl, 3-oxo-[1,2,4]triazolo[4 -a]pyfidi11~2(3H')—yl and
oxooxazolidin-3-yl, optionally substituted from 1 to 4fimes with substituents as
defined in R'. '

16.  The compound accordingfo claim 1, wherein:
X is thiophenyl, thiazolyl, pyridinyl, phenyl, nfphthyl, benzo[b]thiophenyl,
benzofuranyl, benzo[d][1,3]dioxolyl, 2,3-dihfdrobenzo{b]{1,4]dioxinyl, 3,4-dihydro-
2H-benzo[b][1,4]oxazinyl, 6r 4-methyl-3,44dihydro-2H-benzo[b][1,4]oxazinyl,
optionally substituted with from 1 to 3 sybstituents selected independently from the
group consisting of fluoré, chloro, brorflo, methoxy, hydroxyl, cyano, triftuoromethyl,
difluoromethyl, trifluoromethoxy, di _'.oromethoxy, substituted C;-Cj alkyl,

methanesullfonyl, carbamoyl, Cl-C_z:_ alkyl-substituted carbamoyl, and aqetamido;’
R'isH, methyl, ethyl, isoprdpy ,

R”is H or gefn~dimeth‘yl;

R? is H, chloro 6r fluorof -

R*is H, metl-loxy, hyv _réiyl, methyl, fluoro, bromo, cyano,‘ difluoromethyl,

trifluoromethyl, diiffuoromethoxy, trifluoromethoxy, acctyl, aminomethyl, I-

aminocyclopropy, ‘m'orpl‘)olivnomcthyl,’2-}1ydroxypropan-2-yl, morpholine-4-

~

carbony}, 2-moypholinoethoxy, 2-(dimethylamino)ethyl(methyl)amino, 2-
hydroxyethylgino, piperidin-1-yl, piperidin-2-yl, pyrrolidin-1-yl, piperidin-4-ol,
morpholino pipcrazin-l-yl, 4-methylpiperazin-1-yl, 4-(cthylsulfonyl)piperazin-1-yl,
4-(2-(isop pylamino)—2—oxoetllyl)piperazin—]—yl, 4-(pyridin-2-yl)piperazin-1-yl, 4-
(pyrimidfn-2-yl)piperazin-| ~yi, é—oxopyrrolidiw '1‘—31'1_, 2-oxop1'peridiﬁ—1-yl, 6-
methylfpyridazin-3-yloxy, 6-aminopyridazin-3-yloxy, pyridazin-3-yloxy, pyrazin-2-

yloxy, 3-aminopyrazin-2-yloxy, S-aminopyrazin-2-yloxy, 6-aminopyrazin-2-
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yloxy,1,2,4-o0xadiazol-3-yl, 3,5-dimethylisoxazol-4-yl, 1H-pyrfzol-4-yl, 2-
cyanophenyl, 3-cyanophenyl, 4-cyanophenyl, 4-(methanesulfonyl)phenyl, 3-
(rhethanesulfony[)phenyl, 2-(methanesulfonyl)phenyl, carbAmoylphenyl, pyridinyl,
amindpyridinyl, pyridazin-3-yl, 6-methylpyridazin-3-yl, ¢§-(trifluoromethyl)pyridazin-
3-yl, 6-(difluoromethylpyridazin-3-yl, 6-((difluorometifoxy)methyl)pyridazin-3-yl, 6-
aminopyridazin-3-yl, 6-(methylamino)pyridazin-3-yLf6-(dimethylamino)pyridazin-3-
yl, 6-morpholinopyridazin-3-yl, 6-(4-hydroxypiperidin-1-yl)pyridazin-3-yl, 6-(4-
methylpiperazin-1-yl)pyridazin-3-yl, 6-(hydroxynyethyl)pyridazin-3-yl, 6-
(methoxycarbonyl)pyridazin-3-yl, pyrimidin-2-y, pyrimidin-4-yl, pyrimidin-5-yl,
pyrazin-2-yl, 3~aminopyrazin-2-yl, S;amillol)y azin-2-yl, 6-aminopyrazin-2-yl, 2-
oxopyridin-1(2H)-yl, 2-oxopyrrolidin-1-yl, 6foxo-1,6-dihydropyridazin-3-yl, 6-
oxopyridazin-1(6H)-yl, imidazo[1,2-a)pyrifin-6-y1, imidazo[1,2-alpyrazin-3-yl, 3-
oxo-[l,2,4]triazo16{4;3-a}1)yridin-2(3H)~ A, 5,6-dihydroimidazo[1,2-alpyrazin-7(8 H)-
yl, 3-((:‘iﬂuo’romethyl)-5,6~dihydro—[ 1,2f4]triazolo{4,3-a]pyrazin-7(8 H)-yl,
[1,2,4]triazolo{1,5-a]pyridin-6-yl, [1, ,__,;4]m'azo lo[4,3-a]pyridin-6-yl1, 3,3-dimethyl-2-
oxoindolih—sfyl, 5,6-dihydroimidazg| 1 ,2-alpyrazin-7(8 H}-yl, 3-methyl-

' {1,2,4]triazolo[4,3-b]-pyridazinyl,/ “I,2,4]triazolo[4,3-b]-pyridazinyl, or

- oxooxazolidin-3-yl;

R is H,V(_‘jhlo‘ro or fluoro; -

R®is H, chloro or fluoro;f

Ris H;,H »

RisH, 'ﬂuoro; mfthyl, or hydfoxyl; and

"R%is H or hy v('>xyl. '

17.  The compound according to claim 1, wherein the carbon atom

designat ‘d'* is in the R configuration.




18.  The compound according to claim 1, whfrein the carbon atom

designated * is in the S configuration.

19.  The compound according to claim/l, wherein the compound is
a (+) stereoisomer.
20.  The compound according to clghm 1, wherein the compound is

a (-) stereoisomer.

.21, A pharmaceutical compogltion comprising a pharmaceutically
acceptable carrier and a therapeutically effectige amount of the compound according

to claim 1.

22. A method of treatifig a disorder which is created by or is
dependent upon decreased availability gf norepinephrine, dopamine, or serotonin, said
method comprising: ‘ | |

~ administering to a pafient in need of such treatment a therapeutically
effective amount of a compound 3 ‘éording toclaim 1 ora pharmaceutiéally

- acceptable salt thereof.

'23. The ethod according to claim 22, furthcr comprxsmg
admmlsten_ g a therapeuucally effective amount of a serotonin 1A

rcccptor antagomst oray 1armaccut1cally acceptable salt thereof.

24. The method according to claim 23, wherein the serotonin lA

receptor antagomst $ WAY ]00}35 or spiperone.

The method according to claim 22, further comprising:
administering a therapeutically effective amount of a sele_ctiize

neurokinin-}/receptor antagonist or a pharmaceutically acceptable salt thercof,

26.  The method according to ¢laim 22, further comprising:
hdminigtering a therapeutically effective amount of a norepinephrine precursor

or a pharmaceutically acceptable salt thereof.
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27.  The method according to claim 26, wherein the norepinephrine

precursor is L-tyrosinc or L-phenylalanine.

28.  The method according to claim 22, wherein the disorder is
selected from the group consisting of: lower back paifl, attention deficit hypefa’ctivity
disorder (ADHD), cognition impairment, anxiety digorders, generalized anxiety
disorder (GAD), panic disorder, bipolar disorder of manic depression or manic-
depressive disorder, obsessive compulsive disorger (OCD), posttraumatic stress
disorder (PTSD), acute stress disorder, social phiobia, simple phobias, pre-menstrual
dysphoric disorder (PMDD), social anxicty dfsorder (SAD), major depressive disorder
(MDD), postnatal depressioh, dysthymia, dfpression associated with Alzheimer’s
disease, Parkinson’s disease, or psychosiy/ supranuclear palsy, eating disorders,
obes‘ity, anorexia nervosa, bulimia nervgsa, binge eating disorder, analgesia,.
substance abuse disorders, chemical dv pendencies, nicbting addiction, cocaine
addiction, ailcphol and amphetamine/addiction, Lesch-Nyhan syndrome,

: neurodegenerative diseases, Parkiyfson’s disease, late luteal phase syndfomc or
-n.arcokcbsy, psychiatric sympto &, anger, rejection sensitivity, movement disorders,
extrapyramidal syndrome, Tic Aisorders, restless leg syndrome (RLS), tardive
dyskinesiéi, supranuclear paly ,‘ sleep related eating disorder (SRED), night eating
syhd_ro.r_ne (NES), stress uri ary incontinence (SUT), migraine, ncuropathié paiﬁ,
diabetic neuropathy, fibrgfmyalgia syndromc.(FS), chronic fatigue syndrome (CFS),

sexual dysﬁmction, prepnature ejaculation, male impotence, and thermoregulatory

disorders.
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ARYLOXY- AND HETEROARYLOXY-SUBSTITUTED
TETRAHYDROBENZAZEPINES AND USE THEREOF TO BLOCK
REUPTAKE OF NOREPINEPHRINE, DOPAMINE, AND SEROTONIN

[0001] This application claims the benefit of U.S. Provisional Patent
Application Serial No. 60/917,200, filed May 10, 2007, which is hereby incorporated

by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to compounds, compositions, methods for
the treatment of various neurological and psychological disorders, and the use of the
compounds in combination therapy. In particular, the present invention relates to
such compounds, compositions, and methods, where the compounds are novel

aryloxy- and heteroaryloxy-substituted tetrahydrobenzazepine derivatives.

BACKGROUND OF THE INVENTION

[0003] It is well known that the neurotransmitters, dopamine (DA),
norepinephrine (NE), and serotonin (5-HT), regulate a number of biological processes
and that decreased levels of DA, NE, and 5-HT are associated with a number of
neurological disorders and their physical manifestations. Significant effort has been
expended on devising methods for adjusting the levels of these neurotransmitters in
order to produce a desired pharmacological effect. Preventing the reuptake of these
neurotransmitters in any combination of one, two, or all three of them is likely to be
effective in treating these disorders. Targeting the dopamine transporter (DAT),
norepinephrine transporter (NET), and the serotonin transporter (SERT) proteins has
proven to be an effective way of increasing the levels of the respective monoamines.
[0004] Methylphenidate, currently used for the treatment of attention deficit-
hyperactivity disorder, is known to be selective for inhibition of the DAT. Also, U.S.
Patent No. 5,444,070 discloses selective inhibitors of the dopamine reuptake as
treatments for Parkinson’s disease, drug addiction or abuse including cocaine and

amphetamines.
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[0005] Selective norepinephrine reuptake inhibitors (NARI) have also been
disclosed. U.S. Patent No. 6,352,986 describes methods of treating attention deficit-
hyperactivity disorder (ADHD), addictive disorders, and psychoactive substance use
disorders with Reboxetine. Also, Atomoxetine (STRATTERA®) is currently
marketed as a selective NET reuptake inhibitor for ADHD.

[0006] The use of selective serotonin reuptake inhibitors (SSRI) has been
shown to be effective in treating depressive disorders. Sertraline, Citalopram, and
Paroxetine are well known examples of SSRIs used to treat disorders, such as
depression, obsessive compulsive disorder, and panic attacks. There are several
known difficulties with the SSRI class of therapeutics, including the slow onset of
action, unwanted side effects, and the existence of a significant subset of the'
population that is not responsive to SSRI therapy.

[0007] Selective inhibitors of DAT, NET, and SERT reuptake may also be co-
administered with each other or with other drugs. U.S. Patent No. 5,532,244 discloses
the use of serotonin reuptake inhibitors in combination with a serotonin 1A antagonist
for the treatment of obsessive-compulsive disorder, depression, and obesity. The use
of a serotonin or norepinephrine reuptake inhibitor in combination with a
neurokinin-1 receptor antagonist has been disclosed in U.S. Patent No. 6,121,261 for
the treatment of ADHD. U.S. Patent No. 4,843,071 discloses the use of a
norepinephrine reuptake inhibitor in combination with a norepinephrine precursor in
the treatment of obesity, drug abuse, or narcolepsy. U.S. Patent No. 6,596,741
discloses the use of a NE, DA, or 5-HT inhibitor with either a neurokinin-1 receptor
antagonist or a serotonin-1D antagonist for the treatment of a wide variety of
conditions.

[0008] Also advantageous is the use of compounds that inhibit one or more of
the neurotransmitters at the same time. The antidepressant qualities of the dual NET
and SERT reuptake inhibitor duloxetine is disclosed in European Patent

No. EP 273658. Venlafaxine is disclosed in U.S. Patent No. 4,535,186 as a reuptake
inhibitor of both NE and 5-HT for the treatmént of depressive disorders. U.S. Patent
No. 6,635,675 discloses the use of the dual NE and 5-HT reuptake inhibitor

milnacipran for the treatment of chronic fatigue syndrome and fibromyalgia

"~ syndrome. In addition, dual NE and 5-HT reuptake inhibitors are also disclosed in

U.S. Patent No. 6,136,083 for the treatment of depression. It is also recognized that
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compounds which inhibit the reuptake of NE, DA, and 5-HT in varying ratios not
specifically mentioned here would also be advantageous.

[0009] Treating illnesses by inhibiting the reuptake of all three of the
monoamines either through combination therapy or “triple inhibitors” may have
clinical benefit as well. Rationale for inclusion of a dopamine enhancing component
in anti-depressant therapy includes observed deficits in dopaminergic function, the
success of combination therapy with dopamine agonists and traditional anti-
depressants, and an increased sensitivity in dopamine receptors due to chronic anti-
depressant administration (Skolnick et al., Life Sciences, 73:3175-3179 (2003).
Combination therapy with an SSRI and a noradrenalinéand dopamine reuptake
inhibitor was shown to be more efficacious in patients with treatment-resistant
depression (Lam et al, J. Clin. Psychiatry, 65(3):337-340 (2004)). Another study
using a combination of a serotonin and norepinephrine reuptake inhibitor with a
norepinephrine and dopamine reuptake inhibitor reported a significant decrease in
depressive symptoms in patients with refractory major depressive disorder who had
failed to respond previously to either agent alone (Papkostas, G. 1., Depression and
Anxiety, 23:178-181 (2006)). In addition, the combination of bupropion-SR with
either SSRIs or norepinephrine and dopamine reuptake inhibitors was found to induce
less sexual dysfunction than monotherapy (Kennedy et al, J. Clin. Psychiatry,
63(3):181-186 (2002)). As such, inhibitory activity against DA reuptake, in addition
to NE and 5-HT reuptake, is expected to provide a more rapid onset of anti-depressant
effect than other mixed inhibitors which are selective for NET and SERT over DAT.
PCT International Publication Nos. WO 03/101453 and WO 97/30997 disclose a class
of compounds which are active against all three monoamine transporters. Also, PCT
International Patent Publication No. WO 03/049736 discloses a series of 4-substituted
piperidines, each of which displays similar activity against DA, NE, and 5-HT
transporters. Bicyclo[2.2.1]heptanes (Axford et al., Bioorg. Med. Chem. Lett.,
13:3277-3280 (2003)) and azabicyclo[3.1.0Jhexanes (Skolnick et al., Eur. J. Pharm.,
461:99-104 (2003)) are also described as triple inhibitors of the three monoamine
transporters. 1-(3,4-Dichlorophenyl)-3-azabicyclo[3.1.0Jhexane has been shown to be
efficacious in treating depression in clinical trials (Beer et al, J. Clin. Pharmacol.,

44:1360-1367 (2004)). Current widely used anti-obesity drug sibutrimine is believed
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to work through the inhibition of all three transporters DAT, SERT, and SERT (Ryan,
Pharmacotherapy of Obesity, 245-266 (2004)).

[0010] There is still a large need for compounds that block the reuptake of
norepinephine, dopamine, and serotonin and treat various neurological and
psychological disorders.

[0011] The present invention is directed achieving this objective.

SUMMARY OF THE INVENTION

[0012] The present invention relates to compounds represented by

formulae I(A-E) having the following structure:

1(A-E)

where:

the carbon atom designated * is in the R or S configuration; and

X represents a phenyl, pyridyl, naphthyl or quinolinyl, optionally substituted from 1

to 2 times with substituents as defined below in RM;
R'is H or C-Cs alkyl;

R? is H;

R , R? , and R are each H;

RYis H, hdlogén, or C;-Cg alkyl; or
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R*is piperazinyl, phenyl, pyridyl, 2-oxo-pyridin-1(2H)-yl, pyrimidinyl, pyridazinyl,
6-oxopyridazin-1(6H)-yl, pyrazinyl, pyrazolyl, [1,2,4]triazolo[4,3-a]pyridinyl,
[1,2,4]triazolo[1,5-a]pyridinyl, or 3-0x0-[1,2,4]triazolo[4,3-a]pyridin-2(3H)-y],

optionally substituted with substituents as defined below in R';
R is H;

R®is H;

R’is H;

R'% and R!! are each H;

R'2 is C-C, alkyl, optionally substituted from 1 to 3 times with substituents as

defined below in R'® ;
R" is selected from the group consisting of -NR'"R'" and C;-C4 alkyl;
nis 2;

R' is independently selected at each occurrence from a substituent in the group
consisting of halogen, ~OR'?, -NR'’R", —S(0), R"?, -CN, —~C(O)R"* and C,-C; alkyl,

optionally substituted from 1 to 3 times with substituents as defined below in R'’; and

R'® is halogen, or a pharmaceutically acceptable salt thereof.

[0013] Results of recent clinical investigations with drugs, such as duloxetine,
venlafaxine, atomoxetine, and others that work mechanistically through transporter
reuptake inhibition, provide evidence that potency and selectivity are important
factors in leading to drugs with an improved efficacy, improved therapeutic index,
and utility for treatment of new clinical indications. Duloxetine, a dual action
transporter reuptake inhibitor, is a selective inhibitor for serotonin transporter protein

and norepinephrine transporter protein reuptake (Sorbera et al., Drugs of the Future,
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25(9):907-916 (2000), which is hereby incorporated by reference in its entirety) and
has been marketed for the treatment of depression and diabetic peripheral neuropathic
pain. In clinical studies, researchers attribute the effect of the medication on a broad
spectrum of depression symptoms, which include emotional and painful physical

symptoms as well as anxiety, to its dual reuptake inhibition of both serotonin and

‘norepinephrine. Venlafaxine, which is also reported to be a selective serotonin and

norepinephrine reuptake inhibitor (SNRI class), has been reported to exhibit a more
rapid onset of action. The late onset of action has been a drawback with the first
generation antidepressants, i.e., the single action serotonin selective reuptake
inhibitors (SSRI class). For example, PROZAC®, the prototype drug in this class, can
take four weeks or longer for full anti-depressive activity to take effect.

[0014] Atomoxetine (STRATTERA®), a norepinephrine selective transporter
reuptake inhibitor, has been marketed for the treatment of ADHD. Unlike
RITALIN®, one of the most frequently used drugs for treatment of ADHD,
atomoxetine has little or no activity at the dopamine transporter. As a result,
atomoxetine has the advantage that it is not scheduled as a controlled substance
because it has minimal potential for substance abuse.

[0015] In a manner similar to the newer clinical agents like atomoxetine,
duloxetine, and venlafaxine, the compounds of the present invention may exhibit
improved efficacy towards broader symptoms of depression. The compounds of the
present invention may also exhibit more rapid onset of action in the treatment of
central nervous system (CNS) diseases, such as depression. In addition to providing
improved efficacy, the compounds of the present invention may also exhibit fewer
undesirable side effects. Finally, because the compounds of the present invention
possess a diverse transporter reuptake inhibition profile, they are expected to be useful

for a wider variety of CNS disorders.
DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention relates to compounds represented by

formulae 1(A-E) having the following structure:
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where:

the carbon atom designated * is in the R or S configuration; and

X represents a phenyl, pyridyl, naphthyl or quinolinyl, optionally substituted from 1

to 2 times with substituents as defined below in R'*;

R'is H or C;-C alkyl;

R* is H;

R® ,R®, and RS are each H;

R* is H, halogen, or C;-Cy alkyl; or

R is piperazinyl, phenyl, pyridyl, 2-oxo-pyridin-1(2H)-yl, pyrimidinyl, pyridazinyl,
6-oxopyridazin-1(6H)-yl, pyrazinyl, pyrazolyl, [1,2,4]triazolo[4,3-a]pyridinyl,
[1,2,4]triazolo[1,5-alpyridinyl, or 3-oxo0-[1,2,4]triazolo[4,3-a]pyridin-2(3H)-yl,
optionally substituted with substituents as defined below in R';

R’ is H;

R® is H;

R is H;

R'® and R'! are each H;
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R'" is C;-C4 alkyl, optionally substituted from 1 to 3 times with substituents as

defined below inR'?;
R is selected from the group consisting of -NR''R'" and C;-C4 alkyl;
nis2;

R"™is independently selected at each occurrence from a substituent in the group
consisting of halogen, —~OR'?, ~NR"R" =S(0), R —CN, —C(O)R13 and C,-Cq alkyl,

optionally substituted from 1 to 3 times with substituents as defined below in R'*; and
R' is halogen, or a pharmaceutically acceptable salt thereof.

[0017] As used above, and throughout the description of the invention, ;che
following terms, unless otherwise indicated, shall be understood to have the following
meanings.

[0018] The term “monocyclic carbocycle” means a monocyclic ring system of
5 to about § ring carbon atoms, preferably 5 or 6. The ring is nonaromatic, but may
contain one or more carbon-carbon double bonds. Representative monocyclic
carbocycles include cyclopentyl, cyclohexyl, cyclopentenyl, cyclohexenyl, and the
like.

[0019] The term “monocyclic heterocycle” means a monocyclic ring system
consisting of about 5 to 8 ring atoms, preferably 5 or 6, in which one or more of the
atoms in the ring system is/are element(s) other than carbon, for example, nitrogen,
oxygen, or sulfur. The prefix aza, oxa, or thio before heterocycle means that at least a
nitrogen, oxygen, or sulfur atom, respectively, is present as a ring atom. A nitrogen
atom of a heteroaryl is optionally oxidized to the corresponding N-oxide. The ring is
nonaromatic, but may be fused to an aromatic ring. Representative monocyclic
heterocycles include pyrrolidine, piperidine, piperazine, and the like.

[0020] The term “aromatic monocyclic carbocycle” means a monocyclic ring

system of 5 to about 8 ring carbon atoms, preferably 6. The ring is aromatic.

7Rébi:érse'ntative monocyclié carboéyc]es include phenyl, and the like.
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[0021] The term “aromatic monocyclic heterocycle” means a monocyclic ring
system consisting of about 5 to 8 ring atoms, preferably 5 or 6, in which one or more
of the atoms in the ring system is/are element(s? other than carbon, for example,
nitrogen, oxygen, or sulfur. The prefix aza, oxa, or thio before heterocycle means that
at least a nitrogen, oxygen, or sulfur atom, respectively, is present as a ring atom. A
nitrogen atom of a heteroaryl is optionally oxidized to the corresponding N-oxide.
The ring is aromatic. Representative aromatic monocyclic heterocycles include
pyrrole, pyridine, oxazole, thiazole, and the like. For lactam analogues of “aromatic
monocyclic heterocycles” such as pyridin-2(1H)-one, pyridazin-3(2H)-one, and the
like, when these lactam analogues are structurally connected through the nitrogen
atom adjacent to the lactam carbonyl, these lactam analogues of aromatic monocyclic
heterocycle are considered as “aromatic monocyélic heterocycle” in accordance with
this invention.

[0022] The term “fused bicyclic carbocycle” means a bicyclic ring system
consisting of about 8 to 11 ring carbon atoms, preferably 9 or 10. One or both of the
rings is/are aromatic. Representative fused bicyclic carbocycles include indenyl,
indanyl, naphthyl, dihydronaphthyl, tetrahydronaphthyl, benzocycloheptenyl,
dihydrobenzocycloheptenyl, tetrahydrobenzocycloheptenyl, and the like.

[0023] The term “fused bicyclic heterocycle” means a bicyclic ring system
consisting of about 8 to 13 ring atoms, preferably 9 or 10, in which one or more of the
atoms in the ring system is/are element(s) other than carbon, for example, nitrogen,
oxygen, or sulfur. The prefix aza, oxa, or thio before heterocycle means that at least a
nitrogen, oxygen, or sulfur atom, respectively, is present as a ring atom. A nitrogen
atom of a heteroaryl is optionally oxidized to the corresponding N-oxide.
Representative fused bicyclic heterocycles include benzofuranyl, benzothiophenyil,
benzoisothiazolyl, benzoisoxazolyl, indazolyl, indolyl, isoindolyl, indolizinyl,
benzoimidazolyl, benzooxazolyl, benzothiazolyl, benzotriazolyl, imidazo[1,2-
a]pyridinyl, pyrazolo[1,5-a]pyridinyl, [1,2,4]triazolo[4,3-a]pyridinyl, 5,6,7,8-
tetrahydro-[1,2,4}triazolo[4,3-a]pyrazinyl, [1,2,4]triazolo[4,3-a]pyrazinyl, thieno[2,3-
blpyridinyl, thieno[3,2-b]pyridinyl, 1H-pyrrolo[2,3-b]}pyridinyl, chromenyl,
dihydrobenzothiophenyl, dihydrobenzofuranyl, indolinyl, quinolinyl, isoquinolinyl,
4H-quinolizinyl, 9aH—qi1inolizinyl, quinazolinyl, cinnolinyl, quinoxalinyl; |

benzo|1,2,3]triazinyl, benzo[1,2,4]triazinyl, and the like. For lactam analogues of
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“fused bicyclic heterocycles” such as [1,2,4]triazolo[4,3-a]pyridin-3(2H)-one, and the
like, when these lactams analogues are structurally connected through the nitrogen
atom adjacent to the lactam carbonyl, these lactam analogues of aromatic monocyclic
heterocycle are considered as “fused bicyclic heterocycle” in accordance with this

invention.

[0024] The term “bridged bicyclic ring” means a bridged bicyclic ring
containing 6-12 carbon atoms and optionally containing one or more heteroatoms
selected from the group consisting of oxygen, nitrogen, and sulfur. Representative
bridged bicyclic rings include quinuclidine, 9-azabicyclo[3.3.1]nonane, 7-
azabicyclo[2.2.1]heptane, 2,5-diazabicyclo[2.2.2]octane, and the like.

[0025] The term "alkyl" means a'n aliphatic hydrocarbon group which may be
straight or branched having about 1 to about 6 carbon atoms in the chain: Branched
means that one or more lower alkyl groups such as methyl, ethyl or propyl are
attached to a linear alkyl chain. Representative alkyl groups include methyl, ethyl, n-

propyl, i-propyl, n-butyl, t-butyl, n-pentyl, and 3-pentyl.

[0026] The term "alkenyl" means an aliphatic hydrocarbon group containing a

carbon-carbon double bond and which may be straight or branched having 2 to about
6 carbon atoms in the chain. Preferred alkenyl groups have 2 to about 4 carbon atoms
in the chain. Branched means that one or more lower alkyl groups such as methyl,
ethyl or propyl are attached to a linear alkenyl chain. Representative alkenyl groups
include ethenyl, propenyl, n-butenyl, and i-butenyl.

[0027] The term "alkynyl" means an aliphatic hydrocarbon group containing a
carbon-carbon triple bond and which may be straight or branched having 2 to about 6
carbon atoms in the chain. Preferred alkynyl groups have 2 to about 4 carbon atoms
in the chain. Branched means that one or more lower alkyl groups such as methyl,
ethyl or propyl are attached to a linear alkynyl chain. Representative alkynyl groups
include ethynyl, propynyl, n-butynyl, 2-butynyl, 3-methylbutynyl, and n-pentynyl.
[0028] The term "cycloalkyl" means a non-aromatic mono- or multicyclic ring
system of about 3 to about 7 carbon atoms, preferably of about 5 to about 7 carbon
atoms. Representative monocyclic cycloalkyl include cyclopentyl, cyclohexyl,

cyclohep”tAyl,'_ér"ld the like.
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[0029] The term "cycloalkylalkyl” means a cycloalkyl-alkyl-group in which
the cycloalkyl and alkyl are as defined herein. Representative cycloalkylalkyl groups
include cyclopropylmethyl and cyclopentylmethyl.

[0030] The term "aryl” means an aromatic monocyclic or multicyclic ring

_system of 6 to about 14 carbon atoms, preferably of 6 to about 10 carbon atoms.

Representative aryl groups include phenyl and naphthyl.

[0031] The term “heteroaryl” means an aromatic monocyclic or multicyclic
ring system of 6 to about 14 ring atoms, preferably of 6 to about 10 ring atoms, in
which one or more of the atoms in the ring system is/are element(s) other than carbon,.
for example, nitrogen, oxygen or sulfur. Representative heteroaryl groups include
pyridinyl, pyridazinyl and quinolinyl.

[0032] The term "alkoxy" means an alkyl-O—group where the alkyl gfoup is
as herein described. Representative alkoxy groups include methoxy, ethoxy, n-
propoxy, i-propoxy, n-butoxy and heptoxy.

[0033] The term "halo"” or "halogen" means fluoro, chloro, bromo, or iodo.
[0034] The term "haloalkyl" means both branched and straight-chain alkyl
substituted with 1 or more halogen, where the alkyl group is as herein described.
[0035] The term "haloalkoxy" means a C,4 alkoxy group substituted by at
least one halogen atom, where the alkoxy group is as herein described.

[0036] The term "substituted” or "substitution" of an atom means that one or
more hydrogen on the designated atom is replaced with a selection from the indicated
group, provided that the designated atom's normal valency is not exceeded.
"Unsubstituted" atoms bear all of the hydrogen atoms dictated by their valency.
When a substituent is keto (i.e., =O), then 2 hydrogens on the atom are replaced.
Combinations of substituents and/or variables are perm‘issible only if such
combinations resuit in stable compounds; by "stable compound” or "stable structure”
is meant a compound that is sufficiently robust to survive isolation to a useful degree
of purity from a reaction mixture, and formulation into an efficacious therapeutic
agent.

[0037] The term "compounds of the invention", and equivalent expressions,
are meant to embrace compounds of general formulae I(A-E) as hereinbefore
described, which expression includes the prodrugs, the pharmaceutically acceptable

salts, and the solvates, e.g. hydrates, where the context so permits. Similarly,
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reference to intermediates, whether or not they themselves are claimed, is meant to
embrace their salts, and solvates, where the context so permits. For the sake of
clarity, particular instances when the context so permits are sometimes indicated in
the text, but these instances are purely illustrative and it is not intended to exclude
other instances when the context so permits.

[0038] The term "pharmaceutically acceptable salts" means the relatively non-
toxic, inorganic and organic acid addition salts, and base addition salts, of compounds
of the present invention. These salts can be prepared in situ during the final isolation
and purification of the compounds. In particular, acid addition salts can be prepared
by separately reacting the purified compound in its free base form with a suitable
organic or inorganic acid and isolating the salt thus formed. Representative acid
addition salts include the hydrobromide, hydrochloride, sulfate, bisulfate, phosphate,
nitrate, acetate, oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate,
lactate, phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate,
mesylate, glucoheptonate, lactiobionate, sulphamates, malonates, salicylates,
propionates, methylene-bis-b-hydroxynaphthoates, gentisates, isethionates, di-p-
toluoyltartrates, methane-sulphonates, ethanesulphonates, benzenesulphonates, p-
toluenesulphonates, cyclohexylsulphamates and quinatesiaurylsulphonate salts, and
the like. (See, for example Berge et al., J Pharm Sci, 66:1-sup.19 (1977) and
Remington's Pharmaceutical Sciences, 17th ed, p. 1418, Mack Publishing Company,
Easton, PA (1985), which are hereby incorporated by reference in their entirety.)
Base addition salts can also be prepared by separately reacting the purified compound
in its acid form with a suitable organic or inorganic base and isolating the salt thus
formed. Base addition salts include pharmaceutically acceptable metal and amine
salts. Suitable metal salts include the sodium, potassium, calcium, barium, zinc,
magnesium, and aluminum salts. The sodium and potassium salts are preferred.
Suitable inorganic base addition salts are prepared from metal bases which include
sodium hydride, sodium hydroxide, potassium hydroxide, calcium hydroxide,
aluminum hydroxide, lithium hydroxide, magnesium hydroxide, zinc hydroxide.
Suitable amine base addition salts are prepared from amines which have sufticient
basicity to form a stable salt, and preferably include the following amines which are
frecjuéﬁﬂy used in medicinal chémistfy because of their low tox1c1ty and acééptabilify

for medical use: ammonia, ethylenediamine, N-methyl-glucamine, lysine, arginine,
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ornithine, choline, N,N'-dibenzylethylenediamine, chloroprocaine, diethanolamine,
procaine, N-benzylphenethylamine, diethylamine, piperazine, tristhydroxymethyl)-
aminomethane, tetramethylammonium hydroxide, triethylamine, dibenzylamine,
ephenamine, dehydroabietylamine, N-ethylpiperidine, benzylamine,
tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, ethylamine, basic amino acids, e.g., lysine and arginine, and
dicyclohexylamine, and the like.

[0039] The term "pharmaceutically acceptable prodrugs" as used herein means
those prodrugs of the compounds useful according to the present invention which are,
within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals with undue toxicity, irritation, allergic response,
and the like, commensurate with a reasonable benefit/risk ratio, and effective for their
intended use, as well as the zwitterionic forms, where possible, of the compounds of
the invention. The term "prodrug” means compounds that are rapidly transformed in
vivo to yield the parent compound of the above formula, for example by hydrolysis in
blood. Functional groups which may be rapidly transformed, by metabolic cleavage,
in vivo form a class of groups reactive with the carboxyl group of the compounds of
this invention. They include, but are not limited to such groups as alkanoyl (such as
acetyl, propionyl, butyryl, and the like), unsubstituted and substituted aroyl (such as
benzoyl and substituted benzoyl), alkoxycarbonyl (such as ethoxycarbonyl),
trialkylsilyl (such as trimethyl- and triethysilyl), monoesters formed with dicarboxylic
acids (such as succinyl), and the hike. Because of the ease with which the
metabolically cleavable grbups of the compounds useful according to this invention
are cleaved in vivo, the compounds bearing such groups act as pro-drugs. The
compounds bearing the metabolically cleavable groups have the advantage that they
may exhibit improved bioavailability as a result of enhanced solubility and/or rate of
absorption conferred upon the parent compound by virtue of the presence of the
metabolically cleavable group. A thorough discussion of prodrugs is provided in the
following: Bundgaard, ed., Design of Prodrugs, Elsevier (1985); Widder et al.,
Methods in Enzymology, ed., Academic Press, 42:309-396 (1985); “Design and
Applications of Prodrugs,” Krogsgaard-Larsen, ed., A Textbook of Drug Design and
Development,-Chapter-5:113-191 (1991); Bundgaard, “Advanced Drug Delivery

Reviews,” 8:1-38 (1992); Bundgaard et al., Journal of Pharmaceutical Sciences,
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77:285 (1988); Nakeya et al., Chem Pharm Bull, 32:692 (1984); Higuchi, “Pro-drugs
as Novel Delivery Systems” Roche, ed., A.C.S. Symposium Series, Vol. 14, and
“Bioreversible Carriers in Drug Design” American Pharmaceutical Association and
Pergamon Press (1987), which are hereby incorporated by reference in their entirety.
Examples of prodrugs include, but are not limited to, acetate, formate and benzoate
derivatives of alcohol and amine functional groups in the compounds of the invention.
[0040] The term "therapeutically effective amounts” is meant to describe an
amount of compound of the present invention effective in increasing the levels of
serotonin, norepinephrine or dopamine at the synapse and thus producing the desired
therapeutic effect. Such amounts generally vary according to a number of factors well
within the purview of ordinarily skilled artisans given the description provided herein
to determine and account for. These include, without limitation: the particular
subject, as well as its age, weight, height, general physical condition and medical
history, the particular compound used, as well as the carrier in which it is formulated
and the route of administration selected for it; and, the nature and severity of the
condition being treated.

[0041] The term "pharmaceutical composition" means a composition
comprising compounds of formulae I(A-E) and at least one component selected from
the group comprising pharmaceutically acceptable carriers, diluents, adjuvants,
excipients, or vehicles, such as preserving agents, fillers, disintegrating agents,
wetting agents, emulsifying agents, suspending agents, sweetening agents, flavoring
agents, perfuming agents, antibacterial agents, antifungal agents, lubricating agents
and dispensing agents, depending on the nature of the mode of administration and
dosage forms. Examples of suspending agents include ethoxylated isostearyl
alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose,
aluminum metahydroxide, bentonite, agar-agar and tragacanth, or mixtures of these
substances. Prevention of the action of microorganisms can be ensured by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, and the like. It may also be desirable to include isotonic agents, for
example sugars, sodium chloride and the like. Prolonged absorption of the injectable

pha1 maceutical form can be brought about by the use of agents delaymg absorptlon

for e}\ample a]ummum monostearate and gelatm Examples of suitable carriers,

diluents, solvents or vehicles include water, ethanol, polyols, suitable mixtures
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thereof, vegetable oils (such as olive oil) and injectable organic esters such as ethyl
oleate. Examples of excipients include lactose, milk sugar, sodium citrate, calcium
carbonate, and dicalcium phosphate. Examples of disintegrating agents include
starch, alginic acids, and certain complex silicates. Examples of lubricants include
magnesium stearate, sodium lauryl sulphate, talc, as well as high molecular weight
polyethylene glycols.

[0042] The term "pharmaceutically acceptable” means it is, within the scope
of sound medical judgment, suitable for use in contact with the cells of humans and
lower animals without undue toxicity, irritation, allergic response and the like, and are
commensurate with a reasonable benefit/risk ratio.

[0043] The term "pharmaceutically acceptable dosage forms" means dosage
forms of the compound of the invention, and includes, for example, tablets, dragees,
powders, elixirs, syrups, liquid preparations, including suspensions, sprays, inhalants
tablets, lozenges, emulsions, solutions, granules, capsules and suppositories, as well.
as liquid preparations for injections, including liposome preparations. Techniques and
formulations generally may be found in Remington’s Pharmaceutical Sciences, 17th
ed, Easton, Pa., Mack Publishing Company (1985), which is hereby incorporated by
reference in its entirety.

[0044] One embodiment of the present invention relates to the compound of
formula (IA), where X is substituted phenyl and R* is substituted monocyclic aryl or
heteroaryl or bicyclic heteroaryl.

[ 0045} Another embodiment of the present invention relates to the compound
of formula (IB), where X is bicyclic aryl or heteroaryl and R* is substituted
monocyclic aryl or heteroaryl or bicyclic heteroaryl.

[0046] Another embodiment of the present invention relates to the compound
of formula (IC), where X is substituted phenyl and R* is H, halogen, or C,-Cy alkyl,
optionally substituted from 1 to 3 times with substituents as defined ‘t?elow inR".
[0047] Another embodiment of the present invention relates t<o the compound
of formula (ID), where X is bicyclic aryl or heteroaryl and R* is H, halo gen, or C-Cq
alkyl.

[0048] Another embodiment of the present invention relates to the compound ‘

of formula (1E), where X is monocyclic heteroaryl and R* is substituted monocyclic

aryl or heteroaryl or bicyclic heteroaryl.
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[0049] Another embodiment of the present invention relates to the compound

of formulae I(A-E) where:

X is phenyl, optionally substituted from 1 to 2 times with substituents as defined

below in R';

R'is H, methyl, ethyl, or isopropy];
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R?is H;
R’ is H;
R’ is H;
R%is H;
R is H;
R®is H; and
R’ is H.

Another embodiment of the invention relates to a compound as defined immediately

above, wherein R* is H, halogen or C;-Cg alkyl.

[0050] Another embodiment of the present invention relates to the compound

of formulae I(A-E) where:

X is phenyl, optionally substituted from 1 to 2 times with substituents as defined

below in RM;

R! is H, methyl, ethyl, or isopropyl;
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R?is H;
R*is H;
R* is piperazinyl, phenyl, pyridyl, 2-oxo-pyridin-1(2H)-yl, pyrimidinyl, pyridazinyl,
pyrazinyl, 6-oxopyridazin-1{6H)-yl, pyrazolyl, [1,2,4]triazolo[4,3-a]pyridinyl,
[1,2,4]triazolo[1,5-a]pyridinyl, or 3-oxo0-[1,2,4]triazolo[4,3-a]pyridin-2(3H)-yl,
optionally substituted with substituents as defined below in R";
R’ is H;
R®is H;
R’ is H;
R® is H; and
R%is H.

[0051] Another embodiment of the present invention relates to the compound

of formulae 1(A-E) where:

X represents pyridyl;

R'is H, methyl, ethyl, or isopropyl;
R?is H;

R®is H;

R’ is H;

R®is H;
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R’ is H;
R®is H; and
R’ is H.

Another embodiment of the present invention relates to a compound as defined

immediately above, wherein R*is H, halogen or C;-Cq alkyl.

[0052] Another embodiment of the present invention relates to the compound

of formulae 1(A-E) where:

X represents

R'is H, methyl, ethyl, or isopropyl;

R?is H;

R?is H;

R is piperazinyl, phenyl, pyridyl, 2-oxo-pyridin-1(2H)-yl, pyrimidinyl, pyridazinyl,
pyrazinyl, 6-oxopyridazin-1(6H)-yl, pyrazolyl, [1,2,4]triazolo[4,3-a]pyridinyl,
[1,2,4)triazolo[1,5-a]pyridinyl, or 3-oxo0-{1,2,4]triazolo[4,3-a]pyridin-2(3H)-yl,
optionally substituted with substituents as defined below in R"Y;

R’ is H;

R® is H;

R’ is H;

R® is H; and



10

15

20

25

30

19

R’ is H.

[0053] Another embodiment of the present invention relates to the compound

of formulae I(A-E) where:

X is a naphthyl or quinolinyl;

R'is H, methyl, ethyl, or isepropyl;

R?is H;

R*is H;

R®is H;

R® is H;

R" is H;

R%is H; and

R’ is H.

Another embodiment of the invention relates to the compound as defined immediately
above, wherein: R* is H, halogen or C1-C6 alkyl.

{0054] Another embodiment of the present invention relates to the compound of

formulae I{A-E) where:

X is naphthyl or quinolinyl; -
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R” is H;
R® is H;
R* is piperazinyl, phenyl, pyridyl, 2-oxo-pyridin-(2H)-yl, pyrimidinyl, pyridazinyl,
pyrazinyl, 6-oxopyridazin-1(6H)-yl, pyrazolyl, [1,2,4]triazolo[4,3-a]pyridinyl,
[1,2,4]triazolo[1,5-a]pyridinyl, or 3-0x0-[1,2,4]triazolo[4,3-a]pyridin-2(3H)-yl,
optionally substituted with substituents as defined below in R';
R’ is H;
RCisH;
R’ is H;
R%is H; and
R is H.

[0055] Another embodiment of the present invention relates to the compound

of formulae [(A-E) where:

X is pyridinyl, phenyl, or naphthyl, optionally substituted with from 1 to 3
substituents selected independently from the group consisting of fluoro, choro, cyano,
trifluoromethyl, trifluoromethoxy, and substituted C;-C; alkyl;

R'is H, methyl, ethyl, or 1sopropyl;

R%is H;

R}isH;
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R* is H, methyl, fluoro, bromo, piperazin-1-yl, 4-(ethylsulfonyl)piperazin-1-yl, 1H-
pyrazol-4-yl, 2-cyanophenyl, 4-cyanophenyl, 4-(methanesulfonyl)phenyl,
carbamoylphenyl, pyridinyl, aminopyridinyl, pyridazin-3-yl, 6-methylpyridazin-3-yl,
6-((difluoromethoxy)methyl)pyridazin-3-yl, 6-aminopyridazin-3-yl, pyrimidin-2-yl,
pyrimidin-5-yl, pyrazin-2-yl, 2-oxopyridin-1(2H)-yl, 6-oxopyridazin-1(6H)-yl, 3-oxo-
[1,2,4]triazolo[4,3-alpyridin-2(3H)-y], [1,2,4]triazolo[1,5-a]pyridin-6-y], or
[1,2,4]triazolo[4,3-a]pyridin-6-yl;

R’ is H;
R’ is H;
R’ is H;
R®is H; and
R’ is H.

[0056] Specific compounds of formulae I(A-E) of the present invenﬁon are the
following tetrahydrobenzazepine compounds:
8-bromo-2-methyl-5-phenoxy-2,3,4,5-tetrahydro-1 H-benzo[c]azepine;
8-methoxy-2-methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo|[ c]azepine;*
2-methyl-5-phenoxy-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-benzo[ clazepine;
2-methyl-5-phenoxy-8-(1 H-pyrazol-4-yl)-2,3,4,5-tetrahydro- 1 H-benzo[ c]azepine;
6-(2-methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[c]azepin-8-yl)pyridazin-3-
amine;
2-methyl-5-phenoxy-8-(pyrimidin-2-yl)-2,3,4,5-tetrahydro- 1 H-benzo|[ c]azepine;
6-(2-methyl-5-phenoxy-8-(pyrimidin-5-yl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepine;
2-(2-methyl-5-phenoxy-8-(pyrazin-2-yl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepine;
2-methyl-5-phenoxy-2,3,4,5-tetrahydro- 1 H-benzo[ ¢]azepin-8-yl)pyridin-2-amine;
2-methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[c]azepin-8-yl)pyridazin-3(2H)-one;
2-methyl-8-(4-(methylsulfonyl)phenyl)-5-phenoxy-2,3;4,5-tetrahydro-1H-
benzo[clazepine;

* not a compound of the claimed invention
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2-(2-methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[ c]Jazepin-8-yl)benzonitrile;
8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-2-methyl-5-phenoxy-2,3,4,5-tetrahydro-1 H-
benzo[c]azepine;

1-(2-methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-8-y)pyridin-2(1 H)-
one;

8-(4-(ethylsulfonyl)piperazin-1 ~yl)—2—methyl-5~phenoxy—2,3 ,4,5-tetrahydro-1H-
benzo[c]azepine;

8-(6-methylpyridazin-3-yl)-5-phenoxy-2,3,4,5-tetrahydro- 1 H-benzo [clazepine;
2-methyl-8-(6-methylpyridazin-3-yl)-5-phenoxy-2,3,4,5-tetrahydro-1H- '
benzo[clazepine; 7
5-(2-fluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-
benzo[c]azepine;
5-(2-fluorophenoxy)-2-methyl-8-(1H-pyrazol-4-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine;

6-(5-(2-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo[ c]azepin-8-
yl)pyridazin-3-amine;
5-(2-fluorophenoxy)-2-methyl-8-(pyrimidin-2-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine;

5—(2—ﬂuorophenoxy)-2-methyl-8-(pyri1ﬁidin~5~yl)-2,3 ,4,5-tetrahydro-1H-
benzo[clazepine;
5-(2-fluorophenoxy)-2-methyl-8-(pyrazin-2-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine;

6-(5-(2-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[ clazepin-8-yl)pyridin-
2-amine;

6-(5-(2-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1 H-benzo{ c]azepin-8-
yDpyridazin-3(2H)-one;
5-(2-fluorophenoxy)-2-methyl-8-(4-(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro-1 H-
benzo[c]azepine;

2-(5-(2-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[ cjazepin-8-
yl)benzonitrile;

8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-(2-fluorophenoxy)-2-methyl-2,3,4,5-

“Ttetrahydro- 1 H-benzo[ clazeping;
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1-(5-(2-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-8-yl)pyridin-
2(1H)-one; '
8-(4-(ethylsulfonyl)piperazin-1-yl)-5-(2-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-
1H-benzo[clazepine;
5-(3-fluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-
benzo[c]azepine;

5-(3-fluorophenoxy)-2-methyl-8-(1 H-pyrazol-4-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine;

6-(5-(3-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-8-
yl)pyridazin-3-amine;
5-(3-fluorophenoxy)-2-methyl-8-(pyrimidin-2-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine;
5-(3-fluorophenoxy)-2-methyl-8-(pyrimidin-5-yl)-2,3,4,5-tetrahydro-1/4-
benzo[clazepine;

5-(3 -ﬂuor(_)phenoxy)—Z-methyl—8-(pyrazin—2—yl)~2,3 ,4,5-tetrahydro-1H-
benzo[clazepine; |
6-(5-(3-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1 H-benzo[ c] azepin—S-yl)pyridM—
2-amine;

6-(5-(3-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1 H-benzo[ c]azepin-8-
yDpyridazin-3(2H)-one;
5-(3-fluorophenoxy)-2-methyl-8-(4-(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine; |
2-(5-(3-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo[ c]Jazepin-8-
yhbenzonitrile;

8-([1,2,4]triazolo[ 1,5-a]pyridin-6-yl)-5-(3-fluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1/1-benzo[clazepine;
8-([1,2,4]triazolo[4,3-a]pyridin-6-yl)-5-(3-fluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[clazepine;
1-(5-(3-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 /4-benzo[ c]azepin-8-yl)pyridin-
2(1H)-ong; ‘

8-(4-(ethylsulfonyl)piperazin-1-yl)-5-(3-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-

1 H-benzo[clazepine;
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5-(4-fluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-
benzo[c]azepine;

5-(4-fluorophenoxy)-2-methyl-8-(1 H-pyrazol-4-yl)-2,3,4,5-tetrahydro-1 H-
benzo[c]azepine;
6-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1/1-benzo{ c]Jazepin-8-
yl)byridazin—3—amine;
5-(4-fluorophenoxy)-2-methyl-8-(pyrimidin-2-y1)-2,3,4,5-tetrahydro- 1 H-
benzo[c]azepine;
5-(4-fluorophenoxy)-2-methyl-8-(pyrimidin-5-yl)-2,3,4,5-tetrahydro- 1 H-
benzo[clazepine; ‘
5-(4-fluorophenoxy)-2-methyl-8-(pyrazin-2-yl)-2,3,4,5-tetrahydro-1H-
benzo{c]azepine;

6-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[ clazepin-8-yl)pyridin-
2-amine;

6-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo[ c]azepin-8-
yDpyridazin-3(2H)-one; |
5-(4-fluorophenoxy)-2-methyl-8-(4-(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine;

2-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1/-benzo[ clazepin-8-
yl)benzonitrile;
8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-(4-fluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1/H-benzo[cJazepine;
8-([1,2,4]triazolo][4,3-o]pyridin-6-y1)-5-(4-fluorophenoxy)-2-methyl-2,3 4,5-
tetrahydro-1H-benzo[c]azepine;

1 —(5~(4-ﬂu0rophenoxy)-2—methyl;2,3 ,4,5-tetrahydro-1H-benzo[c]azepin-8-yl)pyridin-
2(1H)-one;
8-(4-(ethylsulfonyl)piperazin-1-yl)-5-(4-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-
1 H-benzo[clazepine;
5-(3,4-difluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo{c]azepine;
5-(2,4-difluorophenoxy)-2-methyl-8-(pyridazin-3-y1)-2,3,4,5-tetrahydro-1H- .

benzo[c]azepine;
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5-(2-chlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1 H-
benzo[clazepine;

5-(2-chlorophenoxy)-2-methyl-8-(1 H-pyrazol-4-yl)-2,3,4,5-tetrahydro- 1 H-
benzo[clazepine;

6-(5-(2-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1 H-benzo[c]azepin-8-
yhpyridazin-3-amine;
5-(2-chlorophenoxy)-2-methyl-8-(pyrimidin-2-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine;
5-(2-chlorophenoxy)-2-methyl-8-(pyrimidin-5-yl)-2,3,4,5-tetrahydro- 1 H-
benzo[clazepine;
5-(2-chlorophenoxy)-2-methyl-8-(pyrazin-2-yl)-2,3,4,5-tetrahydro-1 H-
benzo[clazepine;

6-(5-(2-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-8-yl)pyridin-
2-amine; '
6-(5-(2-chlorophehoxy)-2—methyl—2,3 ,4,5-tetrahydro-1H-benzo[ c]azepin-8-
yDpyridazin-3(2H)-one;
5-(2-chlorophenoxy)-2-methyl-8-(4-(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine;

2-(5-(2-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1/-benzo[ c]azepin-8-
yhbenzonitrile;
8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-(2-chlorophenoxy)-2-methyi-2,3,4,5-
tetrahydré— 1 H-benzo[clazepine;
1-(5-(2-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1/4-benzo[ c]azepin-8-yl)pyridin-
2(1H)-one;
5-(2-chlorophenoxy)-8-(4-(ethylsulfonyl)piperazin-1-yl)-2-methyl-2,3,4,5-tetrahydro-
1 H-benzo[clazepine;
5-(3-chlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-
benzo[clazepine;

5-(3-chlorophenoxy)-2-methyl-8-(1 H-pyrazol-4-yl1)-2,3,4,5-tetrahydro- 1 H-
benzo[c]azepine;

6-(5-(3-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-8-

yDpyridazin-3-amine;
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5-(3-chlorophenoxy)-2-methyl-8-(pyrimidin-2-y1)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine;
5-(3-chlorophenoxy)-2-methyl-8-(pyrimidin-5-yl)-2,3,4,5-tetrahydro-1 /-
benzo[clazepine;

5-(3-chlorophenoxy)-2-methyl-8-(pyrazin-2-y1)-2,3,4,5-tetrahydro- 1 H-
benzo[c]azepine;

6-(5-(3-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1 H-benzo[ clazepin-8-yl)pyridin-
2-amine;

6-(5-(3-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo[ c]azepin-8-
yDpyridazin-3(2H)-one;
5-(3-chlorophenoxy)-2-methyl-8-(4-(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro- 1 H-
benzo[clazepine;

2-(5-(3-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo[ c]azepin-8-
yl)benzonitrile;

8-([1,2,4]triazolo]1 ,5—0L]pyridin—6—yl)~5—(3—chloropheﬁoxy)—Z-methyl-Z,3,4,5-
tetrahydro-1H-benzo[¢]azepine;
1-(5-(3-chlorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1 H-benzo|[ c]azepin-8-yl)pyridin-
2(1H)-one;
5-(3-chlorophenoxy)-8-(4-(ethylsulfonyl)piperazin-1-yl)-2-methyl-2,3,4,5-tetrahydro-
1 H-benzo{c]azepine;
5-(4-chlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine; ,
2-methyl-8-(pyridazin-3-yl)-5-(p-tolyloxy)-2,3,4,5-tetrahydro-1 H-benzo[ c]azepine;
2-methyl-8-(pyridazin-3-yl)-5-(4-(trifluoromethoxy)phenoxy)-2,3,4,5-tetrahydro-1 H-
benzo[c]azepine;

4-(2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-5-
yloxy)benzonitrile;
2-methyl-8-(pyridazin-3-yl)-5-(4-(trifluoromethyl)phenoxy)-2,3,4,5-tetrahydro- 1 H-
benzo[clazepine;

6-(2-methyl-5-(4-(trifluoromethyl)phenoxy)-2,3,4,5-tetrahydro-1 H-benzo[ c]azepin-8-
yl)pyridazin-3-amine;

2-methyl-8-(pyridazin-3-yl)-5-(o-tolyloxy)-2,3,4,5-tetrahydro-1 H-benzo[ c]azepine;
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6-(2-methyl-5-(o-tolyloxy)-2,3,4,5-tetrahydro- 1 H-benzo[ c]azepin-8-yl)pyridazin-3-
amine;
5-(2—methoxyphenoxy)-2—m¢thy1—8-(pyridazin—3—yl)—2,3,4,5-tetrahydro—lH-
benzo[c|azepine;
6-(5-(2-methoxyphenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo{ c]azepin-8-
yl)pyridazin-3-amine;
5-(3,5-difluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo{clazepine;
5-(3,5-difluorophenoxy)-2-methyl-8-(1H-pyrazol-4-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine;

6-(5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo[ c]azepin-8-
yDpyridazin-3-amine;
5-(3,5-difluorophenoxy)-2-methyl-8-(pyrimidin-2-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine,
5-(3,5-difluorophenoxy)-2-methyl-8-(pyrimidin-5-y1)-2,3,4,5-tetrahydro- 1 H-
benzo[clazepine;
5-(3,5-difluorophenoxy)-2-methyl-8-(pyrazin-2-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine; v
6-(5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo[ cjazepin-8-
yDpyridin-2-amine;
6-(5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo[ clazepin-§8-
yDpyridazin-3(2H)-one;
5-(3,5-difluorophenoxy)-2-methyl-8-(4-(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro-
1H-benzo[clazepine;

2-(5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo[ ¢]azepin-8-
yl)benzonitrile;

8-([1,2,4]triazolo[ 1,5-a]pyridin-6-yl)-5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo{clazepine;
1-(5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 --benzo[ clazepin-8-
yDpyridin-2(1£)-one;

5~(3,S—diﬂuorophenqu_)_-87({}7(ethylsulfonyl)pipe{azin_— 1-y1)-2-methyl-2,3,4,5-

tetrahydro-1H-benzo[cJazepine;
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5-(3 ,4-dichlorophenoxy)-2—methyl—8—(pyridazin~3-yl)—2,3,4,5-tetrahydro- 1H-
benzo[c]azepine;
2-methyl-8-(pyridazin-3-yl)-5-(pyridin-3-yloxy)-2,3,4,5-tetrahydro-1/-
benzo[clazepine;
2-methyl-5-(naphthalen-2-yloxy)-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1/-

benzo tc] azepine;
2-methyl-5-(naphthalen-1-yloxy)-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 /-
benzo[c]azepine;
2-methyl-8-(pyridazin-3-yl)-5-(quinolin-7-yloxy)-2,3,4,5-tetrahydro- 1.4~
benzo[clazepine;
5-(4-chlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine;
5-(3-fluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine;
2-methyl-5-(4-(trifluoromethyl)phenoxy)-2,3,4,5-tetrahydro-1H-benzo[c]azepine
8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-(4-fluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[clazepine; '
8-([1,2,4]triazolo[4,3-a]pyridin-6-yl)-5-(4-fluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[c]azepine;
1-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-8-yl)pyridin-
2(1H)-one;

8-(6-methylpyridazin-3-yl)-5-phenoxy-2,3,4,5-tetrahydro- 1 H-benzo[c]azepine;
2-(5-(3,5-difluorophenoxy)-2,3,4,5-tetrahydro-1H-benzo[ clazepin-8-yl)-
[1,2,4]triazolo[4,3-a]pyridin-3(2H)-one; '
8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-(3,5-difluorophenoxy)-2,3,4,5-tetrahydro- 1 H-
benzo[c]azepine;
8-(6-(difluoromethoxy)pyridazin-3-yl)-5-(3,5-difluorophenoxy)-2,3,4,5-tetrahydro-
1H-benzo|[c]azepine;

2-(5-(3,5-difluorophenoxy)-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-§-yl)pyridazin-
3(2H)-one;
8-([1,2,4]triazolo[4,3-a]pyridin-6-yl)-5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-

tetrahydro-1H-benzo[c]azepine;
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8-(6-(difluoromethoxy)pyridazin-3-yl)-5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[c]azepine;
2-(5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-8-yl)-
[1,2,4]triazolo[4,3-a]pyridin-3(2H)-one;
4-(2-methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[ c]Jazepin-8-yl)benzamide;
4-(5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[c]azepin-8-
yl)benzonitrile;
5-(2,3-difluorophenoxy)-2-methyl-8-(pyridazin-3-y1)-2,3,4,5-tetrahydro-1 H-
benzo[clazepine; ' '
3-(2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-5-
yloxy)benzonitrile;
5-(2,5-difluorophenoxy)-2-methyl-8-(pyridazin-3-y1)-2,3,4,5-tetrahydro-1H-
benzo[c)azepine; and
5-(2,6-difluorophenoxy)-2-methyl-8-(pyridazin-3-y1)-2,3,4,5-tetrahydro-1H-

benzo[clazepine.

[0057] Other embodiments of the present invention are compounds of
formulae 1(A-E) where the carbon atom designated * is in the R configuration.

[0058] Other embodiments of the present invention are compounds of
formulae I(A-E) where the carbon atom designated * is in the S configuration.

[0059] Another embodiment of the present invention is a mixture of
stereoisomeric compounds of formulae 1(A-E) where * is in the S or R configuration.
[0060] Within these embodiments, the selection of a particular preferred ‘
substituent at any one of R'~R” does not affect the selection of a substituent at any of
the others of R'-R®. That is, preferred compounds provided herein have any of the
preferred substituents at any of the positions. For example, as described hereinabove,
R'is preferably C,-Cg¢ alkyl; the selection ofR' as any one of C), C,, C3, C4, Cs, or Cq
alkyl, does not limit the choice of R?in particular to any one of H, C-Cs alkyl, or C;-
Cs haloalkyl. Rather, for R' as any of Cy, Cy, Cs, Cy, Cs, or Cq alkyl, R? is any of H,
Cy, Cy, Cs, C4, Cs, or Cq alkyl or Cy, Cy, Cs, Cy4, Cs, or Cg haloalkyl. Similarly, the
selection Q_fR2 as any of H, Cy, Gy, Cs, C4, Cs, or Cg alkyl or Cy, Cy, C3, C4, Cs,0r Cg

haloalkyl does not limit the selection of R’ in particular to any one of H, halogen,
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-OR', -8(0), R"?, -CN, -C(O)R"?, C;-Cs alkyl, C3-Cs cycloalkyl, C4-C
cycloalkylalkyl, or substituted C4 -C7 cycloalkylalkyl.
[0061] Single enantiomers, any mixture of enantiomers, including racemic

mixtures, or diastereomers (both separated and as any mixtures) of the compounds of

- the present invention are also included within the scope of the invention.

[0062] The scope of the present invention also encompasses active
metabolites of the present compounds.

[0063] Another embodiment of the present invention is a mixture of
compounds of formulae I(A-E) where the compound of formulae I(A-E) is
radiolabeled, i.e., where one or more of the atoms described are replaced by a
radioactive isotope of that atom (e.g., C replaced by '*C and H replaced by *H). Such
compounds have a variety of potential uses, e.g., as standards and reagents in
determining the ability of a potential pharmaceutical to bind to neurotransmitter
proteins.

{0064] Another embodiment of the present invention is a pharmaceutical
composition containing a therapeutically effective amount of the compound of
formulae I(A-E) and a pharmaceutically acceptable carrier.

[0065] Also described herein is a method of treating a disorder which is
created by or is dependent upon decreased availability of serotonin, norepinephrine,
or dopamine. The method involves administering to a patient in need of such
treatment a therapeutically effective amount of a compound of formulae I(A-E) or a
pharmaceutically acceptable salt thereof. The method of the present invention is
capable of treating subjects afflicted with various neurological and psychiatric
disorders including, without limitation: lower back pain, attention deficit
hyperactivity disorder (ADHD), cognition impairment, anxiety disorders especially
generalized anxiety disorder (GAD), panic disorder, bipolar disorder, also known as
manic depression or xhanic—depressive disorder, obsessive compulsive disorder
(OCD), posttraumatic stress disorder (PTSD), acute stress disorder, social phobia,

simple phobias, pre-menstrual dysphoric disorder (PMDD), social anxiety disorder

- (SAD), major depressive disorder (MDD), postnatal depression, dysthymia,

depression associated with Alzheimer’s disease, Parkinson’s disease, or psychosis,

_supranuclear palsy, eating disorders, especially obesity, anorexia nervosa, bulimia

nervosa, and binge eating disorder, analgesia, substance abuse disorders (including
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chemical dependencies) such as nicotine addiction, cocaine addiction, alcohol and
amphetamine addiction, Lesch-Nyhan syndrome, neurodegenerative diseases such as
Parkinson’s disease, late luteal phase syndrome or narcolepsy, psychiatric symptoms
such as anger, rejection sensitivity, movement disorders such as extrapyramidal
syndrome, Tic disorders and restless leg syndrome (RLS), tardive dyskinesia,
supranuclear palsy, sleep related eating disorder (SRED), night eating syndrome
(NES), stress urinary incontinence (SUI), migraine, neuropathic pain, especially
diabetic neuropathy, fibromyalgia syndrome (FS), chronic fatigue syndrome (CFS),
sexual dysfunction, especially premature ejaculation and male impotence, and
thermoregulatory disorders (e.g., hot flashes associated with menopause).

[0066] The compounds provided herein are particularly useful in the treatment
of these and other disorders due, at least in part, to their abilify to selectively bind to
the transporter proteins for certain neurochemicals with a greater affinity than to the
transporter proteins for other neurochemicals.

[0067] In another embodiment, the above method further involves
administering a therapeutically effective amount of a serotonin 1A receptor antagonist
or a pharmaceutically acceptable salt thereof. Suitable serotonin 1A receptor
antagonists include WAY 100135 and spiperone. WAY 100135 (N-(t-butyl)-3-[a-(2-
methoxyphenyl)piperazin-1-ylj-2 phenylpropanamide) is disclosed as having an
affinity for the serotonin 1 A receptor in U.S. Patent No. 4,988,814 to Abou-Gharbia et
al., which is hereby incorporated by 1‘efer¢nce in its entirety. Also, Cliffe et al., J Med
Chem 36:1509-10 (1993), which is hereby incorporated by reference in its entirety,
showed that the compound is a serotonin 1 A antagonist. Spiperone (8-[4-(4-
fluorophenyl)-4-oxobutyl]-1-phenyl-1,3,8-triazaspiro{4,5]decan-4-one) is a well-
known compound and is disclosed in U.S. Patent Nos. 3,155,669 and 3,155,670,
which are hereby incorporated by reference in their entirety. The activity of spiperone
as a serotonin 1A antagonist is described in Middlemiss et al., Neurosc and Biobehav
Rev. 16:75-82 (1992), which is hereby incorporated by reference in its entirety.

[0068] In another embodiment, the above method further involves
administering a therapeutically effective amount of a selective neurokinin-1 receptor
antagomst or pharmaceutlcally acccptable salt thereof Neurokinin-1 receptor
antagomsts that can be used in comblnatlon wuh the compound of formulae I(A E) in |

the present invention are fully described, for example, in U.S. Patent Nos. 5,373,003,
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5,387,595, 5,459,270, 5,494,926, 5,162,339, 5,232,929, 5,242,930, 5,496,833, and
5,637,699; PCT International Patent Publication Nos. WO 90/05525, 90/05729,
94/02461, 94/02595, 94/03429,94/03445, 94/04494, 94/04496, 94/05625, 94/07843,
94/08997, 94/10165, 94/10167, 94/10168, 94/10170, 94/11368, 94/13639, 94/13663,
94/14767,94/15903, 94/19320, 94/19323, 94/20500, 91/09844, 91/18899, 92/01688,
92/06079, 92/12151,92/15585, 92/17449, 92/20661, 92/20676, 92/21677, 92/22569,
93/00330, 93/00331, 93/01159, 93/01165, 93/01169, 93/01170, 93/06099, 93/09116,
93/10073, 93/14084, 93/14113, 93/18023, 93/19064, 93/21155, 93/21181, 93/23380,
93/24465, 94/00440, 94/01402, 94/26735, 94/26740, 94/29309, 95/02595, 95/04040,
95/04042, 95/06645, 95/07886, 95/07908, 95/08549, 95/11880, 95/14017, 95/15311,
95/16679, 95/17382, 95/18124, 95/18129, 95/19344, 95/20575, 95/21819, 95/22525,
95/23798, 95/26338, 95/28418, 95/30674, 95/30687, 95/33744, 96/05181, 96/05193,
96/05203, 96/06094, 96/07649, 96/10562, 96/16939, 96/18643, 96/20197, 96/21661,
96/29304,96/29317, 96/29326, 96/29328, 96/31214, 96/32385, 96/37489, 97/01553,
97/01554, 97/03066, 97/08144, 97/14671, 97/17362, 97/18206, 97/19084, 97/19942,
97/21702, and 97/49710; and in U.K. Patent Application Nos. 2 266 529, 2 268 931, 2
269 170, 2 269 590,2 271 774,2 292 144, 2 293168, 2 293 169, and 2 302 689;
European Patent Publication Nos. EP 0 360 390, 0 517 589, 0 520 555, 0 522 808, 0
528 495, 0 532 456, 0 533 280, 0 536 817, 0 545 478, 0 558 156, 0 577 394, 0 585
913, 0590 152, 0599 538, 0 610 793, 0 634 402, 0 686 629, 0 693 489, 0 694 535, 0
699 655, 0394 989, 0 428 434, 0 429 366, 0 430 771, 0 436 334, 0443 132, 0482
539, 0 498 069, 0499 313, 0512 901, 0512 902, 0 514 273, 0514 274, 0 514 275, 0
514 276,0 515 681, 0 699 674, 0 707 006, 0 708 101, 0 709 375, 0 709 376, 0 714
891, 0723 959,0733 632 and 0 776 893, which are hereby incorporated by reference
in their entirety. The preparations of such compounds are fully described in the
aforementioned patents and publications.

[0069] In another embodiment, the above method further involves
administering a therapeutically effective amount of a norepinephrine precursor or a
pharmaceutically acceptable salt thereof. Suitable norepinephrine precursors include

L-tyrosine and L-phenylalanine.

~[0070]  Also described herein is a method of inhibiting synaptic

norepinephrine uptake in a patient in need thereof. The method involves
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administering a therapeutically effective inhibitory amount of a compound of
formulae I{A-E). |

[0071] Also described herein is a method of inhibiting synaptic serotonin
uptake in a patient in need thereof. The method involves administering a
therapeutically effective inhibitory amount of a compound of formulae I(A-E).

[0072] Also described herein is a method of inhibiting synaptic dopamine
uptake in a patient in need thereof. The method involves administering a
therapeutically effective inhibitory amount of a compound of formulae I(A-E).

[0073] Also described herein is a therapeutic method as described above,
where the (+)-stereoisomer of the compound of formulae I(A-E) is employed.

[0074] Also described herein is a therapeutic method as described above,
where the (-)-stereoisomer of the compound of formulae I(A-E) is employed.

[0075] Another aspect of the present invention is a kit comprising a compound
of formulae I(A-E) and at least one compound selected from the group consisting of: a
serotonin 1A receptor antagonist compound, a selective neurokinin-1 receptor
antagonist compound, and a norepinephrine precursor compound.

[0076] Also described herein is a method of treaﬁng a disorder referred to in
the above-mentioned embodiments in a patient in need thereof. The méthod involves
inhibiting synaptic serotonin and norepinephrine uptake by administering a
therapeutically effective inhibitory amount of the compound of formulae I(A-E)
which functions as both a dual acting serotonin and norepinephrine uptake inhibitor.
[0077] Also described herein is a method of treating a disorder referred to in
the above-mentioned embodiments in a patient in need thereof. The method involves
inhibiting synaptic serotonin and dopamine uptake by administering a therapeutically
effective inhibit‘ory amount of the compound of formulae I(A-E) which functions as
both a dual acting serotonin and dopamine uptake inhibitor.

[0078] Also described herein is a method of treating a disorder referred to in
the above-mentioned embodiments in a patient in need thereof. The method involves
inhibiting synaptic dopamine and norepinephrine uptake by administering a
therapeutically effective inhibitory amount of the compound of formulae I(A-E)
which functions as both a dual acting dopamine and norepinephrine uptake inhibitor.
[0079] Also described herein is a method of treating a disorder referred to in

the above-mentioned embodiments in a patient in need thereof. The method involves
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inhibiting synaptic norepinephrine, dopamine and serotonin uptake by administering a

therapeutically effective inhibitory amount of the compound of formulae I(A-E)
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which functions as a triple acting norepinephrine, dopamine, and serotonin uptake
inhibitor.

[0080] Also described herein is a method for inhibiting serotonin uptake in
mammals. The method involves administering to a mammal requiring increased
neurotransmission of serotonin a pharmaceutically effective amount of the compound
of formulae I(A-E).

[0081] Also described herein is a method for inhibiting dopamine uptake in
humans. The method involves administering to a human requiring increased
neurotransmission of dopamine a pharmaceutically effective amount of the compound
of formulae I(A-E).

[0082] Also described herein is a method for inhibiting norepinephrine uptake
in humans. The method involves administering to a human requiring increased
neurotransmission of norepinephrine a pharmaceutically effective amount of the
compound of formulae I(A-E).

[0083] Also described herein 1s a method of suppressing the desire of humans
to smoke. The method involves administering to a human in need of such suppression
an effective dose, to relieve the desire to smoke, of the compound of formulae I(A-E).
[0084] Also described herein 1s a method of suppressing the desire of humans
to consume alcohol. The method involves administering to a human in need of such
suppression an effective dose, to relieve the desire to consume alcohol, of the
compound of formulae I(A-E).

[0085] It is appreciated that certain features of the invention, which are, for
clarity, described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the invention
which are, for brevity, described in the context of a single embodiment, may also be
provided separately or in any suitable subcombination.

[0086] Compounds according to the invention, for example, starting materials,
intermediates or products, are prepared as described herein or by the application or
adaptation of known methods, by which is meant methods used heretofore or
described in the literature.

{0087] Compounds useful according to the invention may be prepared by the

application or adaptation of known methods; by which is meant methods used ~
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heretofore or described in the literature, for example those described by Larock, R.C.,
Comprehensive Organic Transformations, VCH publishers, (1989), which 1s hereby
incorporated by reference in its entirety.

[0088] A compound of formulae I(A-E), including a group containing one or
more nitrogen ring atoms, may be converted to the corresponding compound where
one or more nitrogen ring atom of the group is oxidized to an N-oxide, preferably by
reacting with a peracid, for example, peracetic acid in acetic acid or m-
chloroperoxybenzoic acid in an inert solvent such as dichloromethane, at a
temperature from about room temperature to reflux, preferably at elevated
temperature.

[0089] In the reactions described hereinafter, it may be necessary to protect
reactive functional groups, for example hydroxyl, amino, imino, thio, or carboxy
groups, where these are desired in the final product, to avoid their unwanted
participation in the reactions. Conventional protecting groups may be used in
accordance with standard practice; for examples, see Green, Protective Groups in
Organic Chemistry, John Wiley and Sons (1991) and McOmie, Protective Groups in
Organic Chemistry, Plenum Press (1973), which are hereby incorporated by reference
in their entirety.

[0090] In the reaction schemes described hereinafter, the synthesis of
tetrahydrobenzazepines of the formulae I(A-E) is described.

[ 0(091] The novel tetrahydrobenzazepine reuptake inhibitors of formula I of
tﬁe present invention can be prepared by the general scheme outlined below

(Scheme 1).
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[0092] The R'-substituted N-benzyl amines of formula (III) may be purchased

from commercial sources, or alternatively, obtained from a simple reductive
amination protocol. Thus, carbonyl containing compounds of formula (II) may be
treated with H,N-R' in lower alkyl alcoholic solvents (preferably methanol or
ethanol) at temperatures at or below room temperature. The resulting imine may be
reduced most commonly with alkali earth borohydrides (preferably sodium
borohydride) to provide the desired amine intermediates of formula (1II). Treatment
of compounds of formula (111) with a base such as, but not limited to pyridine,
followed by acrylic acid derivatives of formula (IV) give compounds of formula (V).
The acids with the formula (V) may be cyclized to give the corresponding 5-
benzazepinone of the formula (VI) on treatment with a strong acid such as, but not
limited to, polyphosphoric acid or Eaton’s reagent. Alternatively, acids with the
formula (V) may be converted to the correspondent acyl chlorides using methods
familiar to one skilled in the art of organic synthesis. Upon treatment with a Lewis
acid, such as, but not limited to aluminum chloride, the acyl chlorides cyclize to give
5-benzazepinone of the formula (VI1). The 5-benzazepinone of the formula (VI) may
be reduced to the secondary alcohol intermediates (VII) on reaction with reducing
agents such as, but not limited to, sodium borohydride in a lower alkyl alcohol

solvent. Compounds of formula (VII) may be converted to compounds of formula (I)

by treating with phenols X-OH under Mitsunobu Reaction conditions that are familiar
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to one skilled in the art of organic synthesis. The typical Mitsunobu Reaction
conditions are 1,1’-(azodicarbonyl)dipiperdine (“ADDP”) and (n-Bu)sP in THF.
Alternatively, compounds of formula (VII) may be converted to compounds of
formula (I) by treating with X-Y (Y = CJ, Br, I) under basic conditions such as, but
not limited to sodium hydride or alkali metal alkoxides in solvents such as THF.
{0093] The compounds of formula (I; RY= aryl, heteroaryl) of the present
invention may be prepared from the corresponding 8-methoxy, 8-Cl, 8-Br, or 8-1
tetrahydrobenzazepine of formula (I; R* = OCH;, Cl, Br, I). The 8-methoxy
tetrahydrobenzazepine (I; R* = OCH3) may be converted to the corresponding phenol
of formula (I; R* = OH) on treatment with a strong acid or a Lewis acid, such as, but
not limited to, hydrobromic acid or boron tribromide. Alternatively, the phenol of
formula I (R* = OH) may be obtained from the corresponding 8-methoxy
tetrahydrobenzazepine of formula I (R* = OCH3) on treatment with the sodium salt of
an alkyl thiol, preferably ethane thiol. The phenol intermediate of formula (I; R* =
OH) may be converted into the corresponding triflate of formula (I; R* = 0SO,CF3)
on treatment with a triflating reagent such as, but not limited to,
trifluromethanesulfonic anhydride, in the presence of a base, such as, but not limited
to, triethylamine or pyridine. The reaction is carried out in an inert solvent, such as,
but not limited to dichloromethane, at temperatures ranging from 0°C to room
temperature. Treatment of compounds of formula (1, R*=Cl Br, 1, 0OS0O,CF;3) with
aryl or heteroaryl boronic acids or aryl or heteroaryl boronic acid esters, of formula
R*-Z where Z is equivalent to B(OH), or B(OR*)(OR®) (where R® and R® are lower
alkyl, i.e., C;-Cg, or taken together, R* and R® are lower alkylene, i.e., C,-Cy2) and R*
is the corresponding aryl or heteroaryl group in the presence of a metal catalyst with
or without a base in an inert solvent gives benzazepine compounds of formula (I; R* =
aryl, heteroaryl). Metal catalysts include, but are not limited to, salts or phosphine
complexes of Cu, Pd, or Ni (e.g., Cu(OAc),, PACl; (PPhs),, NiCl, (PPhs),, PA(PPhs)s).
Bases may include, but are not limited to, alkaline earth metal carbonates, alkaline
earth metal bicarbonates, alkaline earth metal hydroxides, alkali metal carbonates,
alkali metal bicarbonates, alkali metal hydroxides, alkali metal hydrides, alkali metal
alkoxides, alkaline earth metal hydrides, alkali metal dialkylamides (preferably
lithium diisopropylamide), alkali metal bis(trialkylsilyl)amides (preferably sodium

bis(trimethylsilyl)amide), trialkyl amines (preferably diisopropylethylamine or
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triethylamine) or aromatic amines (preferably pyridine). Inert solvents may include,
but are not limited to acetonitrile, dialkyl ethers (preferably diethyl ether), cyclic
ethers (preferably tetrahydrofuran or 1,4-dioxane), N, N-dialkylacetamides (preferably
dimethylacetamide), N, N-dialkylformamides (preferably dimethylformamide),
dialkylsulfoxides (preferably dimethylsulfoxide), aromatic hydrocarbons (preferably
benzene or toluene) or haloalkanes (preferably methylene chloride). Preferred
reaction temperatures range from room temperature up to the boiling point of the
solvent employed. The reactions may be run in conventional glassware or in one of
many commercially available parallel synthesizer units. Non-commercially available
boronic acids or boronic acid esters may be obtained from the corresponding
optionally substituted aryl halide as described by Gao et al., Tetrahedron, 50:979-988
(1994), which is hereby incorporated by reference in its entirety.

[0094] It will also be appreciated by one skilled in the art that compounds of
formula (I; R* = CJ, Br, I, OSO,CF3) may be converted to the boronic acid or boronate
ester and subsequently treated with the desired optionally substituted aryl or
heteroaryl halide in discrete steps or in tandem as described by Baudoin et al., J. Org.
Chem. 67:1199-1207 (2002), which is hereby incorporated by reference in its entirety.
[0095] The compounds of formula (I; R* = -NR'R"", -NR"*C(O)R") of the
present invention may be prepared from the compounds of formula (I; R* = CJ, Br, I,
0S0,CF3) on reaction with an appropriate amine, amide or lactam, in the presence of
a metal catalyst, with or without a base in an inert solvent. Metal catalysts include,
but are not limited to, salts or complexes of Cu, Pd, or Ni (e.g., Cul, Cu(OAc),,
PdCl(dppf), NiCl(OAc),, Ni(COD);). Bases may include, but are not limited to,
alkali metal carb.onates, alkali metal hydrides, alkali metal alkoxides (preferably,
sodium tert-butoxide), and alkali metal bis(trialkylsilyl)amides (preferably, lithium
bis(trimethylsilyl)amide). A supporting ligand, such as, but not limited to L-proline
or dimethylethylenediamine is often used. Inert solvents may include, but are not
limited to, cyclic ethers (preferably, tetrahydrofuran or 1,4-dioxane), N, N-
dialkylformamides (preferably, dimethylformamide), dialkylsulfoxides (preferably,
dimethylsulfoxide), or aromatic hydrocarbons (preferably, benzene or toluene).
Preferred reaction temperatures range from room temperature up to the boiling point
of the solvent employed. The reactions may be run in conventional glassware orin a

sealed reaction vessel.
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[0096] It will also be appreciated by one skilled in the art that the secondary
alcohols of formula (VII; R* = Cl, Br, 1) may be protected as, but not limited to, silyl
ethers such as terz-butyldimethylsilyl ether by methods that that are familiar to one
skilled in the art of organic synthesis. The silyl ether derivatives of formula (VII; R*
= Cl, Br, I) may then be converted to silyl ethers derivative of formula (VII; R* = aryl,
heteroaryl, -NR'R", ~NR12C(O)R'3) by the aforementioned methods. The silyl
group can be removed by treatment with tetrabutyl ammonium fluoride to give
compounds of formula (VII). Compounds of formula (VII) may be converted to
compounds of formula (I) by the aforementioned methods.

{0097] Compounds of formula I(A-E) may be obtained in enantiomerically
pure (R) and (S) form by crystallization with chiral salts as well known to one skilled
in the art, or alternatively, may be isolated through chiral HPLC employing
commercially available chiral columns. Compounds of formula (VII) or the ether
derivatives, such as the tert-butyldimethylsilyl ethers of compounds of formula (VII)
could also be obtained as enantiomerically pure (R) and (S) form by crystallization
with chiral salts as well known to one skilled in the art, or alternatively, may be
isolated through chiral HPLC employing commercially available chiral columns.
[0098] It will be appreciated that compounds according to the present
invention may contain asymmetric centers. These asymmetric centers may
independently be in either the R or S configuration and such compounds are able to
rotate a plane of polarized light in a polarimeter. If said plane of polarized light is
caused by the compound to rotate in a counterclockwise direction, the compound is
said to be the (-) stereoisomer of the compound. If said plane of polarized light is
caused by the compound to rotate in a clockwise direction, the compound is said to be
the (+) stereoisomer of the compound. It will be apparent to those skilled in the art
that certain compounds useful accordiﬁg to the invention may also exhibit geometrical
isomerism. It is to be understood that the present invention includes individual
geometrical isomers and stereoisomers and mixtures thereof, including racemic
mixtures, of compounds of formulae I(A-E) hereinabove. Such isomers can be
separated from their mixtures, by the application or adaptation of known methods, for

separately prepared from the appropriate isomers of their intermediates.
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[0099] Radiolabelled compounds of the invention are synthesized by a
number of means well known to those of ordinary skill in the art, e.g., by using
starting materials incorporating therein one or more radioisotopes. Compounds of the
present invention where a stable radioisotope, such as carbon-14, tritium, iodine-121,
or another radioisotope, has been introduced synthetically are useful diagnostic agents
for identifying areas of the brain or central nervous system that may be affected by
disorders where norepinephrine, dopamine, or serotonin transporters and their uptake
mechanism are implicated.

[0100] The present invention provides compositions containing the
compounds described herein, including, in particular, pharmaceutical compositions
comprising therapeutically effective amounts of the compounds and pharmaceutically
acceptable carriers.

[0101] | Also described herein are kits having a plurality of active ingredients
(with or without carrier) which, together, may be effectively utilized for carrying out
the novel combination therapies of the invention.

[0102] Also described herein is a novel pharmaceutical composition which is
effective, in and of itself, for utilization in a beneficial combination therapy because it
includes a plurality of active ingredients which may be utilized in accordance with the
invention.

[0103] The present invention also provides kits or single packages combining
two or more active ingredients useful in treating the disease. A kit may provide
(alone or in combination with a pharmaceutically acceptable diluent or carrier) the
compounds of fonnulé.e I(A-E) and the additional active ingredient (alone or in
combination with diluent or carrier) selected from a serotonin 1A receptor antagonist,
a selective neurokinin-1 receptor antagonist, and a norepinephrine precursor.

10104] In practice, the compounds of the present invention may generally be
administered parenterally, intravenously, subcutaneously, intramuscularly,
colonically, nasally, intraperitoneally, rectally, or orally.

[0105] The products according to the invention may be presented in forms
permitting administration by the most suitable route and the invention also relates to
pharmaceutical compositions containing at least one product according to the
invention which are suitable for use in human or veterinary. medicine.. These .. ...

compositions may be prepared according to the customary methods, using one or
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more pharmaceutically acceptable adjuvants or excipients. The adjuvants comprise,
inter alia, diluents, sterile aqueous media, and the various non-toxic organic solvents.
The compoSitions may be presented in the form of tablets, pills, granules, powders,
aqueous solutions or suspensions, injectable solutions, elixirs or syrups, and can
contain one or more agents chosen from the group comprising sweeteners, flavorings,
colorings, or stabilizers in order to obtain pharmaceutically acceptable preparations.
[0106] The choice of vehicle and the content of active substance in the vehicle
are generally determined in accordance with the solubility and chemical properties of
the product, the particular mode of administration and the provisions to be observed in
pharmaceutical practice. For example, excipients such as lactose, sodium citrate,
calcium carbonate, dicalcium phosphate and disintegrating agents such as starch,
alginic acids and certain complex silicates combined with lubricants such as
magnesium stearate, sodium lauryl sulfate and talc may be used for preparing tablets.
To prepare a capsule, it is advantageous to use lactose and high molecular weight
polyethylene glycols. When aqueous suspensions are used they can contain
emulsifying agents or agents which facilitate suspension. Diluents such as sucrose,
ethanol, polyethylene glycol, propylene glycol, glycerol, and chloroform or mixtures
thereof may also be used.

[0167] For parenteral administration, emulsions, suspensions or soiutions of
the products according to the invention in vegetable oil, for example sesame oil,
groundnut oil, or olive oil, or aqueous-organic solutions such as water and propylene
glycol, injectable organic esters such as ethyl oleate, as well as sterile aqueous
solutions of the pharmaceutically acceptable salts, are used. The solutions of the salts
of the products according to the invention are especially useful for administration by
intramuscular or subcutaneous injection. The aqueous solutions, also comprising
solutions of the salts in pure distilled water, may be used for intravenous
administration with the proviso that their pH is suitably adjusted, that they are
judiciously buffered and rendered isotonic with a sufficient quantity of glucose or
sodium chloride and that they are sterilized by heating, nradiation or microfiltration.
[0108] Suitable compositions containing the compounds of the present
invention may be prepared by conventional means. For example, compounds of the

present invention may be dissolved or suspended in a suitable carrier for use in a
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nebulizer or a suspension or solution aerosol, or may be absorbed or adsorbed onto a
suitable solid carrier for use in a dry powder inhaler.

[0109] Solid compositions for rectal administration include suppositories
formulated in accordance with known methods and containing at least one compound
of formulae I(A-E).

[0110] The percentage of active ingredient in the compositions of the present
invention may be varied, it being necessary that it should constitute a proportion such
that a suitable doéage shall be obtained. Obviously, several unit dosage forms may be
administered at about the same time. The dose employed will be determined by the
physician, and depends upon the desired therapeutic effect, the route of administration

and the duration of the treatment, and the condition of the patient. In the-adult, the

‘doses are generally from about 0.01 to about 100 mg/kg body weight, preferably

about 0.01 to about 10 mg/kg body weight per day by inhalation, from about 0.01 to
about 100 mg/kg body weight, preferably 0.1 to 70 mg/kg body weight, more
especially 0.5 to 10 mg/kg body weight per day by orai administration, and from
about 0.01 to about 50 mg/kg body weight, preferably 0.01 to 10 mg/kg body weight
per.day by intravenous administration. In each particular case, the doses will be
determined in accordance with the factors distinctive to the subject to be treated, such
as age, weight, general state of health and other characteristics which can influence
the efficacy of the medicinal product.

[0111] The products according to the present invention may be administered
as frequently as necessary in order to obtain the desired therapeutic effect. Some
patients may respond rapidly to a higher or lower dose and may find much weaker
maintenance doses adequate. For other patients, it may be necessary to have long-
term treatments at the rate of 1 to 4 doses per day, in accordance with the
physiological requirements of each particular patient. Generally, the active product
may be administered orally 1 to 4 times per day. It goes without saying that, for other
patients, it will be necessary to prescribe not more than one or two doses per day.
[0112] The present invention provides compounds which inhibit synaptic
norepinephrine, dopamine, and serotonin uptake and are, therefore, believed to be
useful in treating a disorder which is created by or is dependent upon decreased
availabihity of serotonin; norepinephrine or dopamine. - Although the compounds of

formulae I(A-E), inhibit synaptic norepinephrine, dopamine, and serotonin uptake, in
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any individual compound, these inhibitory effects may be manifested at the same or
vastly different concentrations or doses. As a result, some compounds of formulae
I(A-E), are useful in treating such a disorder at doses at which synaptic
norepinephrine uptake may be substantially inhibited but at which synaptic serotonin
uptake or dopamine uptake is not substantially inhibited, or vice versa. Also, some
compounds of formulae I(A-E), are useful in treating such a disorder at doses at
which synaptic ddpamine uptake may be substantially inhibited but at which synaptic
norepinephrine or serotonin uptake is not substantially inhibited, or vice versa. And,
conversely, some compounds of formulae I(A-E), are useful in treating such a
disorder at doses at which synaptic serotonin uptake may be substantially inhibited
but at which synaptic norepinephrine or dopamine uptake is not substantially
inhibited, or vice versa. Other compounds of formulae I(A-E), are useful in treating
such a disorder at doses at which synaptic norepinephrine, dopamine, and serotonin
uptake are substantially inhibited. l

[0113] The present invention provides compounds where the inhibitory effects
on serotonin and norepinephrine uptake occurs at similar or even the same
concentrations of these compounds, while the effects on inhibition of dopamine
uptake occurs at vastly different concentrations or doses. As a result, some
compounds of formulae I(A-E), are useful in treating such a disorder at doses at
which synaptic serotonin and norepinephrine uptake may be substantially inhibited
but at which synaptic dopamine uptake is not substantially inhibited, or vice versa.
[0114] The present invention provides compounds where the inhibitory effects
on serotonin and dopamine uptake occurs at similar or even the same concentrations
of these compounds while the effects on inhibition of norepinephrine uptake occurs at
vastly different concentratio)g§ or doses. As a result, some compounds of

formulae I(A-E), are useful in treating such a disorder at doses at which synaptic
serotonin and dopamine uptake may be substantially inhibited but at which synaptic
norepinephrine uptake is not substantially inhibited, or vice versa.

[0115] The present invention provides compounds where the inhibitory effects

on norepinephrine and dopamine uptake occurs at similar or even the same

~concentrations of these compounds while the effects on inhibition of dopamine uptake

occurs at vastly different concentrations or doses. As a result, some compounds of

formulae I(A-E) are useful in treating such a disorder at doses at which synaptic
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norepinephrine and dopamine uptake may be substantially inhibited but at which
synaptic serotonin uptake is not substantially inhibited, or vice versa.

[0116] The present invention provides compounds where the inhibitory effects
on norepinephrine, dopamine and serotonin uptake occur at similar or even the same
concentration. As a result, some compounds of formulae I(A-E) are useful in treating
such a disorder at doses at which synaptic norepinephrine, dopamine, and serotonin
uptake may all be substantially inhibited.

[0117] The concentrations or doses at which a test compound inhibits synaptic
norepinephrine, dopamine, and serotonin uptake is readily determined by the use of
standard assay and techniques well known and appreciated by one of ordinary skill in
the art. For example, the degree of inhibition at a particular dose in rats can be
determined by the method of Dudley, J Pharmacol Exp Ther 217:834-840 (1981),

which is hereby incorporated by reference in its entirety.

- [0118] The therapeutically effective inhibitory dose is one that is effective in

substantially inhibiting synaptic norepinephrine uptake, synaptic dopamine uptake, or
synaptic serotonin uptake or inhibiting the synaptic uptake of two or more of
norepinephrine, dopamine and serotonin uptake. The therapeutically effective
inhibitory dose can be readily determined by those skilled in the art by using
conventional range finding techniques and analogous results obtained in the test
systems described above.

[0119] Compounds of this invention provide a particularly beneficial
therapeutic index relative to other compounds available for the treatment of similar
disorders. Without intending to be limited by theory, it is believed that this is due, at
least in part, to some of the compounds having higher binding affinities for one or two
of the neurotransmitter transporters, e.g., selectivity towards the norepinephrine
transporter protein ("NET") over the transporters for other neurochemicals, e.g., the
dopamine transporter protein ("DAT") and the serotonin transporter protein
("SERT").

[0120] Other compounds of the present invention may demonstrate selectivity
towards the SERT over the transporters for other neurochemicals, e.g., the DAT and

the NET.
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[0121] Still other compounds of the present invention may demonstrate
selectivity towards the DAT over the transporters for other neurochemicals, e.g., the
SERT and the NET.

[0122] Other compounds of the present invention may demonstrate selectivity
towards the SERT and the NET over the transporter for other neurochemical, e.g., the
DAT.

[0123] Still other compounds of the present invention may demonstrate
selectivity towards the SERT and the DAT over the transporter for other
neurochemical, e.g., the NET.

[0124] Still other compounds of the present invention may demonstrate
selectivity towards the NET and the DAT over the transporter for other

neurochemical, e.g., the SERT.

[0125] Finally other compounds possess nearly identical affinity towards the
NET, the DAT, and the SERT.
[0126] Binding affinities are demonstrated by a number of means well known

to ordinarily skilled artisans, including, without limitation, those described in the
Examples section hereinbelow. Briefly, for example, protein-containing extracts from
cells, e.g., HEK293E cells, expressing the transporter proteins are incubated with
radiolabelled ligands for the proteins. The binding of the radioligands to the proteins
is reversible in the presence of other protein ligands, e.g., the compounds of the
present invention; said reversibility, as described below, provides a means of
measuring the compounds’ binding affinities for the proteins (Ki or 1Csp). A higher
Ki or ICsq value for a compound is indicative that the compound has less binding
affinity for a protein than is so for a compound with a lower Ki or ICso; conversely,
lower Ki or ICsq values are indicative of greater binding affinities.

[0127] Accordingly, the difference in compound selectivity for proteins is
indicated by a lower Ki or I1Csg for the protein for which the compound is more
selective, and a higher Ki or ICs, for the protein for which the compound is less
selective. Thus, the higher the ratio in Ki or ICs¢ values of a compound for protein A
over protein B, the greater is the compounds’ selectivity for the latter over the former

(the former having a higher Ki or ICsp and the latter a lower Ki or ICs for that

" compound). Compounds provided herein possess a wide range of selectivity profiles
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for the norepinephrine, dopamine, and serotonin transporters as reflected by the ratios
of the experimentally determined Ki or 1Csq values.

[0128] Selected compounds (“mono action transporter reuptake inhibitors”) of
the present invention have potent binding affinity for each of the biogenic amine
transporters NET, DAT or SERT. For example, selected compounds of the present
invention possess potent (NET Ki or ICsp < 100 nM) and selective binding affinity for
NET, where the Ki or ICsg ratio of DAT/NET and SERT/NET is greater than 10:1.
Other selected compounds of the present invention possess potent (SERT Ki or ICsg <
100 nM) and selective binding affinity for SERT, where the Ki or ICsg ratio of
NET/SERT and DAT/SERT is greater than 10:1. Other selected compounds of the
present invention possess potent (DAT Ki or 1Cs9 < 100 nM) and selective binding
affinity for DAT, where the Ki or ICsg ratio of NET/DAT and SERT/DAT 1s greater
than 10:1.

[0129] Selected compounds (“dual action transporter reuptake inhibitors”) of
the present invention have potent binding affinity for two of the biogenic amine
transporters, NET, DAT or SERT. For example, selected compounds of the present
invention possess potent (NET & SERT Ki or ICsy values < 100 nM) and selective
binding affinity for NET and SERT, where the Ki ratio of DAT/NET and DAT/SERT
is greater than 10:1 while the Ki or ICsp ratio of SERT/NET or NET/SERT is less than
10:1. Other selected compounds of the present invention possess potent (NET &
DAT Ki or ICs values < 100 nM) and selective binding affinity for NET and DAT,
where the Ki ratio of SERT/NET and SERT/DAT is greater than 10:1 while the Ki or
1Csq ratio of DAT/NET or NET/DAT is less than 10:1. Other selected compounds of
this invention possess potent (DAT & SERT Ki or ICsy values < 100 nM) and
selective binding affinity for DAT and SERT, where the Ki or ICsq ratio of NET/DAT
and SERT/DAT is greater than 10:1 while the Ki or ICsq ratio of SERT/NET or
NET/SERT is less than 10:1.

[0130] Selected compounds (“triple action transporter reuptake inhibitors”) of
the present invention have potent binding affinity simultaneously for all three of the
biogenic amine transporters, NET, DAT or SERT. For example, selected compounds
of this invention possess potent (NET, DAT & SERT Ki or ICsg values < 100 nM)
where the Ki or 1Csg ratios of NET/DAT, NET/SERT, DAT/NET, DAT/SERT,
SERT/NET and SERT/DAT are all less than 10:1.
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[0131] Selected compounds of the present invention have potent binding
affinity (Ki or ICso values < 100 nM) for one, two, or three of the biogenic amine
transporters, NET, DAT and SERT where the Ki or ICsg ratios for any of NET/SERT,
NET/DAT, DAT/NET, DAT/SERT, SERT/NET, and SERT/DAT fall outside of the
bounds defined for the “Mono-, Dual or Triple action transpoﬁef reuptake inhibitors”
defined above. |

[0132] Selected compounds of the present invention have less potent binding
affinity (Ki or ICsy values between 100 nM and 1000 nM) for one, two, or three of the
biogenic amine transporters, NET, DAT and SERT, where the Ki or 1Csg ratios for
any of NET/SERT, NET/DAT, DAT/NET, DAT/SERT, SERT/NET, and SERT/DAT
fall within the bounds defined for the “Mono-, Dual or Triple action transporter
reuptake inhibitors” defined above.

[0133] Finally, selected compounds of the present invention have less potent
binding affinity (Ki or ICsy values between 100 nM and 1000 nM) for one, two, or
three of the biogenic amine transporters, NET, DAT, and SERT, where the Ki or ICsg
ratios for any of NET/SERT, NET/DAT, DAT/NET, DAT/SERT, SERT/NET, and
SERT/DAT fall outside of the bounds defined for the “mono-, dual or triple action

transporter reuptake inhibitors” defined above.

EXAMPLES

[0134] The following examples are provided to illustrate embodiments of the

present invention but are by no means intended to limit its scope.

Example 1 - Preparation of (+)-2-methyl-5-(naphthalen-2-yloxy)-8-(pyridazin-3-
yD)-2,3,4,5-tetrahydro-1H-benzo|c]azepine, tartrate salt

[0135] Step A: To a solution of 3-bromobenzaldehyde (75.5 g, 408 munol) in
methanol (500 mL) at 0°C was added methylamine (40% in aqueous, 38 g,

490 mmol), and iodine (1 g, 3.9 mmol). The mixture was stirred at 0°C for

30 minutes. Sodium borohydride (23.2 g, 614 mmol) was added in portions. The
mixture was stirred at 0°C for 5 hours. The solvent was removed, and the residue was
taken up with water and dichloromethane. The organic layer was separated, washed

with brine, dried over sodium sulfate and concentrated to give the benzylamine (80 g,
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crude) as a light yellow oil: '"H NMR (CDCl;, 500 MHz) & 7.48 (s, 1H), 7.38 (d, J =
8.0 Hz, 1H), 7.24 (d, /= 8.0 Hz, 1H), 7.19 (t, J= 8.0 Hz, 1H), 3.72 (s, 1H), 2.46 (s,
3H); ESI MS m/z 200 [M+H]".

[0136] Step B: A solution of the benzylamine (26.4 g, 131 mmol) from Step
A above, acrylic acid (9.5 g, 131 mmol) and pyridine (150 mL) was refluxed for

2 hours. The solvent was removed, and the residue was dried under vacuum to give
the acid (37.6 g, crude) as a light yellow oil: "H NMR (CDCl, 300 MHz) § 7.75-7.68
(m, 2H), 7.48-7.43 (m, 2H), 3.67 (s, 2H), 2.84 (t, J= 6.0 Hz, 2H), 2.56 (t, /= 6.0 Hz,
2H), 2.34 (s, 3H); ESI MS m/z 272 [M+H]"

[0137] Step C: A mixture of the acid (80 g, crude) from Step B above and
triflic acid (350 g, 2333 mmol) was heated at 120°C for 72 hours. After cooling to
room temperature, the mixture was slowly diluted with water (1000 mL) at 0°C. The
aqueous mixture was adjusted with NaOH to pH = 9. The product was extracted with
dichloromethane, washed with brine, dried over sodium sulfate and concentrated to
give the ketone (38 g, crude): 'H NMR (CDCl;, 500 MHz) § 7.52-7.51 (m, 1H), 7.38-
7.37 (m, 1H), 7.31-7.28 (m, 1H), 3.89 (s, 2H), 2.84 (m, 4H), 2.43 (s, 9H); ESI MS m/z
254 [M+H]".

[0138] Step D: To a solution of the ketone (1.9 g, 7.3 munol) in methanol

(20 mL) was added NaBH4 (418 mg, 11.0 mmol) in portions at 0°C. The mixture was
stirred at 0°C for | hour. The solvent was removed, and the residue was taken up with
dichloromethane/water. The organic layer was separated, washed with brine, dried
over sodium sulfate, and concentrated to give the alcohol (2.1 g, crude) as a dark oil:
'H NMR (CDCl;, 300 MHz) & 7.60-7.42 (m, 1 H), 7.37-7.33 (m, 1H), 7.26-7.23 (m,
1H), 4.86-4.82 (m, 1H), 3.90-3.84 (m, 1H), 3.72-3.67 (m, 1H), 3.22-3.18 (m, 1H),
2.90-2.82 (m, 1H), 2.34 (s, 3H), 2.14-2.07 (m, 1H), 1.95-1.91 (m, 1H); ESI MS m/z
256 [M+H]".

[0139] Step E: A mixture of the alcohol from Step D above (15.2 g, crude),
t-butyldimethylsilyl chloride (10 g, 66 mmol), imidazole (11.1 g, 166 mmol) and
DMF (100 mL) was sturred at room temperature overnight. The mixture was diluted

with water, washed with saturated aqueous NaHCOs3 solution, brine, dried over

_sodium sulfate, and concentrated. The residue was purified with chromatography

(98:1.8:0.2 to 95:4.5:0.5 dichloromethane/methanol/concentrated ammonium
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liydroxide) to give the TBS ether (12 g, 59%) as a brown oil: '"H NMR (CDCl,

300 MHz) 6 8.01 (s, 1H), 7.33 (d, /=79 Hz, 1H), 7.24 (d, J=7.9 Hz, 1H ), 4.82 (t,
J=4.9 Hz, 1H), 3.64-3.61 (m, 1H), 3.27-3.18 (m 1H), 2.36 (s, 3H), 1.95-1.85 (m, 2H),
1.80-1.63 (m, 2H), 0.91 (s, 9H), 0.097-0.085 (m, 6H); ESI MS m/z 370 [M+H]".
[0140] Step F: To a solution of the bromide (12 g, crude) from Step E in
DMSO (120 mL) was added bis(pinacolato)diboron (8.7 g, 34.1 mmol) and potassium
acetate (9.5 g, 97 mmol). The mixture was purged with argon. 1,1'-
Bis(diphenylphosphino)ferrocenedichloropalladium (1.9 mg, 2.5 mmol) was added to
the mixture. The reaction was heated at 85°C for 1.5 hours. After cooling to room
temperature, the reaction mixture was diluted with dichloromethane, and filtered
through a pad of Celite. The filterate was washed with water, brine, dried over
sodium sulfate and concentrated to give the desired boronate ester (19 g, crude) as a
thick black liquid: ESI MS m/z 418 [M+H]".

[0141] Step G: The boronate ester (19 g, cru'de) from Step F above, 3-chloro-
pyridazine (4.8 g, 42 mmol), and cesium carbonate (21 g, 63 mmol) were suspended
in DMF (120 mL) and water (30 mL). The mixture was purged with argon. 1,1'-
Bi.s(diphenylphosphino)ferrocenedichloropalladium (240 mg, 0.33 mmol) was added
to the mixture. The mixture was heated at 100°C for 2 hours. After cooling to room
temperature, the reaction mixture was diluted with dichloromethane, and filtered
through a pad of Celite. The filtrate was washed with water, brine, dried over sodium
sulfate and concentrated. The residue was purified by flash chromatography
(98:1.8:0.2 to 95:4.5:0.5 dichloromethane/methanol/concentrated ammonium
hydroxide) to give 5-(zert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-y1)-2,3,4,5-
tetrahydro-1H-benzo[clazepine (4.7 g, 40% for 2 steps) as an oil. This oil was
resolved using Chiralcel OD column (eluente :80 Hep:20 IPA:0.1 DEA) to give (+)-
enantiomer (2.3 g, 98%, ([a]*p, +26.9° (C, 0.29 Methanol) and (-)-enantiomer (2.3 g,
98%, [01)*°p, ~23.2° (C, 0.28 Methanol)): 'H NMR (CDCls, 300 MHz) 8 9.15 (d, J =
4.8 Hz, 1H), 7.91-7.84 (m, 3H), 7.54-7.50 (m, 2H), 4.96 (t, J = 5.2 Hz, 1H), 4.26-4.05
(m, 1H), 3.85-3.73 (m, 1H), 3.30-3.21 (m, 1H), 2.97-2.91 (m, 1H), 2.32 (s, 3H) 1.95-
1.85 (m, 2H), 0.91 (s, 9H), 0.097-0.085 (m, 6H); ESI MS m/z 370 [M+H]".

[0142] Step H: To the solution of the (-)-5-(tert-butyldimethylsilyloxy)-2-
methyl-8-(pyridazin-3-yl1)-2,3,4,5-tetrahydro-1/-benzo[ c]azepine (2.14 g, 5.8 mmol)
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from Step G above in THF was added TBAF (1.0 M in THF, 10 mL, 10 mmol). The
reaction mixture was stirred at room temperature for 3 hours. The solvent was
removed. The residue was purified by flash chromatography (97:2.7:0.3 to 93:6.3:0.7
ethyl acetate/methanol/concentrated ammonium hydroxide) to give (-)-2-methyl-8-
(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-5-ol (1.34 g, 90%) as a white
solid ([a]*’p, -28.6°, (C, 0.18 Methanol)): ESI MS m/z 256 [M+H]".

[0143] Step I: To a solution of (-)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-5-ol (17.8 mg, 0.070 mmol) from Step H above in
methanol (1 mL) was added L-tartaric acid (11 mg, 0.073 mmol) followed by slow
addition of water (5 mL). The resultant solution was lyophilized overnight to give (-)-
2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-benzo[ c]azepin-5-ol, tartrate salt
(28 mg, 97%, AUC HPLC >99%) as a off-white solid: mp 102-104°C; 'H NMR
(CDs0D, 500 MHz) 6 9.18 (d, J= 5.0 Hz, 1H), 8.21 (d, /= 8.7 Hz, 1H), 8.16 (s, 1H),
8.13(d, /=79 Hz, 1H), 7.82 (dd, /= 8.7, 4.9 Hz, 1H), 7.69-7.65 (m, 1H), 5.09-5.07
(m, 1H), 4.88-4.81 (m, 1H), 4.45-4.41 (m, 1H), 3.50-3.44 (m, 1H), 2.90 (s, 3H), 2.24-
2.22 (m, 1H); ESI MS m/z 256 [M+H].

[0144] Step J: To a solution of (-)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo|c]azepin-5-0l (80 mg, 0.31) from Step H above in THF (5 mL)
was added napthalen-2-01 (67 mg, 0.47 mmol), tributylphosophine (95 mg,

0.47 mmol) and 1, 1’-(azodicarboyl)dipiperidine (118 mg, 0.47 mmol) at room
temperature. The reaction mixture was stirred at room temperature for 3 hours. The
mixture was diluted with dichloromethane and washed with water, brine, dried over
sodium sulfate and concentrated. The residue was purified by chromatography (98:2
to 95:5 ethyl acetate/methanol), followed by HPLC to give the (+)-5-(naphthalen-2-
yloxy)-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-benzo[c]azepine (60 mg, 48%) as a
gum-like solid.

[0145] Step K: To a solution of the product (45 mg, 0.12 mmol) from Step J
above in methanol (1 mL) was added L-tartaric acid (17 mg, 0.12 mmol) followed by
slow addition of water (5 mL). The resultant solution was lyophilized overnight to
give (+)-5-(naphthalen-2-yloxy)-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine, tartrate salt (58 mg, 94%, AUC HPLC >99%) as white solid: mp

-122-124°C; '"H NMR (CD;0D, 500 MHz) 6 9.18 (d, J = 5.0 Hz, 1H),8.21 (s, 1H),
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$.19 (d, J = 8.7 Hz, 1H), 8.09 (d, J = 8.0Hz, 1H), 7.81-7.76 (m, 4H), 7.70 (d, J =
8.2 Hz, 1H), 7.40 (t, J = 8.2 Hz, 1H), 7.37 (s, 1H), 7.34-7.31 (m, 2H), 5.94 (d, J =
8.2 Hz, 1H), 4.88-4.81 (m, 1H), 4.60-4.56 (m, 1H), 4.40 (s, 2 H), 3.98-3.90 (m, 1H),
3.70-3.60 (m, 1H), 2.92 (s, 3H), 2.54-2.48 (m, 2H); ESI MS m/z 382 [M+H].

Example 2 - Preparation of (+)-5-(4-chlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-
2.3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt

7[7()‘146]’ ' This V(V:ompéurkld“Wasw plepared from (;);é;fhefllyl-S—(pyi‘idazin-?;—jfi)—

2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-0l from Step H in Example 1 and 4-
chlorophenol, following the procedures of Steps J and K in Example 1. (+)-5-(4-
Chlorophenyl)—8-(pyridazin~3—yl)-2,3,4',5—tetrahydro—lfl—benzo[c]azepine, tartrate salt
(AUC HPLC >99%) is a white solid: mp 106-108°C; 'H NMR (CD;0D, 500 MHz)
89.18 (d, J= 5.0 Hz, 1H), 8.20-8.17 (m, 2H), 8.07 (d, J= 8.0 Hz, 1H), 7.80 (dd, J =
8.7, 3.8 Hz, 1H), 7.66 (d, J= 7.9 Hz, 1H), 7.25 (d, /= 9.0 Hz, 2H), 7.05 (d, / =

9.0 Hz, 2H), 5.73 (d, /= 7.6 Hz, 1H), 4.92-4.84 (m, 1H), 4.52-4.46 (m, 1H), 4.42 (s,
3H), 3.90-3.80 (m, 1H), 3.56- 3.50 (m, 1H), 2.86 (s, 3H), 2.46-2.37 (m, 2H); ESI MS
m/z 366 [M+H]. ‘

Example 3 - Preparation of (+)-2-methyl-8-(pyridazin-3-y1)-5-(p-tolyloxy)-2,3,4,5-
tetrahydro-1H-benzo[c]azepine, tartrate salt
[0147] This compound was prepared from (-)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[clazepin-5-ol from Step H in Example 1 and p-cresol,
following the procedures of Steps J and K in Example 1. (+)-2-Methyl-8-(pyridazin-
3-yl)-5-(p-tolyloxy)-2,3,4,5-tetrahydro-1H-benzo[ c]azepine, tartrate salt ( AUC
HPLC >99%) is a white solid: mp 104-106°C; 'H NMR (CD;0D, 500 MHz) & 9.18
(d, /= 5.0 Hz, 1H), 8.20-8.18 (m, 2H), 8.08 (d, /= 8.6 Hz, 1H), 7.80 (dd, J= 8.7,
3.8 Hz, 1H), 7.66 (d, /= 7.9 Hz, 1H), 7.06 (d, /= 9.0 Hz, 2H), 6.93 (d, /= 9.0 Hz,
2H), 5.69 (d, J = 7.7 Hz, 1H), 4.96-4.88 (m, 1H), 4.55-4.52 (m, 1H), 4.43 (s, 3H),
3.98-3.93 (m, 1H), 3.60-3.58 (m, 1H), 2.93 (s, 3H), 2.54-2.35 (m, 2H); ESI MS m/z
346 [M+H].
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Example 4 - Preparation of (+)-2—methyl-8-(pyridazin—S-yl)—S-(4—
(trifluoromethoxy)phenoxy)-2,3,4,5-tetrahydro-1H-
benzo|c}azepine, tartrate salt .

[0148] This compound was prepared from (-)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-ol from Step H in Example 1 and 4- |
(triftluoromethoxy)phenol, following the procedures of Steps J and K in Example 1.
(+)-2-Methyl-8-(pyridazin-3-yl)-5-(4-(trifluoromethoxy)phenoxy)-2,3,4,5-tetrahydro-
1H-benzo[c]azepine, tartrate salt ( AUC HPLC 98.4%) 1s a white solid: mp 104-
106°C; '"H NMR (CDs0D, 500 MHz) § 9.18 (d, J = 5.0 Hz, 1H), 8.20-8.18 (m, 2H),
8.08 (d, /= 8.0 Hz, 1H), 7.81 (dd, /= 8.7, 3.8 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 7.19
(d, J=9.0 Hz, 2H), 7.14 (d, J = 9.0 Hz, 2H), 5.76 (d, J = 8.0 Hz, 1H), 4.92-4.84 (m,
1H), 4.50-4.47 (m, 1H), 4.42 (s, 3H), 3.90-3.80 (m, 1H), 3.58—3.52 (m, 1H), 2.87 (s,
3H), 2.54-2.38 (m, 2H); ESI MS m/z 416 [M+H].

Example 5 - Preparation of (+)-5-(3,5-difluorophenoxy)-2-methyl-8-(pyridazin-3-
yD-2,3,4,5-tetrahydro-1H-benzo|[c]azepine, tartrate salt
[0149] This compound was prepared from (-)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[ clazepin-5-ol from Step H in Example 1 and 3,5-
difluorophenol, following the procedures of Steps J and K in Example 1. (+)-5-(3,5-
Difluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-
benzo[clazepine, tartrate salt ( AUC HPLC >99%) is a white solid: mp 94-96°C; 'H
NMR (CD;OD, 500 MHz) 6 9.18 (d, /= 4.5 Hz, 1H), 8.22-8.20 (m, 2H), 8.12 (d, /=
8.0 Hz, 1H), 7.81 (dd, J= 8.7, 3.8 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H), 6.78-6.75 (m,
2H), 6.58-6.53 (m, 1H), 5.82 (d, J= 7.9 Hz, 1H), 4.88-4.81 (m, 1H), 4.58-4.53 (m,
1H), 4.43 (s, 3H), 3.92-3.82 (m, 1H), 3.65-3.58 (m, 1H), 2.90 (s, 3H), 2.58-2.40 (m,
2H); ESI MS m/z 368 [M-+H].

Example 6 — Preparation of (+)-4-(2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-S-yloxy)benzonitrile, tartrate salt
[0150] This compound was prepared from (-)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo|clazepin-5-ol from Step H in Example 1 and 4-
hydroxybenzonitrile, following the procedures of Steps J and K in Example 1. (+)-4-

(2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-benzo[ clazepin-5-
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yloxy)benzonitrile, tartrate salt (AUC HPLC >99%) is a white solid: mp 94-96°C; 'H
NMR (CD;0D, 500 MHz) § 9.18 (d, /= 4.9 Hz, 1H), 8.21-8.19 (m, 2H), 8.11 (d, J =
8.0 Hz, 1H), 7.70-7.65 (m, 3H), 7.24 (d, J = 8.8 Hz, 2H), 5.92 (d, /= 7.7 Hz, 1H),
4.88-4.81 (m, 1H), 4.56-4.52 (m, 1H), 4.43 (s, 3H), 3.90-3.80 (m, 1H), 3.65-3.58 (m,
1H), 2.88 (s, 3H), 2.66-2.40 (m, 2H); ESI MS m/z 357 [M+H].

Example 7 — Preparation of (+)-5-(3,4-Dichlorophenoxy)-2-methyl-8-(pyridazin-
3-yD-2,3,4,5-tetrahydro-1H-benzo[c]lazepine, tartrate salt
[0151} This compound was prepared from (-)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[cJazepin-5-0] from Step H in Example 1 and 3,4-
dichlorophenol, following the procedures of Steps J and K in Example 1. (+)-5-(3,4-
Dichlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine, tartrate salt ( AUC HPLC 98.8%) is a white solid: mp 102-104°C;
'H NMR (CD;0D, 500 MHz)  9.18 (d, J = 4.9 Hz, 1H), 8.21-8.19 (m, 2H), 8.11 (d,
J=8.0 Hz, 1H), 7.82-7.80 (m, 1H), 7.67 (d, J= 7.9 Hz, 1H), 7.40 (d, J = 9.0 Hz, 1H),
7.29 (d, J=2.9 Hz, 1H), 7.05 (d, /= 8.9 Hz, 1H), 5.79 (d, /= 7.8 Hz, 1H), 4.88-4.80
(m, 1H), 4.53-4.45 (m, 1H), 4.42 (s, 3H), 3.90-3.80 (m, 1H), 3.60-3.52 (m, 1H), 2.88
(s, 3H), 2.56-2.38 (m, 2H); ESI MS m/z 400 [M+H].

Example 8 — Preparation of (+)-5-(3,4-Difluorophenoxy)-2-methyl-8-(pyridazin-
3-yD-2,3,4,5-tetrahydro-1H-benzo|c]azepine, tartrate salt
[0152] This compound was prepared from (-)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[ c]azepin-5-ol from Step H in Example 1 and 3,4-
difluorophenol, following the procedures of Steps J and K in Example 1. (+)-5-(3,4-
Difluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1./4-
benzo[c]azepine, tartrate salt ( AUC HPLC >99%) is a white solid: mp 100-102°C; 'H
NMR (CD;0D, 500 MHz) 6 9.18 (d, J=4.7 Hz, 1H), 8.21-8.19 (m, 2H), 8.11 (d, /=
7.9 Hz, 1H), 7.83-7.80 (m, 1H), 7.67 (d, /= 8.0 Hz, 1H), 7.19-7.13 (m, 1H), 7.09-7.05
(m, 1H), 6.89-6.87 (m, 1H), 5.73 (d, /= 7.3 Hz, 1H), 4.89-4.81 (m, 1H), 4.60-4.50
(m, 1H), 4.44 (s, 3H), 3.96-3.88 (m, 1H), 3.64-3.55 (m, 1H), 2.92 (s, 3H), 2.56-2.38

(m, 2H); ESI MS m/z 368 [M+H].
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Example 9 — Preparation of (+)-5-(2,4-Difluorophenoxy)-2-methyl-8-(pyridazin-
3-yD-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt
[0153] This compound was prepared from (-)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-ol from Step H in Example 1 and 2,4-
difluorophenol following the procedures of Steps J and K in Example 1. (+)-5-(2,4-
Difluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine, tartrate salt (AUC HPLC >99%) is a white solid: mp 98-100°C; 'H
NMR (CD;0D, 500 MHz) 6 9.18 (d, /=4.9 Hz, 1H), 8.21-8.19 (m, 2H), 8.05 (d, /=
7.9 Hz, 1H), 7.83-7.80 (m, 1H), 7.56 (d, J=7.9 Hz, 1H), 7.22-7.17 (m, 1H), 7.00-6.95
(m, 1H), 6.86-6.83 (m, 1H), 5.62 (d, J= 7.0 Hz, 1H), 4.96-4.92 (m, 1H), 4.44-4.41
(m, 3H), 4.44 (é, 3H), 3.95-3.86 (m, 1H), 3.53-3.50 (m, 1H), 2.86 (s, 3H), 2.56-2.52
(m, 1H), 2.45-2.40 (m, 1H); ESI MS m/z 368 [M+H].

Example 10 - Preparation of (-)-2-methyl-5-phenoxy-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[c]azepine, tartrate salt
[0154] Step A: To the solution of the (+)-5-(tert-butyldimethylsilyloxy)-2-
methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-benzo[c]azepine (2.2 g, 5.8 mmol)
from Step G in Example 1, THF (30 mL) was added TBAF (1.0 M in THF, 10 mL,
10 mmol). The reaction mixture was stirred at room temperature for 3 hours. The
solvent was removed. The residue was purified by flash chromatography (97:2.7:0.3
t0 93:6.3:0.7 ethyl acetate/methanol/concentrated ammonium hydroxide) to give 2-
methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-benzo[c]azepin-5-0l (1.01 g, 66%)
as a white solid [[OL]25D, +37.1°, (C, 0.21 Methanol)]: ESI MS m/z 256 [M+H]".
[0155] Step B: To a solution of (+)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-5-ol (65 mg, 0.25) from Step A in THF (5 mL) was
added phenol (73 mg, 0.77 mmol), tributylphosophine (156 mg, 0.77 mmol) and 1, 1'-
(azodicarboyl)dipiperidine (192 mg,10.77 mmol) at room temperature. The reaction
mixture was stirred at room temperature for 3 hours. The mixture was diluted with
dichloromethane and washed with water, brine, dried over sodium sulfate and
concentrated. The residue was purified by chromatography (98:2 to 95:5 ethyl
acetate/methanol), followed by HPLC to give (-)-2-methyl-5-phenoxy-8-(pyridazin-3-

" yD)-2,3,4,5-tetrahydro-1H-benzo[ clazepine (52 mg, 62%) as a gum-like solid.



10

15

20

30

56

[0156] Step C: To a solution of the aryloxybenzazepine (52 mg, 0.16 mmol)
from Step B above in methanol (1 ml) was added L-tartaric acid (23.5 mg,

0.16 mmol) followed by slow addition of water (5 mL). The resultant solution was
lyophilized overnight to give (-)-2-methyl-5-phenoxy-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[clazepine, tartrate salt (70 mg, 93%, AUC HPLC >99%) as a
white solid: mp 98-100°C; "H NMR (CD;0D, 500 MHz) § 9.17 (d, J = 5.0 Hz, 1H),
8.21-8.18 (m, 2H), 8.08 (d, J = 8.0 Hz, 1H), 7.82-7.79 (m, 1H), 7.68 (d, J= 8.0 Hz,
1H), 7.28-7.25 (m, 2H), 7.06 (d, J= 7.9 Hz, 2H), 6.95 (t, /= 7.4 Hz, 1H), 5.75 (d, J =
8.0 Hz, 1H), 4.92-4.84 (m, 1H), 4.51-4.48 (m, 1H), 4.41 (s, 2H), 3.95-3.85 (m, 1H),
3.57-3.55 (m, 1H), 2.88 (s, 3H), 2.46-2.38 (m, 2H); ESI MS m/z 332 [M+H].

Example 11 - Preparation of (-)-2-methyl-8-(pyridazin-3-yl)-5-(pyridin-3-yloxy)-

' 2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt
[0157] This compound was prepared from (+)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-ol from Step A in Example 10 and 3-
hydroxypyridine, following the procedures of Steps B and C in Example 10. The salt
(AUC HPLC >99%) is a white solid: mp 120-123°C; 'H NMR (CD;0D, 500 MHz)
89.18 (d, J=4.9 Hz, 1H), 8.36-8.38 (m, 1H), 8.21-8.19 (m, 2H), 8.16 (d, /=4.7,
1H), 8.11 (d, J= 7.9 Hz, 1H), 7.83-7.80 (m, 1H), 7.70 (d, /= 8.0 Hz, 1H), 7.59 (d, /=
4.0 Hz, 1H), 7.38-7.35 (m, 1H), 5.87 (d, J= 7.7 Hz, 1H), 4.92-4.84 (m, 1H), 4.52-4.46
(m, 1H), 4.42 (s, 4H), 3.95-3.85 (m, 1H), 3.60- 3.59 (m, 1H), 2.90 (s, 3H), 2.55-2.42
(m, 2H); ESI MS m/z 333 [M+H].

Example 12 - Preparation of (-)-5-(2-flurophenoxy)-2-methyl-8-(pyridazin-3-yl)-
2,3?4,5-tetrahydro-lH-benzo[c] azepine, tartrate salt
[0158] This compound was prepared from (+)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[clazepin-5-ol from Step A in Example 10 and 2-
flurophenol, following the procedures of Steps B and C in Example 10. (-)-5-(2-
Flurophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-benzo{c]azepine,
tartrate salt ( AUC HPLC >98.4%) is a white solid: mp 96-98°C; 'H NMR (CD;0D,
500 MHz) 9.17 (d, J= 6.3 Hz, 1H), 8.20-8.19 (m, 2H), 8.06 (d, J= 7.9 Hz, 1H), 7.82-
7.80 (m, 1H), 7.61 (d, J=7.9 Hz, 1H), 7.20 (d, /= 7.3 Hz, 1H), 7.12-7.04 (m, 2H),
6.98-6.96 (m, 1H), 5.71 (d, /= 7.3 Hz, 1H), 5.00-4.94 (m, 1H), 4.48-4.45 (m, 1H),
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4.42 (s, 2H), 3.98-3.93 (m, 1H), 3.60-3.54 (m, 1H), 2.89 (s, 3H), 2.55-2.44 (m, 2H);
ESI MS m/z 350 [M+H].

Example 13 - Preparation of (-)-5-(3-flurophenoxy)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo|c]azepine, tartrate salt
[0159] This compound was prepared from (+)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[ clazepin-5-ol from Step A in Example 10 and 3-
fluorophenol, following the procedures of Steps B and C in Example 10. (-)-5-(3-
Flurophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1 H-benzo[ c]azepine,
tartrate salt ( AUC HPLC 97.4%) is a white solid; mp 96-98°C; 'H NMR (CD;0D,
500 MHz) 6 9.18-9.17 (m, 1H), 8.21-8.18 (m, 2H), 8.11-8.09 (m, 1H), 7.83-7.80 (m,
1H), 7.70-7.68 (m, 1H), 7.28-7.26 (m, 1H), 6.91-6.83 (m, 2H), 6.70 (t, J= 7.9 Hz,
1H), 5.79 (d, J= 7.5 Hz, 1H), 4.86-4.84 (m, 1H), 4.52-4.48 (m, 1H), 4.42 (s, 2H),
3.92-3.83 (m, 1H), 3.62-3.52 (m, 1H), 2.85 (s, 3H), 2.47-2.42 (m, 2H); ESI MS m/z
350 [M+H].

Example 14 - Preparation of (-)-5-(3,5-difluorophenoxy)-2-methyl-8-(pyridazin-
3-yD-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt

[0160] This compound was prepared from (+)-2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1 H-benzo[c]azepin-5-ol from Step A in Example 10 and 3,5-

- difluorophenol, following the procedures of Steps B and C in Example 10. (-)-5-(3,5-

Difluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[cJazepine, tartrate salt ( AUC HPLC 98.3%) is a white solid: mp 120-122°C;

'H NMR (CD;0OD, 500 MHz) § 9.17 (d, J=4.9 Hz, 1H), 8.75-8.74 (m, 1H), 8.29 (d, J
=7.7 Hz, 1H), 8.21 (s, 1H), 8.19 (d, J= 8.7 Hz, 1H), 8.11 (d, /= 8.0 Hz, 1H), 7.91 (d,
J=9.0 Hz, 1H), 7.81-7.77 (m, 2H), 7.50-7.48 (m, 2H), 7.42-7.39 (m, 1H), 6.02 (d, J =
7.8 Hz, 1H), 4.88-4.80 (m, 1H), 4.65-4.55 (m, 1H), 4.42 (s, 2H), 3.95-3.85 (m, 1H),
3.67-3.60 (m, 1H), 2.90 (s, 3H), 2.62-2.48 (m, 2H); ESI MS m/z 368 [M+H].

Example 15 — Preparation of (-)-2-Methyl-5-(naphthalen-1-yloxy)-8-(pyridazin-
3-yD-2,3,4,5-tetrahydro-1H-benzo{c]azepine, tartrate salt

[O>1761]7 o This compound was pf‘épared ﬁom (+)—2-metl&yl;8-(pyridazin»3—yl)—
2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-ol from Step A in Example 10 and 4-
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hydroxybenzonitrile, following the procedures of Steps B and C in Example 10. (+)-
2-Methyl-5-(naphthalen-1-yloxy)-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine, tartrate salt (AUC HPLC >99%) is a white solid: mp 100-102°C; 'H
NMR (CD;0D, 500 MHz) 6 9.17 (d, /= 4.9 Hz, 1H), 8.39 (d, /= 7.8 Hz, 1H), 8.22-
8.19 (m, 2H), 8.10 (d, J = 8.0 Hz, 1H), 7.82-7.80 (m, 2H), 7.47 (d, /= 8.1 Hz, 1H),
7.32 (t,J=8.0 Hz, 1H), 6.99 (d, /= 7.8 Hz, 1H) 5.99 (d, /= 8.4 Hz, 1H), 4.92-4.84
(m, 1H), 4.61-4.58 (m, 1H), 4.42 (s, 2H), 3.95-3.85 (m, 1H), 3.70-3.63 (m, 1H), 2.90
(s, 3H), 2.68-2.52 (m, 2H); ESI MS m/z 382 [M-+H].

Example 16 - Preparation of (+)- and (-)-2-methy}-8-(6-methylpyridazin-3-yl)-5-
phenoxy-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt

[0162] Step A: To a solution of 3-bromobenzaldehyde (75.5 g, 408 mmol) in

methanol (500 mL) at 0°C was added methylamine (40% in aqueous, 38 g,

490 mmol), and iodine (1 g, 3.9 mmol). The mixture was stirred at 0°C for

30 minutes. Sodium borohydride (23.2 g, 614 mmol) was added in portions. The

mixture was stirred at 0°C for 5 hours. The solvent was removed, and the residue was

taken up with water and dichloromethane. The organic layer was separated, washed

with brine, dried over sodium sulfate, and concentrated to give the benzylamine (80 g,

crude) as a light yellow oil: '"H NMR (CDCls, 500 MHz) & 7.48 (s, 1H), 7.38 (d, J =

8.0 Hz, 1H), 7.24 (d, /= 8.0 Hz, 1H), 7.19 (t, /= 8.0 Hz, 1H), 3.72 (s, 1H), 2.46 (s,

3H); ESI MS m/z 200 [M+H]".

[0163] Step B: A solution of the benzylamine (26.4 g, 131 mmol) from Step A

above, acrylic acid (9.5 g, 131 mmol) and pyridine (150 mL) was refluxed for

2 hours. The solvent was removed, and the residue was dried under vacuum to give

the desired acid (37.6 g, crude) as a light yellow oil: 'H NMR (CDCls, 300 MHz)

5 7.68-7.75 (m, 2H), 7.48-7.43 (m, 2H), 3.67 (s, 2H), 2.84 (t, /= 6.0 Hz, 2H), 2.56 (t,

J=6.0 Hz, 2H), 2.34 (s, 3H); ESI MS m/z 272 [M+HT"

[0164] Step C: A mixture of the acid (80g, crude) from Step B above and

triflic acid (350 g, 2333 mmol) was heated at 120°C for 72 hours. After cooling to

room temperature, the mixture was slowly diluted with water (1000 mL) with ice-bath

cooling. The aqueous mixture was adjusted with NaOH to pH = 9. The product was

extracted with dichloromethane, washed with brine, dried and concentrated to give the

desired lactone (38 g, crude) as a dark oil: 'H NMR (CDCls, 500 MHz) & 7.52-7.51
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(m, 1H), 7.38-7.37 (m, 1H), 7.31-7.28 (m, 1H), 3.89 (s, 2H), 2.84 (n, 4H), 2.43 (s,
9H); ESI MS m/z 254 [M+H]".

[0165] Step D: To a solution of the lactone from Step C above (1.9 g,

7.3 mmol) in methanol (20 mL) was added NaBH4 (418 mg, 11.0 mmol) in portions at
0°C. The mixture was stirred at 0°C for 1 hour. The solvent was removed, and the
residue was taken up with dichloromethane/water. The organic layer was separated,
washed with brine, dried and concentrated to give the desired alcohol (2.1 g, crude) as
a dark oil: "H NMR (CDCls, 300 MHz) § 7.60-7.42 (m, 1 H), 7.37-7.33 (m, 1H), 7.26-
7.23 (m, 1H),4.86-4.82 (m, 1H), 3.90-3.84 (m, 1H), 3.72-3.67 (m, 1H), 3.22-3.18 (m,
1H), 2.90-2.82 (m, 1H), 2.34 (s, 3H), 2.14-2.07 (m, 1H), 1.95-1.91 (m, 1H); ESIMS
m/z 256 [M+H]".

[0166] Step E: To a solution of the alcohol (2.1 g, crude) from Step D above
in THF (50 mL) was added phenol (928 mg, 9.8 inmol), tributylphosophine (2.0 g,

9.8 mmol) and 1,1'-(azodicarboyl)dipiperidine (2.48 g, 9.8 mmol) at room
temperature. The reaction mixture was stirred at room temperature for 5 hours. The
mixture was diluted with dichloromethane and washed with water, brine, dried and
concentrated. The residue was purified by chromatography (98:2 to 95:5 ethyl
acetate/methanol) to give the aryloxyether (3.8 g, crude) as a brown oil: 'H NMR
(CDCIs, 300 MHz) 8 7.34-7.22 (m, 5H), 6.96-6.87 (m, 3H), 5.34 (dd, ] = 8.2, 2.6 Hz,
1H), 4.00-3.75 (m, 1H), 3.49-3.31 (m 3H), 3.12-2.98 (m, 1H), 2.32 (s, 3H), 2.18-1.08
(m, 1H); ESI MS m/z 332 [M+H]".

[0167] Step F: To a solution of the bromide (3.8 g, crude) from Step E in
DMSO (25 mL) was added bis(pinacolato)diboron (2.5 g, 9.8 mmol) and potassium
acetate (2.41 g, 24.6 mmol). The mixture was purged with argon. 1,1-
Bis(diphenylphosphino)ferrocenedichloropalladium (600 mg, 0.82 mmol) was added
to the mixture. The reaction was heated at 85°C for 1.5 hours. After cooling to room
temperature, the reaction mixture was dhiluted with dichloromethane, and filtered
through a pad of Celite. The filterate was washed with water, brine, dried over
sodium sulfate and concentrated to give the desired boronate ester (7.0 g, crude) as a
thick black liquid: ESI MS m/z 380 [M+H]
[0168] __Step G: The boronate ester (3.5 g, crude) from Step F above, 3-chloro-

6-methylpyridazine (625 mg, 5.1 mmol), and cesium carbonate (4.0 g, 6.8 mmol)
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were suspended in DMF (20 mL) and water (5 mL). The mixture was purged with
argon. 1,1'-Bis(diphenylphosphino)ferrocenedichloropalladium (240 mg, 0.33 mmo])
was added to the mixture. The mixture was heated at 100°C for 2 hours. After
cooling to room temperature, the reaction mixture was diluted with dichloromethane,
and filtered through a pad of Celite. The filtrate was washed with water, brine, dried
over sodium sulfate and concentrated. The residue was purified by flash
chromatography (98:1.8:0.2 to 95:4.5:0.5 dichloromethane/methanol/concentrated
ammonium hydroxide) to give 2-methyl-8-(6-methylpyridazin-3-yl)-5-phenoxy-
2,3,4,5-tetrahydro- 1 H-benzo[c]azepine (500 mg, 40% for 3 steps) as an oil.

[0169] Step I: The free base of benzazepine from Step H above was resolved
by preparative chiral HPLC (CHIRALPAK AD column, using 80:20:0.1
heptane/isopropanol/diethylamine as the eluente) to give enantiomer A [[a]zSD, +30°,
(C, 0.07 Methanol)] and enantiomer B [[a)*’p, 62.8° (C, 0.07 Methanol)].

[0170] Step J: To a solution of the enantiomer A (160 mg, 0.46 mmol) from
Step I above in methanol (2 mL) was added L-tartaric acid (70 mg, 0.47 mmol)
followed by slow addition of water (10 mL). The resultant solution was lyophilized
overnight to give (+)-2—methyl—8—(6-methylpyridazin-B~y1)—5—pheno$cy—2,3,4,5-
tetrahydro-1H-benzo[c]azepine, tartrate salt (200 mg, 8§7%, AUC HPLC 98.6%) as a
off-white solid: mp 82-84°C; '"H NMR (CD;0D, 500 MHz) 6 8.16 (s, 1H), 8.07 (t, J =
8.8 Hz, 2H), 7.69 (d, /= 8.7 Hz, 1H), 7.67 (d, /= 7.9 Hz, 1H), 7.26 (t, J = 8.2 Hz,
2H), 7.06 (d, J = 8.2 Hz, 2H), 6.95 (t, /= 7.3 Hz, 1H) 5.75 (d, J = 7.3 Hz, 1H), 4.63-
4.53 (m, 1H), 4.00-3.90 (m, 1H), 3.68-3.58 (m, 1H), 2.93 (s, 3H), 2.72 (s, 3H), 2.55-
2.38 (m, 2H); ES1 MS m/z 346 [M+H].

[0]71] Step K: To a solution of the enantiomer B (150 mg, 0.43 mmol) from
Step I above in methanol (2 mL) was added L-tartaric acid (66 mg, 0.44 mmol)
followed by slow addition of water (10 mL). The resultant solution was lyophilized
overnight to give (-)-2-methyl-8-(6-methylpyridazin-3-yl)-5-phenoxy-2,3,4,5-
tetrahydro-1H-benzo[c]azepine, tartrate salt (210 mg, 97%, AUC HPLC >99%) as a
off-white solid: mp 80-82°C; 'H NMR (CDs0D, 500 MHz) & 8.16 (s, 1H), 8.07 (1, J =
8.8 Hz, 2H), 7.69 (d, /= 8.7 Hz, 1H), 7.67 (d, /= 7.9 Hz, 1H), 7.26 (t, J= 8.2 Hz,
2H), 7.06 (d, J = 8.2 Hz, 2H), 6.95 (t, /= 7.3 Hz, 1H) 5.75 (d, J = 7.3 Hz, 1H), 4.63-
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4.53 (m, 1H), 4.00-3.90 (m, 1H), 3.68-3.58 (m, 1H), 2.93 (s, 3H), 2.72 (s, 3H), 2.55-
2.38 (m, 2H); EST MS m/z 346 [M+H].

Example 17 - Preparation of (+)- and (-)-5-(4-fluorophenoxy)-2-methyl-8-
(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate
salt ‘ .

[0172] Step A: To a solution of 3-bromobenzaldehyde (75.5 g, 408 mmol) in

methanol (500 ml) at 0°C was added methylamine (40% in aqueous, 38 g,

490 mmol), and iodine (1 g, 3.9 mmol). The mixture was stirred at 0°C for

30 minutes. Sodium borohydride (23.2 g, 614 mmol) was added in portions. The

mixture was stirred at 0°C for 5 hours. The solvent was removed, and the residue was

taken up with water and dichloromethane. The organic layer was separated, washed

with brine, dried over sodium sulfate and concentrated to give the benzylamine (80 g,

crude) as a light yellow oil: '"H NMR (CDCls, 500 MHz) & 7.48 (s, 1H), 7.38 (d, J =

8.0 Hz, 1H), 7.24 (d, /= 8.0 Hz, 1H), 7.19 (t, J= 8.0 Hz, 1H), 3.72 (s, 1H), 2.46 (s,

3H); ESI MS m/z 200 [M+H]".

10173] Step B: A solution of the benzylamine (26.4 g, 131 mmol) from

Step A above, acrylic acid (9.5 g, 131 mmol) and pyridine (150 mL) was refluxed for

2 hours. The solvent was removed, and the residue was dried under vacuum to give

the acid (37.6 g, crude) as a light yellow oil: 'H NMR (CDCls, 300 MHz) 6 7.75-7.68

(m, 2H), 7.48-7.43 (m, 2H), 3.67 (s, 2H), 2.84 (t, /= 6.0 Hz, 2H), 2.56 (t, /= 6.0 Hz,

2H), 2.34 (s, 3H); ESI MS m/z 272 [M+H]"

[0174] Step C: A mixture of the acid (80 g, crude) from Step B above and

triflic acid (350 g, 2333 mmol) was heated at 120°C for 72 hours. After cooling to

room temperature, the mixture was slowly diluted with Water (1000 mL) at 0°C. The

aqueous mixture was adjusted with NaOH to pH =9. The product was extracted with

dichloromethane, washed with brine, dried over sodium sulfate and concentrated to

give the ketone (38 g, crude): 'H NMR (CDCl, 500 MHz) & 7.52-7.51 (m, 1H), 7.38-

7.37 (m, 1H), 7.31-7.28 (m, 1H), 3.89 (s, 2H), 2.84 (m, 4H), 2.43 (s, 9H); ESI MS m/z

254 [M+H]".

[0175] Step D: To a solution of the ketone (1.9 g, 7.3 mmol) in methanol

(20 mL) was added NaBH4 (418 mg, 11.0 mmol) in portions at 0°C. The mixture was

stirred at 0°C for | hour. The solvent was removed, and the residue was taken up with
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dichloromethane/water. The organic layer was separated, washed with brine, dried
over sodium sulfate, and concentrated to give the alcohol (2.1 g, crude) as a dark oil:
'H NMR (CDCl3, 300 MHz) & 7.60-7.42 (m, 1 H), 7.37-7.33 (m, 1H), 7.26-7.23 (m,
1H), 4.86-4.82 (m, 1H), 3.90-3.84 (m, 1H), 3.72-3.67 (m, 1H), 3.22-3.18 (m, 1H),
2.90-2.82 (m, 1H), 2.34 (s, 3H), 2.14-2.07 (m, 1H), 1.95-1.91 (m, 1H); ESI MS m/z
256 [M-+H]".

[0176] Step E: A mixture of the alcohol from Step D above (15.2 g, crude),
tert-butyldimethylsilyl chloride (10 g, 66 mmol), imidazole (11.1 g, 166 mumol) and
DMF (100 mL) was stirred at room temperature overnight. The mixture was diluted
with water, saturated aqueous NaHCOj solution, brine, dried and concentrated. The
residue was purified with chromatography (98:1.8:0.2 to 95:4.5:0.5
dichloromethane/methanol/concentrated ammonium hydroxide) to give the desired
silyl ether (12 g, crude) as a brown oil: '"H NMR (CDCls, 300 MHz) & 8.01 (s, 1H),
7.33(d, /=79 Hz, 1H), 7.24 (d, J= 7.9 Hz, 1H ), 4.82 (t, /= 4.9 Hz, 1H), 3.64-3.61
(m, 1H), 3.27-3.18 (m 1H), 2.36 (s, 3H), 1.95-1.85 (m, 2H), 1.80-1.63 (m, 2H), 0.91
(s, 9H), 0.097-0.085 (m, 6H); ESI MS m/z 370 [M+H]".

[0177] Step F: To a solution of the bromide (12 g, crude) from Step E in
DMSO (120 mL) was added bis(pinacolato)diboron (8.7 g, 34.1 mmol) and potassium
acetate (9.5 g, 97 mmol). The mixture was purqu with argon. 1,1'-
Bis(diphenylphosphino)ferrocenedichloropaliadium (1.9 mg, 2.5 mmol) was added to
the mixture. The reaction was heated at 85°C for 1.5 hours. . After cooling to room
temperature, the reaction mixture was diluted with dichloromethane, and filtered »
through a pad of celite. The filtrate was washed with water, brine, dried over sodium
sulfate and concentrated to give the desired boronate ester (19 g, crude) as a thick |
black liquid: ESI MS m/z 418 [M+H]".

[0178] Step G: The boronate ester (5.5 g, crude) from Step F above, 3-chloro-
pyridazine (2.0 g, ~16 mmol), and cesium carbonate (4.2 g, 13 mmol) were suspended
in DMF (30 mL) and water (8§ mL). The mixture was purged with argon. 1,1'-
Bis(diphenylphosphino)ferrocenedichloropalladium (400 mg, 0.52 mmol) was added
to the mixture. The mixture was heated at 100°C for 2 hours. After cooling to room
temperature, the reaction mixture was diluted with dichloromethane, and filtered
through a pad of celite. The filtrate was washed with water, brine, dried over sodium

sulfate and concentrated. The residue was purified by flash chromatography
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(98:1.8:0.2 t0 95:4.5:0.5 dichloromethane/methanol/concentrated ammonium
hydroxide) to give 5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro- 1 H-benzo[c]azepine (1.3 g, 55% for 2 steps) as an brown oil: 'H NMR
(CDCI;, 300 MHz) 6 9.15 (d, J = 4.8 Hz, 1H), 7.91-7.84 (m, 3H), 7.54-7.50 (m, 2H),
4.96 (t, /= 5.2 Hz, 1H), 4.20-4.10 (m, 1H), 3.85-3.73 (m, 1H), 2.97-2.91 (m, 1H),
2.32 (s,3H)d,J=7.9 Hz, 1H), 7.24 (d,J=7.9 Hz, 1H ), 4.82 (t, /= 4.9 Hz, 11H),
3.64-3.61 (m, 1H), 3.27-3.18 (m 1H), 2.36 (s, 3H), 1.95-1.85 (m, 2H), 1.80-1.63 (m,
2H), 0.91 (s, 9H), 0.097-0.085 (m, 6H); ESI MS m/z 370 [M+H]".

[0179] Step H: To the solution of the ether (1.3 g, 3.8 mmol) from Step G
above in THF was added TBAF (1.0 M in THF, 10 mL, 10 mmol). The reaction
mixture was stirred at room temperature for 3 hours. The solvent was removed. The
residue was purified by flash chromatography (97:2.7:0.3 to 93:6.3:0.7 ethyl \
acetate/methanol/concentrated ammonium hydroxide) to give the desired alcohol
(340 mg, 37%) as a white solid: ESI MS m/z 256 [M+H]".

[0180] Step J: To a solution of the 2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[clazepin-5-o0l (170 mg, 0.67) from Step H above in THF (5 mL)
was added 4-fluorophenol (98 mg, 0.87 mmol), tributylphosophine (176 mg,

0.52 mmol) and 1,1'-(azodicarboyl)dipiperidine (220 mg, 0.87 mmol) at room
temperature. The reaction mixture was stirred at room temperature for 3 hours. The
mixture was diluted with dichloromethane and washed with water, brine, dried over
sodium sulfate and concentrated. The residue was purified by chromatography (98:2
to 95:5 ethyl acetate/methanol), followed by preparative HPLC to give 5-(4-
fluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1 H-benzo[ cJazepine
(120 mg, 51%) as a gum-like solid. This compound was resolved using Chiralcel OJ
column (eluente :80 Hep:20 EtOH:0.1 DEA) to give (+)-enantiomer (36 mg)) and (-)-
enantiomer (37 mg).

[0181] Step K: To a solution of the (+)-enantiomer (36 mg, 0.10 mmol) from
Step J above in methanol (1 mL) was added L-tartaric acid (16 mg, 0.11 mmol)
followed by slow addition of water (5 mL). The resultant solution was lyophilized
overnight to givé (+)-5-(-4-fluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[clazepine, tartrate salt [46 mg, 88%, AUC HPLC >99%, [OL]ZSD,
+57.8°, (C, 0.19 Methanol) as a white solid: mp 96-98°C; 'H NMR (CD;0D, 500
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MHz) $ 9.18 (d, J=4.9 Hz, 1H), 8.21-8.19 (m, 2H), 8..09 (d, J = 8.0 Hz, 1H), 7.81
(dd, J=8.7,3.8 Hz, 1H), 7.65 (d, /= 8.0 Hz, 1H), 7.07-6.97 (m, 4H), 5.68 (d, /= 8.0
Hz, 1H), 4.92-4.84 (m, 1H), 4.56-4.50 (m, 1H), 4.42 (s, 3 H), 3.96-3.88 (m, 1H), 3.62-
3.55 (m, 1H), 2.90 (s, 3H), 2.54-2.38 (m, 2H); ESI MS m/z 350 [M+H].

[0182] Step L: To a solution of the (-)-enantiomer (37 mg, 0.10 mmol) from
Step J above in methanol (1 mL) was added L-tartaric acid (16 mg, 0.11 mmol)
followed by slow addition of waterv(S mL). The resultant solution was lyophilized
overnight to give (-)-5-(4-fluorophenoxy)-2-methyl-8-(pyridazin-3-y1)-2,3,4,5-
tetrahydro-1H-benzo[c]azepine, tartrate salt [47 mg, 88%, AUC HPLC >99%, [a]*’p,
46.8°, (C, 0.22 Methanol) as a white solid: mp 90-92°C; '"H NMR (CD;0D, 500 MHz)
69.18 (d, J=4.9 Hz, 1H), 8.21-8.19 (m, 2H), 8..09 (d, J = 8.0 Hz, 1H), 7.81 (dd, J =
8.7,3.8 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.07-6.97 (in, 4H), 5.68 (d, J= 8.0 Hz, 1H),
4.92-4.84 (m, 1H), 4.56-4.50 (m, 1H), 4.42 (s, 3 H), 3.96-3.88 (i, 1H), 3.62-3.55 (m,
1H), 2.90 (s, 3H), 2.54-2.38 (m, 2H); ESI MS m/z 350 [M+H].

Example 18 - Preparation of (-)-5-(naphthalen-2-yloxy)-2-methyl-8-(pyridazin-3-
yD-2,3,4,5-tetrahydro-1H-benzo|c]azepine, tartrate salt
[0183] The above compound was prepared from 2-methyl-8-(pyridazin-3-yl)-
2,3,4,5-tetrahydro-1H-benzo[c]azepin-5-ol from Step H in Example 17 and
naphthalene-2-ol following the procedures of Steps J, K, and L in Example 17. (-)-5-
(Naphthalen-2-yloxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine, tartrate salt [AUC HPLC >99%, [a]zSD, -33°, (C, 0.033 Methanol) 1s
a white solid: mp 120-122°C; "H NMR (CD;0D, 500 MHz) § 9.17 (d, J = 4.9 Hz,
1H), 8.22 (s, 1H), 8.19 (d, /= 8.7 Hz, 1H),7.81-7.76 (m, 4H), 7.71 (d, J = 8.3 Hz,
1H), 7.42-7.32 (m, 4H), 5.95 (d, J= 8.1 Hz, 1H), 4.96-4.84 (m, 1H), 4.68-4.60 (i,
1H), 4.44 (s, 3H), 4.05-3.92 (m, 1H), 3.72- 3.65 (m, 1H), 2.96 (s, 3H), 2.65-2.49 (m,
2H); ESI MS m/z 382 [M+H].

Example 19 - Preparation of (£)-5-(4-fluorophenoxy)-2-methyl-8-(pyrimidin-5-
yD)-2,3,4,5-tetrahydro-1H-benzo[c]azepine

[0184] Step A: To a solution of 3-bromobenzaldehyde (75.5 g, 408 mmol) in
methanol (500 mL) at0°C was added methylamine (40% aqueous solution, 38 g,
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490 mmol), and iodine (1 g, 3.9 mmol). The mixture was stirred at 0°C for

30 minutes. Sodium borohydride (23.2 g, 614 mmol) was added to the mixture in
portions. The mixture was stirred at 0°C for 5 hours. The solvent was removed under
reduced pressure, and the residue was partitioned between water and
dichloromethane. The organic layer was separated, washed with brine, dried over
sodium sulfate, filtered and concentrated to give the benzylamine (80 g, crude) as a
light yellow oil: "H NMR (CDCl;, 500 MHz) & 7.48 (s, 1H), 7.38 (d, J = 8.0 Hz, 1H),
7.24 (d, J= 8.0 Hz, 1H), 7.19 (t, /= 8.0 Hz, 1H), 3.72 (s, 2H), 2.46 (s, 3H); ESIMS
m/z 200 [M+H]".

[0185] ' Step B: A solution of the benzylamine (26.4 g, 131 mmol) from

Step A above, acrylic acid (9.5 g, 131 mmol) and pyridine (150 mL) was refluxed for
2 hours. The solvent was removed, and the residue was dried under vacuum to give
the acid (37.6 g, crude) as a light yellow oil: 'H NMR (CDCls, 300 MHz) & 7.68-7.75
(m, 2H), 7.48-7.43 (m, 2H), 3.67 (s, 2H), 2.84 (t, /= 6.0 Hz, 2H), 2.56 (t, /= 6.0 Hz,
2H), 2.34 (s, 3H); ESI MS m/z 272 [M+H]"

[0186] Step C: A mixture of the acid (80g, crude) from Step B above and
triflic acid (350 g) was heated at 120°C for 72 hours. The mixture cooled in1 an ice-
bath and slowly diluted with water (1000 mL). The pH of aqueous mixture was
adjusted pH = 9 using NaOH. The product was extracted with dichloromethane,
washed with brine, dried over sodium sulfate, filtered and concentrated to give the
ketone (38 g, crude) as a dark oil: 'H NMR (CDCls, 500 MHz) & 7.52-7.51 (m, 1H),
7.38-7.37 (m, 1H), 7.31-7.28 (m, 1H), 3.89 (s, 2H), 2.84 (m, 4H), 2.43 (s, 3H); ESI
MS m/z 254 [M+H]".

[0187] Step D: To a solution of the ketone (1.9 g, 7.3 mmol) in methanol
(20 mL) at 0°C was added NaBH4 (418 mg, 11.0 mmol) in portions. The mixture was
stirred at 0°C for 1 hour. The solvent was removed under reduced pressure, and the
residue was partitioned between dichloromethane/water. The organic layer was
separated, washed with brine, dried over sodium sulfate, filtered and concentrated to
give the alcohol (2.1 g, crude) as a dark oil: 'H NMR (CDCl;, 300 MHz) & 7.60-7.42
(m, 1 H), 7.37-7.33 (m, 1H), 7.26-7.23 (m, 1H),4.86-4.82 (m, 1H), 3.90-3.84 (m, 1H),
3.72-3.67 (m, 1H), 3.22-3.18 (m, 1H), 2.90-2.82 (m, 1H), 2.34 (s, 3H), 2.14-2.07 (m,
1H), 1.95-1.91 (m, 1H); ESI MS m/z 256 [M+H]".
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[0188] Step E: To a solution of the alcohol 3.0 g, crude) from Step D above in
THEF (87 mL) were added 4-ﬂu0rbphenol (1.71 g, 15.2 mmol), tributylphosophine
(3.8 mL, 15.2 mmol) and 1,1’-(azodicarboyl)dipiperidine (3.84 g, 15.2 mmol) at room
temperature. The reaction mixture was stirred at room temperature for 5 hours,
diluted with dichloromethane and washed with water and brine, dried over sodium
sulfate, filtered and concentrated under reduced pressure. Purification of the residue
by flash column chromatography (dichloromethane, then 99:0.9:0.1 to 90:9:1
dichloromethane/methanol/concentrated ammonium hydroxide) gave the partially
purified aryloxyether, which was then sonicated in hexanes (~100 mL). The white
insoluble precipitate formed was removed by filtration, and the filtrate was
concentrated under reduced pressure and re-purified by flash column chromatography
(ethyl acetate, then 99:1 to 95:5 ethyl acetate/methanol) to give the aryloxyether

(2.5 g, partially pure) as a brown oil: 'H NMR (CDCl;, 300 MHz) § 7.34-7.31 (m,
2H), 7.18 (d, /= 8.7 Hz, 1H), 6.93 (t, J= 8.6 Hz, 2H), 6.84-6.79 (m, 2H), 5.24 (dd, J=
7.8,2.9 Hz, 1H), 4.00-3.75 (m, 2H), 3.40-3.20 (m, 1H), 3.10-2.90 (m, 1H), 2.32 (s,
3H), 2.20-2.05 (m, 2H).

[0189] Step F: To a solution of the bromide (2.5 g, partially pure) from

Step E in DMSO (38 mL) were added bis(pinacolato)diboron (1.64 g, 6.48 mmol) and
potassium acetate (1.73 g, 17.7 mmol). The mixture was purged with argon for

~ 10 minutes, and 1,l'—bis(diphenylp.hoSphino)ferrocenedichloropalladium (140 mg,
0.18 mmol) was added to it. The reaction was heated at 80°C for 2 hours. After
cooling to room temperature, the reaction mixture was diluted with dichloromethane,
washed with water and brine, dried over sodium sulfate, filtered and concentrated to |
give the desired boronate ester (3.0 g, crude) as a black oil which was used in the next
step without purification: "H NMR (CDCl;, 500 MHz) & 7.65 (d, J= 7.6 Hz, 1H),
7.60 (s, 1H), 7.31 (d, J= 7.4 Hz, 1H), 6.91 (t, J = 8.6 Hz, 2H), 6.83-6.81 (1, 2H),
5.31-5.29 (m, 1H), 4.10-3.75 (m, 2H), 3.40-3.25 (m, 1H), 3.10-3.00 (m, 1H), 2.30 (s,
3H), 2.20-2.05 (m, 2H), 1.33-1.27 (m, 12H).

[0190] Step G: A mixture of the boronate ester (0.5 g, 0.98 mmol, crude)
from Step F above, 5-bromopyrimidine (0.31 g, 1.96 mmol), and cesium carbonate

(0.96 g, 2.94 mmol) in a solution of DMF (6 mL) and water (1.5 mL) was purged with

“argon for ~10 minutes. 1,1 "—Bis(diphéﬁyiphosphin'o)ferrocenedgc‘}kﬂé'xv‘orp;lladi'ﬁiﬂ7
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(240 mg, 0.33 mmol) was added to the mixture, which was then heated at 80°C for

3 hours. After cooling to room temperature, the reaction mixture was diluted with
dichloromethane, washed with water and brine, dried over sodium sulfate, filtered and
concentrated. The residue obtained was purified by preparative thin layer
chromatography (90:9:1 dichloromethane/methanol/concentrated animonium
hydroxide) twice to give the desired benzazepine (126 mg, 35% for 3 steps) as a
brown oil: '"H NMR (CDCls, 300 MHz) 6 9.20 (s, 1H), 8.92 (s, 2H), 7.50-7.39 (m,
3H), 6.99-6.84 (m, 4H), 5.37 (dd, J=7.5, 3.2 Hz, 1H), 4.10-3.80 (m, 2H), 3.40-3.30
(m, 1H), 3.0552.95 (m, 1H), 2.40 (s, 3H), 2.20-2.10 (m, 2H).

Example 20 — Preparation of ()-5-(4-fluorophenoxy)-2-methyl-8-(1H-pyrazol-4-
yD)-2,3,4,5-tetrahydro-1H-benzo[c]azepine

[0191] This compound was prepared by following the similar procedure in

Step G of Example 19 using the bromide (0.25 g, 0.71 mmol, crude) from Step E of

Example 19 above and 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole.

The product was obtained as a brown foam (40% yield): MS m/z 338 [M+H]".

Example 21 - Preparation of (£)-6-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-8-yD)pyridazin-3-amine

[0192] This compound was prepared by following the similar procedure in

Step G of Example 19 using boronate ester from Step F of Example 19 and 6-

chloropyridazin-3-amine. The product was obtained as brown oil (37% yield): MS

m/z 365 [M+H]".

Example 22 — Preparation of (£)-8-(4-(ethylsulfonyl)piperazin-1-yl)-5-(4-
fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo|c]azepine

[0193] This compound was prepared by using the bromide from Step E of
Example 19 and 1-(ethylsulfonyl)piperazine via a cross coupling reaction using
Pd(OAc),, X-phos and Cs,COs in refluxing toluene (31% yield): MS m/z 448
[M+H]".
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Example 23 - Preparation of (+)- and (-)-2-methy}-5-(4-
(trifluoromethyl)phenoxy)-2,3,4,5-tetrahydro-1H-benzo[c]azepine,
tartrate salt

[0194] Step A: A solution of the benzylamine (47.2 g, 390 mmol), acrylic acid

(29.5 g, 410 mmol) and pyridine (500 mL) was refluxed for 3 hours. The solvent was

removed, and the residue was dried under vacuum to give the desired acid (80 g,

crude) as a light yellow oil: 'H NMR (CDCl;, 300 MHz) & 7.38-7.29 (m, 5H), 3.74 (s,

2H), 2.87 (t, J = 6.2 Hz, 2H), 2.56 (t, J = 6.2 Hz, 2H), 2.35 (s, 3H); ESI MS m/z 194

[M+H]".

[0195] Step B: A mixture of the acid (15.3g, crude) from step B above and

thionyl chloride (18.9 g, 180 mmol) was combined and stirred for 2 hours. Excess

thionyl chloride was removed. The residue was dissolved in dichloromethane (200

mL). To this solution was added AlCl; (31.7 g, 240 mmol). The mixture was refluxed

for 5 hours. The mixture was poured into ice-water, and the resulting slurry was

neutralized to pH 9. Celite (50 g) was mixed with the slurry, and the mixture was
filtered, and washed with dichloromethane. The filtrate was washed with brine, dried
and concentrated to give the desired lactone (9.2 g, crude) as a brown oil: '"H NMR

(CDClL, 300 MHz) & 7.77 (d, /= 6.2 Hz, 1H), 7.47 (t,J = 6.2 Hz, 1H), 7.37 (t, J = |

6,.2 Hz, 1H), 7.19(d, J = 6;2 Hz, 1H), 3.94 (s, 2H), 2.95-2.82 (m, 4H), 2.43 (s, 3H);

ESI MS m/z 176 [M+H]". '

[0196] Step C: To a solution of the lactone form step C above (9.2 g, crude)

in methanol (100 mL) was added NaBH4 (3 g, crude) in portions at 0°C. The mixture

was stirred at 0 °C for 0.5 hour. The solvent was removed, and the residue was taken
up with dichloromethane/water. The orgahic layer was separated, washed with brine,
dried and concentrated to give the desired alcohol (6.3 g, crude) as a dark oil: ESI MS

m/z 178 [M+H]".

[0197] Step D: To a solution of the alcohol (270 mg, 1.53 mmol) from step C

above in THF (50 mL) was added 4-trifluoromethoxyphenol (442 mg, 3.1 mmol),

tributylphosophine (615 mg, 3.1 mmol) and 1, 1’-(azodicarboyl)dipiperidine (772 mg,

3.1 mmo]l) at room temperature. The reaction mixture was stirred at room

temperature for 5 hours. The mixture was diluted with dichloromethane and washed

- with water, brine, dried and concentrated.-The residue was purified by - - ———

chromatography (98:1.8:0.2 to 95:4.5:0.5 dichloromethane/methanol/concentrated
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ammonium hydroxide) to give the aryloxyether (300 mg, 62%) as a light yellow oil:
ESI MS m/z 332 [M+H]".

[0198] Step E: The free base of benzazepine from Step H above was resolved
by preparative chiral HPLC (CHIRALCEL OJ column, using 80:20:0.1
heptane/ethanol/diethylamine as the eluente) to give enantiomer A and enantiomer B.
[0199] Step F: To a solution of the enantiomer A (100 mg, 0.31 mmol) from
step E above in methanol (1 mL) was added L-tartaric acid (48 mg, 0.32 mmol)
followed by slow addition of water (5 mL). The resultant solution was lyophilized
overnight to give (-)-2-methyl-5-(4-trifluoromethoxyphenoxy)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine, tartrate salt (148 mg, 100%, AUC HPLC 97.8%) as an off-white
solid: mp 86-88 °C; ESI MS m/z 322 [M+H].

[0200] Step G: To a solution of the enantiomer B (130 mg, 0.40 mmol) from
step E above in methanol (1 mL) was added L-tartaric acid (61 mg, 0.40 mmol)
followed by slow addition of water (5 mL). The resultant solution was lyophilized
overnight to give (+)-2-methyl-5-(4-trifluoromethoxyphenoxy)-2,3,4,5-tetrahydro- 1 H-
benzo[c]azepine, tartrate salt (191 mg, 100%, AUC HPLC 97.2%) as an off-white
solid: mp 88-90 °C; ESI MS m/z 322 [M-+H].

Example 24 — Preparation of (£)-5-(4-fluorophenoxy)-2-methyl-8-(pyrazin-2-yl)-
2,3,4,5-tetrahydro-1H-benzo[c]azepine

[0201] This compound was prepared by following the similar procedure in

Step G of Example 19 using boronate ester from Step F of Example 19 and 2-

chloropyrizine. The product was obtained as an white foam (40% yield): MS m/z 350

[M+H]".

Example 25 — Preparation of (£)-6-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo|clazepin-8-yl)pyridin-2-amine

10202] This compound was prepared by following the similar procedure in

Step G of Example 19 using the boronate ester (0.35 g, 0.88 mrr;ol, crude) from

Step F of Example 19 and 6-chloropyridin-2-amine. The product was obtained as an

off-white foam (40% yield): MS m/z 364 [M+H]".
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Example 26 — Preparation of (1)-6-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-8-yl)pyridazin-3(2H)-one

[0203] * This compound was prepared by following the similar procedure in

Step G of Example 19 using the boronate ester (0.32 g, 0.81 mmol, crude) from

Step F of Example 19 and 6-chloropyridazin-3(2H)-one. The product was obtained

an off-white foam (17% yield): MS m/z 366 [M+H]".

Example 27 — Preparation of (3)-5-(4-fluorophenoxy)-2-methyl-8-(4-
(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro-1H-benzo[c]azepine
[0204] This compound was prepared by following the similar procedure in
step G of Example 19 using the bromide (0.35 g, 1.0 mmol, crude) from Step E of
Example 19 and 4-(methylsulfonyl)phenylboronic acid. The product was obtained as

a light tan solid (54% yield): MS m/z 426 [M+H]".

Example 28 — Preparation of (£)-2-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-8-yl)benzonitrile

[0205] This compound was prepared by following the similar procedure in

Step G of Example 19 using the bromide (0.35 g, 1.0 mmol, crude) from Step E of

Example 19 and 2-cyanophenylboronic acid, (64% vyield): MS m/z 373 [M+H]".

Example 29 - Preparation of (+)-8-(]1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-(4-
fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[c]azepine
[0206] This compound was prepared by following the similar procedure in
Step G of Example 19 using the boronate ester from Step F of Example 19 and 6-
bromo-[1,2,4]triazolo[1,5-a]pyridine. The product was obtained as an white foam

(32% yield): MS m/z 389 [M+H]".

Example 30 — Preparation of ()-8-(]1,2,4]triazolo[4,3-a] pyridin-6-y1)-5-(4-
fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-benzo[clazepine

[0207] This compound was prepared by following the similar procedure in

Step G of Example 19 using the boronate ester from Step E of Example 19 and 6-

" bromo-[1,2,4]triazolo[4,3-a]pyridine (23% yield): MS m/z 389 [M+H]".
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Example 31 - Preparation of (1)-1-(5-(4-fluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo|c]azepin-8-yl)pyridin-2(1H)-one

[0208] Step A: To a solution of 3-bromobenzaldehyde (75.5 g, 408 mmol) in

methanol (500 mL) at 0°C was added methylamine (40% aqueous solution, 38 g,

490 mmol), and iodine (1 g, 3.9 mmol). The mixture was stirred at 0°C for

30 minutes. Sodium borohydride (23.2 g, 614 mmol) was added to the mixture in

portions. The mixture was stirred at 0°C for 5 hours. The solvent was removed under

reduced pressure, and the residue was partiotioned between water and

dichloromethane. The organic layer was separated, washed with brine, dried over

sodium sulfate, filtered and concentrated to give the benzylamine (80 g, crude) as a

light yellow oil: 'H NMR (CDCl;, 500 MHz) & 7.48 (s, 1H), 7.38 (d, J = 8.0 Hz, 1H),

7.24 (d, J= 8.0 Hz, 1H), 7.19 (t, /= 8.0 Hz, 1H), 3.72 (s, 2H), 2.46 (s, 3H); ESI MS

m/z 200 [M+H]".

[0209] Step B: A solution of the benzylamine (26.4 g, 131 mmol) from

Step A above, acrylic acid (9.5 g, 131 mmol) and pyridine (150 mL) was refluxed for

2 hours. The solvent was removed, and the residue was dried under vacuum to give

the acid (37.6 g, crude) as a light yellow oil: 'H NMR (CDCls, 300 MHz) & 7.68-7.75

(m, 2H), 7.48-7.43 (m, 2H), 3.67 (s, 2H), 2.84 (t, /= 6.0 Hz, 2H), 2.56 (t, /= 6.0 Hz,

2H), 2.34 (s, 3H); ESI MS m/z 272 [M+H]"

[0210] Step C: A mixture of the acid (80g, crude) from Step B above and

triflic acid (350 g) was heated at 120°C for 72 hours. The mixture cooled in an ice-

bath and slowly diluted with water (1000 mL). The pH of aqueous mixture was

adjusted pH = 9 using NaOH. The product was extracted with dichloromethane,

washed with brine, dried over sodium sulfate, filtered and concentrated to give the

ketone (38 g, crude) as a dark oil: 'H NMR (CDCls, 500 MHz) § 7.52-7.51 (m, 1H),

7.38-7.37 (m, 1H), 7.31-7.28 (m, 1H), 3.89 (s, 2H), 2.84 (m, 4H), 2.43 (s, 3H); ESI

MS m/z 254 [M+H]".

[0211] Step D: To a solution pfthe ketone (1.9 g, 7.3 mmol) in methanol

(20 mL) at 0°C was added NaBH4 (418 mg, 11.0 mmol) in portions. The mixture was

stirred at 0°C for 1 hour. - The solvent was removed under reduced pressure, and the

residue was partitioned between dichloromethane/water. The organic layer was

separated, washed with brine, dried over sodium sulfate, filtered and concentrated to
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give the alcohol (2.1 g, crude) as a dark oil: 'H NMR (CDCl;, 300 MHz) & 7.60-7.42
(m, 1 H), 7.37-7.33 (m, 1H), 7.26-7.23 (m, 1H),4.86-4.82 (m, 1H), 3.90-3.84 (m, 1H),
3.72-3.67 (m, 1H), 3.22-3.18 (m, 1H), 2.90-2.82 (m, 1H), 2.34 (s, 3H), 2.14-2.07 (m,
1H), 1.95-1.91 (m, 1H); ESI MS m/z 256 [M+H]".

[0212] Step E: To a solution of the alcohol (3.0 g, crude) from Step D above
in THF (87 mL) was added 4-fluorophenol (1.71 g, 15.2 mmol), tributylphosophine
(3.8 mL, 15.2 mmol) and 1,1’-(azodicarboyl)dipiperidine (3.84 g, 15.2 mmol) at room
temperature. The reaction mixture was stirred at room temperature for 5 hours,
diluted with dichloromethane and washed with water and brine, dried over sodium
sulfate, filtered and concentrated under reduced pressure. Purification of the residue
by flash column chromatography (dichloromethane, then 99:0.9:0.1 to 90:9:1
dichloromethane/methanol/concentrated ammonium hydroxide) gave the partially
purified aryloxyether, which was then sonicated in hexanes (~100 mL). The white
insoluble precipitate formed was removed by filtration, and the filtrate was
concentrated under reduced pressure and re-purified by flash column chromatography
(ethyl acetate, then 99:1 to 95:5 ethyl acetate/methanol) to give 8-bromo-5-(4-
fluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo| c]azepine (2.5 g, partially
pure) as a brown oil: "H NMR (CDCls, 300 MHz) § 7.34-7.31 (i, 2H), 7.18 (d, J =
8.7 Hz, 1H), 6.93 (t, /= 8.6 Hz, 2H), 6.84-6.79 (m, 2H), 5.24 (dd, J = 7.8, 2.9 Hz,
1H), 4.00-3.75 (m, 2H), 3.40-3.20 (m, 1H), 3.10-2.90 (m, 1H), 2.32 (s, 3H), 2.20-2.05
(m, 2H).

[0213] Step F: To a solution of the bromide from Step E (0.4 g, 1.1 mmol,
slightly impure) and 2-hydroxy-pyridine (0.13 g, 1.37 mmol) from Step E in 1,4-
dioxane (1.4 mL) were added N, N -dimethylethylenediamine (50 uL, 0.46 mmol) and
potassium phosphate (0.48 g, 2.30 mmol). The mixture was purged with argon for

~ 10 minutes, and copper (I) iodide (40 mg, 0.2 mmol) was added to it. The reaction
was heated at 110°C for 12 hours. After cooling to room temperature, the reaction
mixture was diluted with dichloromethane, washed with water and brine, dried over
sodium sulfate, filtered and concentrated to give the crude product. Purification by

preparative thin layer chromatography (90:9:1

dicﬁl;x}grromkethpe/methanol/qox}centrated ammonium h}{q;oygidg)ﬁtwjﬂcgigqu the

desired product (144 mg, 36 %) as an off-white foam: 'H NMR (CDCls, 300 MH?z)
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§ 7.45-7.26 (m, 3H), 7.25-7.21 (m, 2H), 6.95 (t, J= 8.6 Hz, 2H), 6.88-6.83 (m, 2H),
6.64 (d, J= 9.2 Hz, 1H), 6.30-6.25 (m, 1H), 5.36-5.30 (m, 1H), 4.05-3.83 (m, 2H),
3.35-3.20 (m, 1H), 3.10-3.00 (m, 1H), 2.37 (s, 3H), 2.20-2.13 (m, 2H).

'Example 32 - Preparation of (—)-8—(6-methylpyridazin—3—yl)—5—phehoxy-2,3,4,5-

tetrahydro-1H-benzo[clazepine, tartrate salt

[0214] Step A: To a solution of the enantiomer B (120 mg, 0.18 mmol, as the
tartrate) from step I in Example 16 in dichloroethane (6 mL) was added the proton
sponge (114 mg, 0.53 mmol), followed by 1-chloroethyl chloroformate (102 mg,

0.71 mmol) at 0°C. The mixture was then heated at reflux for 1.5 hours. The solvent
was removed. To the residue was added MeOH (20 mL), and the resultant mixture
was refluxed for 1 hour. After cooling to room temperature, the solvent was removed.
The residue was diluted with dichloromethane (20 mL), and washed with saturated
aqueous NaHCOjs solution, brine, dried over sodium sulfate, and concentrated. The
residue was purified by flash chromatography (98:1.8:0.2 to 95:4.5:0.5
dichloromethane/methanol/concentrated ammonium hydroxide) to give (-)-8-(6-
methylpyridazin-3-yl)-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[ c]azepine (16 mg,
27%) as an colorless semi-solid. ‘

[0215] Step B: To a solution of the the N-desmethylbenzazepine (16 mg,
0.048 mmol) from Step A above in MeOH (1 mL) was added L-tartaric acid (8 mg,
0.053 mmol) followed by slow addition of water (5 mL). The resultant solution was
lyophilized overnight to give (-)-N-desmethyl-8-(6-methylpyridazin-3-yl)-5-phenoxy-
2,3,4,5-tetrahydro-1H-benzo[clazepine, tartrate salt (24 mg, quant., AUC HPLC
98.9%) as a off-white solid: mp 115-118°C; '"H NMR (CD;0OD, 500 MHz) & 8.15 (s,
1H), 8.08-8.04 (m, 2H), 7.69-7.67 (m, 1H), 7.27-7.24 (m, 1H), 7.06-7.04 (m, 2H),
6.96-6.93 (i, 1H), 5.80-5.78 (i, 1H), 4.90-4.84 (m, 1H), 4.55-4.50 (m, 1H), 4.42 (s,
3H), 3.94-3.84 (m, 1H), 3.65-3.55 (m, 1H), 2.74 (s, 3H), 2.58-2.50 (m, 1H), 2.63-2.45
(m, 1H); ESI MS m/z 332 [M+H].

Example 33 — Preparation of (-)-2-methyl-8-(pyridazin-3-yl)-5-(quinolin-7-
_ Yloxy)-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt
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i021 6] (+)-2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepin-5-ol was obtained following the procedure of Step H in Example 1
from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[clazepine in Step G of Example 1. Ether formation between
(1)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1H-benzo[ c]azepin-5-ol and 7-
hydroxyquinoline using procedures similar to those in Step B and C of Example 10
gave (-)-2-methyl-8-(pyridazin-3-yl)-5-(quinolin-7-yloxy)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine, tartrate salt (AUC HPLC 98.3%) as a white solid: [o]*’p -168 ° (c
0.22, MeOH); mp 120-122°C; ESI MS m/z 383 [M+H].

Example 34 - Preparation of (-)-5-(2-chlorophenoxy)-2-methyl-8-(pyridazin-3-
yD-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt
[0217] (+)-2-Methyl-8-(pyridazin-3-yl1)-2,3,4,5-tetrahydro- 1H-
benzo[clazepin-5-ol was obtained following the procedure of Step H in Example 1
from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[clazepine in Step G of Example 1. Ether formation between
(+)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-5-ol and 2-
chloropheno! using procedures similar to those in Step B and C of Example 10 gave (-
)-5-(3-chlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine, tartrate salt (AUC HPLC >99%) as a white solid: mp 100-102 °C;
1H NMR (CD30D, 500 MHz) 6 (19.18 (d, J = 5.0 Hz, 1H), 8.20-8.18 (m, 2H), 8.09
(d, ] =8.0 Hz, 1H), 7.83-7.80 (m, 1H), 7.68 (d, ] = 8.0 Hz, 1H), 7.24 (t, J = 8.2 Hz,
1H), 7.14-7.13 (m, 1H), 7.02 (d, ] = 8.2 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H), 5.79 (d, ] =
7.9 Hz, 1H), 4.86-4.79 (m, 1H), 4.55-4.48 (m, 1H), 4.42 (s, 2H), 3.90-3.85 (m, 1H),
3.60-3.54 (m, 1H), 2.88 (s, 3H), 2.55-2.40 (m, 2H); ESI MS m/z 366 [M+H].

Example 35 — Preparation of (—)—5—(2—chlor0phenoxy)—2-methyl—8—(pyridazin—3—
yD-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt

[0218] (+)-2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-

benzo[c]azepin-5-ol was obtained following the procedure of Step H in Example 1

from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-

tetrahydro-1H-benzo[c)azepine in Step G of Example 1. Ether formation between

(+)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-5-ol and 2-
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chlorophenol using procedures similar to those in Step B and C of Example 10 gave (-
)-5-(2-chlorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[cJazepine, tartrate salt (AUC HPLC 98.6%) as a white solid: mp 104-106 °C;
1H NMR (CD30D, 500 MHz) § (39.20-9.19 (m, 1H), 8.23-8.21 (m, 2H), 8.13-8.11
(m, 1H), 7.84-7.82 (m, 1H), 7.73-7.72 (m, 1H), 7.41-7.40 (m, 1H), 7.25-7.19 (i, 2H),
6.98-6.96 (m, 1H), 5.85-5.84 (m, 1H), 5.20-5.05 (m, 1H), 4.51-4.43 (m, 3H), 4.00-
3.92 (m, 1H), 3.66-3.61 (m, 2H), 2.91 (s, 3H), 2.58-2.44 (m, 2H); ESI MS m/z 366
[M+H].

Example 36 — Preparation of (+/-)-2-(5-(3,5-difluorophenoxy)-2,3,4,5-tetrahydro-
1H-benzo[c]azepin-8-yl)-[1,2,4]triazolo[4,3-a]pyridin-3(2H)-one,
tartrate salt

[0219] Step A: To a solution of the alcohol (0.5 g,1.95) from step D in

Example 19 in THF (40 mL) were added 3,5-difluoropheno! (0.38 g, 2.93 mmol),

tfibutylphosphine (0.73 mL, 2.93 mmol) and 1, 1’-(azodicarboyl)dipiperidine (0.74 g,

2.93 mmol) at room temperatlire. The reaction mixture was stirred at room

temperature for 90 minutes, and filtered through celite. The filtrate was diluted with

hexanes, and the additional precipitate formed was removed via filtration as well.

The filtrate was concentrated under reduced pressure to give a brown oil. Purification

of the residue by flash column chromatography (chloroform, then 99:1 to 80:20

chloroform/isopropanol) gave the partially purified aryloxyether (0.4 g) which was

used without further purification: '"H NMR (CDCls, 500 MHz) & 7.37-7.32 (i, 2H),

7.16 (d, J= 8.1 Hz, 1H), 6.43-6.39 (m, 3H), 5.30-5.27 (m,1H), 4.05-3.63 (m, 2H),

3.37-3.21 (m, 1H), 3.10-2.94 (m, 1H), 2.32 (s, 3H), 2.21-1.95 (m, 2H).

10220] Step B: To a solution of the bromide (0.3 g, 0.8 mmol, partially pure)

from step A in 1,4-dioxane (1 mL) were added pyridazin-3(2H)-one (94 mg, 0.98

mmol), NV, N’-dimethylethylenediamine (35 pL, 0.33 mmol), and potassium phosi)hate

(0.35 g, 1.63 mmol). The mixture was purged with argon, and copper (1) iodide (31

mg, 0.16 mmol) was added to it. The reaction was heated at 110 °C for 16 hours.

After cooling to room temperature, the reaction mixture was diluted with

dichloromethane, washed with water and brine, dried over sodium sulfate, filtered and

" concentrated to give the crude product. Purification by reverse phase semi-

preparative HPLC (5% B to 50% B over 35 min; A = 95:5 water/acetonitrile + 0.05%
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TFA, B = 95:5 acetonitrile/water + 0.05% TFA), and conversion into the
corresponding free base using 2N sodium carbonate gave the coupled product (202
mg, 64%) as a pale yellow foam: 'H NMR (CDCl3, 500 MHz) 6 7.89 (dd, /= 3.8, 1.7
Hz, 1H), 7.51-7.48 (m, 2H), 7.40 (d, /= 8.2 Hz, 1H), 7.27-7.22 (m, 2H), 7.05-7.03
(m, 1H), 6.46-6.40 (m, 3H), 5.38 (dd, J= 9.2, 1.1 Hz, 1H), 4.05-3.79 (m, 2H), 3.37-
3.26 (m, 1H), 3.10-2.95 (m, 1H), 2.32 (s, 3H), 2.26-2.05 m, 2H).

[0221] Step C: To an ice-cold solution of the benzazepine (0.17 g, 0.39 mmol)
from step B and 1,8-bis(dimethylamino)naphthalene (Proton-Sponge, 0.25 g, 1.18
mmol) in 1,2-dichloroethane (4.6 mL) was added 1-chloroethyl chloroformate (0.21
mL, 1.98 mmol) dropwise. The reaction mixture was stirred at 0 °C for 3 hours, and
then washed with IN hydrochloric acid. The organic layer was separated, and the
aqueous layer was washed with dichloromethane. The combined organic extract was
dried over magnesium sulfate, filtered and concentrated under reduced pressure, and
methanol (4.2 mL) was added to the residue. The solution was heated under reflux for
2 hours, and concentrated under reduced pressure. Purification by preparative thin
layer chromatography (90:9:1 dichloromethane/methanol/concentrated ammonium
hydroxide) gave partially pure material. Re-purification by preparative thin layer
chromatography (95:4.5:0.5 dichloromethane/methanol/concentrated ammonium
hydroxide), followed by reverse phase semi-preparative HPLC (30% B to 50% B; A =
95:5 water/acetonitrile + 0.05% TFA, B = 95:5 acetonitrile/water + 0.05% TFA), and
conversion into the corresponding free base using 2N sodium carbonate gave the N-
desmethyl product (45 mg, 28%): 'H NMR (300 MHz, CDCl3) & 7.98-7.83 (m, 3H),
7.52-7.47 (m, 1H), 7.28-7.21 (m, 2H), 6.67-6.50 (m, 3H), 6.50-6.40 (m, 1H), 5.70-
5.60 (m, 1H), 4.30-4.10 (m, 1H), 4.00-3.90 (m, 1H), 3.60-3.40 (m, 1H), 3.30-3.20 (m,
1H), 2.20-2.00 (m, 2H).

[0222] To a solution of the N-desmethyl derivative (44 mg, 0.11 mmol) in
methanol (1.5 mL) was added L-tartaric acid (16 mg, 0.11 mmol), followed by water
(6 mL). The resultant solution was lyophilized overnight to give 2-(5-(3,5-
difluorophenoxy)-2,3,4,5-tetrahydro-1H-benzo[c]azepin-8-yl)-[ 1,2,4]triazolo[4,3-
a]pyridin-3(2H)-one (60 mg, >99%, AUC HPLC 98.2%) as an off-white solid: 'H
NMR (CD;0D, 500 MHz) 68.21 (d, /=2.0 Hz, 1H), 8.14 (dd, /= 8.4, 2.1 Hz, 1H),
7.86 (dd, J=7.1,1.2 Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.32-7.21 (m, 2H), 6.76-6.60
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(m, 3H), 6.59-6.50 (m, 1H), 5.79 (d, J = 7.4 Hz, 1H), 4.74 (d, J = 14.6 Hz, 1H), 4.69-
4.40 (m, 1H), 4.40 (s, 2H), 3.90-3.80 (m, 1H), 3.65-3.45 (m, 1H), 2.60-2.30 (m, 2H);
ESI MS m/z 409 [M+H]".

Example 37- Preparation of (+)- and (-)-8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-
(3,5-difluorophenoxy)-2,3,4,5-tetrahydro-1H-benzo|c]azepine,
tartrate salt

[0223] Step A: To a solution of N-methyl benzazepine (1.5 g, 4.1 mmol) from

Step A in Example 36 above was added proton sponge (1.3 g, 6.2 mmol), followed by

1-chloroethyl chloroformate (0.49 mL, 4.5 mmol). The reaction solution was stirred

at room temperature for 2 hours and then it was diluted with dichloromethane and
washed with aqueous HCI (1 N). The organic layer was separated, dried over sodium
sulfate and concentrated in vacuo. The residue obtained was dissolved in methanol
and refluxed for 90 minutes. The reaction solution was then cooled to room
temperature, concentrated i vacuo. The residue obtained was dissolved in
dichloromethane, washed with aqueous sodium bicarbonate, dried over sodium sulfate
and concentrated in vacuo. The crude product obtained was purified by flash column
chromatography (dichloromethane/methanol/ cbncentrated ammonium hydroxide
99:0.9:0.1 to 92:7.2:0.8) to give the des-methyl benzazepine (1.14 g, 78%) as a dark

oil: '"H NMR (CDCls;, 500 MHz) & 7.35-7.31 (in, 2H), 7.18 (d, J = 8.5 Hz, 1H), 6.43—

6.38 (m, 3H), 5.35(dd, J=7.5, 3.0 Hz, 1H), 4.10 (d, /= 15.0 Hz, 1H), 3.87 (d, J =

15.0 Hz, 1H), 3.51-3.46 (m, 1H), 3.24-3.19 (m, 1H), 2.20-1.99 (m, 2H).

[0224] Step B: To a solution of the des-methyl benzazepine (1.14 g, 2.1

mmol) from step A above in dichloromethane (30 mL) was added diisopropyl

ethylamine (0.46 mL, 2.6 mmol) and 2-nitrobenzene-1-sulfonyl chloride (0.49 g, 2.2

mmol). The reaction solution was stirred at room temperature for 2 hours and then it

was washed with aqueous sodium bicarbonate and 1N HCI. The resultant organic
layer was dried over sodium sulfate and concentrated in vacuo. The crude product
obtained was purified by flash column chromatography (hexanes/ethyl acetate 95:5 to

50:50) to give the desired N-protected benzazepine (1.1 g, 63%): "H NMR (500 MHz,

CDCl) & 7.79 (dd, J=>8.0, 1.0 Hz, 1H), 7.72~7.62 (m, 3H), 7.45 (d, J = 1.5 Hz, 1H),

- 7.40 (dd, J=38.0,2.0 Hz, 1H), 7.16 (d, /= 8.0 Hz, 1H), 6.43-6.39 (m, 3H), 5.34 (dd,.J
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=7.0,2.0 Hz, 1H), 4.72 (d, /= 14.5 Hz, 1H), 4.49 (d, /= 15.5 Hz, 1H), 3.93-3.74 (m,
2H), 2.32-2.20 (m, 2H).

10225] Step C: To a solution of the bromide (1.1 g, 2.0 mmol) from step B
above in DMSO (20 mL) were added bis(pinacolato)diboron (0.62 g, 2.4 mmol) and
potassium acetate (0.59 g, 6.0 mmol). The mixture was purged with argon for about
10 minutes, and 1,1'-bis(diphenylphosphino)ferrocenedichloropalladium (0.12 g, 0.16
mmol) was added to it. The reaction was heated at 80 °C for 3 hours. After cooling
to room temperature, the reaction mixture was diluted with ethyl! acetate, washed with
water and brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The
crude product obtéined was partially purified by flash column chromatography
(hexanes/ethyl acetate 95:5 to 60:40) to give the desired boronate ester (1.4 g,
partially pure) as a yellow foam.

[0226] Step DY A mixture of the boronate ester (0.45 g, 0.76 mmol, partial
pure) from step C above, 6-bromo-[1,2,4]triazolo[1,5-a]pyridine (0.18 g, 0.92 mmol),
and cesium carbonate (0.74 g, 2.3 mmol) in a solution of DMF (8 mL) and water (2
mL) was purged with argon for about 10 minutes. 1,1'-
Bis(diphenylphosphino)ferrocenedichloropalladium (56 mg, 0.076 mmol) was added
to the mixture, which was then heated at 80 °C for 2 hours. After cooling to room
temperature, the reaction mixture was diluted with dichloromethane, washed with
water and brine, dried over sodium sulfate, filtered, and concentrated in vacuc. The
residue obtained was purified by flash column chromatography
(dichloromethane/methanol 99:1 to 96:4), followed by preparative thin layer
chromatography (dichloromethane/methanol 95:5) to give benzazepine (0.27 g,
partially pure) as a yellow solid, which was used in the next step without further
purification. B

[0227] Step E: To a solution of the protected benzazepine (0.27 g, partially
pure) from step D in a mixture of dichloromethane (2 mL) and ethanol (8 mL) were
added potassium carbonate (0.18 g, 1.3 munol) and thiophenol (0.10 mL, 0.92 mmol).
The reaction mixture was stirred at room temperature for 36 hours and then it was
quenched with aqueous sodium hydroxide (2N), extracted with dichloromethane and a

3:1 mixture of chloroform and 2-propanol. The combined organic extract was dried

over sodium sulfate and concentrated in vacuo. The crude product obtained was

purified by flash column chromatography (dichloromethane/methanol/concentrated
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ammonium hydroxide 99:0.9:0.1 to 90:9:1) to give the desmethyl benzazepine (102
mg, 59%) as a white foam: 'H NMR (500 MHz, CDCl3) 6 8.77 (s, 1H), 8.37 (s, 1H),
7.83 (d, /= 8.5 Hz, 1H), 7.76 (dd, J= 8.5, 1.5 Hz, 1H), 7.46-7.43 (m, 2H), 7.40 (s,
1H), 6.50-6.40 (m, 3H), 5.50-5.47 (m, 1H), 4.24 (d, /= 15.0 Hz, 1H), 4.01 (d, J =
15.0 Hz, 1H), 3.57-3.52 (m, 1H), 3.31-3.25 (m, 1H), 2.21-2.11 (m, 2H). The
racemic benzazepine was then resolved by preparative chiral HPLC (CHIRALCEL
OJ column, using 40:60:0.1 heptanes/2-propanol/diethylamine as the eluent) to give
the (+)-enantiomer [[a]25D +42.0° (¢ 0.067, CDCl3)] (49 mg) and the (~)-enantiomer
[[0]*°p -48.0° (¢ 0.067, CDCL)] (46 mg).

[0228] Step F: To a solution of single enantiomer freebase in methanol was
added L-tartaric acid, followed by water. The resultant solution was lypholized to
give the corresponding tartrate salt. (+)-8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-(3,5-
difluorophenoxy)-2,3,4,5-tetrahydro-1H-benzo[ c]azepine, L-tartrate [AUC HPLC
99%, Chiralcel OJ 99%] as a white solid: 'H NMR (500 MHz, CD;0D) & 9.12 (s,
1H), 8.45 (s, 1H), 8.04 (d, /= 9.0 Hz, 1H), 7.87 (d, /= 9.0 Hz, 1H), 7.82-7.79 (m,
2H), 7.67 (d,J= 7.5 Hz, 1H), 6.76 (dd, J= 7.5, 1.5 Hz, 1H), 6.55 (t,/= 7.5 Hz, 1H),
5.83 (d, /= 7.0 Hz, 1H), 4.75 (d, J= 14.5 Hz, 1H), 4.50 (d, /= 14.5 Hz, 1H), 4.40 (s,
2.2H), 3.83 (t, J=10.0 Hz, 1H), 3.64-3.57 (m, 1H), 2.57-2.32 (m, 2H); ESI MS m/z
393 [M+ H]". (—)-8-([1,2,4]triazolo[1,5-a]pyridin-6-yl)-5-(3,5-difluorophenoxy)-
2,3,4,5-tetrahydro-1H-benzo[clazepine, L-tartrate [AUC HPLC 99%, Chiralcel OJ
99%] as a white solid: 'H NMR (500 MHz, CD;0D) & 9.12 (s, 1H), 8.45 (s, 1H), 8.04
(d,/=9.0Hz, 1H), 7.87 (d, /= 9.0 Hz, 1H), 7.82-7.79 (m, 2H), 7.67 (d, J= 7.5 Hz,
1H), 6.76 (dd, J=17.5, 1.5 Hz, 1H), 6.55 (t, /= 7.5 Hz, 1H), 5.83 (d, /= 7.0 Hz, 1H),
4.75 (d, J=14.5 Hz, 1H), 4.50 (d, J= 14.5 Hz, 1H), 4.40 (s, 2.2H), 3.83 (t,J = 10.0
Hz, 1H), 3.64-3.57 (m, 1H), 2.57-2.32 (m, 2H); ESI MS m/z 393 [M+ HJ".

Example 38 - Preparation of (+/-) 8-(6-(difluoromethoxy)pyridazin-3-yI)-5-(3,5-

difluorophenoxy)-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate
salt

[0229] Step A: A mixture of the boronate ester (0.45 g, 0.76 mmol, partially
pure) from step C of Example 37, 3-chloro-6-(difluoromethoxy)pyridazine (0.16 g,

- 0.91-mmol), and cesium-carbonate (0.74 g,-2.3-mmol) in a-solution of DMF-(8-mL)

and water (2 mL) was purged with argon for about 10 minutes. 1,1'-
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Bis(diphenylphosphino)ferrocenedichloropalladium (56 mg, 0.076 mmol) was added
to the mixture, which was then heated at 80 °C for 2 hours. After cooling to room
temperature, the reaction mixture was diluted with dichloromethane, washed with
water and brine, dried over sodium sulfate, filtered, and concentrated in vacuo. The
residue obtained was purified by FCC (hexanes/ethyl acetate 95:5 to 45:55) to give
the protected benzazepine (0.29 g, partially pure), which was used in the next step
without further purification. |

[0230] Step B: To a solution of the protected benzazepine (0.29 g, partially
pure) from step A above in a mixture of dichloromethane (3 mL) and ethanol (8 mL)
were added potassium carbonate (0.30 g, 2.1 mmol) and thiophenol (0.15 mL, 1.5
mmol). The reaction mixture was stirred at room temperature for 20 hours and then it
was quenched with aqueous sodium bicarbonate, extracted with a 3:1 mixture of
chloroform and IPA. The combined organic extract was dried over sodium sulfate
and concentrated in vacuo. The crude product obtained was purified by preparative
thin layer chromatography (dichloromethane/methanol/concentrated ammonium
hydroxide 90:9:1) to give the racemic benzazepine (127 mg, 40%) as a yellow foam:
'"H NMR (CDCls;, 500 MHz) § 7.92 (d, J = 9.0 Hz, 1H), 7.89 (d, J = 2.0 Hz, 1H), 7.81
(dd, J=28.0,2.0 Hz, 1H), 7.75 (t, /= 72.0 Hz, 1H), 7.47 (dd, /= 8.0, 1.5 Hz, 1H),
7.21 (d, J=9.0 Hz, 1H), 6.47-6.39 (1, 3H), 5.49 (d, J=10.5 Hz, 1H), 4.25 (d, J =
15.0 Hz, 1H), 4.02 (d, J = 15.0 Hz, 1H), 3.55-3.51 (m, 1H), 3.30-3.25 (m, 1H), 2.30-
2.04 (m, 2H).

[0231] To a solution of this freebase in methanol was added -tartaric acid,
followed by water. The resultant solution was lypholized to give (+/-)-8-(6-
(difluoromethoxy)pyridazin-3-yl)-5-(3,5-difluorophenoxy)-2,3,4,5-tetrahydro-1 H-
benzo[c]azepine, tartrate salt [AUC HPLC 95.4%)] as an off-white solid: "H NMR
(CD;0D, 500 MHz) 6 8.25 (d, J = 9.5 Hz, 1H), 8.13 (s, 1H), 8.05 (d, J = 7.5 Hz, 1H),
7.76 (t, J=71.5 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 9.0 Hz, 1H), 6.74 (d, J
= 7.5 Hz, 2H), 6.55 (t, /= 9.0 Hz, 1H), 5.84 (d, /= 7.0 Hz, 1H), 4.74 (d, J = 15.0 Hz,
1H), 4.49 (d, /= 15.0 Hz, 1H), 4.40 (s, 2.3H), 3.84-3.75 (m, 1H), 3.65-3.56 (m, 1H),
2.54-2.35 (m, 2H); ESI MS m/z 420 [M+ H]". '

" "Example 39 - Preparation of (+/-)-2-(5-(3,5-difluorophenoxy)-2-methy}-2,3.4,5-

tetrahydro-1H-benzo[c]azepin-8-yl)pyridazin-3(2H)-one and (+/-)-
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2-(5-(3,5-difluorophenoxy)-2,3,4,5-tetrahydro-1H-benzo|c]azepin-8-

yDpyridazin-3(2H)-one, tartrate salt
[0232] Step A: To a solution of the bromide (0.3 g, 0.8 mmol, partially pure)
from Step A in Example 36 in 1,4-dioxane (1 mL) were added pyridazin-3(2H)-one
(94 mg, 0.98 mmol), N, NV’-dimethylethylenediamine (35 pL, 0.33 mmol), and
potassium phosphate (0.35 g, 1.63 mmol). The mixture was purged with argon, and
copper (I) iodide (31 mg, 0.16 mmol) was added to it. The reaction was heated at 110
°C for 16 hours. After cooling to room temperature, the reaction mixture was diluted
with dichloromethane, washed with water and brine, dried over sodium sulfate,
filtered, and concentrated to give the crude product. Purification by reverse phase
semi-preparative HPLC (5% B to 50% B over 35 min; A = 95:5 water/acetonitrile +
0.05% TFA, B = 95:5 acetonitrile/water + 0.05% TFA), and conversion into the
corresponding free base using 2N sodium carbonate gave the coupled product 2-(5-
(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro- 1 H-benzo[c]azepin-8-
yl)pyridazin-3(2H)-one (202 mg, 64%) as a pale yellow foam: 'H NMR (CDCl;, 500
MHz) 6 7.89 (dd, J= 3.8, 1.7 Hz, 1H), 7.51-7.48 (m, 2H), 7.40 (d, J = 8.2 Hz, 1H),
7.27-7.22 (m, 2H), 7.05-7.03 (m, 1H), 6.46-6.40 (m, 3H), 5.38 (dd, /= 9.2, 1.1 Hz,
1H), 4.05-3.79 (m, 2H), 3.37-3.26 (m, 1H), 3.10-2.95 (m, 1H), 2.32 (s, 3H), 2.26-2.05
m, 2H).
[0233] Step B: To an ice-cold solution of the benzazepine (0.14 g, 0.15 mmol)
from step A and 1,8-bis(dimethylamino)naphthalene (Proton-Sponge, 0.23 g, 1.07
mmol) in 1,2-dichloroethane (4.2 mL) was added 1-chloroethyl chloroformate (0.19
mL, 1.78 mmol) dropwise. The reaction mixture was stirred at 0 °C for 3 hours, and
then washed with 1N hydrochloric acid. The organic layer was separated, and the
aqueous layer was washed with dichloromethane. The combined organic extract was
dried over magnesium sulfate, filtered and concentrated under reduced pressure, and
methanol (4.2 mL) was added to the residue. The solution was heated under reflux for
2 hours, and concentrated under reduced pressure. Purification by preparative thin
layer chromatography (90:9:1 dichloromethane/methanol/concentrated ammonium
hydroxide) gave partially pure material. Re-purification by preparative thin layer
chromatography (95:4.5:0.5 dichloromethane/methanol/concentrated ammonium
hydroxide), followed by reverse phase semi-preparative HPLC (30% B to 50% B; A=
95:5 water/acetonitrile + 0.05% TFA, B = 95:5 acetonitrile/water + 0.05% TFA), and
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conversion into the corresponding free base using 2N sodium carbonate gave the N-
desmethyl product (23 mg, 17%): "H NMR (300 MHz, CDCL) § 8.04-8.01 (m, 1H),
7.52-7.42 (m, 4H), 7.09-7.05 (m, 1H), 6.67-6.63 (m, 2H), 6.55-6.40 (m, 1H), 5.70-
5.60 (m, 1H), 4.20-4.05 (m, 1H), 4.05-6.90 (m, 1H), 3.50-3.20 (m, 2H), 2.20-2.05 (m,
2H). |

[0234] To a solution of the N-desmethyl derivative (21 mg, 0.06 mmol) in
methanol (1 mL) was added L-tartaric acid (9 mg, 0.06 mmol), followed by water (5
mL). The resultant solution was lyophilized overnight to give (+/-)-2-(5-(3,5-
difluorophenoxy)-2,3,4,5-tetrahydro-1/H-benzo[clazepin-8-yl)pyridazin-3(2H)-one,
tartrate salt (30 mg, >99%, AUC HPLC 97.1%) as an off-white solid: '"H NMR
(CD50D, 500 MHz) & 8.04 (dd, J= 3.8, 1.6 Hz, 1H), 7.69 (d, /= 1.4 Hz, 1H), 7.65-
7.64 (m, 2H), 7.48 (dd, J=9.5, 3.8 Hz, 1H), 7.09 (dd, /= 9.5, 1.6 Hz, 1H), 6.73 (dd, J
=9.0, 2.2 Hz, 2H), 6.58-6.47 (m, 1H), 5.84-5.73 (m, 1H), 5.73-5.58 (m, 1H), 4.41-
4.39 (m, 1H), 4.39 (s, 2H), 3.84-3.68 (m, 1H), 3.58-3.47 (m, 1H), 2.53-2.21 (m, 2H);
ESI MS m/z 370 [M+H]".

Example 40 - Preparation of (+)- and (-)-8-([1,2,4]triazolo[4,3-a] pyridin-6-yl)-5-
(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1H-
benzo{c]azepine, tartrate salt

[0235] Step A: To a mixture of the bromide (1.21 g, 3.29 mmol, partially

pure) from step A in Example 36, potassium acetate (0.97 g, 9.86 mmol) and

bis(pinacolato)diboron (0.92 g, 3.62 mmol) was added DMSO (21 mL). The mixture

‘was purged with argon for about 10 minutes, and 1,1'-

bis(diphenylphosphino)ferrocenedichloropalladium (81 mg, 0.10 mmol) was added to
it. The reaction was heated at 80 °C for 3 hours. After cooling to room temperature,
the reactioh mixture was partitioned between water and dichloromethane. The
aqueous layer was separated, and re-extracted with dichloromethane (2x). The
combined organic extract was washed with 1:1 water/brine, dried over sodium sulfate,
filtered and concentrated to give the desired boronate ester (1.24 g, crude) as a black
oil which was used in the next step without purification.

[0236]) Step B: To mixture of the boronate ester (0.3 g, crude) from step A

_above, 6-bromo-{1,2,4]triazolo[4,3-a]pyridine (0.32 g, 1.64 mmol), and cesium

carbonate (0.80 g, 2.47 mmol) in a solution of DMF (5 mL) and water (1.25 mL) was
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33

purged with argon for about 10 minutes. 1,1'-
Bis(diphenylphosphino)ferrocenedichloropalladium (40 mg, 0.05 mmol) was added to
the mixture, which was then heated at 80 °C for 4 hours. After cooling to room
temperat'ure, the reaction mixture was diluted with dichloromethane, washed with
water and brine, dried over magnesium sulfate, filtered and concentrated. The residue
obtained was purified by by reverse phase semi-preparative HPLC (5% B to 50% B
over 50 min; A = 95:5 water/acetonitrile + 0.05% TFA, B = 95:5 acetonitrile/water +
0.05% TFA), and converted into the corresponding free base using 2N sodium
carbonate to give the coupled product (70 mg, 20%) as a brown foam, which was
resolved by preparative chiral HPLC (CHIRALPAK AD column, using 80:20:0.1
heptanes/isopropanol/diethylamine as the eluent) to give enantiomer A and
enantiomer B. Enantiomer A was subjected to flash column chromatography
(dichloromethane, then 95:4.5:0.5 to 90:9:1 dichloromethane/methanol/concentrated
ammonium hydroxide) to remove traces of diethylamine. Enantiomer B was
subjected to further chiral purification (CHIRALCEL OD column, using 80:20:0.1
heptanes/ethanol/diethylamine as the elueﬁt), followed by flash column
chromatography (dichloromethane, then 95:4.5:0.5 to 90:9:1
dichloromethane/methanol/concentrated ammonium hydroxide).

[0237] To a solution of enantiomer A (23 mg, 0.05 mmol) in methanol (0.5
mL) was added L-tartaric acid (8 mg, 0.05 mmol) followed by water (4 mL). The
resultant solution was lyophilized overnight to give (+)-8-([1,2,4]triazolo[4,3-
alpyridin-6-yl)-5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1.H-
benzo[c]azepine, tartrate salt (30 mg, 95%, AUC HPLC 99%) as an off-white solid:
[[a]’p +44.3 ° (¢ 0.09, CD;0D)]; 'H NMR (CD50D, 500 MHz) & 9.22 (s, 1H), 8.81
(s, 1H), 7.86-7.80 (m, 2H), 7.77-7.74 (m, 2H), 7.64 (d, J = 8.1 Hz, 1H), 6.74 (dd, J =
9.0, 2.0 Hz, 2H), 6.57-6.53 (m, 1H), 5.77 (d, J= 7.6 Hz, 1H), 4.76-4.63 (m, 1H), 4.42
(s, 2H), 4.43-4.30 (m, 1H), 3.89-3.74 (m, 1H), 3.58-3.47 (m, 1H), 2.83 (s, 3H), 2.58-
2.31 (m, 2H); ESI MS m/z 407 [M+H]".

[0238] To a solution of enantiomer B (24 mg, 0.06 mmol) in methanol (0.5
mL) was added L-tartaric acid (9 mg, 0.06 mmol) followed by water (4 mL). The

resultant solution was lyophilized overnight to give the correspondent tartrate salt of

°(c 0.11, CD;0D)]; ESI MS m/z 407 [M+H]".
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Example 41- Preparation of (+)- and (-)-8-(6-(difluoromethoxy)pyridazin-3-yI)-5-
(3,5-difluorophenoxy)-2-methyl-2,3,4,5-tetrahydro-1 H-
benzo|c]azepine, tartrate salt

[0239] Step A: To mixture of the boronate ester (0.3 g, crude) from step A in

Example 40, 3-chloro-6-(difluoromethoxy)pyridazine (0.17 g, 0.94 mmol), and

cesium carbonate (0.80 g, 2.47 mmol) in a solution of DMF (5 mL) and water (1.25

mL) was purged with argon for about 10 minutes. 1,1"-

Bis(diphenylphosphino)ferrocenedichloropalladium (40 mg, 0.05 mmol) was added to

the mixture, which was then heated at 80 °C for 2 hours. After cooling to room

temperature, the reaction mixture was diluted with dichloromethane, washed with
water and brine, dried over magnesium sulfate, filtered, and concentrated. The
residue obtained was purified by by reverse phase semi-preparative HPLC (5% B to

50% B over 50 min; A = 95:5 water/acetonitrile + 0.05% TFA, B = 95:5

acetonitrile/water + 0.05% TFA), and converted into the corresponding free base

resolved by preparative chiral HPLC (CHIRALPAK AD column, using 80:20:0.1
heptanes/isopropanol/diethylamine as the eluent) to give enantiomer A and
enantiomer B. Enantiomer A was subjected to flash column chromatography

(dichloromethane, then 99:0.9:0.1 to 90:9:1 dichloromethane/methanol/concentrated

ammonium hydroxide) to remove traces of diethylamine. Enantiomer B was

subjected to further chiral‘puriﬁcation (CHIRALCEL OD column, using 80:20:0.1
heptanes/ethanol/diethylamine as the eluent), followed by flash column

chromatography (dichloromethane, then 99:0.9:0.1 to 90:9:1

dichloromethane/methanol/concentrated ammonium hydroxide).

{0240] To a solution of enantiomer A (18 mg, 0.04 mmol) in methanol (0.5

mL) was added L-tartaric acid (6 mg, 0.04 mmol) followed by water (4 mL). The

resultant solution was lyophilized overnight to give (+)-8-(6-

(difluoromethoxy)pyridazin-3-yl)-5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-

tetrahydro-1H-benzo]clazepine (Enantimer A), tartrate salt (24 mg, >99%, AUC

HPLC >99%) as an off-white solid: [[a]*”’p +53.1 ° (¢ 0.10, CD;0D)]; 'H NMR

(CD;0D, SOOVI\/IHZ) 6 8.26 (d,J=9.2 Hz, 1H), 8.10 (d, /= 1.7 Hz, 1H), 8.04 (dd, J =

7.8, 1.8 Hz, 1H), 7.76 (t, /= 71.9Hz, 1H), 7.65 (d, /= 8.0 Hz, 1H), 7.48 (d,/=9.2
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Hz, 1H), 6.73 (dd, /= 9.0, 2.0 Hz, 2H), 6.56-6.52 (m, IH), 5.78 (d, J= 8.8 Hz, 1H),
4.74-4.58 (m, 1H), 4.43-4.39 (m, 1H), 4.41 (s, 2H), 3.84-3.68 (m, 1H), 3.53-3.37 (m,
1H), 2.79 (s, 3H), 2.53-2.26 (m, 2H); ESI MS m/z 434 [M+H]".

[0241] To a solution of enantiomer B (34 mg, 0.08 mmol) in methanol (0.5
mL) was added L-tartaric acid (12 mg, 0.08 mmol) followed by water (4 mL). The
resultant solution was lyophilized overnight to give the correspondent tartrate salt of
(-)-enantiomer (46 mg, >99%, AUC HPLC >99%) as a white solid: [[a.]*’p -60.0 ° (¢
0.08, CD;0D)]; ESI MS m/z 434 [M+H]".

Example 42 - Preparation of (+)- and (-)-6-(5-(3,5-difluorophenoxy)-2-methyl-
2,3,4,5-tetrahydro-1H-benzo|c]azepin-8-yl)pyridazin-3-amine,
tartrate salt

[0242] Step A: To mixture of the boronate ester (0.3 g, crude) from step A in

Example 40, 6-chloropyridazin-3-amine (0.21 g, 1.64 mmol), and cesium carbonate

(0.80 g, 2.47 mmol) in a solution of DMF (5 mL) and water (1.25 mlL.) was purged

with argon for about 10 minutes. 1,1'-

Bis(diphenylphosphino)ferrocenedichloropalladium (40 mg, 0.06 mmol) was added to

the mixture, which was then heated at 80 °C for 2 hours. After cooling to room

temperature, the reaction mixture was diluted with dichloromethane, washed with
water and brine, dried over magnesium sulfate, filtered, and concentrated. The
residue obtained was purified by by reverse phase semi-preparative HPLC (5% B to

50% B over 50 minutes; A = 95:5 water/acetonitrile + 0.05% TFA, B = 95:5

acetonitrile/water + 0.05% TFA), and converted into the corresponding free base

using 2N sodium carbonate to give the coupled product (99 mg, 32%) as a white
foam, which was resolved by preparative chiral HPLC (CHIRALCEL OD column,

using 90:10:0.1 heptanes/ethanol/diethylamine as the eluent) to give enantiomer A

and enantiomer B.

[0243] To a solution of enantiomer A (30 mg, 0.08 mmol) in methanol (1 mL)

was added L-tartaric acid (12 mg, 0.08 mmol) followed by water (5 mL). The

resultant solution was lyophilized overnight to givekt4)—6—(5-(3,5—diﬂuorophen0xy)—2-

methyl-2,3,4,5-tetrahydro-1H-benzo[clazepin-8-yl)pyridazin-3-amine, tartrate salt (41

mg, 99%, AUC HPLC >99%) as an off-white solid: [[a]*p +133.3 ° (¢ 0.07,

methanol)]; '"H NMR (CD;0D, 500 MHz) & 8.08 (s, 1H), 7.91 (dd, J= 7.9, 1.6 Hz,
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1H), 7.82 (d, /= 9.3 Hz, 1H), 7.59 (d, /= 7.9 Hz, 1H), 7.02 (d, /= 9.3 Hz, 1H), 6.75-
6.71 (m, 2H), 6.55-6.51 (m, 1H), 5.75 (d, J= 7.7 Hz, 1H), 4.83-4.80 (m, 1H), 4.44-
4.40 (m, 1H), 4.41 (s, 2H), 3.90-2.75 (m, 1H), 3.70-3.55 (m, 1H), 2.87 (s, 3H), 2.55-
2.30 (m, 2H); ESI MS m/z 383 [M+H]".

[0244] To a solution of enantiomer B (29 mg, 0.08 mmol) in methanol (1 mL)
was added L-tartaric acid (11 mg, 0.08 mmol) followed by water (5 mL). The
resultant solution was lyophilized overnight to give the correspondent tartrate salt of
(-)-enantiomer (40 mg, >99%, AUC HPLC >99%) as an off-white solid: [[a]®p -45.2
° (¢ 0.10, methanol)]; ESI MS m/z 383 [M+H]".

Example 43 — Preparation of (+)- and (-)-2-(5-(3,5-difluorophenoxy)-2-methyl-
2,3.4,5-tetrahydro-1H-benzo|clazepin-8-yl)-[1,2,4]triazolo[4,3-
alpyridin-3(2H)-one, tartrate salt

[0245] Step A: To a solution of the bromide (0.3 g, 0.8 mmol, partially pure)

from Step A in Example 36 in 1,4-dioxane (1 mL) were added [1,2,4]triazolo[4,3-

aJpyridin-3(2H)-one (0.13 g, 0.98 mmol), N,N’-dimethylethylenediamine (35 pL,

0.33 mmol), and potassium phosphate (0.35 g, 1.63 mmol). The mixture was purged

with argon, and copper (I) iodide (31 mg, 0.16 mmol) was added to it. The reaction

was heated at 110 °C for 16 hours. After cooling to room temperature, the reaction
mixture was diluted with dichloromethane, washed with water and brine, dried over
sodium sulfate, filtered and concentrated to give the crude product. Purification by

reverse phase semi-preparative HPLC (5% B to 50% B over 35 minutes; A = 95:5

water/acetonitrile + 0.05% TFA, B = 95:5 acetonitrile/water + 0.05% TFA), and

conversion into the corresponding free base using 2N sodium carbonate gave the
coupled product (158 mg, 46%) as a yellow foam, which was resolved by preparative
chiral HPLC (CHIRALCEL OJ column, using 60:40:0.1

heptanes/ethanol/diethylamine as the eluent) to give enantiomer A and enantiomer B.

[0246] To a solution of enantiomer A (65 mg, 0.15 mumol) in methanol (1 mL)

was added L-tartaric acid (23 mg, 0.15 mmol) followed by water (5 mL). The

resultant solution was lyophilized overnight to give 2-(5-(3,5-difluorophenoxy)-2-
methyl-2,3,4,5-tetrahydro- 1 H-benzo|{ c]azepin-8-yl)-[1,2,4]triazolo[4,3-a]pyridin-
3(2H)-one (Enantiomer A), tartrate salt (86 mg, 98%, AUC HPLC 97.9%) as an off-
white solid: "H NMR (CD;OD, 500 MHz) 6 8.20 (d, J=2.0 Hz, 1H), 8.14 (dd, J=
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8.4,2.1 Hz, 1H), 7.88 (d, /= 7.1 Hz, 1H), 7.62 (d, J = 8.4 Hz, 1H), 7.30 (dd, J = 6.4,
1.1 Hz, 1H), 7.23 (d, J= 9.5 Hz, 1H), 6.74 (dd, J= 8.9, 1.9 Hz, 2H), 6.70-6.65 (m,
1H), 6.56-6.52 (m, 1H), 5.74-5.72 (m, 1H), 4.80-4.63 (m, 1H), 4.43-4.26 (m, 1H),

4.47 (s, 2H), 3.89-3.63 (m, 1H), 3.52-3.37 (m, 1H), 2.83 (s, 3H), 2.47-2.26 (m, 2H);

ESI MS m/z 423 [M+H]". Anal. Caled. for Ca3HaoFaN4O01.1C4H06+0.75H,0: C,
54.75; H, 4.71; N, 9.32. Found: C, 54.70; H, 4.68; N, 9.03.

[0247] To a solution of enantiomer B (60 mg, 0.14 mmol) in methanol (1 mL)
was added L-tartaric acid (21 mg, 0.14 mmol) followed by water (5 mL). The
resultant solution was lyophilized overnight to give the correspondent tartrate salt of
Enantiomer B (80 mg, 98%, AUC HPLC 98.5%) as an off-white solid; EST MS m/z
423 [M+H]". Anal. Calcd. for C3HaF2N40;°1.1C4H06°0.25H,0: C, 55.59; H, 4.61;
N, 9.46. Found: C, 55.48; H, 4.48; N, 9.31.

Example 44 — Preparation of 1-(5-(3,5-difluorophenoxy)-2-methyl-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-8-y)pyridin-2(1H)-one (Enantiomer
A), tartrate salt and the tartrate salt of Enantiomer B
10248] Step A: To a solution of the bromide (0.3 g, 0.8 mmol, partially pure)
froin Step A in Example 36 in 1,4-dioxane (1 mL) were added 2-hydroxypyridine (93
mg, 0.98 mmol), N, N’-dimethylethylenediamine (35 pL, 0.33 mmol) and potassium
phosphate (0.35 g, 1.63 mmol). The mixture was purged with argon, and copper (I)
iodide (31 mg, 0.16 mmol) was added to it. The reaction was heated at 110 °C for 16
hours. After cooling to room temperature, the reaction mixture was diluted with
dichloromethane, washed with water and brine, dried over sodium sulfate, filtered and
concentrated to give the crude product. Purification by reverse phase semi-
preparative HPLC (5% B to 50% B over 35 minutes; A = 95:5 water/acetonitrile +
0.05% TFA, B = 95:5 acetonitrile/water + 0.05% TFA), and conversion into the
corresponding free base using 2N sodium carbonate gave the coupled product (103
mg, 33%) as a pale yellow foam, which was resolved by preparative chiral HPLC
(CHIRALCEL OJ column, using 80:20:0.1 heptanes/ethanol/diethylamine as the
eluent) to give enantiomer A and enantiomer B.
10249] To a solution of enantiomer A (40 mg, 0.1 mmol) in methanol (1 mL)
was added L-tartaric acid (16 mg, 0.1 mmol) followed by water (5 mL). The resultant
solution was lyophilized overnight to give 1-(5-(3,5-difluorophenoxy)-2-methyl-
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2,3,4,5-tetrahydro-1H-benzo[c]azepin-8-yl)pyridin-2(1H)-one (Enantiomer A), (55
mg, 99%, AUC HPLC >99%) as an off-white solid: 'H NMR (CDs0D, 500

MHz) 6 7.65-7.60 (m, 3H), 7.48 (d, J=2.1 Hz, 1H), 7.44 (d, J= 8.1 Hz, 1H), 6.73
(dd, /= 9.0, 1.9 Hz, 2H), 6.64 (d, /= 9.1 Hz, 1H), 6.58-6.42 (m, 2H), 5.78 (d, /= 8.6
Hz, 1H), 4.68-4.47 (m, 1H), 4.41 (s, 2H), 4.37-4.16 (m, 1H), 3.79-3.58 (m, 1H), 3.47-
3.37 (m, 1H), 2.76 (s, 3H), 2.47-2.26 (m, 2H); ESI MS m/z 383 [M+H]". Anal. Calcd. \\p
for CopHopF2N2O,1.1C4He06°0.25H,0: C, 57.44; H, 4.95; N, 5.07. Found: C, 57.36; |
H, 5.05; N, 4.94.

[0250] To a solution of enantiomer B (32 mg, 0.08 mmol) in methanol (1 mL)
was added L-tartaric acid (12 mg, 0.08 mmol) followed by water (5 mL). The
resultant solution was lyophilized overnight to give the correspondent tartrate salt of
Enantiomer B (44 mg, 98%, AUC HPLC 98.6%) as an off-white solid: ESI MS m/z
383 [M+H]". Anal. Calcd. for CooHy0FaN,0,01.1C4HOq: C, 58.64; H, 4.92; N, 5.26.
Found: C, 58.70; H, 5.12; N, 5.23.

Example 45 - Preparation of (+)- and (-)-4-(2-methyl-5-phenoxy-2,3,4,5-
tetrahydro-1H-benzo[c]azepin-8-yl)banzamide, tartrate salt
[0251] The two enantiomers in Example 45 were prepared from the boronate
ester from Step F in Example 16 and 4-bromo-benzamide following the procedures of
Step G, H, I and J in Example 16. (+)-4-(2-Methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-
benzo[clazepin-8-yl)banzamide, tartrate salt (AUC HPLC 98.9%) is a white solid: mp
106-108 °C; '"H NMR (CD;0D, 500 MHz)
5 9.11 (s, 1H), 8.44 (s, 1H), 8.03 (d, ] =9.3 Hz, 1H), 7.87 (79.11 (s, 1H), 8.44 (s, 1H),
8.03 (d, /=9.3 Hz, 1H), 7.87 (d, /= 10.2 Hz, 1H), 7.80-7.78 (m, 2H), 7.63 (d, /= 7.9
Hz, 1H), 7.26 (t, /= 8.5 Hz, 2H), 7.06 (d, /= 8.0 Hz, 2H), 6.95 (t, /= 7.3 Hz, 1H),
5.74 (d, J=17.3 Hz, 1H), 4.92-4.84 (m, 1H), 4.54-4.50 (m, 1H), 4.42 (s, 3H), 3.93-
3.90 (m, 1H), 3.60-3.54 (m, 1H), 2.91 (s, 1H), 2.49 2.38 (m 2H); ESI MS m/z 373
[M+H]. (-)-4-(2-methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[clazepin-8-
yl)banzamide, tartrate salt (AUC HPLC 98.9%) is a white solid: mp 118-120 °C; ESI
MS m/z 373 [M+H].

~ Example 46 - Preparation of (+)- and (-)-2-Methy}-8-(4-methylsulfonylphenyl)-5-

phenoxy-2,3.4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt and
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(-)-2-Methyl-8-(4-methylsulfonylphenyl)-5-phenoxy-2,3.4,5-

tetrahydro-1H-benzo[c]azepine, tartrate salt
[0252] The two enantiomers in Example 46 were prepared from the boronate
ester from Step F in Example 16 and 1-chloro-methylsulfonylbenzene following the
procedures of Step G, H, I and J in Example 16. (+)-2-Methyl-8-(4-
methylsulfonylphenyl)-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[clazepine, tartrate
salt (AUC HPLC 98.9%) is a white solid: mp 116-118 °C; 'H NMR (CDs0D, 500
MHz) 6 8.03 (d, J= 8.5 Hz, 2H), 7.90 (d, J= 8.5 Hz, 2H), 7.76-7.72 (m, 2H), 7.61 (d,
J=8.0Hz, 1H), 7.28-7.24 (m, 2H), 7.04 (d, J = 7.9 Hz, 2H), 6.94 (t, /= 7.4 Hz, 1H),
5.71 (d, J=7.8 Hz, 1H), 4.91-4.80 (m, 1H), 4.44-4.40 (m, 3H), 3.90-3.85 (m, 1H),
3.58-3.54 (m, 1H), 3.15 (s, 3H), 2.85 (s, 3H), 2.45-2.36 (m 2H); ESI MS m/z 408
[M+H]. (—)V~2-Methyl-8-(4-methylsulfonylphenyl)~5—phenoxy—2,3,4,5-tetrahydro—1H-
benzo[c]azepine, tartrate salt (AUC HPLC 98.9%) is a white solid: mp 116-118 °C;
ESI MS m/z 408 [M+H].

Example 47 — Preparation of (+)- and (-)-5-(3,5-difluorophenoxy)-2-methyl-8-(4-
(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro-1H-benzo|[c]azepine,
tartrate salt

[0253] Step A: A mixture of the bromide (0.2 g, partially pure) from Step A

i Example 36, 4-(methylsulfonyl)phenylboronic acid (0.15 g, 0.76 mmol), and

cesium carbonate (0.49 g, 1.52 mmol) in a solution of DMF (3 mL) and water (0.75

mL) was purged with argon for about 10 minutes. 1,1'-

Bis(diphenylphosphino)ferrocenedichloropalladium (25 mg, 0.03 mmol) was added to

the mixture, which was then heated at 80 °C for 4 hours. After cooling to room

temperature, the reaction mixture was diluted with dichloromethane, washed with
water and brine, dried over sodium sulfate, filtered and concentrated. The residue

obtained was purified by preparative thin layer chromatography (90:10

chloroform/isopropanol) to give the desired aryloxybenzazepine (129 mg, 59%) as an

off-white solid, which was resolved by preparative chiral HPLC (CHIRALCEL OD
column, using 80:20:0.1 heptanes/ethanol/diethylamine as the eluent) to give

enantiomer A and enantiomer B.

[0254] _To a sQlutjqn_nyc_—;‘nqptiomer A (60 mg, 0.13 mmol) in methanol (1 mL)

was added L-tartaric acid (20 mg, 0.13 mmol) followed by water (5 mL). The



10

I5

20

25

30

90

resultant solution was lyophilized overnight to give (-)-5-(3,5-difluorophenoxy)-2-
methyl-8-(4-(methylsulfonyl)phenyl)-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate
salt (80 mg, >99%, AUC HPLC 99%) as an off-white solid: [[o]”’p -42.0 ° (¢ 0.07,
CD;0D)]; 'H NMR (CDs0D, 500 MHz) & 8.04 (d, J = 8.5 Hz, 2H), 7.91 (d, J= 8.5
Hz, 2H), 7.77-7.74 (m, 2H), 7.62 (d,J = 7.7 Hz, 1H), 6.73 (dd, /= 8.9, 2.0 Hz, 2H),
6.55 (t, /= 9.9 Hz, 1H), 5.76 (d, /= 7.2 Hz, 1H), 4.79-4.63 (m, 1H), 4.43-4.40 (m,
1H), 4.42 (s, 2H), 3.84—3.68’.(m, 1H), 3.58-3.42 (m, 1H), 3.15 (s, 3H), 2.83 (s, 3H),
2.53-2.26 (m, 2H); ESI MS m/z 444 [M+H]". Anal. Calcd. for
C24H23FoNO;S1.1C4HeO6*H,O: C, 54.44; H, 5.08; N, 2.24. Found: C, 54.61; H, 4.88;
N, 2.18.

[0255] To a solution of enantiomer B (62 mg, 0.14 mmol) in methanol (1 mL)
was added L-tartaric acid (21 mg, 0.14 mmol) followed by water (5 mL). The
resultant solution was lyophilized overnight to give the correspondent (+)-
enantiomer, tartrate salt (81 mg, 97%, AUC HPLC >99%) as an off-white solid:
[[c]*°p +58.8 ° (¢ 0.09, CD;0D)]; ESI MS m/z 444 [M+H]". Anal. Calcd. for
C4H23F,NO3S-1.1C4HO40.5H,0: C, 55.23; H, 4.99; N, 2.27. Found: C, 55.06; H,
4.95; N, 2.13.

Example 48 - Preparation of (+)- and (-)-4-(5-(3,5-difluorophenoxy)-2-methyl-
2,3,4,5-tetrahydro-1H-benzo[c]azepin-8-yl)benzonitrile, tartrate
salt

10256] Step A: A mixture of the bromide (0.19 g, partially pure) from Step A

in Example 36, 4-cyanophenylboronic acid (0.11 g, 0.78 mmol), and cesium

carbonate (0.51 g, 1.56 mmol) in a solution of DMF (3 mL) and water (0.75 mL) was

purged with argon for about 10 minutes. 1,1'-

Bis(diphenylphosphino)ferrocenedichloropalladium (25 mg, 0.03 mmol) was added to

the mixture, which was then heated at 80 °C for 4 hours. After cooling to room

temperature, the reaction mixture was diluted with dichloromethane, washed with
water and brine, dried over sodium sulfate, filtered and concentrated. The residue

obtained was purified by preparative thin layer chromatography (90:10

chloroform/isopropanol) to give the desired aryloxybenzazepine (113 mg, 56%) as a

brown solid, which was resolved by preparative chiral HPLC (CHIRALCEL OJ ___
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column, using 80:20:0.1 heptanes/isopropanol/diethylamine as the eluent) to give
enantiomer A and enantiomer B.

[0257] To a solution of enantiomer A (50 mg, 0.13 mmol) in methanol (1 mL)
was added L-tartaric acid (19 mg, 0.13 mmol) followed by water (5 mL). The
resultant solution was lyophilized overnight to give (-)-4-(5-(3,5-difluorophenoxy)-2-
methyl-2,3,4,5-tetrahydro-1H-benzo[c]azepin-8-ylYbenzonitrile, tartrate salt (68 mg,
98%, AUC HPLC 97.3%) as an off-white solid: [[a]*’p -39.6 ° (¢ 0.09, CDs0D)J; 'H
NMR.(CD;0D, 500 MHz) 6 7.85-7.80 (m, 4H), 7.75-7.73 (m, 2H), 7.61 (d, J= 7.7
Hz, 1H), 6.74 (dd, J= 9.0, 2.0 Hz, 2H), 6.56-6.53 (m, 1H), 5.76 (d, /= 8.1 Hz, 1H),
4.80-4.58 (m, 1H), 4.43-4.39 (m, 1H), 4.42 (s, 2H), 3.89-3.74 (m, 1H), 3.58-3.37 (mn,
1H), 2.83 (s, 3H), 2.53-2.21 (m, 2H); ESI MS m/z 391 [M+H]". Aﬁal. Calcd. for
Cy4H20F,N,0+1.2C4HgO6+0.5H,0: C, 59.69; H, 4.90; N, 4.83. Found: C, 59.62; H,
4.89; N, 4.85.

[0258] To a solution of enantiomer B (51 mg, 0.13 mmol) in methanol (1 mL)
was added L-tartaric acid (20 mg, 0.13 mmol) followed by water (5 mL). The
resultant solution was lyophilized overnight to give the correspondent (+)-
enantiomer, tartrate salt (68 mg, 98%, AUC HPLC >99%) as an off-white solid:
[[0]*°s +58.9 ° (¢ 0.09, CD;0D)]; ESI MS m/z 391 [M+H]". Anal. Calcd. for
Ca4HaoF2N20°1.1C4HsO6¢0.5H,0: C, 60.42; H, 4.93; N, 4.96. Found: C, 60.45; H,
4.96; N, 4.72.

Example 49 — Preparation of (-)-2-Methyl-5-phenoxy-8-(pyrimidin-2-yl)- 2,3,4,5-
tetrahydro-1H-benzo[c]azepine, tartrate salt
[0259] This compound was prepared from the boronate ester from step F of
Example 16 and 2-bromopyrimidine following the procedures of Step G, H, and J in
Example 16. (-)-2-Methyl-5-phenoxy-8-(pyrimidin-2-yl)- -2,3,4,5-tetrahydro-1H-
benzo[c]azepine, tartrate salt (AUC HPLC 98.9%) is a white solid: [[¢]*’p -52.5° (¢
0.04, MeOH)]; mp 108-110 °C; 1H NMR (CD30D, 500 MHz) 6 718.85 (d, J = 4.9
Hz, 2H), 8.45 (s, 1H), 8.41 (d,J=7.9 Hz, 1H), 7.62 (d, ) = 8.0 Hz, 1H), 7.38 (t, ] =
4.9 Hz, 1H), m, 2H), 7.28-7.24 (m, 2H), 7.05 (d, ] = 8.0 Hz, 2H), 6.95 (t, ] = 7.3 Hz,
1H), 5.73 (d, J = 8.0 Hz, 1H), 4.90-4.84 (m, 1H), 4.52-4.48 (m, 1H), 4.41 (s, 3H),
3.88-3784 (m, 1H), 3.58-3.54 (m, 1H), 2.88 (s, 3H), 2.55-2.35 (m, 2H); ESI MS 1m/z
332 [M+H].
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Example 50 - Preparation of (+)- and (-)-8-(6-aminopyridazin-3-yl)-2-methy}-5-

phenoxy-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt
[0260] The two enantiomers in Example 50 were prepared from the boronate
ester from Step F in Example 16 and 6-chloropyridazin-3-amine following the
procedures of Step G, H, I and J in Example 16. (+)-8-(6-Aminopyridazin-3-yl)-2-
methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[ clazepine, tartrate salt (AUC HPLC
97%) is a white solid: mp 102-104 °C; '"H NMR (CD;OD, 500 MHz) & 8.20 (s, 1H),
8.04 (s, 1H), 8.00 (d, J= 8.0 Hz, 1H), 7.86 (s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.28-7.24
(m, 2H), 7.04 (d, /= 8.0 Hz, 1H), 6.95 (t, /= 7.4 Hz, 1H), 5.71 (d, J= 7.8 Hz, 1H),
4.90-4.86 (m, 1H), 4.49-4.46 (m, 1H), 4.43 (s, 3H), 3.90-3.85 (m, 1H), 3.64-3.44 (m,
3H), 2.91 (s, 3H), 2.48-2.36 (m, 2H); ESI MS m/z 347 [M+H]. (-)-8-(6-
aminopyridazin-3-yl)-2-methyl-5-phenoxy-2,3,4,5-tetrahydro-1H-benzo[c]azepine,
tartrate salt (AUC HPLC 97%) is a white solid: mp 112-114 °C; ESI MS m/z 347
[M+H].

Example 51 - Preparation of (-)-5-(2,3-difluorophenoxy)-2-methyl-8-(pyridazin-
3-y)-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt
[0261] (+)-2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo{clazepin-5-ol was obtained following the procedure of Step H in Example 1
from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-yl1)-2,3,4,5-
tetrahydro-1H-benzo[clazepine in Step G of Example 1. Ether formation between
(+)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-5-ol and 2,3-
difluorohenol using procedures similar to these in Step B and C of Example 10 gave
(-)-5-(2,3-difluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[c]azepine, tartrate salt (AUC HPLC >99%) as a white solid: mp 112-114 °C;
1H NMR (CD30D, 500 MHz) 6 £9.18 (d, J = 5.0 Hz, 1H), 8.20-8.19 (m, 2H), 8.08
(d, J=8.0 Hz, 1H), 7.62-7.61 (m, 1H), 7.64-7.62 (d, J = 7.9 Hz, 1H), 7.05-7.03 (m,
1H), 6.89-6.85 (m, 1H), 5.78 (,d, ] = 7.2 Hz, 1H), 4.98-4.94 (m, 1H), 4.54-4.48 (i,
1H), 4.42 (s, 3H), 3.98-3.92 (m, 1H), 3.63-3.58 (m, 1H), 2.90 (s, 3H), 2.64-2.44 (m,
2H); ESI MS m/z 368 {M+H].
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Example 52 — Preparation of (-)-5-(3-cyanophenoxy)-2-methyl-8-(pyridazin-3-
yD)-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt
[0262] (+)-2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo|c] azepin—ﬁ—oliwas obtained following the procedure of Step H in Example 1
from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[c]azepine in Step G of Example 1. Ether formation between
(+)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro- 1 H-benzo|[ c]azepin-5-0l and 3-
hydroxybenzonitrile using procedures similar to those in Step B and C of Example 10
gave (-)-5-(3-cyanophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine, tartrate salt (AUC HPLC >99%) as a white solid: mp 113-115 °C;
1H NMR (CD30D, 500 MHz) § [19.17 (d, J = 4.9 Hz, 1H), 8.20-8.17 (m, 2H), 8.08
(d, J=7.9 Hz, 1H), 7.82-7.80 (m, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.48-7.40 (m, 3H),
7.32(d,J=7.5hz, 1H), 5.84 (d, ] = 8.1 Hz, 1H), 4.79-4.74 (m, 1H), 4.45-4.40 (m,
3H), 3.85-3.75 (m, 1H), .56-3.50 (m, 1H), 2.80 (s, 3H), 2.44-2.38 (m, 2H); ESIMS
m/z 357 [M+H].

Example 53 - Preparation of (—)-5—(4-cyan0phen0xy)-2-methyl-8-(pyridazin—3-yl)-
2,3.,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt
10263] (+)-2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo]clazepin-5-ol was obtained following the procedure of Step H in Example 1
from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[clazepine in Step G of Example 1. Ether formation between
(+)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-benzo[ c]azepin-5-ol and 4-
hydroxybenzonitrile using procedures similar to those in Step B and C of Example 10
gave (-)-5-(4-cyanophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine, tartrate salt (AUC HPLC >99%) as a white solid: mp 110-112 °C;
1H NMR (CD30D, 500 MHz) 6 1J9.17 (d, ] = 4.9 Hz, 1H), 8.20-8.17 (m, 2H), 8.08
(d, J=7.9 Hz, 1H), 7.68-7.64 (m, 2H), 7.23 (d, J = 8.8 Hz, 2H), 5.90 (d, ] = 8.8 Hz,
2H), 4.74-4.70 (m, 1H), 4.46-4.42 (m, 3H), 3.85-3.75 (m, 1H), 3.56-3.50 (m, 1H),
2.80 (s, 3H), 2.44-2.38 (m, 2H); ESI MS m/z 357 [M+H].

Example 54- Preparation of (-)-5-(2,5-difluorophenoxy)-2-methyl-8-(pyridazin-3-
yD-2,3,4,5-tetrahydro-1H-benzo[c]azepine, tartrate salt
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[0264] (+)-2-Methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo|[c]azepin-5-ol was obtained following the procedure of Step H in Example |
from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-
tetrahydro-1H-benzo[c]azepine in Step G of Example 1. Ether formation between
(+)-2-methyl-8-(pyridazin-3-y1)-2,3,4,5-tetrahydro-1 H-benzo[ c]azepin-5-ol and 2,5-
difluorophenol using procedures similar to those in Step B and C of Example 10 gave
(-)-5-(2,5-difluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo{clazepine, tartrate salt (AUC HPLC >99%) as a white solid: mp 102-104 °C;
1H NMR (CD30D, 500 MHz) 6 09.17 (d, ] = 5.0 Hz, 1H), 8.20-8.18 (m, 2H), 8.08
(d, 7=8.0 Hz, 1H), 7.82-7.80 (i, 1H), 7.63 (d, ] = 8.0 Hz, 1H), 7.14-7.04 (m, 2H),
3.72-3.68 (m, 1H), 5.75 (d, J = 7.5 Hz, 1H), 4.90-4.82 (m, 1H), 4.44-4.41 (m, 3H),
3.90-3.80 (m, 1H), 3.58-3.54 (m, 1H), 2.82 (s, 3H), 2.60-2.40 (m, 2H); ESI MS m/z
368 [M+H]. '

Example 55 - Preparation of (-)-5-(2,6-difluorophenoxy)-2-methyl-8-(pyridazin-
3-yD-2,3.4,5-tetrahydro-1H-benzo|c]azepine, tartrate salt
[0265] (+)-2-Methyl-8-(pyridazin-3-y1)-2,3,4,5-tetrahydro-1H-
benzo[c]azepin-5-ol was obtained following the procedure of Step H in Example 1
from (+)-5-(tert-butyldimethylsilyloxy)-2-methyl-8-(pyridazin-3-yi)-2,3,4,5-
tetrahydro-1H-benzo[c]azepine in Step G of Example 1. Ether formation between
(+)-2-methyl-8-(pyridazin-3-y})-2,3,4,5-tetrahydro- 1 H-benzo[ c]azepin-5-ol and 2,6-
difluorophenol using procedures similar to those in Step B and C of Example 10 gave
(-)-5-(2,6-difluorophenoxy)-2-methyl-8-(pyridazin-3-yl)-2,3,4,5-tetrahydro-1H-
benzo[clazepine, tartrate salt (AUC HPLC >99%) as a white solid: mp 98-100 °C; 1H
NMR (CD30D, 500 MHz) é (19.02-9.00 (m, 1H), 8.35-8.00 (m, 4H), 7.50-7.40 (m,
1H), 7.02-6.92 (m, 3H), 5.52-5.48 (m, 1H), 5.16-5.10 (M, 1H), 4.42 (S, 3H), 4.02-
4.00 (M, 1H), 3.88-3.78 (M, 2H), 2.50 (S, 3H), 2.76-2.42 (m, 2H); ESI MS m/z 368
[M+H].

Example 56 — Primary Binding Assay

Preparation of Membranes
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[0266] Recombinant HEK-293 cells expressing either the hSERT, hDAT, or
hNET proteins were harvested from T-175 flasks as follows. The medium was
removed from the flasks and the cells rinsed with HBSS without Ca and without Mg.
The cells were then incubated for 5-10 minutes in 10 mM Tris-Cl, pH 7.5, 5 mM
EDTA before the cells were lifted with a combination of pipetting and scraping, as
needed. The cell suspension was collected into centrifuge bottles and homogenized
for 30 seconds with a Polytron homogenizer. The suspension was centrifuged for

30 minutes at 32,000 x g, 4°C. The supernatant was decanted and the pellet
resuspended and homogenized in 50 mM Tris-Cl, pH 7.5, 1 mM EDTA for

10 seconds. The suspension was then centrifuged again for 30 minutes at 32,000 x g,
4°C. The supernatant was decanted and the pellet resuspended in 50 mM Tris-Cl,
pH 7.5, 1 mM EDTA and briefly homogenized. A Bradford assay (Bio-rad) was
performed and the membrane preparation diluted to 2 mg/ml with 50 mM Tris-Cl,
pH 7.5, 1 mM EDTA. Aliquots were prepared, and then frozen and stored at -80°C.

SERT Radioligand Binding Assay

[0267] Compounds were dissolved in 100% DMSO at a concentration

100 times the desired highest assay concentration, serially diluted 1:3 in 100%
DMSO, and 0.4 pl/well of each solution esd dispensed to a Nunc polypropylene,
round bottom, 384-well plate. 100% inhibition is defined with 0.4 pl/well of 1 mM
fluoxetine dissolved in DMSO. 20 pl/well of a 2% membrane preparation (15 ug/ml
in 50 mM Tris-Cl, pH 7.5, 120 mM NaCl, 5mM KCl) and 20 pl/well of a 2x
radioligand solution (520 pM ['*1]RTI-55 in 50 mM Tris-Cl, pH 7.5, 120 mM NaCl,
SmM KCl1) were added to each well and the reaction incubated for 1 hour at room -
temperature. The contents of the assay plate were then transferred to a Millipore
Multiscreenyrs GF/B filter plate which has been pretreated with 0.5% PEI for at least
one hour. The plate was vacuum filtered and washed with 7 washes of 100 pl/well
50 mM Tris-Cl, pH 7.5, 120 mM NaCl, 5mM KCl chilled to 4°C. The filtration and
washing was completed in less than 90 seconds. The plates were air-dried overnight,

12 pl/well of MicroScint scintillation fluid added, and the plates counted in a Trilux.

DAT Radioligand Binding Assay
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[0268] Compounds were dissolved in 100% DMSO at a concehtration

100 times the desired highest assay concentration, serially diluted 1:3 in 100%
DMSO, and 0.4 pl/well of each solution was dispensed to a Nunc polypropylene,
round bottom, 384-well plate. 100% inhibition is defined with 0.4 pl/well of 1 mM
GBR-12935 dissolved in DMSO. 20 ul/well of a 2% membrane preparation

(12.5 pg/ml 1 30 mM sodium phosphate buffer, pH 7.9 at 4°C) and 20 pl/well of a 2x
radioligand solution (250 pM [’ IJRTI-55 in 30 mM sodium phosphate buffer, pH 7.9
at 4°C) were added to the well and the reaction incubated for 1 hour at room
temperature. The contents of the assay plate were then transferred to a Millipore
Multiscreenyrs GF/B filter plate which had been pretreated with 0.5% PEI for at least
one hour. The plate was vacuum-filtered and washed with 7 washes of 100 pl/well

50 mM Tris-Cl, pH 7.5, 120 mM NaCl, 5 mM KC1 chilled to 4°C. The filtration and
washing were completed in less than 90 seconds. The plates were air-dried overnight,

12 p/well of MicroScint scintillation fluid added, and the plates counted in a Trilux.

NET Radioligand Binding Assay

[0269] Compounds were dissolved in 100% DMSO at a concentration 100
times the desired highest assay concentration, serially diluted 1:3 in 100% DMSO,
and 1.0 pV/well of each solution was dispensed to a Nunc polypropylene, round
bottom, 384-well plate. 100% inhibition is defined with 1.0 pl/well of 10 mM
desipramine dissolved in DMSO. 50 ul/well of a 2% membrane preparation (0.4
mg/ml in 50 mM Tris-Cl, pH 7.5, 120 mM NacCl, 5mM KCI) and 50 pl/well of a 2x
radioligand solution (4 nM [*H]nisoxetine in 50 mM Tris-Cl, pH 7.5, 120 mM NaCl,
5 mM KCI) were added to the well and the reaction incubated for 1 hour at room
temperature. The contents of the assay plate were then transferred to a Millipore
Multiscreenyrs GI/B filter plate which had been pretreated with 0.5% PEI for at least
one hour. The plate was vacuum filtered and washed with 7 washes of 100 pl/well 50
mM Tris-Cl, pH 7.5, 120 mM NaCl, 5 mM KCl chilled to 4°C. The filtration and
washing is completed in less than 90 seconds. The plates were air-dried overnight, 12

ul/well of MicroScint scintillation fluid added, and the plates counted in a Trilux.

Data Analysis
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[0270] The raw data is normalized to percent inhibition using control wells
defining 0% (DMSO only) and 100% (selective inhibitor) inhibition which are run on
each plate. Each plate is run in triplicate, and the concentration response curve thus
generated is fit using the four-parameter dose response equation, Y=Bottom + (Top-
Bottom)/(1+10°((LoglCso-X)*HillSlope)) in order to determine the 1Csg value for
each compound. The radioligand concentration chosen for each assay corresponds to

the K4 concentration determined through saturation binding analysis for each assay.

Example 57 ~ Occupancy Assay

[0271] Male Sprague-Dawley (180-300g) (Charles River Laboratories,
Wilmington, MA) were orally dosed with a test compound (suspended in 0.25%
methylcellulose in distilled water). After 60 minutes survival post-dose, rats were
sacrificed, and the brains were evacuated and rapidly frozen in chilled isopentane.
The frozen brain tissues were stored at -80°C until use.

[0272] The brain tissues were thawed and homogenized in 7-10 volumes of
incubation buffer using a polytron homogenizer (Kinematica, Littau-Lucerne,
Switzerland). Sample aliquots were frozen immediately in dry ice/ethanol and'stored
at -80°C. Protein content was measured for each brain using a Coomassie protein
assay kit (Pierce, Rockford, IL). In a 96 deep-well plate, 100 pg of tissue (0.4mg/ml)
was incubated with an appropriate radioligand under conditions same as for the brain
section binding as shown in Table 1 below. The effect of the incubation time and
temperature on occupancy assessment was also evaluated. At the end of the
incubation time, the reactions were stopped by filtering through FPXLR-196 filters
(Brandel, Gaithersburg, MD) that had been soaked in 0.5-1.0% polyethyleneimine for
1 hour at 4°C. The filters were washed twice with ice-cold incubation buffer, tritium

was measured using a Wallac Microbeta liquid scintillation counter.
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Table 1. Radioligands and Incubation Conditions for ex vivo Homogenate Binding Assay

\' N ., .'l" . . . .
Transporter Raddinligand | Concentration m:;’ii);r" . Buller Incubation time Femp
' S0m Trin,
HiuM 12(M Na(l
SERT Hi-citaloprs 2nM . . N . 20 minutes 0
R | H-citdopram 1t Fluosetine S KCT(pH 7.4 minutes (
at 257°C)
B e WM GBR- 30mMl smliunl ' -
DA | H-REESS 3.4 ndl 12935 phosplune (pit 7.9 L minutes 47(
e at 47C)
S0mM Fris,
1uM 3 M Na(l
NEF ‘H-nisnactine SaM : 24 minutes 7
PR nisnaeting ! Reboxetine | 3mdM KCH(pH 7.4 e
at 253%C )
[0273] The radioactivity of the filters was measured as disintegrations per

minute on a LKB Trilux liquid scintillation counter or Packard Cobra Il gamma
counter. Specific binding was calculated by subtracting the value of nonspecific
binding density from that of total binding density (non-drug treated tissue) in the
corresponding region or tissue homogenate. The percent of specific binding was
calculated as the following: percent specific binding = (specific binding in drug -
treated minus nonspecific binding)/(total binding minus nonspecific binding) x 100%.
The percentage of specific binding in a drug treated condition is inversely

proportional to the percent inhibition or percent receptor occupancy by the drug.

Example 58— in vivo Behavioral Assays
For All Tests

[0274] All animals were maintained in accordance with the guidelines of the
Committee on Animals of the Bristol-Myers Squibb Company and Guide for Care
and Use of Laboratory Animals, Institute of Animal Laboratory Resources, 1996,
which are hereby incorporated by reference in their entirety. Research protocols were
approved by the Bristol-Myers Squibb Company Institutional Animal Care and Use

Committee.

Mouse Tail Suspension Assay

[0275] Male Swiss Webster mice are housed 3-4 per cage in rooms

maintained at a constant temperature (21-23°C) and humidity (50 % 10%) on a

" 12-hour light/dark cycle. Animals have ad libitum access to water and food

throughout studies. On the day of testing, they are brought into the testing room and
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allowed to acclimate for 1 hour. To begin testing, the tail is attached to a piece of tape
which is then attached to a hook on the ceiling of a sound-attenuated chamber.
Immobility is automatically recorded using the Med Associates software.

Compounds are administered acutely at a fixed pretreatment interval before session.

Rat Forced Swim Assay

[0276] Male Sprague Dawley rats are housed in pairs in rooms maintained at a
constant temperature (21-23°C) and humidity (50 £ 10%) on a 12-hour light/dark
cycle. Animals have ad libitum access to water and food throughout studies.

Animals are handled for two minutes each on the two days prior to the start of the
experiment. On the first day of testing, rats are placed in the swim tank (a Pyrex
cylinder 46 cm tall x 21 cm in diameter, filled with 30 cm of water ranging between
24-26°C) for 15 minutes (the pre-swim session). At the end of the 15-minute session,
rats are dried and replaced in their home cage. Compounds are administered at three
time points in the next 24 hour (23.5, 5, and 1 hour), prior to a second test swim. This
swim test is 5 minutes in duration and the animals’ behavior is videotaped and active
behaviors (immobility, swimming, climbing) -are scored. At the end of each 5-second
period during the 5-minute test session the rat's behavior is scored as one of the
following: immobility (the rat remained floating in the water without struggling and
made only those movements necessary to keep its head above water), swimming (the
rat made active swimming motions, more than necessary to merely maintain its head
above water, e. g., moving around in the cylinder), or climbing (the rat made active
movements with its forepaws in and out of the water, usually directed against the
cylinder wall). Compounds are only identified by a predesignated code and the
experimenter remains blinded throughout the experiment (including while scoring

videotapes).

Rat and Mouse Locomotor Activity

10277} Animals are housed according to conditiones described above for the
two species. The testing apparatus consisted of Plexiglas chambers equipped with
Digiscan activity monitors (Omnitech.Electronics, Columbus, Ohio) that detect - -

interruptions of eight photobeams. Horizontal activity was recorded in 5-minute bins
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for a total of 60 minutes and expressed as total distance covered (in cm). Compounds
were administered acutely at a fixed pretreatment interval prior to testing.

[0278] Although the invention has been described in detail, for the purpose of
illustration, it is understood that such detail is for that purpose and variations can be
made therein by those skilled in the art without departing from the spirit and scope of

the invention which is defined by the following claims.
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WHAT IS CLAIMED:

1. A compound of formulae I(A-E) having the following

structure:

wherein:

the carbon atom designated * is in the R or S configuration; and

X represents a phenyl, pyridyl, naphthyl or quinolinyl, optionally substituted from 1

to 2 times with substituents as defined below in R'*;

R'is H or C;-Cs alkyl;

R%is H;

R3, R’, and R® are each H;

R*is H, halogen, or C,-Cs alkyl; or

R* is piperazinyl, phenyl, pyridyl, 2-oxo-pyridin-1(2H)-yl, pyrimidinyl, pyridazinyl,
6-oxopyridazin-1(6H)-yl, pyrazinyl, pyrazolyl, [1,2,4]triazolo[4,3-a]pyridinyl,
[1,2,4]triazolo[1,5-a]pyridiny], or 3-0x0-[1,2,4]triazolo[4,3-a]pyridin-2(3H)-yl,
optionally substituted with substituents as defined below in R'*;

R7is H;

CR¥is H;



102
R’ is H;
R'® and R'! are each H;

R'? is C)-Cy4 alkyl, optionally substituted from 1 to 3 times with substituents as

defined below in Rls;

R'j 1s selected from the group consisting of -NR''R'" and C;-C4 alkyl;

nis2;

R' is independently selected at each occurrence from a substituent in the group

consisting of halogen, -OR"?, -NR'*R"!| ~§(0), R"?, ~CN, —C(O)R" and C,-C, alkyl,

optionally substituted from 1 to 3 times with substituents as defined below in R'’; and
R'® is halogen, or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, wherein X 1s substituted

phenyl and R* is substituted monocyclic aryl or heteroaryl or bicyclic heteroaryl.

3. The compound accofding to claim 1, wherein X is bicyclic aryl
or heteroaryl and R* is substituted monocyclic aryl or heteroaryl or bicyclic

heteroaryl.

4. The compound according to claim 1, wherein X is substituted
phenyl and R*is H, halogen, or C,-Cs alkyl, optionally substituted from 1 to 3_times

with substituents as defined in R'>.

5. The compound according to claim 1, wherein X is bicyclic aryl

or heteroaryl and R*is H, halogen, or C-C; alkyl.

6. The compound according to claim 1, wherein X is monocyclic

heteroaryl and R* is substituted monocyclic aryl or heteroaryl or bicyclic heteroaryl.
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7. The compound according to claim 1, wherein:
X is phenyl, optionally substituted from 1 to 2 times with substituents as defined in
RY.
R'is H, methyl, ethyl, or isopropyl;
R?is H;
R’ is H;
R’ is H;
R%is H;
R’ is H;
R®is H; and
R’ is H.

8. The compound according to claim 7, wherein:

R*is H, halogen or C,-Cs alkyl.

9. The compound according to claim 7, wherein R* is piperazinyl,
phenyl, pyridyl, 2-oxo-pyridin-1(2H)-yl, pyrimidinyl, pyridazinyl, 6-oxopyridazin-
1(6H)-yl, pyrazinyl, pyrazolyl, [1,2,4]triazolo[4,3-a]pyridinyl, [1,2,4]triazolo[1,5-
alpyridinyl, or 3-oxo-[1,2,4]triazolo{4,3-a]pyridin-2(3H)-yl, optionally substituted

with substituents as defined in R*.

10. The compound according to claim 1, wherein:

X represents pyridyl;
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R'isH, methyl, ethyl, or isopropyl;
R*is H;

R?is H;

- RUis H;

R®is H;

R’ is H;

R®is H; and

R’ is H.

11. The compound according to claim 10, wherein:

R*is H, halogen or Ci-Cy alkyl.

12. The compound according to claim 10, wherein R? is
piperazinyl, phenyl, pyridyl, 2-oxo-pyridin-1(2H)-yl, pyrimidinyl, pyridazinyl, 6-
oxopyridazin-1(6H)-yl, pyrazinyl, pyrazolyl, [1,2,4]triazolo[4,3-a]pyridinyl,
[1,2,4]triazolo[1,5-a]pyridinyl, or 3-ox0-[1,2,4]triazolo[4,3-alpyridin-2(3 H)-yl,

optionally substituted with substituents as defined in R'.

13. The compound according to claim 1, wherein:

X 1s naphthyl or quinolinyl;
R' is H, methyl, ethyl, or isopropyl;
R” is H;

R%is H;
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R’ is H;
R® is H;
R’ is H;
R?is H; and
R’ is H.

14. The compound according to claim 13, wherein:

RYis H, halogen or C,-C, alkyl.

15. The compound according to claim 13, wherein R* is
piperazinyl, phenyl, pyridyl, 2-oxo-pyridin-1(2H)-yl, pyrimidinyl, pyridazinyl, 6-
oxopyridazin- 1 (6H)-yl, pyrazinyl, pyrazolyl, [1,2,4]triazolo{4,3-¢]pyridinyl,
[1,2,4]triazolo[1,5-a]pyridinyl, or 3-0xo0-[1,2,4]triazolo[4,3-a]pyridin-2(3H)-vl,

optionally substituted with substituents as defined in R'.

16. The compound according to claim 1, wherein:
X is pyridinyl, pheny! or naphthyl, optionally substituted with from 1 to 2 substituents
selected independently from the group consisting of fluoro, chloro, cyano,
trifluoromethyl, trifluoromethoxy, and substituted C,-Cs alkyl;
R is H, methyl, ethyl or isopropyl;
R*is H;

R?is H;

CRYis H, methyl, ﬂudro, bromo, pipefézin-l—yl, 4—(ethylsu1fony])piperazin-1—yl, 1H-
pyrazol-4-yl, 2-cyanophenyl, 4-cyanophenyl, 4-(methanesulfonyl)phenyl,
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carbamoylphenyl, pyridinyl, aminopyridinyl, pyridazin-3-yl, 6-methylpyridazin-3-yl,
6-((difluoromethoxy)methyl)pyridazin-3-yl, 6-aminopyridazin-3-yl, pyrimidin-2-yl,
pyrimidin-5-yl, pyrazin-2-yl, 2-oxopyridin-1(2H)-yl, 6-oxopyridazin-1(6H)-yl, 3-oxo-
[1,2,4]triazolo[4,3-a]pyridin-2(3H)-yl, [1,2,4]triazolo[1,5-a]pyridin-6-yl or
[1,2,4]triazolo[4,3-a]pyridin-6-yl;

R’ is H;

P

R®is H:
R’ is H;
R isH ; and
39 is H.

17. The compound according to claim 1, wherein the carbon atom

designated * is in the R configuration.

18. The compound according to claim 1, wherein the carbon atom

designated * is in the S configuration.

19. The compound according to claim 1, wherein the compound is
a (+) stereoisomer.
20. The compound according to claim 1, wherein the compound is

a (—) stereoisomer.

21. A pharmaceutical composition comprising a pharmaceutically
acceptable carrier and a therapeutically effective amount of the compound according

to claim 1.

22. The use of a compound according to claim 1 or a

pharmaceutically acceptable salt thereof in the manufacture of a medicament for
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treating a disorder selected from the group consisting of: lower back pain, attention
deficit hyperactivity disorder (ADHD), cognition impairment, anxiety disorders,
generalized anxiety disorder (GAD), panic disorder, bipolar disorder or manic
depression or manic-depressive disorder, obsessive compulsive disorder (OCD),
posttraumatic stress disorder (PTSD), acute stress disorder, social phobia, simple
phobias, pre-menstrual dysphoric disorder (PMDD), social anxiety disorder (SAD),
major depressive disorder (MDD), postnatal depression, dysthymia, depression
associated with Alzheimer’s disease, Parkinson’s disease, or psychosis, supranuclear
palsy, eating disorders, obesity, anorexia nervosa, bulimia nervosa, binge eating
disorder, analgesia, substance abuse disorders, chemical dependencies, nicotine
addiction, cocaine addiction, alcohol and amphetamine addiction, Lesch-Nyhan
syndrome, neurodegenerative diseases, Parkinson’s disease, late luteal phase
syndrome or narcolepsy, psychiatric symptoms, anger, rejection sensitivity,
movement disorders, extrapyramidal syndrome, Tic disorders, restless leg syndrome
(RLS), tardive dyskinesia, supranuclear palsy, sleep related eating disorder (SRED),
night eating syndrome (NES), stress urinary incontinence (SUI), migraine,
neuropathic pain, diabetic neuropathy, fibromyalgia syndrome (FS), chronic fatigue
syndrome (CFS), sexual dysfunction, premature ejaculation, male impotence, and

thermoregulatory disorders.

23. The use according to claim 22, further comprising use
of a serotonin 1A receptor antagonist or a pharmaceutically acceptable

salt thereof.

24, The use according to claim 23, wherein the serotonin 1A

receptor antagonist is WAY 100135 or spiperone.

25. The use according to claim 22, further comprising use
of a selective neurokinin-1 receptor antagonist or a pharmaceutically acceptable salt

thereof.

26. The use according to claim 22, further comprising use

of a norepinephrine precursor or a pharmaceutically acceptable salt thereof.
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27. The use according to claim 26, wherein the norepinephrine

precursor is L-tyrosine or L-phenylalanine.

28. A compound of formula I(A-E) as claimed in claim 1 or an
oxide or pharmaceutically acceptable salt thereof, substantially as herein described

with reference to any example thereof.

29. A pharmaceutical composition according to claim 21

substantially as herein described with reference to any example thereof.



